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MEMORIA DE ACTIVIDADES 2021 [N

Presentacion

A través de esta Memoria 2021, el Instituto de Ciencia de Materiales de
Sevilla (ICMS) pretende comunicar lo mejor de las actividades cientificas
realizadas a lo largo del pasado afio. El ICMS es un centro mixto del Consejo
Superior de Investigaciones Cientificas (CSIC) y la Universidad de Sevilla (US),
cofinanciado por la Junta de Andalucia. Fue creado en 1986 yesta integrado por
personal cientifico de la Universidad de Sevilla y el CSIC. A finales de 2021,
contaba con 129 empleados, de los cuales 55 eran cientificos permanentes.

De acuerdo con la estructura establecida en el vigente Plan Estratégico
2018 2021, nuestro centro se organiza en torno a 5 departamentos, cuyos
miembros abordan teméaticas tanto fundamentales como aplicadas. Asi,
nuestras investigaciones abordan problemas candentes de la Quimica y Fisica
del Estado Sdlido, la Catalisis Heterogénea, la Ceramica, la Optica, la Ciencia de
Superficies, las Energias Renovables y el Medio Ambiente, etc. Entre ellas,
podemos resaltar el aprovechamiento de las energias solar y de biomasa, la
generacion de H, y otros combustibles limpios y de origen renovable, el
aprovechamiento y conversion quimica del CO,, la depuracion de efluentes
guimicos, el secuestro de residuos radioactivos, la mejora de la selectividad y
rendimiento de reacciones quimicas basicas, el aumento de la eficiencia de los
dispositivos generadores de energia renovable (celdas fotovoltaicas,
electrodos, generadores piezoeléctricos, celdas de combustible o baterias) vy
de los emisores de luz (LEDs), el desarrollo y la mejora de sensores quimicos
y agentes de contraste radiolégico, de materiales bioc ompatibles para
implantes quirdrgicos, de pigmentos ceramicos, de recubrimientos
€i OECa&¢l iTCE C éi OECei i1 CE" EUThIEiyi UA

Nuestros principales empefios para los afos venideros son realizar
investigaciones que se situen en la vanguardia de la Ciencia e Ingenieria de
Materiales y que éstas sirvan de apoyo al desarrollo en Andalucia de un nuevo
sistema econdmico, en el que las bases cientifica y tecnolégica pasen a ser
pilares fundamentales.

Dr. Juan Pedro Espindés Manzorro
Director del Instituto de Ciencia de Materiales de Sevilla
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Presentation

Through this Activity Report 2021, the Institute of Materials Science of Seville
(ICMS) is communicating the best of its scientific activities carried out for the la st year.
The ICMS is a joint centre of the Spanish Research Council (CSIC) and the University of
Seville (US), also funded by the Junta de Andalucia. It was founded in 1986, and
integrated by scientific staff of the University of Seville and the CSIC. At the end of last
year, it includes 129 people, 55 of them as permanent scientific staff.

The current Strategic Plan 2018-2021 organizes our Centre in 5 departments,
which personnel address both fundamental and applied research. Thus, our
researchers addre ss hot topics related with disciplines of Solid State Chemistry and
Physics, Heterogeneous Catalysis, Ceramics, Optics, Surface Science, Renewable
Energy and Environment, etc., Among them, we could mention the exploitation of solar
energy and biomass, the generation of H, and other clean and renewable fuels, the
exploitation and chemical conversion of CO,, the removal of pollutants, the storage of
radioactive wastes, the improvement of the selectivity and yield of basic chemical
reactions, the efficiency of renewable energy generators (photovoltaic cells, electrodes,
piezoelectric devices, fuel cells and batteries) and light emitting devices (LEDs), the
development and improvement of chemical sensors and radiological contrast agents,
the production of biocompatible scaffolds for surgical implants, the production of
TUEAyil ei¢yUAgE" VyAAJ Oi ®eUEUAg 1 CAgi AcE AAO

Our main efforts for near future are to cover the most modern and innovative
aspects of the current Materi al Science and Material Engineering, as well as to support
in the region of Andalusia, the development of a new economic system, in which
scientific and technological basis should become fundamental pillars.

Dr. Juan Pedro Espinds Manzorro
Director del Instituto de Ciencia de Materiales de Sevilla
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MEMORIA DE ACTIVIDADES 2021 [N

B RecursosHUMANOS /| HUMAN RESOURCES

Distribucion del personal por categorias * 2021
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Evolucién 2017- 2021 del personal

Evolution of Staff

m Investigadores m Posdoctorales ® Predoctorales ® Técnicos

Evolucion 2017- 2021del Personal Investigador

2017
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Distribucion del personal Investigador (sexo y edad)
Distribution by Scientific staff (gender and age)
Profesores de Investigacion 5
Catedraticos 7
Investigadores Cientificos 7
Cientificos Titulares 6
Profesores Titulares 5
Profesores Eméritos 1
Investigadores Distinguidos 1

Profesores Contratados Doctores 1

Talentia Senior CCAA 1

Hombres/Men ® Mujeres/Women

66-71 4

61-65 3

56-60 7

51-55 7

46-50 6
41-45 5

35-40 2

Hombres/Men Mujeres/Women

Promedio Edad/Mean Age Promedio Edad/Mean Age
5341 5133

ICMS —memoria 2021 | 9



ANNUAL REPORT 2021

B FRNANCIACION / FUNDING

Evolucion 20T7- 2021de la Financiacion conseguida por afio (y i 0 YFCO)
Evolution of the funding of the ICMS
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MEMORIA DE ACTIVIDADES 2021

B ProbucciON CIENTIFICA! SCIENTIFICPRODUCTION

Revistas SCI en las que se ha publicado algun articulo, por orden de Factor de Impacto
Number of Scientific Papers publishedi®pecific Journal Arranged by Their Impact

Factor (SCI)

REVISTA ARTICULOS | FACTOR DE IMPACTO Meior PCT

JOURNAL PAPERS IMPACT FACTOR (*) !
APPLIED CATALYSIS B
ENVIRONMENTAL = Zhks bL Q1
CHEMICAL ENGINEERING JOURNAL 3 16,744 D1 Q1
MATERIALS HORIZONS 1 15,717 D1 Q1
SCIENCE OF THE TOTAL
ENVIRONMENT 2 10,753 b1 Q1
CARBOHYDRATE POLYMERS 1 10,723 D1 Q1
CHEMISTRY OMATERIALS 1 10,508 - Q1
ACS APPLIED MATERIALS &
INTERFACES = LU e ) Q1
ADVANCED OPTICAL MATERIALS 4 10,050 D1 Q1
JOURNAL OF COLLOID AND
INTERFACE SCIENCE e oLl ) Q1
JOURNAL OF POWER SOURCES 1 9,794 - Q1
PROGRESS IN NUCLEAR MAGNETIC
RESONANCESPECTROSCOPY 1 AR o Q1
ACS SUSTAINABLE CHEMISTRY &
ENGINEERING 2 9.224 D1 Q1
SENSORS AND ACTUATORS B
CHEMICAL & 22 e Q1
SOLAR RRL 2 9,173 - Q1
SEPARATION AND PURIFICATION
TECHNOLOGY . LD e o
CHEMOSPHERE 1 8,943 - Q1
JOURNAL OF ENERGSTORAGE 1 8,907 = Q1
APPLIED MATERIALS TODAY 1 8,663 - Q1
MATERIALS SCIENCE & ENGINEERINC
C-MATERIALS FOR BIOLOGICAL 1 8,457 = Q1
APPLICATIONS
JOURNAL OF CQUTILIZATION 2 8,321 - Q1
NANOSCALE 1 8,307 = Q1
JOURNAL OF MATERIALS CHEMISTRY 1 8,067 - Q1
FUEL 1 8,035 = Q1
INTERNATIONAL JOURNAL OF
BIOLOGICAL MACROMOLECULES 1 8,025 D1 Q1
JOURNAL OF ENVIRONMENTAL
CHEMICAL ENGINEERING % YElEE ) Q1
APPLIED SURFACE SCIENCE 2 7,392 D1 Q1

ICMS —memoria 2021 | 11
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REVISTA ARTICULOS | FACTOR DE IMPACTO Meior PCT

JOURNAL PAPERS IMPACT FACTOR (*) )
JOURNAL OF WATER PROCESS
ENGINEERING & 1ERY o Q1
ELECTROCHIMICACTA 1 7,336 - Q1
SOLAR ENERGY MATERIALS AND
SOLAR CELLS 1 [ ) Q1
JOURNAL OF BUILDING ENGINEERINC 1 7,144 - Q1
INTERNATIONAL JOURNAL OF
HYDROGEN ENERGY & s ) Q2
JOURNAL OF PHYSICAL CHEMISTRY
LETTERS 3 6,888 ) Q1
FRONTIERS IN PLANT SCIENCE 1 6,627 - Q1
CATALYSIS TODAY 1 6,562 - Q1
ADVANCED MATERIALS INTERFACES 1 6,389 - Q2
JOURNAL OF ALLOYS AND
COMPOUNDS 3 6,371 D1 Q1
JOURNAL OF THE EUROPEAN
CERAMIC SOCIETY & B DL Q1
SCRIPTA MATERIALIA 1 6,302 D1 Q1
JOURNAL OF MATERIALS RESEARCH
AND TECHNOLOGY L 28y i Q1
ASTRONOMY & ASTROPHYSICS 1 6,240 - Q1
ACS APPLIED NANO MATERIALS 1 6,140 - Q2
APPLIED CLAY SCIENCE 1 5,907 D1 Q1
MICROPOROUS AND MESOPOROUS
MATERIALS 2 S ) e
APPLIED CATALYSIS@GENERAL 3 5,723 - Q2
NANOMATERIALS 6 5,719 - Q1
NANOSCALE ADVANCES 1 5,598 - Q2
FRONTIERS IN CHEMISTRY 3 5,545 - Q2
CERAMICS INTERNATIONAL 4 5,532 - Q1
CHEMCATCHEM 2 5,497 - Q2
INORGANIC CHEMISTRY 1 5,436 - Q1
POLYMER DEGRADATION AND
STABILITY 4 a0 ) Q1
REACTION CHEMISTRY &
ENGINEERING 2 5200 ) Q2
JOURNAL OF PHOTOCHEMISTRY ANLC > = _ Q2
PHOTOBIOLOGY ACHEMISTRY '
EUROPEAN JOURNAL OF
PHARMACEUTICAL SCIENCES L 5112 i Q2
POLYMERS 1 4,967 - Q1
MOLECULES 1 4,927 - Q2
SURFACE & COATINGS TECHNOLOG 4 4,865 - Q2
INTERNATIONAL JOURNAL OF
REFRACTORY METALS & HARD 1 4,804 Q1
MATERIALS

12 | memoria 2021 - ICMS



MEMORIA DE ACTIVIDADES 2021

REVISTA ARTICULOS FACTOR DE IMPACTO Mejor PCT

JOURNAL PAPERS IMPACT FACTOR (*)
e 1 o] @
DALTON TRANSACTIONS 4,569 - Q1
CATALYSTS 3 4,501 - Q2
g:g:\éﬁAL ENGINEERING RESEARCH 1 4119 ) Q2
RSC ADVANCES 1 4,036 - Q2
CRYSTAL GROWTH:. DESIGN 1 4,010 - Q1
?(?SRANZ?_WDER AND PARTICLE 1 3.919 ) Q2
PLASMA PROCESSES AND POLYMER 2 3,877 - Q1
OPTICAL MATERIALS 2 3,754 - Q2
MATERIALS 4 3,748 - Q1
BIOMIMETICS 1 3,743 - Q2
.IJEC'\)ILCJ;II?I\II\IEAI;_RCI)'\ITGMATERIALS IN CIVIL 1 3.651 ) Q2
MATERIALS LETTERS 2 3,574 - Q2
WATER 2 3,530 - Q2
) | | o
;OHgg:\(l;AéL OF PHYSICSAPPLIED 1 3.409 ) Q2
PROCESSES 1 3,352 - Q2
INORGANICS 1 3,149 - Q2
CATALYSIS LETTERS 1 2,936 - Q3
JOURNAL OF APPLIED PHYSICS 2 2,877 - Q2
HERITAGE SCIENCE 1 2,843 - Q2
MINERALS 1 2,818 - Q2
JOURNAL OF MATERIALS SCIENCE 1 2779 _ Q2
MATERIALS IN ELECTRONICS
METALS 1 2,695 - Q2
CRYSTALS 1 2,670 - Q2
SRCPOMPYSICAL O |, o | - | o
ACS APPLIED BIO MATERIALS 1 - - -
Total 135 6,730 18 Q1=64%

(*) Factor de Impacto correspondiente al afi®20
Journal Citation Reports of 20

ICMS —memoria 2021 | 13
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M B INSTITUT@ THEINSTITUTE

El Instituto de Ciencia de Materialds Sevill{fICMS) fue creado en 1.986. En
1996 se traslado a unos nuevos locales en la Isla de la Cartuja, integrandose, junto con
otros dos Institutos Mixtos, emlCentro de Investigaciones Cientificas Isla de la
Cartuja(Junta de Andalucia - Consejo Superior de Investigaciones
Cientificas Universidad de SevilaEl ICMS se estructura en cinco Unidades de
Investigacion ubicadas en el edificio de la Isla de la Cartuja y una Unidad Externa en el
campus de Reina Mercedes, Facultad de Fisica.detublidad, el Instituto esta formado
por grupos de investigacion del CSIC y de la Universidad de Sevilla. Estos grupos tratan
de aunar sus esfuerzos en diversas areas de la fisica y quimica del estado sdlido, fisico
quimica de superficies y otras dificigs relacionadaon la Ciencia de Materiales. Esta
actividad persigue contribuir al desarrollo cientifico dentro de los Planes de Investigacion
tanto Autonomicos como Nacionales en el area de la Ciencia y Tecnologia de Materiales,
asi como de las equleates de la UE.

The Institute of Materials SciencgSevill{ICMS) was created in 1986. In 1996,
it moved to new premises at the Isla de la Cartuja, combining with two other Mixed
Institutes to make up the Isla de la Cartuja Scientific Research Céuntta dé\ndalucia
- Consejo Superior de Investigaciones Cientifi¢dsiversidad de Sevilla). The Institute
comprises three research units housed in the building at the Isla de la Cartuja and an
external unit at the Physics Faculty on the Reina Mercedes campus. Todaspiiates
research groups of CSIC and the University of Seville. The aim of these groups is to unite
efforts in various areas of sebthte physics and chemistry, physical chemistry of surfaces,
and other related disciplines of materials science. Sciohitya seeks to contribute to
scientific development within the Research Plans of both regional and state authorities,
and their EU equivalents, in the field of materials science and technology.

ICMS — memoria 2021 | 17
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B ORGANIGRAMA / ORGANIZATION CHART

Centro de Investigaciones Cientificas “Isla de la Cartuja”

INSTITUTO DE CIENCIA DE MATERIALES DE SEVILLA

T

Junta de Instituto

Unidad Externa:
Fisica de
Materiales

Unidades de Investigacion

B 2y

Servicios Generales

Claustro Cientifico

N\ 7

Mecanoquimica y Catélisis para el Servicio de A”all's's Servicio de,
Reactividad de Medioambiente y la Texturaly Termico Espectioscopias
Materiales Energia
\ J a '
Servicio de Difraccion Servicio de Anélisis
Materiales Materiales Funcionales L de Rayos X l ' de Superficie
Opticos Nanoestructurados
Servicio de

Microscopia
Electrénica

Ingenieria de Ceramicos
para Ambientes Extremos

[ J

Servicio de
Espectrometria de
Emisién Atémica

Servicio de Apoyo y
Secretaria

Servicio de
Preparacion y
caracterizacion de
sistemas cataliticos
heterogéneos

Servicio de
Mecanizado
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B DIRECCION/ DIRECTORATE
Director / Director: Dr. Juan Pedro Espinés Manzorro

Vicedirectorn/ Vicedirector Dra. Anna Dimitrova Penkova

B JUNTA DEINSTITUT® INSTITUTBOARD
Presidente Chairman Dr. Juan Pedro Espinés Manzorro
Vicedirector /Vicedirector Dra. Anna Dimitrova Penkova

Secretarid Secretary: D. Enrgiue Diaz Ruiz

Vocales / Members:

Dr. Juan Pedro Holgado Vazquez

Representante U.l. Catalisis para el Medioambiente y la Energia
Dra. Maria Dolores Alba Carranza

Representante U.l. Ingenieria de Ceramipara AmbienteBxtremos
Dr. Luis A. Pérez Maqueda

Representante U.l. Mecanoquimica y Reactividad de Materiales
Dr. Angel Barranco Quero

Representante U.l. Materiales Funcionales Nanoestructurados
Dr. Hernan R. Miguez Garcia

Representante U.Materiales Opticos

Dr. Jhon Jairo Ipus Bados

Representante U.E.I. Fisica de Materiales

Dra. Svetlana Lyubomirova Ivanova

Representante del Profesorado de plantilla de la Universidad de Sevilla
Dr. Juan Carlos Sanchez Lépez

Representante del Personal Cientifico de plantilla del CSIC

D. Juan Carlos Martin Sdnchez

Representante del Personal No Cientifico y No Profesoradaatsilla

ICMS — memoria 2021 | 19
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B CLAUSTROCIENTIFICO/ SCIENTIFICBOARD

Presidente Chairman
Vocaled Members:

A

Alba Carranza, Maria Dolores
Alcala Gonzélez, Maria Dolores
Alvarez Molina, Rafael

Aparicio Rebollo, Francisco J.
Arcenegui Troya, Juan Jesus
Avilés Escario, Miguhgel
Ayala Espinar, Maria Regla

B

Barranco QueroAngel
Becerro Nieto, Ana Isabel
Benitez Jiménez, José Jesls
Bobadilla Baladron, Luis F.
BorrasMartos, Ana Isabel
Borrego Moro, Josefa

Bravo Ledn, Alfonso
Budagosky Marcilla, Jorge A.

C

Caballero Martinez, Alfonso
Cald, Laura

Calderén Olvera, Roxana M.
Calvo Roggiani, Mauridi
Castaing, ¥tor

Castro Arroyo, Miguefingel
Centeno Gallego, Miguéhgel
Colén Ibanez, Gerardo
Conde Amiano, Clara F.
Contreras Bernal, Lidia
Coérdoba Gallego, José Manuel
Cotrino Bautista, José

D

Diaz Cuenca, Maria &rzazu
Dominguez Leal, Maria Isabel

F

Fernandez Camacho, Asuncioén
Fortio Godinho, Vanda

Franco Garcia, Victorino

20 | memoria 2021 - ICMS

G

Galisteo Lopez, Juan Francisco
Gallardo Cruz, Carmen
Ghaffarinejad, Ali

Gil Gonzalez, Eva

Gil Rostra, Jorge

Gomez Garcia, Diego

Gomez Ramirez, Ana Maria
Gonzalez Mancebo, Daniel
Gotor Martinez, Francisco José

H
Hidalgo Lopez, M. Carmen
Holgado Vazquez, Juan Pedro

I
Ivanova, Svetlana Lyubomirova

J

Jiménez de Haro, M. Carmen
Jiménez Melendo, Manuel

L

Lépez Flores, Victor
Lépez Santos, Carmen
Lozano Barbero, Gabriel

M

Malet Maenner, Pilar

Manchén GorddnAlejandro F.
Martinez Blanes, José Maria
Martinez Fernandez, Julian
Martinez Tejada, Leidy Marcela
Miguez Garcia, Hernan Ruy
Moreno Garcia, Virginia

Mufioz Bernabé, Antonio

N

Navio Santos, José Antonio
NufiezAlvarez Nuria Ofelia

D. Juan Pedr&spinds Manzorro

O

Ocafa Jurado, Manuel
Odriozola Gordén, José Antonio
Oliva Ramirez, Manuel

P
Pastor Pérez, Laura

Pavon Gonzalez, Esperanza
Palmero Acebedo, Alberto
Penkova, Anna Dimitrova
Perején Pazo, Antonio
Perefiiguez Rodriguez, Rosa
Pérez Maqueda, Luis Allan
Poyato Galan, Rosalia

R

Ramirez Rico, Joaquin
Ramirez Reina, Tomas
Real Pérez, Concepcion
Rico Gavira, ¥ictor

R GonzéalezElipe, Agustin
Rojas Ruiz, T. Cristina
Romero Sarria, Francisca
Ruiz Lépez, Estela

S

SAnchez Jiménez, Pedro E.
Sanchez Lépez, Juan Carlos
Sanchez Sotdedro José
Sanchez Valencia, Juan Ramén
Sayagués De Vega, M. Jesus

T
Thi Tuyen, Ngo

\Y
Vattier Lagarrigue, Florencia

Y
Yubero Valencia, Francisco



B DIRECTORIO DIRECTORY

| UNIDADES DEINVESTIGACION/ RESEARCHUNITS

CATALISIS PARA EL MEDAMBIENTE Y LAENERGIA/ CATALYSISFOR

ENVIROMENTAND ENERGY

Catedraticos

Dr. Alfonso Caballero Martinez

Dr. José Antonio Odriozola Gorddén

Investigadores Cientificos

Dr. Miguel Angel CentenGallego

Dr. Gerardo Colon Ibanez

Cientificos Titulares

Dra. M. Carmen Hidalgh6pez

Dr. Juan Pedro Holgado Vazquez

Profesores Titulares

Dr. José Manuel Cordoba Gallego

Dra. MarialsabeDomingueZ_eal

Dra. Svetlandyubomirovavanova

Dra. Leidy MarceldartinezTejada

Dra. AnnaDimitrovaPenkova

Dra. Rosa Perenigu&odriguez

Dra. Franciscd&RomeroSarria

Profesores Eméritos

Dr. José Antonio NaviBantos

Profesores Contratados Doctores

Dr. LuisBobadillaBaladrén

Contratados Ramon y Cajal

Dr. TomasRamirez Reina

Contratados Acceso Proyectos JIN

Dra. LauraPastor Pérez

Doctores Contratados

Dra. Estela Ruiz L6pez

Personal Investigador en Formacion

Gda. Débora Alvarez Hernandez

Gdo. Sergio Carrasco Ruiz

Gda. Ligia Amelia Luque Alvarez

Lda. Angeles Maria LopBfartin

Gdo. Juan Luis Martin Espejo

Ldo. Francisco Jesus Platero Moreno

Ldo. Felipe Rubén Puga Martinez

Gda. Maria Ribota Pelaez

Gdo. Guillermo Torres Sempere
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INGENIERIA DECERAMICOS PARAAMBIENTEEXTREMOS
ENGINEEREDC ERAMICS FOREXTREMEENVIRONMENTS

Catedraticos Dr. Miguel Angel Castro Arroyo

Dr. Manuel Jiménez Melendo

Dra. Pilar Malet Maenner

Dr. Julian Martinez Fernandez

Investigadores Cientificos Dra. Maria Dolores Alba Carranza
Cientificos Titulares Dr. José JesUs Benitiménez
Profesores Titulares Dr. Alfonso Bravo Leo6n

Dr. Joaqin Ramirez Rico
Doctores Contratados Dra. Esperanza Pavon Gonzélez

Personal Investigador en Formacion | Gdo. Javier Ramiro Chaparro Barajas

Gda. Sol Fernandez Mufioz

22 | memoria 2021 - ICMS



MEMORIA DE ACTIVIDADES 2021

MECANOQUIMICA Y REACTIVIDAD DEMATERIALES
MECHANOCHEMISTRY ANOREACTIVITY OFMIATERIALS

Profesores de Investigacion

Dr. Luis Allan Pérez Maqueda

Catedraticos

Dr. Diego GOmez Garcia

Investigadores Cientificos

Dr. Francisco José Gotor Martinez

Dra. Concepcion Redérez

Dr. Pedro José Sanchez Soto

Cientificos Titulares

Dra. Rosalia Poyato Galan

Dra. Maria Jesus Sayagués de Vega

Profesores Titulares

Dra. Maria Dolores Alcald Gonzalez

Dra. Maria Regla Ayala Espinar

Dr. Antonio Perejon Pazo

Talentia Senior CCAA

Dr. Pedro E. Sanchez Jiménez

Doctores Contratados

Dr. Juan JesUs Arcenegui Troya

Dra. Eva Gil Gonzélez

Dr. Alejandro F. Manchén Gordon

Dra. Virginia Moreno Garcia

Personal Investigador en Formacion

Ldo. Nabil Mohamed Amghar

Gda.SandraMolina Molina

Gda. Ménica Salazar Lago

Personal Técnico Contratado

Gdo. Ahmed Taibi
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M ATERIALEFUNCIONALESNANOESTRUCTURADOS
NANOSTRUCTUREBUNCTIONALMATERIALS

Profesores de Investigacion

Dr. Juan Pedro Espin6s Manzorro

Dra. Asuncién Fernandez Camacho

Dr. Agustin Rodriguez GonzélEfipe

Catedraticos

Dr. José Cotrino Bautista

Investigadores Cientificos

Dr. Angel Barranco Quero

Dr. Juan Carlos Sanchez Lopez

Dr. Francisco Yubero Valencia

Cientificos Titulares

Dra. Analsabel Borras Martos

Dra. Maria Aranzazu Diaz Cuenca

Dr. Alberto Palmero Acebedo

Dra. T. Cristina Rojas Ruiz

Dr. Juan Ramoén Sanchez Valencia

Profesores Titulares

Dr. Rafael Alvarez Molina

Profesores Contratados Doctores

Dra. Ana Maria GoémeRamirez

Contratados Plan Propio US

Dra. Carmen LOpez Santos

Doctores Contratados

Dr. Francisco J. Aparicio Rebollo

Dr. Jorge A. Budagosky Marcilla

Dra. Lidia Contreras Bernal

Dr. Ali Ghaffarinejad

Dr. Jorge Gil Rostra

Dra. Vanda Fortio Godinho

Dr. Victor L6épez Flores

Dr. Manuel Oliva Ramirez

Técnico Superior Especializado

Dr. Victor J. Rico Gavira

Personal Investigador en Formacién

Ldo. Javier Castillo Seoane

Gdo. Jaime Del Moral Jalén

Ldo. Xabier Garcia Casas

Gdo. Dario JumillslUnez

Gdo. Antonio José Marquez Alcaide

Gda. Laura Montes Montarfiez

Gda. Gloria Patricia Moreno Martinez

Gdo. Fernando Nunez Galvez

Ldo. José Manuel Obrero Pérez

Ldo. Noel Orozco Corrales

Ldo. Alvaro Perea Brenes

Lda. Xiaozhe Song

JAHnNtro

D. Antonio Del Valle Hernandez

D. Servando Marin Meana

PersonalTécnico Contratado

Ldo. Dirk Hufschmidt

Lda. Miriam Sanchez Pérez
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OPTICALMATERIALS

MEMORIA DE ACTIVIDADES 2021

Profesores de Investigacion

Dr. Hernan R. Miguez Garcia

Dr. Manuel Ocandurado

Cientificos Titulares

Dra. Ana Isabel Becerro Nieto

Dr. Mauricio E. Calvo Roggiani

Dr. Gabriel Lozano Barbero

Dra. Nuria Ofelia Nufiez Alvarez

Investigadores Distinguidos

Dr. Juan F. Galisteo L6pez

Contratados Juan de la Cierva

Dra. LauraCalio

Doctores Contratados

Dra. RoxanaVarisd Calderdon Olvera

Dr. Victor Castaing

Dr. Daniel Gonzéalez Mancebo

Dr. Ngo Thi Tuyen

Personal Investigador en Formacion

Gda. Encarnacion Arroyo Porrifio

Gda.Clara Bujalance Aguilera

Gda.Elena Cabell®Imo

Gda. Beatriz De Sola Baez

Gda.Elisabet Gmez Gonzéalez

Gda. Maria Moran Pedroso

Gdo. Carlos Romero Pérez

Gdo. David OttoTiede

Gdo. José Maria Viaha Jorge

JABEnNtro

D. Roberto Prieto Garcia

D. Manuel Romero Aguilar

Personal Técnico Contratado

Lda. Lucia T. Castillo Flores

Lda. M. Carmen Gutiérrez Lazaro
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| SERVICIOSGENERALE$S GENERALSERVICES

Servicio de Apoyo y Secretaria D2 Margarita Adorna Muioz
Informatica 6 Apoyo Direccién D. José Carlos Rivero Cabello
Servicio de Andlisis Textural y Térmico | D2 Cristina Gallardo Lopez
Servicio de Analisis de Superficie Dra. Florencia Vattier Lagarrigue
Servicio de Difraccion de Rayos X Dr. José Maria Martinez Blanes
Servicio de Espectroscopias Dr. Miguel Angel AviléSscario
Servicio de Espectrometria Lda. Belinda Siguienza Carballo
de Emision Atomica
Servicio de Microscopia Electrénica Dra. M. Carmen Jiménez de Haro
Lda. Olga Montes Amorin (cicCartuj
D2 M. Inmaculada Rosa Cejudo
Servicio de Mecanizado D. Adrian Gomez Castafio
D. Juan Carlos Martin Sanchez
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| UNIDAD EXTERNA DENVESTIGACION/ EXTERNALRESEARCHUNIT

HsicA DEMATERIALES
PHYSICSOF MATERIALS

Catedraticos

Dra. Clara F. Conde Amiano

Dr. Alberto Criado Vega

Dr. Luis Esquivias Fedriani

Dr. Victorino Franco Garcia

Dr. Antonio Mufioz Bernabé

Dr. Javier S. Blazquez Gamez

Profesores Titulares

Dra. Josefa Maria Borrego Moro

Dra. M. del Carmen Gallardo Cruz

Dra. Angela Gallardo Lopez

Dr. FelipeGutiérrez Mora

Dr. Jhondiro lpus Bados

Dr. José Maria Martin Olalla

Dr. Victor Morales Florez

Dra. Ana Morales Rodriguez

Dr. Francisco Javier Romero Landa

Profesores Contratados Doctores

Dr. Rafael Caballero Flores

Dra. Rocio del CarmeNloriche Tirado

Doctores Contratados

Dr. Luis M. Moreno Ramirez

Dra. Jia Yan Law

Dra. Bibi Malmal Moshtaghion Entezari

Personal Investigador en Formacion

Gdo. Alvaro Diaz Garcia

Gda. Carmen Mufoz Ferreiro

Gdo. Pedro Rivero Antlnez

Gdo. AntonioVidal Crespo

Investigadores Honorarios

Dr. Jaime del Cerro Gonzélez

Dr. Arturo Dominguez Rodriguez

Dr. Justo Jiménez Fernandez
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GRUPOS DENVESTIGACION

Fotocatélisis Heterogénea: Aplicaciones
Heterogeneus Photocatalysis: Applications [642005]
http://materphotocat.ciccartuja.es

Materiales y Procesos Cataliticos de Interés Ambiental y Energético
Materials and catalytic processes for environment and energy [642004]
http://matproner.icms.us  -csic.es

Quimica de Superficies y Catalisis
Surface Chemistry and Catalysis [642006]
http://surfcat .icms.us -csic.es


http://materphotocat.ciccartuja.es/




CATALISIS PARA EL MEDIOAMBIENTE Y LA ENERGIA [N

M PERSONAL/ PERSONNEL

Catedréticos Dr. Alfonso Caballero Martinez

Dr. José Antonio Odriozola Gordén
Investigadores Cientificos Dr. Miguel Angel CentenGallego

Dr. Gerardo Col6n Ibafez
Cientificos Titulares Dra. M. Carmen Hidalghopez

Dr. Juan Pedro Holgado Vazquez
Profesores Titulares Dr. José Manuel Cérdoba Gallego

Dra. MarialsabeDomingueZ_eal
Dra. Svetlandyubomirovavanova
Dra. Leidy MarcelMartinezTejada
Dra. AnnaDimitrova Penkova

Dra. Rosa Perenigu&odriguez
Dra. Francisc&komeroSarria

Profesores Eméritos Dr. José Antonio NaviSantos
Profesores Contratados Doctores Dr. LuisBobadilla8Baladrén
Contratados Ramon y Cajal Dr. TomasRamirez Reina
Contratados Acceso Proyectos JIN Dra. LauraPastor Pérez
Doctores Contratados Dra. EstelaRuiz Lépez

Personal Investigador en Formacion | Gda. Débora Alvarez Hernandez
Gdo. Sergio Carrasco Ruiz

Gda. Ligia Amelia Luque Alvarez
Lda. Angeles Maria Lopez Martin
Gdo. Juan Luis Martin Espejo

Ldo. Francisco Jesus Platero Moreno
Ldo. FelipeRubén Puga Martinez
Gda. Maria Ribota Peldez

Gdo. Guillermo Torres Sempere

ICMS — memoria 2021 | 33



I CATALYSIS FOR ENVIRONMENT AND ENERGY

B PROYECTOS DENVESTIGACION/ RESEARCHPROJECTS

Acido férmico como vector de
energia: de la biomasa al hidrégeno

Formic acid as energetic vector: from
biomass to green hydrogen

verde

e )

EL = Drcina

#S £ innovacion
= AGERCIA
IESTACON

CdédigoLode: PID20206113809RBC32
PeriodoPeriod 01-09-2021 / 3108-2024
Organismo Financiadétihancial source | Ministerio de Ciencia e Innovacién
Importe total/Total amount 263.780

Investigador responsabli&tsearch head

Miguel Angel Centeno Gallego y Svetlg
Ivanova

Componentedkesearch group

Leidy Marcela Martinez Tejada, Maria

Isabel Dominguez Leal

RESUMEN / ABSTRACT

El presente proyecto forma parte del proyecto coordinado ENERCATH2 que
pretende integrar una estrategia que involucra multiples reacciones para la producciéon y
uso dehidrégeno verde a partir de la biomasa. El objetivo ultimo es contribuir al
desarrollo deecnologias energéticas sostenibles que sustituyan a las actuales, derivadas
de las fuentes fosiles. Especificamente, el proyecto del ICMS se centra en el uso del acido
férmico como vector energético de hidrogeno, dado que es un compuesto quimico
liguido con una alta densidad gravimétrica de energia, que puede ser almacenado,
transportado y manipulado de manera segura usando la infraestructura existente de
distribucion de hidrocarburos.

El objetivo principal del proyecto es la generacion de acido formpeota de
biomasa lignocelulésica y la posterior obtencién de corrientes de hidrogeno a partir de
éste. Para este fin, se pretemddesarrollar catalizadores novedosos, preferiblemente
basados en carbones derivados de la biomasa y/o en metales dedmansiciobles, (V,

Ni, Cu, Co, etc.), activos, selectivos y estables, para: i) la oxidacién directa y selectiva de
la biomasa lignocelulésica, e.g. glucosa, bien hacia la produccion masiva de acido formico,
bien hacia la produccion de una mezcla de adidui€o con otros ceproductos, tales

como el &cido levulinico, que pueden servir como punto de partida para la generacion de
productos plataforma de interés industrial, intermedios en la produccion de combustibles

y ii) la deshidrogenacion de acido férmitanto en fase liquida como gaseosa, para la
produccion de corrientes de hidrogeno libres de CO.

Los catalizadores preparados seran caracterizados estructural y quimicamente
por una gran variedad de técnicas (DRX, XPS, SEM, HRTEM, Raman, DRIFTS, TPR/TPD,
UV-Vis, Analisis textural), tanto preomo postreaccion, para evaluar las posibles
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modificaciones ocurridas en el transcurso de la misma. Igualmente, se realizaran estudios
en condiciones de reaccion@itu y operando) por espectroscopias DRIFTS y AGR,

gue, junto con los resultados de actividad y de caracterizacion, permitira analizar el
mecanismo de las reacciones y asi poder establecer la relacion estadtividad en

cada caso. El conocimiento de esta relacion permitira optimizar el cataldiaebado

y, en ultima instancia, cada proceso catalitico de produccion de vectores sostenibles de
energia propuesto en el proyecto.

This project is part of the ENERCATH2 coordinated project that aims to integrate
a multi reaction catalytic strategy fgreenhydrogen and energy related vectors
production and use from biomass in order to contribute to the development of
sustainable energy technologies that replace current ones derived from fossil sources.
Specifically, ICMS project focuses on the productif formic acid as hydrogen related
vector Formic acid is a liquid chemical compound with a high gravimetric energy density,
which can be safely stored, transported and manipulated using existing hydrocarbon
distribution infrastructure.

The main objecti® of the project is formic acid generation from lignocellulosic
biomass and its subsequent dehydrogenation to green hydrogen. For this purpose, it will
be intended to develop a series of novel catalysts, preferably based on basriasd
carbons and/or o nonnoble transition metals (V, Ni, Cu, Co etc), active, selective and
stable for i) direct and selective oxidation of lignocellulosic biomass, using glucose as
representing molecule, either towards the massive production of formic acid, or towards
the production of a mixture of formic and garoduct levulinic acid, which serves as a
starting point for the generation of intermediate platform products and commodities of
industrial interest in the production of fuels and polymers and for ii) the dehydtaena
of formic acid, both in liquid and gas phase, for the production offrf€® hydrogen
streams.

After the stages of preparatiemnctionalization and reaction, the catalysts will be
structurally and chemically characterized using a wide variety ofigeesnavailable by
the whole consortium (XRD, XPS, SEM, HRTEM, Raman, DRIFTS, TPR/TPD, TGA, UV
Vis, Textural Analysis). These results, in addition to tsd@uoperando DRIFTS and ATR
spectroscopic ones will give us fundamental information of the reactechanisms,
allowing to establish structw@&ctivity relationships for the studied reactions. The
knowledge of these relationships will contribute to the understanding and optimization
of the designed catalysts, and the catalytic process involved opradlection of
sustainable energy vectors proposed in the project.
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Avanzando hacia la economia steppiNg towards Circular EConomy:
circular: Biocombustibles para el REcyclingbio-waste into heavy
transporte pesado, a partir del tRansport BIOFUELS (NICER-
reciclado de residuos (NICER BIOFUELYS)

BIOFUELYS)

MINISTERIO
DE CIENCIA

E INNOVACION :::Tﬂi:g ;,:Jo;“ p..'n':'"};.};%.!??n_ e
NextGenerationEU INVESTIGACION
CdédigoLode: PLEC2023008086
PeriodoPeriod 01-09-2021 / 3108-2024
Organismo Financiadétihancial source | Ministerio de Ciencia e Innovacion
Importe total/Total amount 278.900t

Investigador responsablieZsearch head | José Antonio Odriozola Gordon y Tomg
Ramirez Reina
Componentedkesearch group Maria Isabel Dominguez Leal, Laura
Pastor Pérez

RESUMEN / ABSTRACT

Financiado por el programa RETC® LABORACION PUBLICAPRIVADA del
Ministerio de Ciencia énnovaan con fondos EU bajo el marco Next Generation
Europe, NICER BIOFUELS es fruto declalaboragin entre las Universidades de
Zaragoza y Sevilla 'y la multimecil URBASER. En el contexto dedanomiacircular y
el desarollo de combustibles sostenibles que permitan descarbonizar el transporte y
avanzar hacia una sociedad libre de emisiones, NBIBRUELS representa un paso
adelante para combatir el camlmiimaticocombinando ciencia fundamentahgeniefa
aplicada.

NICERBIOFUELS aims to create a unique knowledge infrastructure that
supports the decentralised, sustainable and-effgtient conversion of biowastes and
textile residues to sustainable Heawmansport Biofuels (HTB) to contribute towards full
transport system decarbonisation. The project targets the development of disruptive
technologies that overcome critical technological barriers, increase process efficiency and
reduce marginal costs indltbioc-waste to HTB conversion process. Following the spirit
of circular economy, the overriding idea of NIGBROFUELS is to combine GO
emissions with biavaste as a carbon pool to produce the next generation of HTB. Such
an ambitious goal will be achieved by integrating advanced gasification strategies, unique
catalytic technologies and digital tools to deliver fuel processors whicdaptable to
feedstock input and HTB demands
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Conversion Avanzada de Biogas a
Acido Acético: Soluciones Cataliticas
para una Sociedad con Bajas

ADVanced convErsioN of biogas To
acetic acid: catalytic solUtions for a
low caRbon sociEty (ADVENTURE)

MINISTERIO
DE CIENCIA
E INNOVACION

UNION EUROPEA
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PeriodoPeriod

01-10-2020 / 30-09-2023

Organismo Financiadéiihancial source

Ministerio de Ciencia Innovacion

179.080t
LauraPastor Pérez

Importe total/Total amount
Investigador responsabli&¢search head

RESUMEN / ABSTRACT

En ADVENTURE se presenta un nuevo concepto para convertir biogas,
procedente de desechos organicos, en productos quimicos de alto valor industrial, como
es el acido acético (AA), de una manera tanto amigable con el arefliente como
viable econdmicamente. EI AA se emplea como precursor de muchos productos
procedentes de la quimica fina, con numerosas aplicaciones, como son la fabricacion de
pinturas y recubrimientos, la produccion de plasticos y adhesivos basados, amtigua
muchos otros, siendo una molécula plataforma muy versatil para la industria quimica.
Tradicionalmente el AA se produce a escala comercial a través de una ruta indirecta
produciendo una considerable huella global de.@or ello, el objetivo prinpal de
ADVENTURE es redisefiar el proceso de produccion de AA introduciendo biogas como
principal materia prima un enfoque completamente nuevo que provoca una sinergia
entre la utilizacion de C£y la sintesis de quimica fina.

En este contexto AVENTURE @ifdara tres desafios principales: (i) un desafio
global: las preocupaciones ambientales asociadas con la emision de gases de efecto
invernadero; (ii) una oportunidad industrial: abordara el problema de la sostenibilidad
econdmica de la industria del biogé®ciendo alternativas viables para la conversiéon de
materia prima de bajo valor en bioquimicos de alto valor afiadido a escala industrial; y (iii)
un desafio a escala cientifica fundamental: se presentan dos propuestas, la intensificacion
de una ruta indecta usando reactores de microcanales y una ruta directa llevada a cabo
con catalisis por plasma. Para lograr estos ambiciosos objetivos, se disefiara una nueva
generacion de catalizadores avanzados multifuncionales capaces de proporcionar los
productos epecificos deseados con alta actividad, selectividad y durabilidad a largo plazo
para garantizar el éxito ddDVENTURE.

ADVENTURE represents a new concept to convert biogas from organic waste

into highvalue industrial chemicals such as acetic acid i(Aa) environmentally and
economically viable manner. AA is a precursor for many fine chemical compounds with a

ICMS — memoria 2021 | 37



I CATALYSIS FOR ENVIRONMENT AND ENERGY

wide range of applications including paints and coatings manufacturing, plastics and water
based adhesives production among many others, reptieggea very versatile platform
molecule for the chemical industry. Traditionally, AA is produced at a commercial scale
through an indirect route with a considerable global,@dtprint. In this regard, the

main target of ADVENTURE is to-aesign the AAroduction route introducing biogas

as initial feedstocka completely new approach that synergises, @tilisation with fine
chemicals synthesis.

In this context, ADVENTURE will tackle three main challenges: (i) A global
challenge the environmentabncerns associated with the emission of Greenhouse Gases
(GHG); (ii) An industrial opportunity the problem of economic sustainability of the biogas
industry by offering viable pathways for conversion ofVale feedstock into added
value biochemicals andustrial scale; and (iii) A fundamental scientific challenge the
inexistence of AA production from biogas, by introducing two new revolutionary routes
for AA production: an intensified indirect route using microchannel reactors and a direct
route enablée by plasma catalysis. In order to accomplish these ambitious goals, a new
generation of advanced multifunctional catalysts able to deliver the targeted products
with high activity, selectivity and leteym durability will be designed to guarantee the

sucess ADVENTURE.
Procesos Power-to-X para la Power-to-X processes for CO,
Valorizacion de CO, en Reactores valorization in structured catalytic

Cataliticos Estructurados (CO ,-Ptx) reactors (CO ,-Ptx)

UNION EUROPEA >
£
* X ¥ )
' ' * *

& & oEQNDOEUROPEODE  AGENCIA
o ETEACION
CédigoLode: RTI2018096294B-C33
PeriodoPeriod 01-01-2019/ 31-12-2021
Organismo Financiadétihancial source | Ministerio de Ciencia Innovacion
Importe total/Total amount 260.150t4

Investigador responsabietsearch head| José Antonio Odriozola Gordon y
Francisca Romero Sarria
Componentedkesearch group Luis F. Bobadilla Baladrén, Maria Isabe
Dominguez Leal, Anna Dimitrova
Penkova, Lola de las Aguas Azancot
Luque, Marta Romero Espinosa, Juan
Carlos Navarro De Miguel
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RESUMEN / ABSTRACT

La tecnologia Powen-X (PTX) tiene comoobjetivo el almacenamiento de
energia (preferentemente renovable) en productos quimicos. Dichos productos pueden
usarse luego como combustibles o como moléculas plataforma para otras sintesis
quimicas. Por tanto, esta tecnologia juega un papel fundanecr@ientando la
fraccion renovable del mix energético en linea con los objetivos de la UE para la reduccién
de emisiones de gases con efecto invernadero.

La produccion de Hpor electrélisis de agua para PTX es una tecnologia madura
disponible comercialnmte que puede ser usada durante los periodos valle de consumo
de energia renovables.

Por otro lado, el CQes una fuente de carbono desaprovechada por lo que el uso
combinado de Krenovable y CQafiade un importante plus al proceso PTX ya que el
CO, asocado a las emisiones de gases de efecto invernadero es reintegrado
contribuyendo a la economia circular y la descarbonizacion. Esta es la idea central que
guia la presente propuesta. En particular, se trata de llevar a cabo las siguientes
reacciones: hidragnacion de C@a metano (también llamada metanaciéon de, @O
reaccion de Sabatier), la reaccion reversa WatasShift (activacion del CQ ajuste de
la relacion HCO), sintesis de biocombustibles (dimetil éter y SFT) y produccion de acido
acético. Estareacciones ofrecen notables retos quirimgenieriles en aspectos como:

i) desarrollo de catalizadores multifuncionales adecuados; ii) gestion térmica de
reacciones fuertemente exotérmicas; iii) control de la selectividad en reacciones
multiples en see por accién conjunta de la temperatura, el tiempo de residencia, la
formulacion del catalizador y el disefio del reactor. El conocimiento adquirido por el
consorcio en los proyectos previos (MAT2008386, ENE200944522, ENE2012
37431 y ENE20166975) nogpermite proponer de una manera solida y fundamentada

el uso de catalizadores y reactores estructurados para superar estos retos.

Por tanto, el objetivo fundamental de esta propuesta es el estudio de sistemas
cataliticos estructurados para reacciones reltasdel proceso Powero-X con CGO;
(CO,-PTX). Por otro lado, esperamos que la intensificacion que aportan los sistemas
estructurados sobre metales y los patrones de flujo desarrollados en sistemas como
espumas de poro abierto jueguen papeles determinamted control de la temperatura
y la selectividad de la reaccion. En este sentido se estudiaran diferentes arquitecturas de
sustrato junto a las variables principales como la densidad de celda o poro, el espesor de
pelicula catalitica o la aleacion megatiel sustrato. Finalmente, para aproximarnos a la
aplicacion industrial de estos sistemas,®€X se considerara la valorizaciéon de £O
presente en corrientes diluidas como los gases de combustion. Esto supone nuevos retos
debido a la baja concentracion de £@ltos caudales volumétricos y efectos negativos
de otros componentes (3D, SOx, etc.) en la actividad y estabilidad de los zatalres.

Se investigaran nuevas formulaciones de catalizadores junto con estrategias avanzadas de
adsorciondesorcionreaccion de C@sobre los sustratos estructurados estudiados.

Globalmente, el proyecto se estructurard en forma matricial con tareas
transversales de cada grupo basadas en sus lineas de especializacion (modelado,
estructuracion y caracterizacibn avanzada) junto a reacciones concretas de cada
laboratorio que conformaran las tareas longitudinales del proyecto.
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The main idea underlying thierm "Powerto-X" is the storage of energy
(preferably renewable) in the form of chemical products.

Thereatfter, these products may be employed in enggigted applications or as
platform chemicals. As a result, the PovterX (PTX) processes play a keple in
increasing the penetration rate of renewables in the energy mix in line with European
Union longterm objective of reducing greenhouse gas (GHG) emissions-B$ &6 by
2050 when compared to 1990 levels. Production of hydrogen by water electrislysis
mature and commercially available technology that can be used during periods of low
demand for renewable energy.

On the other hand, CQis the only abundant carbon source within the EU and
the combined use of renewable hydrogen and.G@markably reslis in additional
benefits in the PTX concept since G@ssociated GHG emissions is reintegrated in the
value chain contributing to circular economy and decarbonization. This main idea drives
CO,-PTX proposal. Specifically, our proposal aims to carrylwifdllowing reactions in
structured catalytic reactors: Cydrogenation to methane (also called methanation or
Sabatier reaction), the reverse Wat@as Shift reaction (C{activation and adjustment
of the H/CO ratio) and the direct synthesis of biofsi€dimethylether and FTS) and
acetic acid. This set of reactions provides remarkable challenges in key catalytic
engineering aspects such as: i) development of suitable multifunctional structured
catalysts; ii) management of the thermal effect of higtdthermic reactions; iii) control
of the selectivity of multiple reactions in series through the joint action of the reaction
temperature, the residence time and suitable catalyst formulation and reactor
configuration. The knowhow acquired by the consouin during previous projects
(MAT200612386, ENE200914522, ENE201:37431 and ENE20166975) allows us
to propose the use of structured catalysts and reactors as a very convenient way of
addressing that challenges. Heat and mass transfer rates intaosiffmatvided by
metallic substratebased structured systems as well as the flow patterns characteristic
of opencell foams are expected to play a determinant role in temperature and selectivity
control. In this regard, several catalywvall reactor confjurations as paraltehannels
monoliths and opetell foams will be considered, as well as other characteristics that
directly affect the transport properties of the structured systems (monolith cell density,
pore density of foams, metal alloy used astake and catalyst layer thickness).

To be closed to practical applications it will be also considered within the CO
PTX project the valorization of CQpresent in dilute streams, typically flue gases. This
entails additional challenges arising fromldle concentration of CQ, high volumetric
flow rates and negative effects of other componentg)(HSOx, etc.) on the catalytic
activity and stability. Improved catalyst formulations as well as segitemced CQ
conversion strategies in structured réars will be investigated.

Overall, the project is organized as a series of transversal tasks for which each
group contributes with his main field of specialization and vertical tasks associated to a
more intense dedication of each group to one or mor¢hef processes investigated.
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Aprovechamiento de biomasay Biomass valorization and sustainable
produccion sostenible de energia energy production over
mediante (foto)catalizadores y (photo)catalyst s and structured
reactores estructurados basados en | reactors based on carbonaceous
materiales carbonosos materials
: UNION EUROPEA )
TE¥- T MINISTERIO
sﬁ? R
& ¥ = ot s, ARG
s ESTGAOON
CdédigoLode: ENE201782451C3-3-R
PeriodoPeriod 01-01-2018/ 30-09-2021
Organismo Financiadétihancial source | Ministerio deCiencia e Innovacion
Importe total/Total amount 193600+
Investigador responsabi¢search head| Miguel Angel Centeno Gallego y Svetls
Ilvanova
ComponentedResearch group Leidy Marcela Martinez Tejada, Maria
Isabel Dominguez Leal, Regla Ayala
Espinar, Carlos Lopez Cartes

RESUMEN / ABSTRACT

El objetivo principal del presente proyecto coordinado entre la U. de Zaragoza,
el ICMS y la U. de Cadiz, es el desarrollo de catalizadores multifuncionales y
estructurados basados en materiales cataliticos carbonosos, tanto de caracter
biomoérfico, como gafénicegrafitico. Estos materiales cataliticos han de ser activos,
selectivos y estables en reacciones directamente relacionadas con el aprovechamiento de
la biomasa lignocelulésica (produccion déiNdF, acido levulinico, FDCA, -
valerolactona) y la pduccion sostenible de energia (produccion dg Esi como la
valorizacion quimica y fotoquimica de gBidrogenacién de C¢) descomposicién de
biogas, fotereformado de biealcoholes), usando,Hde ori gen renovaktk
splittingd) . at8esneprarprocespseactuatmenterinaptementados que
estan relacionados con la produccién de energia, y otros mas novedosos, como el
aprovechamiento de la luz solar, que sin lugar a dudas estan llamados a tener un papel
importante en este campo. De hecha, Utilizacion de la energia solar haria mas viable
energéticamente, por ejemplo, la reaccién de metanacion dedaCQOsar H de origen
(foto)renovable producido por owat er spl
productos de alto valor afiadido por quesos de biorefineria, que sustituyan los
obtenidos actualmente a partir de fuentes fosiles. Se pretende conseguir un conjunto de
sélidos carbonosos con propiedades estructurales (porosidad jerarquica meso/micro),
hidrofilicidadhidrofobicidad, funcionalades quimicas, composicion superficial etc.
disefiados ad hoc para cada una de las reacciones consideradas por los distintos
subproyectos, incluyendo la implementacién de procesos en continuo mediante la
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utilizacion de reactores estructurados a partir de tatalizadores mas eficientes. El
desarrollo y utilizacion de sistemas cataliticos estructurados aumenta la viabilidad e
intensificacion de los procesos y por tanto la eficiencia energética y medioambiental. La
complementariedad de los tres grupos propates abre la posibilidad de abordar en un

solo proyecto todos estos objetivos, permitiendo aplicar distintas metodologias
emergentes para la sintesis de nuevos materiales carbonosos, como son la mineralizacion
biomorfica, la expansién/funcionalizaciéredmpuestos intercalados de grafito, grafitos
especiales (e.g. ographite nanolayerso o oOnan
generacion de carbones mesoporosos, su funcionalizacion avanzada y su aplicacion en
procesos de alto impacto en el arda la energia, tecnologia quimica y tecnologias
ambientales.

The main goal of ENERCARB, project coordinated among the U. of Zaragoza, the
ICMS and the U. of Céadiz, is the development of multifunctional and structured catalysts
based on carbonaceous catalymaterials of biomorphic and/or graphegi@phitic
character. These materials must be active, selective and stable in catalytic reactions
related to i) the production and use of chemicals derived from lignocellulosic biomass,
i.e. 5HMF, levulinic acidFDCA and gyalerolactone; ii) to sustainable energy vector
production (H), and iii)) to chemical and photochemical utilization of, OO,
hydrogenation), biogas decomposition, photorming of biealcohols) using Hof
renewabl e oringgion) .( ofwhaitse rp rsopjleicttt it ri es to i mpro
processes for energy production, and to propose other more innovative processes, such
as use of sunlight, undoubtedly called to play an important role in this field. In fact, the
use of solar energyould make more energgfficient, the CQ methanation reaction by
using Ho f (photo)renewable origin produced by
intends togeneratehigh added value products by biefinery processes, as alternative
to currently obtained chemicals from fossil sources. A set of carbonaceous solids with
tuned structural properties (meso/micro hierarchical porosity), hydroph#icity
hydrophobicity, chencal functionalities, surface composition, etc., will be designed ad
hoc for each of the reactions considered by the different subprojects. The
implementation of continuous processes through the use of structured reactors is the
next logical step to increaghe efficiency of the proposgaocessesThe development
and use of structured catalytic systems increases the viability and intensifies the
processes, and therefore leads to higher energy and environmental efficiency. The
complimentary nature of the the participating groups opens the possibility of addressing
all these objectives in one single project. It will allow the application of different emerging
methodologies for the synthesis of new carbonaceous materials, such as biomorphic
mineralization, e expansiotiunctionalization of graphite intercalation compounds,
special graphites (e.g. graphite nanolayers or nanoflakes), use of inorganic templates for
the generation of mesoporous carbons, and also its advanced functionalization and its
applicatiorin processes of high impact in the area of energy, chemical and environmental
technologies.

(@Y
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Valorizacion de CO, mediante CO, recovery though catalytic and
procesos cataliticos y thermophotocatalytic processes:
termofotocataliticos: reduccién de reduction of emissions and obtaining
emisiones y obtencion de metano y methane and other light

otros hidrocarburos ligeros hydrocarbons (CO2MET)

)

MINISTERIO
DE CIENCIA

E INNOVACION
AGEHCIA
HLCN
CédigoLode: PID2020119946RB00
PeriodoPeriod 01-09-2021 / 31-08-2024
Organismo Financiadétihancial source | Ministerio deCiencia e Innovacion
Importe total/Total amount 181.500+

Investigador responsabli&Zsearch head| Alfonso Caballero Martinez y Gerardo
Colon Ibafez

ComponentedResearch group Juan Pedro Holgado VazqueRgsa
MariaPerefiguez Rodriguez

RESUMEN / ABSTRACT

En este proyecto se llevaran a cabo diversos estudios y desarrollos relacionados
con la reaccion de hidrogenacion de Qgara la produccion de Gas Natural Sintético
(GNS) e hidrocarburos ligeros. Asi, la metanacion y las denominadas reacciones
modificadas de Fischdropsch a olefinas (FTO) se estan convirtiendo en procesos muy
interesantes desde el punto de vista econdméceergético y medioambiental. Por otra
parte, el uso de hidrogeno verde como agente reductor, obtenido a su vez a partir de
fuentes renovables, representa, ademas de la reduccion de las emisiones de gases de
efecto invernadero, una forma de almacenar fergia procedente de fuentes
renovables, muchas de las cuales son intermitentes y, por tanto, dificiles de ajustar a las
necesidades de consumo.

Con todo ello, este proyecto persigue un enfoque multicatalitico que comprende
la termocatalisis y la fotocdta$ térmica con el fin de conseguir altos rendimientos, alta
sostenibilidad y con los menores costes de produccion, orientados en todo caso a una
aplicacion industrial final. Por otro lado, el desarrollo y optimizacion de los materiales
cataliticos, conderando nuevos sistemas cataliticos heterogéneos basados en Ni, Fe, Co,
Ru, Au, Pd entre otros metales, que han mostrado un gran potencial para estas reacciones
de hidrogenacion en los ultimos afios. En cuanto a los materiales cataliticos, se
seleccionarasoportes micro y mesoporosos de composicion variable (zeolitas1 SBA
etc.), asi como otros basados en Oxidos y perovskitas;AB®a ello se utilizaran una
serie de técnicas de preparacion recientemente descritas (cristalizacion por microondas,
proceso de autocombustion, mesoestructuracion por nanocasting y porosidad
jerarquica) que permiten obtener sistemas de alta superficie especifica y nanoestructura
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controlada. La combinacion de diferentes elementos en las posiciones A y B de la
estructura de la p@vskita, que actian tanto como promotores de sistemas cataliticos
como precursores de aleaciones metdlicas en sistemas cataliticos reducidos, permitird
obtener materiales con propiedades cataliticas sintonizables, muy variadas y versétiles.

This projectwill carry out various studies and developments related to the CO
hydrogenation reaction for Synthetic Natural Gas (SNG) and light hydrocarbons
production. Thus, methanation and the-called modified Fischérropsch to olefins
(FTO) reactions are becoming very interesting processes under an economic, energy and
envirormental point of view. Furthermore, the use of green hydrogen as a reducing
agent, obtained in turn from renewable sources, represents, in addition to the reduction
of greenhouse gas emissions, a way of storing energy from renewable sources, many of
which ae intermittent and therefore difficult to match with consumption needs.

With all this in mind, this project pursues a madétalytic approach comprising
thermalcatalysis and thermal photocatalysis in order to achieve high performances, high
sustainabty and with the lowest costs of production, oriented in all case to a final
industrial application. On the other hand, development and optimization of the catalytic
materials, considering new heterogeneous catalytic systems based on Ni, Fe, Co, Ru, Au,
Pd among other metals, which have shown great potential for this hydrogenation
reactions in recent years. Regarding to the catalytic materials, micro and mesoporous
supports of variable composition (zeolites, SEAetc.) will be selected, as well as others
based on oxides and AB@erovskites. For this purpose, a series of recently described
preparation techniques will be used (microwave crystallization, autocombustion process,
mesostructuring by nanocasting and hierarchical porosity) that allow to obgdin hi
specific surface systems and controlled nanostructure. The combination of different
elements in positions A and B of the perovskite structure, which act both as promoters
of catalytic systems and as precursors of metal alloys in reduced catalyticssygtem
make it possible to obtain materials with tunable, highly varied and versatile catalytic
properties.
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Valorizaciéon de CO,: obtencion de CO, valorization: obtaining
hidrocarburos mediante procesos hydrocarbons through catalytic
cataliticos de hidrogenacion hydrogenation processes

Union Europea /’
" -

Fondo Europeo de  Andalucia -

Desarrollo Regional e mueve con Europa

Junta de Andalucia

CédigoLode: US 1263455
PeriodoPeriod 01-02-2020/ 31-01-2022
Organismo Financiadétihancial source | Junta de Andalucia
Importe total/Total amount 80.00014

Investigador responsabifeZsearch head| Alfonso Caballero Martinez y Juan Ped
Holgado Vazquez
ComponentedResearch group Gerardo Colon Ibafiez, Rosa Perefigut
Rodriguez, Andrew M. Beale (UCL),
Angeles M. Lépez Martin, Francisco Je
Platero Moreno

RESUMEN / ABSTRACT

En el presente proyecto se llevaran a cabo diversos estudios y desarrollos
relacionados con la reduccion de €®productos de alto valor afiadido, como metano,
olefinas ligeras, gasolinas y otros hidrocarburos funcionalizados, dentgas i
econdmico, energético y medioambiental. El uso de hidrogeno como agente reductor,
obtenido éste a su vez de fuentes renovables supone, ademas de la reduccién de las
emisiones de gases de efecto invernadero, una via para el almacenamiento déda energ
procedente de fuentes renovables, muchas de ellas de caracter intermitente y por tanto
dificilmente acoplable a las necesidades de consumo.

Con todo ello en este proyecto se propone el desarrollo de nuevos sistemas
cataliticos heterogéneos basados enA¢i, Co, Ru e In, entre otros metales, los cuales
han mostrado en los dltimos afios un gran potencial para esta reaccion de hidrogenacion.
Dado el caracter bifuncional de los mecanismos de reaccion involucrados en estas
reacciones, se seleccionaran sopsrteicro y mesoporosos de composicion variable
(zeolitas, SBAS, etc.), asi como otros basados en estructura perovskita ABa ello
se emplearan una serie de técnicas de preparacion recientemente descritas
(Cristalizacion por Microondas, Proceso de daatmbustion, Mesoestructuracién por
Nanocasting y Porosidad Jerarquizada) que permiten obtener sistemas de alta superficie
especifica y nanoestructura controlada. La combinacion de diferentes elementos en las
posiciones Ay B de la estructura perovskite gctlien tanto como agentes promotores
de los sistemas cataliticos como de precursores de aleaciones metalicas en los sistemas
cataliticos reducidos, permitira obtener materiales con propiedades cataliticas
modulables, muy variadas y versétiles.
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This prgect will carry out several studies and developments related to the
reduction of CQ to valuable products, such as methane, light olefins, gasolines and other
functionalized hydrocarbons, of economic, energetic and environmental interest. The use
of hydrogen as a reducing agent, obtained from renewable sources, in addition to the
reduction of greenhouse gas emissions, is a way to store energy from renewable sources,
many of which are intermittent and therefore difficult to match with consumption needs.

Therefore, this project proposes the development of new heterogeneous
catalytic systemisased on Ni, Fe, Co, Ru and In, among other metals, which have shown
in recent years a great potential for this hydrogenation reaction. Given the bifunctional
character of the reaction mechanisms involved in these reactions, micro and mesoporous
supports @ variable composition (zeolites, SRS, etc.) will be selected, as well as others
based on AB@perovskite structure. For this purpose, a series of recently described
preparation techniques (Microwave Crystallization, -Selihbustion Process,
Mesostructuing by Nanocasting and Hierarchical Porosity) will be used to obtain systems
with high specific surface area and controlled nanostructure. The combination of different
elements in the A and B positions of the perovskite structure, acting both as promoting
agents of the catalytic systems and as precursors of metallic alloys in the reduced catalytic
systems, will allow obtaining materials withodula, varied and versatile catalytic

properties.
Disefio de fotocatalizadores Design of highly efficient
altamente eficientes mediante photocataly sts by nanoscale control
control de la nanoescala para la for H, production NanoLight2H2
produccion de H, NanoLight2H2

Union Europea

> -
Fondo Europeo de  Andalucia -
Desarrollo Regional Se mueve con Europa

Junta de Andalucia

CédigoLode: P2300156- PAIDI 2020

PeriodoPeriod 05-10-2021/ 31-01-2022

Organismadrinanciadoffinancial source | Junta de Andalucia

Importe total/Total amount 85.0001

Investigador responsablietsearch head| Gerardo Colén Ibafiez

Componentedkesearch group Alfonso Caballero MartineRosa
Perefiiguez Rodriguez, Juan Pedro
Holgado Vézgez
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RESUMEN / ABSTRACT

El objetivo principal de este proyecto es el desarrollo de catalizadores
heteroestructurados basados en 6xidos semiconductores altamente eficient€s,(Nb
WO;, TiO, y FeOs) y gCsN4, con control a nivel de la nanoescalpotencial aplicaciéon
en la reaccion de fotoreformado de alcoholes para la produccion.dé\$l mismo, se
pretende estudiar la optimizacion del proceso catalitico mediante una aproximacion
multi-catalitica, mediante la combinacion de termocatalisis gdtilisis. La produccion
fotocatalitica de Huna reaccion de gran interés desde el punto de vista energético
mediante el uso de una tecnologia limpia y sostenible como la fotocatalisis. En este
proyecto se pretende el desarrollo de sistemas altamente s para la produccion
de hidrégeno. Se prestara especial atencion al disefio de heteroestructuras que permitan
la optimizacion del proceso fotoinducido. De igual modo se incidir4 en el uso de co
catalizadores alternativos a los tradicionales metaldesiaistemas basados en metales
de transicion (Cu, Co, Ni), asi como estructuras bimetélicas con metales noblesforma
aleaciones o corshell. Junto al proceso fotocatalitico en fase liquida, se estudiara la
viabilidad de un proceso de fotoreformadofase gas, basandonos en recientes estudios
qgue ponen de manifiesto el efecto sinérgico de una aproximaciétefotm catalitica en
estos procesos. De esta forma esta propuesta pretende abordar de forma ambiciosa el
aumento de la eficiencia del procestofmatalitico a fin de poder plantear esta tecnologia
a mayor escala. En este sentido, ademas de los estudios de optimizaciéon de los
catalizadores y del proceso fotocatalitico, se afrontara como algo primordial su escalado
a planta solar piloto.

The main djective of this project is the development of heterostructured
catalysts based on highly efficient semiconducting oxide®{NWO;, TiO, and FgOs)
and gC;N, with control at the nanoscale level, and potential application in the
photoreforming reactiorof alcohols for the production of H Furthermore, the aim of
this project is to study the optimisation of the catalytic process by means of a multi
catalytic approach, combining thermocatalysis and photocatalysis. The photocatalytic
production of H isa reaction of great interest from an energetic point of view through
the use of a clean and sustainable technology such as photocatalysis. We will try to
develop highly efficient systems for hydrogen production. Special attention will be paid
to the designof heterostructures that allow the optimisation of the photoinduced
process. Likewise, emphasis will be placed on the use of alternatsegalgsts to the
traditional noble metals; systems based on transition metals (Cu, Co, Ni), as well as
bimetallic sructures with noble metals formed into alloys or cesieell. Together with
the liquid phase photocatalytic process, the feasibility of a gas phase photoreforming
process will be studied, based on recent studies that show the synergistic effect of a
photo-thermo-catalytic approach in these processes. In this way, this proposal aims to
ambitiously address the increase in efficiency of the photocatalytic process in order to be
able to consider this technology on a larger scale. In this sense, in additioa to t
optimisation studies of the catalysts and the photocatalytic process, its scaling up to a
pilot solar plant will be considered as essential.
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Disefio de catalizadores avanzados Design of advanced Catalyst for H,-
para procesos de HDO: una apuesta | free hydrodeoxygenation - a
revolucionaria para la conversiéon de | rEVolutionary approach Enabling
biomasa: CLEVERBIO pRactical BIOmass upgrading:
CLEVERBIO

Union Europea

s -2
Fondo Europeo de  Andalucia -
Desarrollo Regional s mueve con Europa

Junta de Andalucia

CédigoLode: P20 00667

PeriodoPeriod 05-10-2021/ 31-01-2022

Organismo Financiadétihanciasource | Junta de Andalucia

Importe total/Total amount 49.6124

Investigador responsabligZsearch head | Tomas Ramirez Reina

Componenteskesearch group Luis Francisco Bobadilla Baladrén, Jos
Antonio Odriozola Gordoén, Laura Pastc
Pérez, Anna DimitrovRenkova

RESUMEN / ABSTRACT

CLEVERBIO propone un concepto revolucionario para la produccion de
biocombustibles limitando la emision de gases de efecto invernadero sembrando las bases
de unatecnologia verde: conversion de residuos a combustibles y productos de alto valor.
La idea cetral de CLEVEBIO es eldesarrollode catalizadores avanzados para llevar a
cabo la reaccién de HDO de baxeites derivados de lignina. El proyectdleearaa
cabo en 24 meses y comprende un programa intenso de investigacion multidisciplinar con
fuerte participacion de instituciones internacionales.

CLEVERBIO proposes a revolutionary approach to synergiseobiapgrading
and Green House Gases (GHG) emissions abatement, setting the grounds for a
sustainable chemical technology: waste to fuels/clasnig¥ve aim to develop novel
biomassderived routes to produce deoxygenated aromatic hydrocarbdnisighly
important chemical compounds in the biofuels and biochemical indudfries lignir
derived bieoil via designing of advanced catalysts for th&d¢ hydrodeoxygenation
(HDO) process. The urgent problem of global warming and the need to decarbonise the
transportation and chemical industry in a circular economy context place CHEHYER
in a privileged position to become a pioneering approach tdriboie towards the
development of sustainable societies. CLEBERwiIll be delivered in 24 months under
a comprehensive research program with strong international cooperation and social
scientific impatc
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Integracion de Energia y Gasificacion | Gasification and ENergy Integration
para procesos sostenibles (GENIUS) | for User Sustainability (GENIUS)

Union Europea

. -
Fondo Europeo de  Andalucia -
Desarrollo Regional e mueve con Europa

Junta de Andalucia

CdédigoLode: P20 00594

PeriodoPeriod 05-10-2021/ 31-01-2022

Organismo Financiadétihancial source | Junta de Andalucia

Importe total/Total amount 49.500t

Investigador responsabiZsearch head | José Antonio Odriozola Gordon

ComponentedResearch group Luis F. Bobadilla Baladrén, Laura Pasti
Pérez, Anna Dimitrova Penkova, Tom4
Ramirez Reina

RESUMEN / ABSTRACT

GENIUS representa una propuestaovadora para la conversion de-bésiduos
en vectores energéticos sostenibles. El proyecto propone la combinacion de tecnologias
maduras como la gasificacion y reformado acuoso para aportar soluciones cataliticas al
proceso de conversion de bioresidu@ENIUS desarrollareactores de microanales
gue permiten el disefio de plantas compactas para el procesado de residuos lo que facilita
su implementacién en aplicaciones deslocalizadas como por ejemplo explotaciones
agricolas donde los residuos puedenvertirse en productos de valor afiadido

GENIUS proposes an innovative approach to transform biogenic residues into a
valuable bioenergy carrier. The proposal is based on the combination of modified mature
technologies, e.g. gasification, with fiiste approached solutions as the continuous
aqueousphase reforming of tars that compromises downstream processes, usually the
bottlenecks for upgrading catalytic processes.

The combination of microchannel reactor technologies with sbédne-art
multifuncional catalysts will provide a path to increase the wealth of rural communities
on proposing a decentralized approach allowing terrifmaged solutions for agricultural
residues or marginal lands production.

GENIUS focus in the system perspective demanioedHORIZON EUROPE
keeping in mind the Objectives for Sustainable Development and industry
decarbonisation. GENIUS will be delivered in 24 months under a comprehensive
research program with strong international cooperation and seciahtific impact
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Acido férmico como vector Formic acid as energy vector:
energético: viabilidad de los ciclos de | feasability of hydrogen
carga y descarga de hidrégeno charge/discharge cycles

Union Europea
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Junta de Andalucia

CdédigoLode: P18RT-3405

PeriodoPeriod 01-01-2020/ 31-12-2022

OrganismadFinanciadoffinancial source | Junta de Andalucia

Importe total/Total amount 102.268

Investigador responsabletsearch head| Svetlandvanova y Miguel Angel Center

ComponentedResearch group Maria Isabel Dominguez Leal, Leidy
Marcela MartineZ ejada

RESUMEN / ABSTRACT

El presente proyecto se encuadra en la actual tendencia a nivel mundial de
busqueda de tecnologias para la captura y uso del diéxido de carbono (Carbon dioxide
Capture and Utilization CCU). Su interés radica en la utilizadidecta del CQ
atmosfeérico para almacenar hidrogeno verde, esto es, producido con la ayuda de energias
renovables, en forma de &cido formico, usado como vector energético. Desde el punto
de vista medioambiental, el desarrollo de esta tecnologia perpredarvar la huella de
CO, durante el ciclo completo de generacion, almacenamiento y liberacién de energia,
sin generar mas gases de efecto invernadero. La posibilidad de almacenar hidrégeno de
esta forma facilitaria su transporte y su uso en aplicadiesézcalizadas diversas, tanto
moviles como estacionarias. Indirectamente, esta tecnologia racionalizaria el
almacenamiento de las energias renovables, haciéndolas independientes de las
condiciones climaticas. Este proyecto pretende estudiar la viabi@&lda tecnologia
basandose en el desarrollo de un Unico catalizador, estable y selectivo para los ciclos de
carga y descarga de hidrogeno (HICOOH).

This project is part of the current trend for future technologies of Carbon dioxide

Capture and Utiliation (CCU). His interest lies in a direct use of atmospheri¢ ©O

store green hydrogen (produced with the help of renewable energies) as formic acid
directly used as an energy vector. From an environmental point of view, the development
of this technolgy would make possible the preservation of the,@itprint during the
complete cycle of energy generation, storage and release, without generating more
greenhouse gases. The possibility of storing hydrogen in this way would facilitate its
transport andts use in diverse applications, both mobile and stationary. Indirectly, this
technology would rationalize the storage of renewable energies, making them
independent of climatic conditions. This project aims to study the feasibility of the
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technology basedn the development of one unique stable and selective catalyst for
both, hydrogen charge and discharge cycles,(GGCOOH).

CO, como fuente de carbono para la produccion de compuestos quimicos de
alto valor anadido

Union Europea

: =
Fondo Europeo de  Andalucia ##*
Desarrollo Regional  se mueve con Europa

Junta de Andalucia

Caodigolode: US1263288
PeriodoPeriod 01-02-2020/ 31-01-2022
Organismo Financiadétihancial source | Junta de Andalucia
Importe total/Total amount 100.000k

Investigador responsabletsearch head| José Antonio Odriozola Gordén y
Svetlana Ivanova
ComponentedResearch group AnnaDimitrova Penkova

RESUMEN / ABSTRACT

El principal reto cientifico de este proyecto es el disefio de un dispositivo catalitico
activo y selectivo en la reduccion catalitica de €C0. El proyecto pretende resolver
dos problemas interrelacionados, el disefio del catalizador, que pasa por una
comprension a nivel molecular de la reaccion estudiada, y el disefio de un reactor de
microcanales que permita realizar la reaccidbn en régimetermo y tiempos de
residencia muy cortos. Para ello se propone la sintesis de catalizadores constituidos por
metales nobles o de transicion soportados en oxidos reducibles para llevar a cabo el
proceso catalitico analizando los factores determinanteta deaccion: tamafio de
particula de la fase metalica, reducibilidad del soporte, interaccionessogbaie y
resistencia de la desactivacion. Las caracteristicas de la reaccion exigen el desarrollo de
reactores de microcanales que permitan disminuipéadidas de carga y los tiempos de
residenciananteniéndosésotermos. El estudio, por tanto, busca disefiar un dispositivo
catalitico activo, selectivo y estable que trabaje en régimen isotermo y permita tiempos
de residencia inferiores a 100 ms.

The man scientific challenge of this project is active and selective catalytic device
design for the catalytic reduction of G&@ CO. The project aims to solve two related
problems, the design of the catalyst, which requires a deep understanding at the
molecula level, and the design of a microchannel reactor that allows reaction in
isothermal regime and with very short residence times. For this, the use of noble and/or
transition metals supported on reducible oxides catalysts are proposed in this project to
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cary out the indicated process analyzing some reaction determining factors: metal phase
particle size, support reducibility, me®lpport interactions, and deactivation behavior.
The characteristics of the reaction require the development of microchanaetors

that allow the reduction of the charge loss and residence time while maintaining the
reaction isothermal. This project, therefore, is dedicated to design an active, selective
and stable catalytic device that works in an isothermal regime and edisidsnce times

of less than 100 ms.

B OTROSPROYECTOY OTHERPROJECTS

Kit divulgativo: preparacion y demostracion de superficies autolimpiables

CdodigoLode: FGCCLG2021-0026
PeriodoPeriod 01-01-2021 / 31-12-2021
Organismo Financiadétihanciasource  Fundacion General CSIC
Investigador responsablieZsearch head Maria del Carmen Hidalgo Lépez

B CONVENIOS Y CONTRATOS CONTRACTS ANDAGREEMENTS
Desarrollo de catalizadores para la produccion de alcoholes superiores

PeriodoPeriod 01-05-2021 / 3011-2021

Organismo Financiadétihancial source  ASOCIACION DE INVESTIGACION Y
COOPERACION INDUSTRIAL DE
ANDALUCIA

Investigador responsabletsearch head Toméas Ramirez Reina

B AYUDAS PARA LAADQUISICION DE EQUIPOS

Biorefineria: Aprovechamiento de biomasa residual para la obtencion de

biocombustibles y compuestos de alto valor afiadido (EQC2019-005458-P)

Financia: Ministerio de Ciencia e Innovacion y Consejo Superior de Investigaciones
Cientificas

| mporte Concedido: 196.856, 00

Peiodo: 1-1-2019 / 3112-2021

Cofinanciado por el Grupo de I nvestigaci -n
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B ARTiCULOSPUBLICADOS ENREVISTASSCI/ PAPERSIN SCIJOURNALS

Functionalized biochars as supports for Pd/C catalysts for efficient hydrogen
production from formic acid

Santos, JL; M@&gSayago, C; lvanova, S; Centeno, MA; Odriozola, JA

Applied CatalysisEBivironmenta282 (2021) 11915

Marzo 2021| DOI: 10.1016/j.apcath.2020.119615

Formic acid
dehydrogenation

Biomass waste product was used to generate biochaatalytic supports for selective hydrogen
production from formic acid. The supports were obtained after pyrolysis in &@osphere of
non-pretreated and chenically ZnGl activated raw materials (vine shoot and crystalline
cellulose). The support seriescludes materials with different textural properties and surface
chemistry. The support nature and especially textural properties firstly affects significantly Pd size
and dispersion and its interaction with the support and secondly influence in a desdttles
catalytic behavior of the final material. The presence of prevailing mesoporous character
appeared to be the most important parameter influencing formic acid dehydrogenation and
overall hydrogen production.

IR spectroscopic insights into the cok ing-resistance effect of potassium on

nickel-based catalyst during dry reforming of methane
Azancot, L; Bobadilla, LF; Centeno, MA; Odriozola, JA
Applied CatalysisEivironmenta285 (2021) 119822

Mayo 2021 | DOI: 10.1016/j.apcath.2020.119822

Dry reforming of methane (DRM) is an effective catalytic route for transforminga@® CH,

into valuable syngas and thus potentially attractive for mitigating the emission of environmental
harmful gases. Therefore, it is crucial to develop rationatyadedcatalysts highly resistant to
coking and sintering. In this scenario, the addition of small amounts of potassium to nickel catalyst
increases their resistance to coking during dry reforming of methane. Nonetheless, the specific
role of potassium in thesgatalysts not have been fully understood and there are still important
discrepancies between the different reported studies. This work provides a new approach on the
anticoking nature of a-romoted Ni catalyst by means of a combined IR spectroscopig sfud

in situ characterization by CO adsorption under static conditions and operando DRIFTS
measurements under dynamic conditions of DRM reaction. The involved surface species formed
during the reaction were elucidated by transient and stesddie operanddRIFTS studies. It

was revealed that the existence of-Kliinterfacial sites favours the gasification of carbonaceous
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deposits towards reverse Boudouard reaction and reduces the sticking probability ;.of CO
dissociative adsorption. Moreover, the presendeswongly MgO-K basic sites leads to the
formation of carbonate intermediates that are subsequently reduced into CO gaseous towards
the associative mechanism by RWGS reaction. These results préudiamental understanding

of the relevant anticokingffect of potassium on Niased catalysts.

Dehydration of glucose to 5 -Hydroxymethlyfurfural on bifunctional carbon
catalysts

Bounoukta, CE; MdgsSayago, C; Ammari, F; lvanova, S; Man#; Centeno, MA;
Odriozola, JA

Applied CatalysisEvironmenta?86 (2021) 11938

Junia2021| DOI: 10.1016/j.apcatbh.2021.119938
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Bronsted acid sites funcioni®

The proposed study tries to reply on one important question concerning glucose dehydration:
What is the role of bare or tandem Lewis/Bronsted acid gitése reaction and which are better?

A series of mono and bifunctional catalyst are designed and screened for the glucose dehydration
reaction. The results clearly reveal that catalyst activity is a function of catalyst composition. The
presence of Lewisites the reaction toward first step isomerization, while the Brunsted acid
dehydrate directly glucose to HMF via levoglucosane intermediate. This study proposed also a
kinetic modelling of the included reactions and their contrast with the empiricalvattiesrs.
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Structure -sensitivity of formic acid dehydrogenation reaction over additive -
free Pd NPs supported on activated carbon

Santos, JL; Megi&ayago, C; lvanova, S; Centeno, MA; Odriozola, JA

Chemical Engineering Jdud2® (2021) 27641

Septiembre2021| DOI: 10.1016/j.cej.2020.127641
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In this study the sizactivity dependence of palladium based catalysts in formic acid
dehydrogenation reaction was investigated and evaluated. A wide range of particle sizes was
considered and the catalystries were prepared upon variation of some synthetic parameters,
precursor and solvent nature in particular. Synthesis method variations affect significantly Pd
particle size and results in diverse activity toward hydrogen production. An optimal size was
observed and explained by the diverse proportion of low and high coordinated Pd states available
for different samples within the series. The evaluation of particles much bigger than 6 nm changes
importantly the fraction of high and low coordination atams allows the clear confirmation of

the importance of the presence of low coordination atoms on the surface of catalyst.

Synergizing carbon capture and utilization in a biogas upgrading plant based
on calcium chloride: Scaling-up and profitability analysis

BaenaMoreno, FM; Reina, TRodriguezGabn, M; Navarrete, B; Vilches, LF

Science of The Total Environnv&d (2021) 43645

Marzo2021| DOI: 10.1016/j.scitotenv.2020.143645
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Herein we analyze the profitability of a novel regenerative process to synergize biogas upgrading
and carbon dioxide utilization. Our proposal is a promising alternative which allows to obtain
calcium carbonate as added value product while going beyoddidreal biogas upgrading
methods with high thermal energy consumption. Recently we have demonstrated the
experimental viability of this route. In this work, both the sagleand the profitability of the
process are presented. Furthermore, we analyze etmepresentative scenarios to undertake a
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technceconomic study of the proposed circular economy process. The -spalesults
demonstrate the technical viability of our proposal. The precipitation efficiency and the product
quality are still remarkable thithe increase of the reactor size. The techemonomic analysis
reveals that the implementation of this circular economy strategy is unprofitable without
subsidies. Nonetheless, the results are somehow encouraging as the subsides needed to reach
profitakility are lower than in other biogas upgrading and carbon dioxide utilization proposals.
Indeed, for the bestase scenario, a feéd tariff incentive of 4.3 (sic)/MWh makes the approach
profitable. A sensitivity study through tornado analysis is alsemtexl, revealing the importance

of reducing bipolar membrane electrodialysis energy consumption. Overall our study envisages
the big challenge that the EU faces during the forthcoming years. The evolution towards bio
based and circular economies requitke availability of economic resources and progress on
engineering technologies.

Facile synthesis and characterization of a novel 1,2,4,5-benzene

tetracarboxylic acid doped polyaniline@zinc phosphate nanocomposite for
highly efficient removal of hazardous hexavalent chromium ions from water
Hsini,A; Naciri, Y; Benafqir M; Ajmal,Z; Aarab,N; Laabd M; Navio,JA;PugaF; Boukherroub,
R;Bakiz,B; Albourine A

Journal of Colloid and Interface Sch&3c2021)560-573

Marzo 2021| DOI: 10.1016/}.jcis.2020.10.036
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The present study describes the preparation of a novel 1;bdrGene tetracarboxylic acid
doped polyaniline@zinc phosphate (BTF-RANI@ZnP) nanocomposite via a facile tatep
procedure. Thereafter, the gsrepared composite marial adsorption characteristics for Cr(VI)
ions removal were evaluated under batch adsorption. Kinetic approach studies for Cr(VI)
removal, clearly demonstrated that the results of the adsorption process followed the pseudo
second order and Langmuir mdde The thermodynamic study indicated a spontaneous and
endothermic process. Furthermore, higher monolayer adsorption was determined to be 933.88
mg ¢". In addition, the capability study regarding Cr(VI) ions adsorption over FRSA@ZnP
nanocomposite clearly revealed that our method is suitable for large scale applicatign. X
photoelectron spectroscopy (XPS) analysis confirmed Cr(VI) adsorptionhenBT CA
PANI@ZnP surface, followed by its subsequent reduction to Cr(lll). Thus, the occurrence of
external mass transfer, electrostatic attraction and reduction phenomenon were considered as
main mechanistic pathways of Cr(VI) ions removal. The supatsargtion performance of the
material, the multidimensional characteristics of the surface and the involvement of multiple
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removal mechanisms clearly demonstrated the potential applicability of the-BARKDZnP
material as an effective alternative for teenoval of Cr(VI) ions from wastewater.

Stepping toward Efficient Microreactors for CO , Methanation: 3D -Printed
Gyroid Geometry

BaenaMoreno, FM;GonzalezCastdio, M; de Miguel, JCN; Miah, KUM; Ossenbrink, R;
Odriozola, J.A.

ACS Sustainable ChemistBng§ineerin@ (2021)81988206

Junio2021| DOI: 10.1021/acssuschemeng.1c01980

Parallel

Gyroid
Channels 3D printed
Honeycomb monolith
monolith

This work presents a comparative study toward the development of efficient microreactors
based on threalimensional (3Dprinted structures. Thus, the study evaluates itifuence of

the metal substrate geometry on the performance of structured catalysts for the CO
methanation reaction. For this purpose, the 0.5%E5%Ni/MgAbO, catalyst is washcoated
over two different micromonolithic metal substrates: a conventionallighichannel honeycomb
structure and a novel 3[printed structure with a complex gyroid geometry. The effect of metal
substrate geometry is analyzed for severak8@urces including ideal flue gas atmospheres and
the presence of residual Gknd CO in the flue gas, as well as simulated biogas sources. The
advantages of the gyroid 3D complex geometries over the honeycomb structures are shown for
all evaluated conditions, providing in the bemte scenario a 14% improvement in €0
conversionMoreover, this contribution shows that systematically tailoring geometrical features
of structured catalysts becomes an effective strategy to achieve improved catalyst performances
independent of the flue gas composition. By enhancing the transport pescasd the gas
catalyst interactions, the employed gyroid 3D metal substrates enable boostetb@¥&rsions

and greater Chiselectivity within diffusieoontrolled regimes.

Enhanced UV and visible light photocatalytic properties of synthesized
AgBr/SnO, composites

Puga, F; Navio, JA; Hidalgo, MC

Separation and Purification Tecnd@&3y(2021)117948

Febrero2021| DOI: 10.1016/j.seppur.2020.117948
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Composites (AgBr/Srdpcomprised of AgBr and Sa@ith different molar % of bare SnOhave

been synthesized by simple precipitation methods; the bare.Sm@d, was synthesized by
hydrothermal procedure. Samples have been characterized -ty Xiffraction (XRD), M
adsorption, U\dvis diffuse reflectance spectroscopy (DRS), scanning electron mgyq&tev),
Transmission electron microscopy (TEM) andra¥ photoelectron spectroscopy (XPS).
Photocatalytic activity of the gsepared photocatalysts was evaluated through photocatalytic
degradation of rhodamine B (RhB) and caffeic acid (CAFA) underdNisible illumination. In
photocatalytic degradation studies, for both substrates, conversion rates of around 95% were
found in 45 min of both UWNllumination and 85% under visible lighting. These conversion rates
were superior than the conversion ratekpure parental components, AgBr and Sin@der the

same experimental conditions. At least, for RhB no loss of photocatalytic activity has been
observed after five recycles although the mineralization degree progressively diminished along
the recycles. Thenhanced photocatalytic degradation of AgBr/St@bnpounds was attributed,

in part, to a synergistic increase in adsorption viability, as well as to the effective separation of
photoinduced load carriers that resulted from the formation of a heterojumeti@ording to the
type |1 junction. Radi cal scavengersd,experiments
-OH and H all are involved in this photocatalytic system, although it seems thail&yed the

major role in the photocatalytic degradimg RhB by AgBr/SnOcomposites. In summary,
coupling AgBr with Snremarkably improves the photocatalytic activity under both UV and
visibleillumination with respect to the parental components. These features open the route to
future applications of thimaterial in the field of environmental remediation.

Ni/YMnO ; perovskite catalyst for CO , methanation

GonzélezCastdio, M; de Miguel, JCN; Penkova, A; Centeno, MA; Odriozola, JA; Arellano
Garda, H

Applied Materials Toda@p (2021)101055

Junic2021| DOI: 10.1016/j.apmt.2021.101055

This work proposes an innovative Ni catalyst supported over YMrm@ovskite as a promising
catalytic system for COmethanation reaction. Under reductive conditions, the attendance of
Mn redox couples within the yared perovskite structure promotes the constitution of sub
stoichiometric YMnQ@y units which, by means of the flexible YMa@eorganization capacity,
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results in boosted anionic mobility's. The competitive turnover frequencies (20.1 and*&f.0 s
400°C under dry and steamedCO, methanation conditions) displayed by Ni/YMrgystem

were related to the synergism between strongly interacting Ni particles with partially reduced
YMnOs« perovskites. The optimal Ni dispersions, for which no relegagms of sintering issues

were discerned, combined to effective role of oxygen vacancies towards the dissociative
activation of C@molecules enabled highly active and stable catalytic behaviours with no evidence
of cooking phenomena. On evaluating thater presence within C@methanation feedstock's,

the deprived catalytic behaviour was fundamentally associated to depleted oxygen vacancies
concentrations and promoted WGS side reactions.

Effect of potassium loading on basic properties of Ni/MgAl ,0, catalyst for CO ,
reforming of methane

Azancot, L; Bobadilla, LF; Centeno, MA; Odriozola, JA

Journal of GWtilization 52 (2021)101681

Octubre 2021| DOI: 10.1016/j.jcou.2021.101681

Basic additives

Coke deposition is one of the key issues in the dry reforming of methane on Ni catalysts. In the
present work, we investigate the effect of potassium addition for suppressing carbon deposition
in the Dry Reforming of Methane. The results obtained demotestrénat potassium contents

above 3 wt% promote carbon gasification, favouring both Reverse Water Gas Shift and
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Boudouard reaction. Strong basic1@gK sites are responsible for these reactions allowing the
suppression of carbon deposits and allowing thbikity of the catalyst.

Cu supported Fe-SiO, nanocomposites for reverse water gas shift reaction
GonzalezCastdio, M; de Miguel, JCN; Sinha, F; Wabo, SG; Klepel, O; ArgBandn, H
Journal of GWtilization 46 (2021)101493

Abril 2021| DOI: 10.1016/j.jcou.2021.101493
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This work analyses the catalytic activity displayed by Cy)/Gi€Fe/SiQ and Cu/FSN (F&SIG,
nanocomposite) catalysts for the Reverse Water Gas Shift reaction. Compared to ;Cu/SiO
catalyst, the presence of Fe resulted on highe@Cs&lectivity and boosted resistances against
the constitution of the deactivation carbonaceous species. Regarding the catalytic performance
however, the extent of improvement attained through incorpanatFe species strongly relied

on the catalysts' configuration. At 30 L/gh andCi, ratios = 3, the performance of the
catalystBseries increased according to the sequence: Cu/8iCu-Fe/SiQ << Cu/FSN. The
remarkable catalytic enhancements provided by5K& nanocomposites under different RWGS
reaction atmospheres were associated to enhanced catalyst surface basicity's and stronger Cu
support interactions. The catalytic promotion achievedHR&ySiO, nanocomposites argue an
optimistic prospective for nanocomposite catalysts within future-Z&lorising technologies.

Development of a novel PANI@WO ; hybrid composite and its application as a
promising adsorbent for Cr(VI) ions removal

Hsini, A Naciri, Y; Laabd, M; Bouziani, A; Navio, JA; Puga, F; Boukherroub, R; Lakhmiri, R;
Albourine, A

Journal of Environmental Chemical Engin8€f0g1)105885

Octubre 2021| DOI: 10.1016/j.jece.2021.105885

In the current study, an isitu oxidativepolymerization method was used to synthesize
polyanilinecoated tungsten trioxide biphasic composite (PANI@YVOrhe asdeveloped
composite material properties were elucidated using different characterization tools sueh as X
ray diffraction (XRD), scanninglectron microscopy (SEM), energy dispersiveraX
spectroscopy (EDX), transmission electron microscopy (TEM), Fourier transform infrared
spectroscopy (FTIR), Nsorption-desorption isotherm, and Xay photoelectron spectroscopy
(XPS). The PANI@W®@was futher applied to remove hexavalent chromium (Cr(VI)) from
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GNP
«

agueous solutions. The results demonstrated that the optimal removal efficacy was achieved at
pH 2. Meanwhile, the pseuegecondorder kinetic and isotherm of the Langmuir model were
fitted for Cr(VI) adsorption. Cr(VI) amount of 549.37 g was the maximum capacity of
adsorption attained for PANI@W#£which is significantly higher than that of existing adsorbents.
From a thermodynamic point of view, the Cr(VI) adsorption process occurred spanislyeand
endothermically. Importantly, PANI@W@till exhibited an excellent adsorption capability after
five regeneration cycles, indicating the potential reusability of the PANI@W@posite. XPS
analysis of PANI@W¢©surface after adsorption of Cr(VBonfirmed its adsorption and
concomitant reduction into Cr(lll) ions. The transfer of mass phenomenon, electrostatic
attraction, and reduction reaction were the primary processes for Cr(VI) ions elimination. These
findings revealed that the synthesized P&WO; exhibited a high potential for wastewater
treatment containing Cr(VI).

Photocatalytic production of hydrogen and methane from glycerol reforming
over Pt/TiO 26Nb205

lervolino, G; Vaiano, V; Murcia, JJ; Lara, AE; Hernandez, JS; Rojas, H; NdidalgdAMC
International Journal of Hydrogen Ent62021)3867838691

Septiembre 2021| DOI: 10.1016/j.ijhydene.2021.09.111

In this study, platinized mixed oxides (18Mb.Os) were tested on photocatalytic hydrogen
production from a glycerdolution under UV light. Different samples with different Ti:Nb ratios
were prepared by using a simple method that simultaneously combined a physical mixture and a
platinum photochemical reduction. This method led to improved physicochemical properties
sud as low band gap, better Pt nanoparticle distribution on the surface, and the formation of
different Pt species. Niobia content was also found to be an important factor in determining the
overall efficiency of the BTiO.0Nb,Os photocatalyst in the glycer reforming reaction. The
photocatalytic results showed that Pt on T80b.0s enhanced hydrogen production from the
agueous glycerol solution at a 5 wt% initial glycerol concentration. The influence of different
operating conditions such as the catalyssatje and initial glycerol concentration was also
evaluated. The results indicated that the best hydrogen and methane production was equal to
6657 umol/L and 194umol/L, respectively after 4 h of UV radiation using Pt/Ti:Nb (1:2) sample
and with 3 g/L of atalyst dosage. Moreover, the role of water in photocatalytic hydrogen
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production was studied through photocatalytic activity tests in the presenc®oflibe obtained
results confirmed the role of water molecules on the photocatalytic production of fgdrim
an aqueous glycerol solution.

Fructose dehydration reaction over functionalized nanographitic catalysts in
MIBK/H ,O biphasic system

Martin, GD; Bounoukta, CE; Ammari, Bpminguez MIl; Monzn, A; lvanova, S; Centeno, MA
Catalysis Toda366 (2021)68-76

Abril 2021| DOI: 10.1016/j.cattod.2020.03.016

p-toluenesulfonic acid functionalized
nanographitic carbon

A series of functionalized nanographitic carbons is prepared, characterized and tested in fructose
dehydration reaction to #hydroxymethylfurfural. The functionalization treatment was selected

to introduce various Bmsted acid sites and to modify the textural and catalytic properties of the
initial carbon material. Within the series, the sulfonated carbons present the most interesting
catalytic behavior resulting in important selectivity te ttesired product once the reaction
variables were properly adjusted.

Features of coupled AgBr/WO ; materials as potential photocatalysts
Puga, F; Navio, JA; Hidalgo, MC

Journal of Alloys and Compo@6ds(2021)159191

Junio2021| DOI: 10.1016/j.jallcom.2021.159191

AgBr/WGQO; composite photocatalysts with different selected molar AgBriWw&ios were
prepared and widely characterized by XRD;&dsorption, SEM, TEM, WVisible/DRS and XPS
technigues. The samples were tested usirgglamine B (RhB) or caffeine, under two illumination
conditions (UV and visible light). Although AgBr and;\M@tine materials have relatively low
band gap values (2.6 eV and 2.8 eV, respectively), they exhibit low or no photocatalytic activity
under vsible light, at least for caffeine degradation. This fact may be mainly related to a high
recombination rate of photogenerated charge carriers in these samples. However, the coupling
of both leads to a substantial improvement in the degradation of cadiein@hB under both UV

and visible lighting conditions. The increased photocatalytic activity found in the coupled systems
with respect to the pristine materials can be attributed to the formation of a type Il
heterostructure in the coupled AgBr/WGampls. Our results show that for AgBr/W@oupled
systems, kinetic degradation profiles have clear dependence on the molar percentages of the
coupled pristine materials, as well as on the nature (sensitizing or not sensitizing effect) of the
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substrate. For déeine photodegradation, the best performance was obtained when
AgBr/WG0;(10015%) catalysts were used. The AgBr/\A(20%) sample showed the best
photocatalytic activity for rnodamine B degradation, exhibiting also excellent dark adsorption
capacity (4645%). Additionally, studies of activity in five consecutive tests showed a good RhB
degradation during the successive reuses being involvirdesebhylation mechanism with the
main O2AY radicals participation; seeddgoth vely
under UV and visible light conditions. In these successive runs, no silver leaching to the medium
was observed but a change from AgBr towardg& and/or AgO was produced at the catalyst
surface. These features should be known in the uskese systems as potential photocatalysts

for practical applications.

Overcoming Pd-TiO, Deactivation during H , Production from Photoreforming
Using Cu@Pd Nanoparticles Supported on TiO ,

Platero, F; bpezMartin, A; Caballero, A; Rojas, TC; Nolan, Gglon, G

ACS Applied Nano Materi4l2021)32043219

Marzo, 2021| DOI: 10.1021/acsanm.1c00345

g 1 @ PdITIO,
@ Cu@PdITiO,

e
o
o
!
P4

w

o

o
1
o

® Cu*
Pd* o s

200
g ¥ TX XX )

N

Pd) P, Cu
S ~
€, Cut @ 10 hours

T T T L) T T L] T T T L
00 01 02 03 04 05 06 07 08 09 10

Hydrogen yield (mmol/g)
=
o

Nominal Pd loading (at%)

Different Cu@PdTiO; systems have been prepared by a tstep synthesis to obtain a bimetallic
co-catalyst for the H photoreforming reaction. We find that the tailored deposition of Pd
covering the Cu nanoclusters by a galvanic replacement process results in the formation of a
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core@shell structure. The photocatalytic, Wroduction after 18 h is 350 mmol/g on the
Cu@Pd,-TiO; bimetallic system, which is higher than that on the monometallic ones with a H
production of 250 mmol/g on Psupported TiQ. Surface characterization by highgle annular
darkfield scanning transmission electron microscopyterhperatureprograrad reduction,
CO-FTIR spectroscopy, and XPS gives clear evidence of the formation of a core@shell structure.
With a Pd loading of 0:@.3 at. %, we propose a full coverage of the Cu nanoparticles with Pd.
Longtime photoreforming runs show the enhanced foemance of supported Cu@Pd with
respect to bare palladium leading to a more stable catalyst and ultimately higivedtiction.

How a small modification in the imidazolium -based SDA can determine the
zeolite structure? MFI vs. TON

MegiasSayago, (Blanes, JMM; Szyja, BM; Odriozola, JA; Ivanova, S

Microporous and Mesoporous Mate8aps(2021)111160

Julio2021| DOI: 10.1016/j.micromes0.2021.111160

""\0"

The present study proposes an important contribution to the understanding of ionic liquid role
asstructure directing agent for zeolite synthesis. A series of imidazolium based ionic liquids are
used for this purpose. While the anionic counterpart influences the micellar organization during
the synthesis, the imidazolium cation clearly directs thecgire to one or another zeolite family

as a function of its substituents and their interaction with the zeolite framework. The
experimental observations are contrasted with molecular modeling explaining the distinct zeolite
families obtained on the basigdifferent preferential orientation of the ionic liquids to thg Si
precursor.

Assessing the impact of textural properties in Ni -Fe catalysts for CO,
methanation performance

GonzalezCastdio, M; de Miguel, JCN; Boelte, JH; Centeno, MA; KlepeA@llaneGarda, H
Microporous and Mesoporous Mate8aik(2021)111405

Noviembre2021| DOI: 10.1016/j.micromes0.2021.111405

In heterogeneous catalysis, the benefits of employing adequate textural properties on the catalytic
performances are usually stated. Nevertheless, the quantification of the extent of improvement
is not an easy task since variations on the catalystsicpeei#s and pore structures might involve
modifications on a number of other surface catalytic features. This study establishes the impact
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of the catalyst textural properties on the GOnethanation performance by investigating
bimetallic NdFe catalystsupported over carbon supports with different textural properties
regarding surface area and pore structure. The comparable metal loading and dispersions attained
for all systems enabled establishing forthright relationships between the catalyst textural
properties and CQ@methanation rate. Once the influence of the external mass diffusions on the
catalystsd performance was experimentally di
effectivenessq( andner) values showed that the catalyst perforroa was majorly governed by

the surface reaction rate whilst the pore size affected in no significant manner within the
examined range (3. = 10.2 to 5.8 nm). Therefore, the rapport between the catalyst
performance and surface area was quantified forGl@ methanation reaction over Rire

catalysts: increasing the surface area from 572 to 802 permit obtaining ca. 10% higher GO
conversions.

Guaiacol hydrodeoxygenation in hydrothermal conditions using N -doped
reduced graphene oxide (RGO) supported Pt and Ni catalysts: Seeking for
economically viable biomass upgrading alternatives

ParrillaLahoz, S; Jin, W; Pasteérez, L; CarralesAlvarado, D; Odriozola, JA; Dongil, AB;
Reina, TR

Applied Catalysis@eneral611 (2021)117977

Febrero2021| DOI: 10.1016/j.apcata.2020.117977
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Herein we present an innovative rout.d rfe@rd mc
hydrodeoxygenation (HDO) reactions. The underlaying idea is to implement a multifunctional
catalyst able to activate water and subsediyeuse insitu generated hydrogen for the HDO
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process. In this sense we have developed a series of effective Ni and Pt based catalysts supported

on N-promoted graphene decorated with ceria. The catalyst reached commendable conversion

levels and selectivito monc-oxygenated compounds considering the very challenging reaction

conditions. Pt outperforms Ni when the samples are testeeprapared. However, Ni

performance is remarkably boosted upon applying acoreitioning reductive treatment.

Indeed, ourNiCeO,/GOr-N present the best activity/selectivity balance and it is deemed as a

promising catalyst to conduct the il r e e HDO reaction-co®ecepabl , t hi
showcases an economically appealing route fecbinpounds upgrading evidencing the kg

of advanced catalysts for a low carbon future.

Effect of the sulphonating agent on the catalytic behavior of activated carbons
in the dehydration reaction of fructose in DMSO

Bounoukta, CE; MdgsSayago, C; lvanova, S; Penkova, A; AmmaCeiiteno, MA;
Odriozola, JA

Applied Catalysis@eneral611 (2021)118108

Mayo2021| DOI: 10.1016/j.apcata.2021.118108
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A series 0fSOR functionalized activated carbons (R=H, O, aryl) were prepared and applied in
fructose dehydration reaction t®-hydroxymethylfurfural. Different sulphonating methods
introduce groups on catalyst surface with distinct deacceptor and hydrophilic properties.

Their nature influences significantly not only activated c&hertural and chemical properties

but al® the product yields and selectivity in fructose dehydration reaction. The viability of the
solvent free reaction was also investigated and compared to the performance of the catalyst series
in presence of DMSO, where the best catalytic results were obdain

In-situ HDO of guaiacol over nitrogen -doped activated carbon supported
nickel nanopatrticles

Jin, W; PastePérez, L; VilloraPico, JJ; Mercedes PasRias, M; Odriozola, JA; Séypeda
Escribano, A; Rainez Reina, T

Applied Catalysis@eneral620 (2021)118033

Junia2021| DOI: 10.1016/j.apcata.2021.118033

In-situ hydrodeoxygenation of guaiacol over-ddsed nitrogerdoped activated carbon
supported catalysts is presented in this paper as an economically viable router&solices
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upgrading The overriding concept of this paper is to use water as hydrogen donor for the HDO
reaction, suppressing the input of external highpressure hydrogen. The effect of nitrogen sources,
including polypyrrole (PPy), polyaniline (PANI) and melamine (Meleastriictural, electronic

and ultimately of catalytic features of the designed materials have been addressed. Nitrogen
doped samples are more active than the undoped counterparts in thige#! HDO process.

For instance, the conversion of guaiancteased by 8 % for Ni/PANAC compared to that of

Ni/AC catalysts. The superior performance of Ni/NC can be attributed to the-lzase
properties and modified electronic properties, which favours th®© Cleavage and water
activation as well as enhancispersion of Ni particles on the catalysisrface.

In Situ DRIFTS-MS Methanol Adsorption Study onto Supported NiSn
Nanoparticles: Mechanistic Implications in Methanol Steam Reforming
Bobadilla, LF; Azancot, L; lvanova, S; Delgado, JJ; R8arei@f; Centeno, MA; Roger, AC
Nanomaterialg,1 (2021) 3234

Diciembre 2021 DOI: 10.3390/nan011123234

Methanol adsorption over both supported NiSn Nps and analogous NiSn catalyst prepared by
impregnation was studied by in situ diffuse reflectance infleoedier transform spectroscopy
(DRIFTS) to gain insights into the basis of hydrogen production from methanol steam reforming.
Different intermediate species such as methoxides with different geometry (bridge and
monodentate) and formate species were idéati after methanol adsorption and thermal
desorption. It is proposed that these species are the most involved in the methanol steam
reforming reaction and the major presence of metgbport interface sites in supported NiSn

Nps leads to higher productioof hydrogen. On the basis of these results, a plausible reaction
mechanism was elucidated through the correlation between the thermal stability of these species
and the evolution of the effluent gas released. In addition, it was demonstrated that DME is a
secondary product generated by condensation of methoxides over the acid sites of alumina
support in an acigatalyzed reaction.

LED-driven controlled deposition of Ni onto TiO , for visible-light expanded
conversion of carbon dioxide into C -1-C-2 alkanes

SanzMarco, A; Hueso, JL; SebastiV; Nielsen, D; Mossin, S; Holgado, JP; Budam, CJ;
Balas, F; SantaniayrJ

Nancscale Advanges(2021) I88-3798

Abril 2021| DOI: 10.1039/d1na00021g
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CO, gas phase revalorization with a light vaediated process

Photodeposition of Ni Phot wdrogenation
) ) -
vased nanoparticles

Photocatalytic gaghase hydrogenation of G@nto alkanes was achieved over Fi€upported

Ni nanoparticles under LED irradiation at 365 nm, 460 nm and white light. The photocatalysts
were prepared using photassisted deposition of Ni salts under LED irradiation at 365 nm onto
TiO, P25 nanopatrticles in methanol as a hole scavenger. This procedure yielded 2 nm Ni particles
decorating the surface of TiWith a nickel mass content of about 2%. Before the photocatalytic
runs, Ni/TiQ, was submitted to thermal reduction at 400 °C in &4d8l, atmosphere which
induced Gdefective TiQ+ ,substrates. The formation of oxygen vacancie¥, @énters and
metallic Ni sites upon photocatalytic G@ydrogenation was confirmed by operando EPR
analysis. In situ XPS under reaction conditions suggastedng met&support interaction and

the co-existence of zero and divalent Ni states. These photoactive species enhanced the photo
assisted reduction of Celow 300 °C to yield CO, CHand GHs as final products.

K-Promoted Ni -Based Catalysts for Gas-Phase CO, Conversion: Catalysts
Design and Process Modelling Validation

GandaralLoe, J; Portillo, E; Odriozola, JA; Reina, TR; Pd&si®z, L

Frontiers in Chemist8y(2021) 785571

Noviembre2021| DOI: 10.3389/fchem.2021.785571

The exponential growthof greenhouse gas emissions and their associated climate change
problems have motivated the development of strategies to reducel&@ls via C@capture

and conversion. Reverse water gas shift (RWGS) reaction has been targeted as a promising
pathway toconvert CQ; into syngas which is the primary reactive in several reactions to obtain
highvalue chemicals. Among the different catalysts reported for RWGS, thelmaslesl catalyst

has been proposed as an alternative to the expensive noble metal céialystver, Nibased
catalysts tend to be less active in RWGS reaction conditions due to preference,to CO
methanation reaction and to the sintering and coke formation. Due to this, the aim of this work
is to study the effect of the potassium (K) in Ni/Gefatalyst seeking the optimal catalyst for
low-temperature RWGS reaction. We synthesiseebBsed catalyst with different amounts of
K:Ni ratio (0.5:10, 1:10, and 2:10) and fully characterised using different physicochemical
techniques where was observecdetimodification on the surface characteristics as a function of
the amount of K. Furthermore, it was observed an improvement in the CO selectivity at a lower
temperature as a result of the-Ki-support interactions but also a decrease on the,CO
conversion. The 1K catalyst presented the best compromise between, @Onversion,
suppression of COmethanation and enhancing CO selectivity. Finally, the experimental results
were contrasted with the trends obtained from the thermodynamics process modelling olgservi
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that the result follows in good agreement with the modelling trends giving evidence of the
promising behaviour of the designed catalysts in [@@hscale units.

Biogas Conversion to Syngas Using Advanced NiPromoted Pyrochlore
Catalysts: Effect of the CH,/CO, Ratio

le Sache, E; Moreno, AA; Reina, TR

Frontiers in Chemist8y(2021)672419

Abril 2021| DOI: 10.3389/fchem.2021.672419

Biogas is defined as the mixture of £add CQ produced by the anaerobic digestion of biomass.
This particular mixture can be transformed in high valuable intermediates such as syngas through
a process known as dry reforming (DRM). The reaction involved is highly endothermic, and
catalysts capable tendure carbon deposition and metal particle sintering are required. Ni
pyrochlore catalysts have shown outstanding results in the DRM. However, most reported data
deals with CH/CO; stoichiometric ratios resulting is a very narrow picture of the overall biogas
upgrading via DRM. Therefore, this study explores the performance of an optimizupb&lil
pyrochlore, and Nimpregnated pyrochlore catalysts in the dry reforming of methander
different CH/CO; ratios, in order to simulate various representatives waste biomass feedstocks.
Longterm stability tests showed that the ratio @8O in the feed gas stream has an important
influence in the catalysts' deactivation. Ni doped pylrehcatalyst, presents less deactivation
than the Niimpregnated pyrochlore. However, biogas mixtures with a, Céhtent higher than

60%, lead to a stronger deactivation in bothdditalysts. These results were in agreement with
the thermogravimetric angsis (TGA) of the post reacted samples that showed a very limited
carbon formation when using biogas mixtures with,@€Hntent <60%, but CHJ/CO, ratios

higher than 1.25 lead to an evident carbon deposition. TGA analysis of the post reacted Ni
impregnated grochlore, showed the highest amount of carbon deposited, even with lower
stoichiometric CH/CO; ratios. The later result indicates that stabilization of Ni in the pyrochlore
structure is vital, in order to enhance the coke resistance of this type ofstatal

Bimetallic Ni -Ru and Ni-Re Catalysts for Dry Reforming of Methane:
Understanding the Synergies of the Selected Promoters

Moreno, AA; Raiinez-Reina, T; Ivanova, S; Roger, AC; Centeno, MA; Odriozola, JA
Frontiers in Chemist8y(2021)694976

Julio2021| DOI: 10.3389/fchem.2021.694976

Designing an economically viable catalyst that maintains high catalytic activity and stability is the
key to unlock dry reforming of methane (DRM) as a primary strategy for biogas valorization.
Ni/Al,O; catalysts havbeen widely used for this purpose; however, several modifications have
been reported in the last years in order to prevent coke deposition and deactivation of the
samples. Modification of the acidity of the support and the addition of noble metal preraoter
between the most reported strategies. Nevertheless, in the task of designing an active and stable
catalyst for DRM, the selection of an appropriate noble metal promoter is turning more
challenging owing to the lack of homogeneity of the differemtissu Therefore, this research

aims to compare Ru (0.50 and 2.0%) and Re (0.50 and 2.0%) as noble metal promoters for a
Ni/MgALO, catalyst under the same synthesis and reaction conditions. Catalysts were
characterized by XRF, BET, XRD, TPR, hydrogen cbampiion (H-TPD), and dry reforming
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reaction tests. Results show that both promoters increase Ni reducibility and dispersion.
However, Ru seems a better promoter for DRM since 0.50% of Ru increases the catalytic activity
in 10% and leads to less coke demn.

Mechanistic Considerations on the H , Production by Methanol Thermal -
assisted Photocatalytic Reforming over Cu/TiO , Catalyst

Platero, F; bpezMartin, A; Caballero, A; Coh, G

CHEMCATCHEMS3 (2021)3879-3888

Julio2021| DOI: 10.1002/cctc.202100680
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We have studied the gas phasgptioduction by methanol thermphotoreforming using Gu
modified TiQ. Metal coecatalyst has been deposited by means of photodeposition method. The
concentration of methanol in the steam was aisoasidered. It appears that,Hyroduction is
notably higher as temperature increases. Moreover, the optimunyiéld is achieved using
methanol concentration of 10 % v/v. CO and €@ere monitored as side products of the overall
reaction. It has been statethat CO evolution is significant at lower temperatures. As
temperature increases, CO evolution is hindered ang appeared boosted. We have
demonstrated that other reactions such watgasshift or formate dehydration would participate

in the overall proess. On this basis, optimal operational condition fopddduction is attained

for thermo-photocatalytic reforming of methanol solution 10 % v/v at 200

i

Elucidating the Promotional Effect of Cerium in the Dry Reforming of Methane
RodriguezGomez, A;L6pezMartin, A; Rarfrez, A; Gasén, J; Caballero, A
CHEMCATCHEMS3 (2021)553-563

Enero2021| DOI: 10.1002/cctc.202001527

A series of NiCe catalysts supported on SBA has been prepared by -@mpregnation,
extensively characterized and evaluatetthéncarbon dioxide reforming of methane (DRM). The
characterization by TEM, XRD and TPR has allowed us to determine the effect of metal loading
on metal dispersion. Cerium was found to improve nickel location inside the mesopores-of SBA
15 and to suppressoke formation during the DRM reaction. The analysis by XPS allowed us to
associate the high cerium dispersion with the presence oettmwdinated C&" sites, being main
responsible for its promotional effect. A combination of XAS and XPS has permitteed us
determine the physicochemical properties of metals under reduction conditions. The low nickel
coordination number determined by XAS in®Ge doped systems after reduction suggests the
generation of very small nickel particles which showed greater tatdyivity and stability in the
reaction, and a remarkable resistance to coke formation.
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\ Understanding the opportunities of metal -organic
Reaction Chemistry frameworks (MOFs) for CO , capture and gas-phase CO,
conversion processes: a comprehensive overview
F " GandaralLoe, J; PastoPérez, L; Bobadilla, LF; Odriozola, JA; Reina,
TR
Reaction Chemistry & Engineg6iig021)787-814
Front Cover | Mayo 2021| DOI: 10.1039/d1re00034a

& Engineering

The rapid increase in the concentration of atmospheric carbon
dioxide is one of the mogiressing problems facing our planet. This
challenge has motivated the development of different strategies not
only in the reduction of C@® concentrations via green energy
alternatives but also in the capture and conversion of D@ valueadded productsMetal
organic frameworks (MOFs) are a relatively new class of porous materials with unique structural
characteristics such as high surface areas, chemical tunability and stability, and have been
extensively studied as promising materials to addresshhikenge. This comprehensive review
identifies the specific structural and chemical properties of MOFs that result in advanged CO
capture capacities and fairly encouraging catalyticd@@version behaviour. More importantly,

we describe an interconnectioamong the unique properties of MOFs and the engineering
aspects of these intriguing materials towards, Capture and conversion processes.

-~
-

Elucidating the nature of Mo species on ZSM -5 and its role in the methane
aromatization reaction

LopezMartin, A; Platero, F; Cdin, G; Caballero, A

Reaction Chemistry & Engineg6iig021)12651276

Abril 2021| DOI: 10.1039/d1re00044f

The valorization of methane is one of the most important goals during the transition period to
the general use of renewable energies. Its transformation into a valuable chemical like benzene
by direct aromatization of methane (DAM) reaction has been ektelysstudied in the past years,
mainly using Mo/ZS18 catalytic systems. Although viable, this DAM reaction poses a number of
issues mainly derived from poor conversion and deactivation processes. Therefore, a deeper
knowledge of these systems is needefdrein, by combining chemical (TPR), spectroscopic
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(XPS), HAADF and other techniques, we have identified the different Mo precursors stabilized
in the calcined ZSMN support, their nature (monomers, dimers and bulk Mo oxides), location in
the zeolite framevork (external surface or micropores), and the partial segregation of aluminum
during the preparation of catalysts. The role of each Mo phase promoting or hindering the
transformation of methane in aromatics has been also clarified.

Sol-gel synthesis ofZnWO 4,-(ZnO) composite materials. Characterization and
photocatalytic properties

JaramillePdez, CNavio, JAPuga, FHidalgo, MC

Journal of Photochemistry & Photobiology, A: Chéoig2(21)112962

Enero2021| DOI: 10.1016/j.jphotochem.2020.112962
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ZnWO, based powder photocatalyst have been successfully prepared by calcining a co
precipitated precursor (ZnWO) obtained from aqueous*Zand WQ? ' solutions at pH = 7,
without surfactants addition. The-fsrmed sample was characterized by XRD;dtbsorption,

SEM, TEM, DRS and XPS. Both techniques, XRD and XPS results showed that prepared sample
corresponds to a crystalline, Zanriched composition, ZnWgindicating the formation of a
ZnWO,-(ZnO) composite, whit ca. 10 wo of ZnO confirmed by XRRnalysis. Photocatalytic
activities towards degradation of Rhodamine B (RhB), Methyl Orange (MO) and Phenol, under
UV-illumination, was investigated not only by monitoring the percentages of conversion of
substrates, but also by estimating the correspogdpercentages of mineralization that
accompany the photocatalytic process. Comparative substrateconversion rates estimated per
surface area unit of catalyst, showed that the activity for Z®A\(#DO) composite is similar to

that for TiOy(P25), at least foMO and RhB, and even higher that for T{PR5) in respect to
phenol conversion. By adding TEA to the synthesis procedure, a composite named as ZnWO
ZnO-(pH = 10)-600 is generated, which has a higher proportion of ZnO (ca. 39 %) and superior
specific sugce area than the swalled ZnWQ-(ZnO) sample. Furthermore, the photocatalytic
degradation of MO using the former material indicates that it is superior to ZA\&@D) and

even that TiQ(P25) itself under the same operational conditions.
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Photocatalytic activity of ZnO nanoparticles and the role of the synthesis
method on their physical and chemical properties

Uribe-Lopez, MC; Hidalgd-6pez, MC; lbpezGonzalez R; FlasMarquez, DM; Nifiez
Nogueira, G; HeréndezCastillo, D;AlvarezLemus, M\

Journal of Photochemistry & Photobiology, A: Chétig2021)112866

Enero2021| DOI: 10.1016/j.jphotochem.2020.112866
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In the present study, we report on the effect of the synthesis method in the photoactivity ef ZnO
NPs. The nanoparticles were prepared by precipitation andjsbprocedures using zinc nitrate

and zinc (1) acetylacetonate as ZnO precursors, respectiMetyobtained samples were named

as ZnGPP (precipitation method) and Zr6G (selgel method). The powders were calcined at
500°C and further characterized by Fourier Transform Infrared spectroscopwgyXowder
Diffraction, N, adsorption, thermal analgs Diffuse Reflectance WWis spectroscopy, and
Electron Microscopy. Both methods of synthesis lead to formation of pure ZnO with hexagonal
wurtzite crystalline structures with average crystallite sizes similar to 30 nm. The specific surface
area was affged by the synthesis method, since SBET values werégbamd 13 rfig for sot

gel and precipitation method, respectively. The electron microscopy revealed significant changes
in morphology for the obtained nanoparticles, as-gsl directed the hexagonabd-like
geometries (similar to 50 nm in diameter) while gtsgierical nanoparticles (similar to 100 nm

in diameter) were formed using precipitation method. Photocatalytic activity was estimated by
degrading phenol (50 ppm) as probe molecule under Ukadliation j = 356 nm), the results
demonstrated that Zn@PP reached 100 % of degradation after 120 min and 90 % of the
pollutant was mineralized, whereas for Z+835 the results were 80 % and 48 % respectively.
Fluorescence test using terephthalic aciél)(@emonstrated higher formation of Glhadicals for

ZnO synthesized by precipitation method, which could explain the higher photodegradation and
mineralization observed. These results support that even slight differences in physical and
chemical propertis of ZnO, have a significant impact on the photocatalytic performance of such
nanoparticles.

Zr and Fe on Pt/Ce0O ,-MO,/Al,O; catalysts for WGS reaction

GonzélezCastdio, M; lvanova, S; Centeno, MA; loanides, T; Arell@aada, H; Odriozola, JA
International Journal of Hydrogen Engs2021)1397813989

Marzo2021| DOI: 10.1002/er.6646

By evaluating the functional modifications induced by Zr and Fe as dopants in,R10¢@81,03
catalysts (M = Fe and Zr), the key features for improving water gas shift (WGS) performance for
these systems have been addressed. Pt/ceria intrinsic WGS activity is often related to improved
H. surface dynamics,.B absorption, retentions and dissociaticapacities which are influenced
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greatly by the support nature. Two metals, iron and zirconia, were chosen as ceria dopants in
this work, either in separate manner or combined. Iron incorporation resulted iZeiOx
properties and oxygen storage capadt{OSC) improvement but the formation of Ze solid
solutions did not offer any catalytic benefit, while the Zr incorporation influenced in a great
manner surface electron densities and shows higher catalytic activity. When combined both
metals showed ammportant synergy evidenced by 30% higher CO conversions and attributed
to greater surface electron densities population and therefore absorption and activity. This work
demonstrates that for Pt/ceria catalysts OSC enhancement does not necessarilydatplytic
promotion.

Recent Advances in the Bronsted/Lewis Acid Catalyzed Conversion of Glucose
to HMF and Lactic Acid: Pathways toward Bio -Based Plastics

MegdgasSayago, C; Navartdan, S; Drault, F; lvanova, S

Catalystsl1 (2021)13%

Noviembre2021| DOI: 10.3390/catal11111395

One of the most trending topics in catalysis recently is the use of renewable sources and/or non
waste technologies to generate products with high added value. That is why, the present review
resumes the advances in cgtldesign for biomass chemical valorization. The variety of involved
reactions and functionality of obtained molecules requires the use of multifunctional catalyst able
to increase the efficiency and selectivity of the selected process. The use of glsigbatiorm
molecule is proposed here and its use as starting point for biobased plastics production is revised
with special attention paid to the proposed tandem Bronsted/Lewis acid catalysts.

Mesoporous Carbon Production by Nanocasting Technique Using Boehmite as
a Template

OrtegaFranqueza, M; lvanova,[3minguez Ml; Centeno, MA

Catalystsl1 (2021)1132

Septiembre2021| DOI: 10.3390/catal11091132

A series of mesoporous carbonaceous materials were synthesized by the nanocasting technique
using boehmite as a template and glucose as a carbon precursor. After pyrolysis and template
removal, the resulting material is a mesoporous carbon that can k@adty doped with N, B

and K during prepyrolysis impregnation. In addition, the influence of doping on the morphology,
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Mesoporous carbon

crystallinity and stability of the synthesized carbons was studied usaygdifraction, nitrogen
physisorption, thermogravimetryRaman and IR spectroscopy and transmission electron
microscopy. While the nanocasting process is effective for the formation of mesopores, KOH and
urea do not modify the textural properties of carbon. The use ¢#®f as a dopant, however,

led to the formdion of an AIP@compound and resulted in a solid with a lower specific surface
area and higher microporosity. All doped solids present higher thermal stability as a positive effect
of the introduction of heteroatoms to the carbon skeleton. The phosphdomed sample has
better oxidation resistance, with a combustion temperature -180 °C higher than those
observed for the other materials.

LaFeO; Modified with Ni for Hydrogen Evolution Via Photocatalytic Glucose
Reforming in Liquid Phase

lervoling G; VaiangV; SanninpD; PugaF, Navig JA Hidalgg MC

Catalysts]1 (2021) 1558

Diciembre2021| DOI: 10.3390/catal11121558

In this work, the optimization of Ni amount on LakRePhotocatalyst was studied in the
photocatalytic molecular hydrogen production from glucose aqueous solution under UV light
irradiation. LaFe@was synthesized via solution combustion synthesis and different amount of Ni
were dispersed on LaFeGurface though deposition method in aqueous solution and using
NaBH, as reducing agent. The prepared samples were characterized with different techniques:
Raman spectroscopy, UltraVicleisible Diffuse Reflectance Spettroscopy §UgDRS), Xray
Diffraction (XRD) X-ray Photoelectron Spectroscopy (XPS);ra§ Fluorescence (XRF),
Transmission Electron microscopy (TEM), and Scanning Electron microscopy (SEM) analyses. For
all the investigated photocatalysts, the presence of Ni on perovskite surface resultedtar a bet
activity compared to pure LaFeQn particular, it is possible to identify an optimal amount of Ni

for which it is possible to obtain the best hydrogen production. Specifically, the results showed
that the optimal Ni amount was equal to nominal 0.120n(0.12Ni/LaFeQ), for which the
photocatalytic Hproduction was equal to 25744mol/L after 4 h of UV irradiation. The influence

of different of photocatalyst dosage and initial glucose concentration was also evaluated. The
results of the optimization alperating parameters indicated that the highest molecular hydrogen
production was achieved on 0.12Ni/LaReample with 1.5 g/L of catalyst dosage and 1000 ppm
initial glucose concentration. To determine the reactive species that play the most sigmifecant

in the photocatalytic hydrogen production, photocatalytic tests in the presence of different radical
scavengers were performed. The results showed tdd radical plays a significant role in the
photocatalytic conversion of glucose in Moreover, photocatalytic tests carried out with D20
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instead of HO evidenced the role of water molecules in the photocatalytic production of
molecular hydrogen in glucose aqueous solution.

m Current scenario and prospects in manufacture
strategies for glass, quartz, polymers and metallic

Chamical Engineering . . -

Racaarch ard Destyn microreactors: A comprehensive review

Dominguez MI; Centeno, MA; Maithez, TM; Bobadilla, LF; Laguna,

OH; Odriozola, JA

Chemical Engineering Research & Dggig(021) 1335

Front Cover | Julio 2021 DOI: 10.1016/j.cherd.2021.05.001

One of the most remarkable benefits of the microreactors is the
achievement of more efficient processes by enhancing the heat and
L3 B ChemEis mass transfer phenomena, which is the key factor for processes
intensification in chemical re&mts, resulting in higher conversion,
selectivity and yield towards desired products. Currently, the entire scenario of microreaction
approach is an emergent technology and further advances are ongoing. Several strategies have
been successfully applied &iructuring processes that imply the fixation of the catalysts on the
microreactors. However, there are features such as the physicochemical stability of the coatings
under reaction conditions that must be improved, motivating the search for new pratdtids
review provides a general overview of the most important methodologies applied for glass,
quartz, polymers and metals microreactors manufacture and for their coating, analyzing the
advantages and drawbacks of every procedure. Furthermore, an oaflithe novel insights
based on additive manufacturing techniques are described.

Polyaniline coated tungsten trioxide as an effective adsorbent for the removal

of orange G dye from aqueous media

Hsini, A; Naciri, Y; Bouziani, A; Aarab, N; Essekri, A; Imgharn, A; IMabivio, JAPuga, F;
Lakhmirid, R; Albourine, A

RSC Advancég, (2021) 327231283

Noviembre2021| DOI: 10.1039/D1RA04135E

In this work, the coréshell PANI@WQ composite was obtained from the reaction of aniline
monomer polymerization with Weyparticles; sodium persulfate was used as an oxidant. Various
analytical techniques such as scanning electron microscopyEBEMXray diffraction (XRD),
Fourier transfom infrared spectroscopy (FTIR), BrunadiEémmet®Teller (BET), and Xay
photoelectron spectroscopy (XPS) were used to characterize thpreggzared PANI@QWQ
adsorbent, which well confirmed that the WQarticles were coated by polyaniline polymer.
The PANI@WO; composite was tested as an adsorbent to remove reactive orange G (OG) for
the first time. pH, adsorbent dose, contact time, initial dye concentration, and temperature were
systematically investigated in order to study their effect on the adsorptiocegs. The
experimental findings showed that the PANI@WeEdmposite has considerable potential to
remove an aqueous OG dye. Langmuir and Freundlich's models were used to analyze the
equilibrium isotherms of OG dye adsorption on the PANI@WO3 composite résudt, the best
correlation of the experimental data was provided by the Langmuir model, and the maximum
capacity of adsorption was 226.50 my rom a thermodynamic point of view, the OG dye
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adsorption process occurred spontaneously andothermically. Importantly, PANI@WGtill
exhibited an excellent adsorption capability after four regeneration cycles, indicating the potential
reusability of the PANI@WO composite. These results indicate that the as prepared
PANI@WO; composite could & employed as an efficient adsorbent and was much better than
the parent material adsorption of OG dye.

ZnO/Ag PO, and ZnO dMalachite as Effective Photocatalysts for the Removal
of Enteropathogenic Bacteria, Dyestuffs, and Heavy Metals from Municipal and
Industrial Wastewater

Murcia, JJ; Hernandez Mifio, JS; Rojas, H; Brijaldo, MHn{@érnez, AN; Sancheid, P;
Navio, JA; Hidalgo, MC; Jaramieérez, C

Water, 13 (2021) 264

Agosto 2021 DOI: 10.3390/w13162264

Different composites based on ZnOMRP, and ZnOmalachite (Cig(OH).CO3) were
synthesized in order to determine their effectiveness in the treatment of municipal and industrial
wastewaters (mainly polluted by enteropathogenic bacteria, dyes, and heavy metals). The
addition of AgPO, and malaché did not significantly modify the physicochemical properties of
ZnO; however, the optical properties of this oxide were modified as a result of its coupling with
the modifiers. The modification of ZnO led to an improvement in its effectiveness in the
treatment of municipal and industrial wastewater. In general, the amount of malachite or silver
phosphate and the effluent to be treated were the determining factors in the effectiveness of the
wastewater treatment. The highest degree of elimination of bacfesim municipal wastewater

and discoloration of textile staining wastewater were achieved by using ZfRODAGY), but

an increase in the phosphate content had a detrimental effect on the treatment. Likewise, the
highest Fe and Cu photoreduction from €oaining wastewater was observed by using anO
malachite (2.5%) and ZnO/ABO, (10%), respectively. Some of the results of this work were
presented at the fourth Congreso Colombiano de Procesos Avanzados de Oxidacion
(4CCPAQ).
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Photocatalytic Treatment of Stained Wastewater Coming from Handicraft
Factories. A Case Study at the Pilot Plant Level

Murcia Mesa, JJ; Hernandez Nifio, JS; Gonzalez, W; Rojas, H; Hidalgo, MC; Navio, JA
Water,13 (2021) 205

Octubre 2021| DOI: 10.3390/w13192705

UV/H,O, process and Ti@based photocatalysis were studied in the present work. The
effectiveness of these methods was tested in the treatment of effluents taken from handicraft
factories. Microorganisms, dyes, and different organic pollutants were detectedindtistrial
effluents. The experimental procedure for the wastewater treatment was carried out in a
patented sunlight reactor on a pilot plant scale. From this study, J¢Adas found to be the

best treatment for dye elimination. The optimal peroxideatpesfor the degradation of dyes and

the elimination of bacteria was 0.07 M. In this case, 70.80% of discoloration was achieved after
7 h of sunlight exposure, under an average sunlight intensity of 3.42 Wienphotocatalytic
treatment based on Ti@acheved the highest elimination of coliform bacteria and the lowest
TOC value; however, the presence of this material in the reactor had a detrimental effect on the
overall elimination of dyes. A combination of both UMJkand TiQ treatments significantly
improves the dyes discoloration, the elimination of bacteria, and the organic compounds
degradation. Some of the results of this study were presented at the 4th Congreso Colombiano
de Procesos Avanzados de Oxidacion, 4CCPAOX.

Examination of the Deactivation Cycle of NiAl - and NiMgAIl-Hydrotalcite
Derived Catalysts in the Dry Reforming of Methane

Abdelsadek, Z; Holgado, JP; Halliche, D; Caballero, A; ChertEip@zalezCortés, S; Masset, PJ
Catalysis Letter$51 (2021) 596-2715

Septiembre2021| OIl: 10.1007/s1056020-035134

The importance of the dry reforming of methane (DRM) lies in its capability to upgrade two
greenhouse gases (Ghhd CQ) into synthesis gas (CO and)Hvhich is one of the main building

block for synthesizing hydrocarbons. However, thebidged catalysts for DRM reaction usually
have a major catalytic stability drawback. This works aims to assess the catalytic activity and
stability of two Nibased calysts obtained from hydrotalcite (HT) precursors (i.e., NiA&land
NiMgARHT). The precursors, calcinedc], reduced {R) and spent samples were characterized

by a series of techniques to gain insight into the influence of MgO ocNmased catalyst ithe
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drying reforming of methane. An-gitu ageing cycle process to speed up the deactivation of
hydrotalcitederived catalysts showed that the NiMgATc-R catalyst displayed a higher activity
and resistance to coke formation (stability) than Nil&lc-R because of the introduction of Mg

into hydrotalcite structure in the catalyst precursor. The presence of this element enhances
several factors involved in the stability oftidised catalysts for the DRM process such as the
reducibility and textural featuseof the catalysts, size and dispersion 8frfdhoparticles and also
maintains a good compromise between the acid and base properties of the solid catalysts.

M LiIBROS YO TRASPUBLICACIONES/ BOOKS AND O THERPUBLICATIONS

From Solid State Chemistry to Heterogeneous Catalysis
Svetlandvanova, José Anton@driozola,Luis FBobadil
Cambridge Scholars Publishing

2021, 330 paginas

ISBN: 1527572102

ISBNL3: 9781-527572102

From Solid State

Heterogeneous catalysis is deeply founded on solid state
chemistry, but theelationship between the two often appears
Jow A oo to be elusive in many cases. It is generally difficult to relate the
T allusion of symmetry to the crystal structure and the defect
chemistry or aciebase properties to the surface reconstruction
and extended defestthat in most cases are the basis of physicochemical properties and
solids applications. This book provides insights into solid state chemistry in order to
widen the vision of heterogeneous catalysis. It covers a broad range of solid state related
topics, including symmetry and structure organization, bonding, and methods for
structure elucidation, as well as defects formation and their implications in heterogeneous
catalysis.
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Clean, safe and efficient energy Volumen 8
CSIC Scientific ChallengeBawards 2030

//. Consejo Superior de Investigaciones Cientificas
VOLUMES  /y 2021

CLEAN, SAFE .
CLEAN, SAFE -7/ ISBN Vol. 8: 9784-00-107529

ENERGY

% Challengue 7: Catalysis for Industrial Production and of Energy
| Resources

José Carlos Conesa, Manuel Lopez, Vicente Cortés, Francisco

Plou, Miguel Antonio Pef Juan Manuel Coronado, Ana

J Iglesias, Pedro Avila, Miguel Angel Bafares, Ana Serrano,

" Agustin Martinez, Mercedes Boronhtiguel Angel Centeno,

Agustin R. Gonzalezlipe Jesus Pérez Torrente

paginas 17205

Ni stabilised on complex structures for dry reforming of methane (DRM):
Pyrochlores vs MOF

J.L.M. Espejo, J. Gandd&u@e, J.A. Odriozola, T.R. Reina, L. Pagtérez

Reunidn de la Sociedad Espafiola de Catalisis SECAT 2021, pats5214

ISBN: 97884-09-345687

Mechanistic insights for designing optimal catalysts for low -temperature RWGS
reaction: a step ahead on gas-phase CO, conversion

G.T. Sempere, L.F. Bobadilla, T. R. Reina, L. R&éter, J.A. Odriozola

Reunion de la Sociedad Espafiola de Catalisis SECAT 2021, p2g3222
ISBN:978-84-09-345687

Hidrodesoxigenacion del acido levulinico a gamma valerolactona con
catalizadores de rutenio soportados en materiales carbonosos

Ch. E. Bounoukta, S. Ivanova, F. Ammari, M.A. Centeno, J.A. Odriozola

Reunion de la Sociedad Espafiola de CatahsIAT 2021pag. 306801
ISBN:978-84-09-345687

Catalizadores de paladio soportados en materiales preparados por
descomposicion térmica de melamina para las reacciones del uso de &cido
férmico como vector de H ,

L. Lobo, M. MartineZ ejada, L.FBobadilla, S. lvanova, M.A. Centeno

Reunidn de la Sociedad Espafiola de Catélisis SECAT 2021, pag8377
ISBN:978-84-09-345687
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B CONGRESOS YREUNIONESINTERNACIONALES INTERNATIONALC ONGRESS
AND MEETINGS

PARTICIPACION EN LAORGANIZACION DE CONGRESOS YREUNIONES/
PARTICIPATION INORGANISING CONGRESSES ANODMEETINGS

XXIX International Materials Research Congress IMRC2021
1506 20 agosto [Online, Cancun, México]

Tomas Ramirez Reifd/orkshopChairs/Organiseis

COMUNICACIONES / COMMUNICATIONS

Catalysis Conference 2021
22 8 26 febrero[Virtual San Francis¢c@&stados Unidos de América

Multicomponent catalysts for CO2 valorisation
T. Ramirez Reina
Keynote Online

High-Temperature Corrosion and Protection of Materials HTCPM 2021
28 marzo 0 2 abril[Toulouse Francid

Influence of noble metals in the growth of the oxide scale in a commercial
ferritic stainless steel EN 1.4509

P. Navarro, J. Almagro, J.A. Odriozola

Poéster

8" International Conference on Engineering for Waste and Biomass Valorisation
31 mayod 4 junio [Online, Canada]

Optimization of Visible Photocatalytic Activity of a Co (2ZNns0 System Studied

in the BB41 Photodegradation via Box -Behnken Design

K. Tanji, M. Zoheir, A. Arrahli, J.A. Navio, M.C. Hidalgo, J. Naja, A. Chagroune, A.
Kherbeche

Comunicacion Oral
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ALBA Il 8 Workshop on Catalysis: present and future perspective
19 julio[Online]

Potential of infrared synchrotron emission spectroscopy for catalysis research
L.F. Bobadilla Baladrén
Comunicacién oral

XXIX International Materials Research Congress IMRC2021
1508 20 agosto @nline,Cancun, México]

CO; valorisation in industrial plants. Methanation of flue gases in a stainless -
steel mill plant

J.C. Navarro, F.M. Bagviareno, M.A. Centeno, O.H. Lagurfa, Odriozola
Keynote Invitada

Role of the Synthesis Method of ZnO Nanoparticles on the Photogeneration of
Hydroxyl Radicals in the Photodegradation of Phenol

M. Uribe, M.C. Hidalgo, R. Lopez, D. Friadiif&z D. Hernandez, M. Alvafiezmus
Comunicacién Oral

Power-to-X catalytic processes for CO, valorization
L.Azancot, L.F. Bobiali M.A. Centeno, J.A. Odriozola
Comunicacion Oral

B CoNGRESOS YREUNIONESNACIONALES/ NATIONAL CONGRESSES AND
MEETINGS

PARTICIPACION EN LAORGANIZACION DE CONGRESOS YREUNIONES
PARTICIPATION INORGANISING CONGRESSES ANIMEETINGS

1* Series of Low-Carbon Energy Talks
Programa de Doctorado Ciencias de Materiales, Universidad de Sevilla
[Online, Sevilla, Espafia]

Tomas Ramirez Reifd/orkshop Chas/Organiserks
José Antonio Odriozola Gorddworkshop Chairs/Organisers
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COMUNICACIONES / COMMUNICATIONS

Reunion de la Sociedad Espafiola de Catalisis SECAT2021
18 6 20 octubre[ValenciaEspafia]

Operando DRIFTS-MS study of methanol carbonylation over CuH-MOR
catalysts: Sustainable production of acetic acid

L.A. LuqudlvarezL.F. Bobadilld.A. Odriozola

Comunicacion oral

Catalizadores de paladio soportados en materiales preparados por
descomposicion térmica de melamina para las reacciones del uso de acido
férmico como vector de H »

L. Lobo, M. Martinézjada, L.Bobadilla, S. Ivanova, M.A. Centeno

Poster

Mechanistic insights for designing optimal catalysts for low -temperature
RWGS reaction: a step ahead on gasphase CO; conversion

G.T. Sempere, L.F. Bobadilla, T. R. Reina, |-P&agtal.A. Odriozola
Poster

Ni stabilised on complex structures for dry reforming of methane (DRM):
Pyrochlores vs MOF

J.L.M. Espejo, J. Gandaoa, J.A. Odriozola, T.R. Reina, L.-Pésear

Poster

B FORMACION / TRAINING

TESISDOCTORALE$ DOCTOR DEGREEIHESIS

Titulo: Estudio de la reaccion de Sabatier para la valoracion de
CO; a partir de corrientes de flue gas

Autor: Juan Carlos Navarro de Miguel

Directores: Oscar Hernando Laguna EspifaJosé Antonio Odriozola
Gordén

Centro: Universidad de Sevilla

Fecha Defensa 1 defebrerode 21
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Titulo: Disefio y preparacion de catalizadores soportados en
materiales carbonosos estructurados

Autor: Nicolas Rodriguez Riafio

Directores: Yazmin Yaneth Agamez Pertuz y José Antonio Odriozola Gordon

Centro: Universidad Nacional déolombiay Universidad de Sevilla

Fecha Defensa 27 de abril de 2021

Titulo: Reforming of biomass-derived stream: Evidence on an
active Ni-O-K phase

Autor: Lola Azancot Luque

Directores: José Antonio Odriozola GordgnLuis F. Bobadilla Baladron

Centro: Universidad de Sevilla

Fecha Defensa 3 denoviembrede 202

Titulo: Estudio de la capa de oxidacién formada a alta
temperatura en un soporte de acero inoxidable ferritico
EN-14509 mediante microscopia electronica de barrido

Autor: Pablo Navarro Vicente

Directores: Juan Francisco Almagro Bello (ACERINOXJogé Antonio
Odriozola Gorddén

Centro: Universidad de Sevilla

Fecha Defensa 10dediciembrede 2021

Titulo: Valorization of a platfor m chemicals issued from sugars,
hydrogenation reactions over suppor ted metal catalysts
on functionalizaed carbon materials

Autor: Charf Eddine Bounoukta
Directores: Fatima Ammari y Svetlana lvanova
Centro: Université Ferhat AbbasSETIF1 yWniversidad de Sevilla

Fecha Defensa 20dediciembrede 2021
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FORMACION DE GRADUADOS/ MASTERDEGREEIHESIS

Titulo: Preparacién de xerogeles de carbn conteniendo
heteroatomos

Autor: Maria Andrades Garcia

Tutores: Leidy Marcela Martinez Tejgddiguel Angel Centeno

Grado: Trabajo Fin dé&rado

Centro: Universidad dé&evilla

Fecha Defensa: 11 enero 2021

Titulo: Composites de SBA-15/amina para la adsorcion de CO,
Autor: Jesis Alvarez Yerpes

Tutores: Leidy Marcela Martinez Tejadmsé Antonio Odriozola Gordén
Grado: Trabajo Fin dé&srado

Centro: Universidad dé&evilla

Fecha Defensa: 11 enero 2021

Titulo: Acido férmico como vector energético: uso de
catalizadores de paladio

Autor: Laura Lobo Andrades

Tutores: Leidy Marcela Martinez Tejada, Miguel Angel Centeno

Grado: Trabajo Fin dé&rado de Quimica

Centro: Universidad de Sevilla

Fecha Defensa: 22 julio 2021

Titulo: Design and structuration of catalyst for energetic and
environmental applications: Hydrotalcites as potential
CO, absorbentes & Influence micro -channel
configuration on the catalytic performance of a
Ce0,/CuOy catalyst for CO PROX reaction

Autor: Maria José Vazquez Bernardez

Tutores: Maria Isabel Dominguez Leal, Leidy Marcela Martinez Tejada,
Corinne Petit (ECPM)

Grado: Trabajo de Stage 2éme Année, ECPM (Ecole Européenne
déi ng®ni eurs de chi mi e, pol ym
Strasbourg)

Centro: Université de Strasbourg, Universidad de Sevilla

Fecha Defensa: 22 julio 2021
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Titulo:

Autor:

Tutores:

Grado:

Centro:

Fecha Defensa:

Titulo:

Autor:

Tutores:

Grado:

Centro:

Fecha Defensa:

Titulo:

Autor:

Tutores:

Grado:

Centro:

Fecha Defensa:

Titulo:

Autor:

Tutores:
Grado:

Centro:

Fecha Defensa:

Titulo:
Autor:
Tutores .
Grado:

Centro:
Fecha Defensa:
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Preparacion de catalizadores estructurados activos en
reacciones de biorrefineria

Luis Alejandro Arriaga Arellano

Maria Isabel Dominguez Leadjdy Marcela Martinez Tejada
Trabajo Fin dé&sradode Ingenieria de Materiales
Universidad de Séla

22 julio 2021

Mechanistic insights for designing optimal catalysts for
low-temperature RWGS reaction

Guillermo Torres Sempere

Tomé&s Ramirez Reina, Luis F. Bobadilla Baladrén
Trabajo Fin deMésterCiencia y Tecnologia de Materiales
Universidad de Sevilla

14 julio 2021

Catalytic Solutions for CO , conversion

Sergio Carrasco Ruiz

Tomas Ramirez Reina, Luis F. Bobadilla Baladron
Trabajo Fin dé&rado de Quimica

Universidad de Sevilla

22julio 2021

Aplicaciones de Catalizadores Avanzados a Procesos de
Conversion de CO, a fase gas

Ignacio Galvan Diez

Laura Pastor Pérez, Esmeralda Portillo Estevez

Trabajo Fin dé&srado de Ingenieria Quimica

Universidad de Sevilla

22 julio 2021

Recubrimientos hidrofobicos para gafas

Ignacio Redondo Andrade

Leidy Marcela Martinez Tejada

Trabajo Fin deDoble Grado de Farmacia y Optica y
Optometria

Universidad de Sevilla

28 Julio 2021
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B DoceNcIA / TEACHING

Investigadores de esta unidad participan en el Master en Ciencia y Tecnologia de Nuevos
Materialesy en titulaciones dé&rado y doble Grado de la Universidad de Sefxta
ACTIVIDADES DIVULGATIVAS Y FORMATIYAS

B EQUIPAMIENTOCIENTIFICO AVAILABLEEQUIPMENT

- Molino de bolas de movimiento planetario PM100 de RETSCH

- Espectrofotometro Infrarrojos: Thermblicolet NexusFT-IR; ThermeNicolet
380 FFIR

- Accesorio DRIFTS, celdas de alta y baja temperatura

- Sistema de vacio cuarzo/vidrio para adsorcion de moléculas sonda seguide por FT
IR

- Espectrometro de masas: Balzers Thermostar

- Sistema TPRPO (con posibilidad de realizpulsos) seguido de espectrémetro
de masas (Balzers) y detector de conductividad térmica. PID Eng&Tech.

- Equipos comerciales de actividad catalitica Microactivity Reference PID Eng&Tech
(4)

- Microscopio metalogréfico: Leica DMIRM

- Rotavapor: Heidolph H&¥AP \alue

- Equipo de ultrealto vacio para espectroscopia XPS y Auger equipado con cafién
de argbn para realizar devastado iénico.

- Estufas: Fselecta; FSelecta digiheat

- Phmetros: Crison pH burette 24; Crison phMeter Basic 20; Crison micropH2000.

- Cromatografs (2): Agilent Technologies 7890 A GC System; Agilent Technologies
6890 N Network GC System.

- Micro-cromatogragos, microGQ2): Micro Gas Cromatograph &M00 Varian
(2)

- HPLC: Varian 356.C, Solvent Delivery Module Varian ProStar.

- Horno de soldaduraylicrotest Maquina de ensayos EM2/200/FR

- Bafio de ultrasonidos:$electa Ultrasons Medi

- Horno Energon

- Horno para tratamiento de aceros a alta temperatura equipado con medidores de
flujo e inyector de agua.

- Planta Piloto de Integracion de reacciones itatas Reference PID Eng&Tech

- Espectrémetro Uwis (Varian Cary 100, con esfera integradora para

- muestras sélidas)

- Analizador de Carbon Organico (TAC CHP Shimadzu 5080

- Cromatografo (HPLC Agilent Technologies 1200)

- Espectrémetro IR (Varian 688 FTIRSpectrometer)

- Dip-Coater con camara de temperatura {§&AB Table Dry Oven MTI

- Corporation)

- Espectrofotémetro FTIR con celdas DRIFTS y ATR.

- Sistema de andlisis TPR/TPO con detector TCD y espectrémetro de masas.
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6 reactores cataliticos de gases con defetqor cromatografia de gases y
espectrometria de masas.

2 reactores cataliticos de liquidos que permiten el seguimiento de hasta 8
reacciones de forma simultdnea con control de temperatura y flujo de gases.

4 reactores cataliticos de liquidos de alta igrey temperatura con agitacion
interna y control de flujo de gases.

Reactores fotocataliticos con ldmparas de Xe y Hg.

Espectrofotometros FTIR con accesorios DRIFTS, ATR y sistema de vacio en
cuarzol/vidrio para adsorcién de moléculas sonda

Espectrémetrogie masas

Sistemas TRRPO (con posibilidad de realizar pulsos) seguido de espectrometro
de masas y detector de conductividad térmica.

Microscopio metalografico

Rotavapor

Estufas

Ph-metros

Cromatografos de Gases

Micro-cromatégragos, microGC

Cromatografos HEC

Horno de soldadura: Microtest Maquina de ensayos EM2/200/FR

Bafio de ultrasonidos

Hornos

Horno para tratamiento de aceros a alta temperatura equipado con medidores de
flujo e inyector de agua.

Planta Piloto de Integraciéon de reacciones cataliticas Reference PID Eng&Tech
Espectrometro Uwis, con esfera integradora para muestras sélidas)

Analizador de Carbon Organico

Dip-Coater con camara de temperatura

Reactores cataliticos de gases con dédec@or cromatografia de gases y
espectrometria de masas.

Reactores cataliticos de liquidos que permiten el seguimiento de hasta 8 reacciones
de forma simultadnea con control de temperatura y flujo de gases.

Reactores cataliticos de liquidos de alta pregiGemperatura con agitacion
interna y control de flujo de gases.

Reactores fotocataliticos con lamparas de Xe y Hg.
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ENGINEEREOCERAMICS FOREXTREME
ENVIRONMENTS

GRUPO DEINVESTIGACION

Materiales de Disefio para la Energia y Medioambiente
Designed Materials for the Energy and Environment [642007]






B PERsONAL/ PERSONNEL

INGENIERIA DE CERAMICOS PARA AMBIENTES EXTREMOS

Catedraticos

Dr. MiguelAngel Castro Arroyo

Dr. Manuel Jiménez Melendo

Dra. Pilar Malet Maenner

Dr. Julian Martinez Fernandez

Investigadores Cientificos

Dra. Maria Dolores Alba Carranza

Cientificos Titulares

Dr. José JesUs Benitez Jiménez

Profesores Titulares

Dr. AlfonsoBravo Le6én

Dr. Joagin Ramirez Rico

Doctores Contratados

Dra. Esperanza Pavon Gonzalez

Personal Investigador en Formacion

Gdo. Javier Ramiro Chaparro Barajas

Gda. Sol Fernandez Murfioz
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B PrROYECTOS DHNVESTIGACION/ RESEARCHPROJECTS

Ceradmicas Conductoras de Protones | Proton conducting ceramics for high
para Electrolizadores Reversibles de | efficiency reversible electrolyzers
Alta Eficiencia y Aplicaciones Power | and power to X applications

to X
UNION EUROPEA
< % ¥ MINISTERIO m )
1 SR
& WY o ol NOOEUROPEODE  AGENCIA
s v ANESTGACION
CodigoLode P1D2019107019RB00 "Retos de la
Sociedad"
PeriodoPeriod 01-06-2020 / 31-05-2023
Organismo Financiadétihancial source | Ministerio de Ciencia e Innovacion
Importe total/Total amount 7260 0 }

Investigador responsabiieZsearch head| Joaquin Ramirdico y Ricardo
Chacartegui Ramirez
Componentedkesearch group Alfonso Bravo Ledn, Manuel Jiménez
Melendo, Julian Martinez Fernandez,
Miguel Torres Garcia

RESUMEN / ABSTRACT

PROCEX aborda el Reto social 3 "Energia limpia, eficiente y segura" y pretende
abrir camino a una nueva generacion de electrolizadores reversibles de alta eficiencia que
operan a temperaturas intermedias (sobre 500°C). Su éxito abriria una via muy
prometedora para nuevos sistemas de almacenamiento de energia fotovoltaica y eodlica
con caracteristicas sobresalientes, tales como eficiencias de ida y vuelta (superiores al
75%) o tasas de retorno energético (>10). Estos valores son muy superiores a los que
se pueden alcanzar con los mejores sistemas de almacenamiento térmico. Adesonas, el u
de electrolizadores de alta eficiencia encontraria un enorme campo de aplicacion en la
produccién de H2 y en la industria quimica. Para desarrollar estos sistemas, es necesario
superar numerosos retos en el ambito de los materiales cerdmicos: en lpartes.
necesario desarrollar nuevos electrolitos conductores de protones con baja
conductividad electronica.

El objetivo principal del proyecto es identificar, sintetizar y demostrar nuevos
materiales ceramicos conductores de protones con bajas pérdidasoaicas en
electrdlisis usando estrategias de dopado en compuestos de circonatos y ceratos de
bario. Ponemos énfasis no s6lo en mejorar la eficiencia sino también en la durabilidad de
estos materiales. El proyecto demostrara el procesado de los electrolitos y su integracion
en pilas tipo botén a escala laboratorio, y estudiard los principales mecanismos de
reaccion, desarrollando modelos que permitan predecir su comportamiento a gran
escala. Este proyecto parte de resultados publicados muy recientemente en la literatura
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y preterde superarlos apoyandose en las capacidades y experiencia previa del equipo
investigador. En el proyecto ampliaremos el rango de composiciones y dopantes a
estudiar y realizaremos un estudio sisteméatico que nos permita relacionar la composiciéon
y procesadocon las propiedades y el rendimiento en condiciones de servicio (i.e. la
degradacion y el envejecimieitdA partir de la informacién obtenida pretendemos
desarrollar y validar nuevos modelos que permitan evaluar la integracién de estos
sistemas en distias aplicaciones. La ambicién del este proyecto requiere un tratamiento
multidisciplinar fruto de la combinacion de dos grupos de investigacion, uno de Ciencia
de Materiales y otro de Ingenieria Energética, que poseen las capacidades e instalaciones
necesaas para llevar a buen término el proyecto: sintesis y procesado de materiales,
caracterizacion fisica, modelado numérico e integracion de sistemas de almacenamiento
de energia.

PROCEX is aimed at the Soci al Chabl enc
It aims to open a new pathway for higfficiency reversible electrolyzers for
intermediate temperatures (around 500°C). Its successful development would open a
very promising pathway for energy storage systems in PV and Wind facilities with
outstandng characteristics, rouniip efficiencies (75% or higher), and Energy Returned
On Investment (>10). These values are much higher than those that can be reached with
state of art of thermal energy storage systems. Besides, such a high efficiency concept
electrolyzer would have a huge field of application for H2 production and application in
the chemical industry. To develop such systems, several materials challenges need to be
solved. In particular, novel electrolytes formulations with reduced electronic
conductivities are needed.

The project is aimed at the identification and demonstration of new proton
conducting ceramic materials that will have reduced electronic leakages in electrolysis
operation, based on doping and-doping strategies in barium ete and zirconate
systems. Emphasis will be placed not only in improving the efficiency but also the
durability of such materials. The project will demonstrate the manufacturing of material
and electrolyte at laboratory level and it will study the mairctrea mechanisms
developing models for their understanding and to support the pathways for concept
application and scaling up. The project departs from results presented in literature this
year that are fully aligned with capacities and previous experadnite participating
R&D teams. The project will go further from these results extending the material
compositions to develop, tailoring them to specific applications, widening the
understanding of the reactions mechanisms and the effects of mateneddl &s the
operation in the materials (i.e. degradation and aging effects). From this approach, within
the project new models are expected to be developed and validated and the integration
of the concept in different applications will be assessed. Thétiamlbf the project
requires a multidisciplinary approach that is developed by two R&D teams, from Material
Science and Energy Engineering areas with all the capacities required for the successful
development of the project: manufacturing, testing maagliand develop the new
concepts and with expertise in materials processing and characterization,
electrochemical models, and energy storage systems.
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Materiales biomérficos para Biomorphic materials for energy
almacenamiento de energia storage (BioMatStor)

Union Europea

> =
Fondo Europeo de  Andalucia -
Desarrollo Regional Se mueve con Europa

Junta de Andalucia

CédigoLode: P20 011860 PAIDI 2020

PeriodoPeriod 05-10-2021/ 31-12-2022

Organismo Financiadétihancial source | Junta de Andalucia

Importe total/Total amount 1065504

Investigador responsabiietsearch head| Joaquin Ramirez Rico

ComponentedResearch group Maria Dolores Alba Carranza, Alfonso
Bravo Ledn, Manuel Jiménez Melendo
Esperanza Pavon Gonzélez

RESUMEN / ABSTRACT

El objetivo principal de esta propuesta es desarrollar materiales de carbono a
medida para aplicacioneslacionadas con tecnologias energéticas y medioambientales,
con un enfoque en tres aplicaciones principales: almacenamiento de energia, soportes de
catalizador en pilas de combustible y electrolizadores y el almacenamiento y captura de
gas, especialmentbidrogeno y dioxido de carbono. Proponemos producir estos
materiales mediante pirdlisis de desecho de biomasa y otros residuos organicos. El uso
de biomasa como precursor en la sintesis de materiales tiene interés dada su abundancia
y bajo costo, y preseatuna oportunidad para convertir los residuos de la industria
agroalimentaria local en un producto de alto valor afiadido.

BioMatStor desarrolla | + D en diferentes niveles de aplicacion: fundamental para
la caracterizacion y fabricacion de la ciencia slenlateriales, y ciencia aplicada para el
modelado y caracterizacion de sistemas de almacenamiento de energia. Este proyecto
combina ciencia de materiales e ingenieria energética con el objetivo de obtener
materiales de alto rendimiento para una amplia gdenaplicaciones en la produccién y
almacenamiento de energia. Proponemos un enfoque multidisciplinar que tiene su base
en la excelencia cientifica, responde a los desafios sociales y puede resultar en una
transferencia de tecnologia significativa a lasind. Este proyecto también aborda los
objetivos socieestratégicos de Horizonte 2020, ya que tiene como objetivo contribuir a
la mejora de nuestro entorno a través de la ciencia avanzada y la investigacion
multidisciplinar, y esta totalmente alineada dos objetivos y politicas de la Union
Europea, Horizon2020, SET Plan y los objetivos RIS3 de la region de Andalucia.

Biomass derived carbon materials will play a key role in several energy conversion
and storage technologies in the future, with application in supercapacitors and batteries,
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power-to-X systems (fuel cells and electrolyzers), CO2 and H2 storage. Large &moun

of biomass waste are generated in local agrofood industries. Among these wastes, the
overall estimated production of olive stones in Spain is approximately 1,050,000
1,400,000 tons per year (campaign of 2017). The main use of this byproduct has been as
solid biofuel for domestic applications, but given its abundance and low cost, this project
presents an opportunity to convert what is considered waste into an added value
product.

This proposal ds main objective is to
applications related to energy and environmental technologies, with a focus on three main
applications: i) electrochemical energy storage; ii) catalyst supports in fuel cells and
electrolyzers; iii) and gas storage and capture, with a focus on both hgdrodearbon
dioxide storage and separation processes. The main proposed synthesis approach for
these materials will be the pyrolysis of biomass precursors, with a focus on biomass waste
products such as grain husks, peels, pits and stones and othercongete. A first
objective will be to perform a survey of readily available biomass waste materials from
regional agrofood industries. A second objective will be the investigation and optimization
of pyrolysis and activation routes to obtain carbon mdtewnath tailored properties for
each of the applications targeted in this project. Lastly, a third objective is to assess the
applicability and the potential for the application of these materials at commercial scale.

Extensive physical and chemical charézation of the obtained carbon materials
will be performed and testing of the resulting materials for the targeted applications will
allow us to tailor the processing parameters. A sogleanalysis, with definition of
materials integration and systene®nfigurations will be performed by means of
simulations, as well as technological and industrial applicability evaluation and assessment
of the feasibility of the proposed approach in the large scale. BioMatStor develops R&D
at different levels of applitan: fundamental for materials science characterization and
manufacturing, and applied science for energy storage systems modeling and
characterization. This Project combines Materials Science and Energy Engineering with
the goal of obtaining highly pemioing materials for a wide range of applications in energy
production and storage. Such a proposal requires a multidisciplinary approach, as
evidenced in the research team and collaborators. We propose a multidisciplinary
approach which has its foundatiorscientific excellence, responds to societal challenges
and may result in a significant technology transfer to the industry. This project also
addresses the socstrategic goals of Horizon 2020 as it aims to contribute to the
improvement of our environent through advanced science and multidisciplinary
research. It is fully aligned with the objectives and policies of European Union, the Energy
Union Energy, H2020, SET Plan and Andalucia region RIS3 objectives
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B OTROSPROYECTOY OTHERPROJECTS

Aspectos genéticos y biofisicos de la formacién de la cuticula del fruto de

tomate
Caodigolode: RTI201809427%B-C22
PeriodoPeriod 01-01-2019/ 3112-2021

Organismo Financiadétihancial source Ministerio de Ciencia, Innovacion y
Universidades

Importe total/Total amount 193.600

Investigador responsableZsearch head Eva Maria Dominguez Carmona (IHSM) y
Rafael Fernandez Mufoz (IHSM)

Participante del ICMS como investigadodosé Jesus Benitez

B CoNVENIOS YCONTRATOS CONTRACTS ANDAGREEMENTS

Development of a coating for fruits and vegetables derived from aleuritic acid

PeriodoPeriod 26-12-2019/ 26-05-2021
Organismo Financiadétihancial source  DECCO WORLDWIDE POST
Importe total/Total amount 28.798t

Investigador responsablieZsearch head José Jesus Benitez

B PATENTES PATENTS

Sensor luminiscente para la monitorizacion de residuos radioactivos y uso del

mismo

Inventores: Esperanza Pavon Gonzalez, Maria Dolores Alba Carranza, Maria José Garcia
Jiménez

Tipo de Patentetnternacional

Numero de SolicitudPCT/ES21/070313

Fecha Solicitud de mayo de 202

EntidaesTitulares Universidad de Cantabria, Consejo Superior de Investigaciones
Cientificas
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B ArTiCcULOPUBLICADOS ENREVISTASSCI/ PAPERSIN SCIJOURNALS

Pb?", Cd** and Hg?* removal by designed functionalized swelling high-charged
micas

Osuna, FJ; Péam, E; Alba, MD

Science of The Total Environpvdat (2021)142811

Abril 2021| DOI: 10.1016/j.scitotenv.2020.142811

R o

>

S

« @

S
m@m

';'o

The increasing accumulation of toxic hematals in the environment has generated the need of
efficient removal systems, being the adsorption method the most popular one applied in aqueous
solutions. Of particular concern is the case of' PEd* and Hg" due to their high potential
hazard. In tfs paper, we describe the feasibility of a new family of nanomaterials, swelling high
charge micas, in the removal of these cations from aqueous solutions. Batch adsorption
experiments were carried out in the -asade micas, Nak] and after functionalizatiowith
ethylammonium, EAMn, and mercaptoethylammonium, M&A. The results have
demonstrated that all of them are efficient heavy metal adsorbents, beiig2Nhe best
adsorbent for Pt and Cd*, and, MEAM2 for H¢f*.

Waterproof -breathable films from multi -branched fluorinated cellulose esters
Tedeschi, GGuzméanPuyol, S; Ceseracciu, Renitez JJ; Goldoni, L; Koschella, A; Heinze, T;
Cavallo, G; Dichiarante, V; Terraneo, G; Athanassiou, A; Metrangolo, P; Hégelieero, JA
Carbohydrate Polymeg] (2021) 118031

Noviembre 2021 DOI: 10.1016/j.carbpol.2021.118031

Cellulose ester films were prepared by esterification of cellulose with a multibranched fluorinated
carboxylic acid, "BRFA" (BRanched Fluorinated Acid), at different anhydroglucd3eFRit

ICMS — memoria 2021 | 97



I ENGINEERED CERAMICS FOR EXTREME ENVIRONMENTS

Cellulose Cellulose ester
CF;
OH O g .
EXLBI 2 5]
COOR

molar ratios (i.e., 1:0, 10:1, 5:1, and 1:1). Morphological and optical analyses showed that
celluloseBRFA materials at molar ratios 10:1 and 5:1 formed flat and transparent films, while the
one at 1:1 M ratio formed rough and translucent filmsgi@es of substitution (DS) of 0.06, 0.09,

and 0.23 were calculated by NMR for the samples at molar ratios 10:1, 5:1, and 1:1, respectively.
ATRFTIR spectroscopy confirmed the esterification. DSC thermograms showed a single glass
transition, typical of antphous polymers, atl1 degrees C. The presence of BRFA groups shifted
the mechanical behavior from rigid to ductile and soft with increasing DS. Wettability was similar
to standard fluoropolymers such as PTFE and PVDF. Finally, breathability and veemwere
characterized and found comparable to materials typically used in textiles.

Structural Evolution in Iron -Catalyzed Graphitization of Hard Carbons
GomezMartin, A; Schnepp, Z; Rdraz-Rico, J

Chemistry of Materia3 (2021)30873097

Mayo2021| DOI: 10.1021/acs.chemmater.0c04385
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Despite the recent interest in catalytic graphitization to obtain gragikigenaterials from hard

carbon sources, many aspects of its mechanism are still poorly unknown. We performed a series
of in situ experimets to study phase transformations during graphitization of a-deatwbn
precursor using an iron catalyst at temperatures up to 1%0and ex situ total scattering
experiments up to 2000C to study the structural evolution of the resulting graphitizadbon.

Our results show that upon heating and cooling, iron undergoes a series of reductions to form
hematite, magnetite, and wustite before forming a carbide that later decomposes into metallic
iron and additional graphite and that the graphitizationtiladncreases with increasing peak
temperature. Structural development with temperature results in decreasing sheet curvature and
increased stacking, along with a decrease in turbostratic disorder up to °T&08ligher
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graphitization temperatures resuh larger graphitic domains without further ordering of the
graphene sheets. Our results have implications for the synthesis of novel biemasd carbon
materials with enhanced crystallinity.

Swelling layered minerals applications: A solid state NMR overview
Pawn, E; Alba, MD

Progress in Nuclear Magnetic Resonance Specti@zc(3521)99-128
Junio2021| DOI: 10.1016/j.pnmrs.2021.04.001
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Swelling layered clay minerals form an importantgnaup of the phyllosilicate family. They are
characterized by their ability to expand or contract in the presence or absence of water. This
property makes them useful for a variety of applications, ranging from environmental
technologies to heterogaeous catalysis, and including pharmaceuticahdnodtrial applications.

Solid State Nuclear Magnetic ResonanceNM®R) has been extensively applied in the
characterization of these materials, providing useful information on their dynamics and structure
that is inaccessible using other characterizatiethods such as-Xay diffraction. In this review,

we present the key contributions of $8/R to the understanding of the mechanisms that govern
some of the main applications associated to swelling clay minerals. The article is divided in two
parts. The fist part presents SEMR conventional applications to layered clay minerals, while
the second part comprises anrdepth review of the information that 98VIR can provide about

the different properties of swelling layered clay minerals.
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Zinc Polyaleuritate lonomer Coatings as a Sustainable, Alternative Technology
for Bisphenol A -Free Metal Packaging

Morselli, D; Cataldi, P; Paul, UC; CeseracciBenitez JJ; Scarpellini, BuzmanPuyol, S;
Heredia, A; Valentini, P; Pompa, PP; Martktpez, D;Athanassiou, A; Heredi@uerrero, A
ACS Sustainable Chemistry & Enginee(#i1)1548415495

Noviembre2021| DOI: 10.1021/acssuschemeng.1c04815
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Sustainable coatings for metal food packaging were prepared from ZnO nanoparticles (obtained
by the thermal decomposition of zinc acetate) and a naturally occurring polyhydroxylated fatty
acid named aleuritic (or 9,10A8hydroxy-hexadecanoic) acid. Botbomponents reacted,
originating under specific conditions zinc polyaleuritate ionomers. The polymerization of aleuritic
acid into polyaleuritate by a solvenee, melt polycondensation reaction was investigated at

different times (15, 30, 45, and 60 mirtemperatures (140, 160, 180, and 20Q), and

proportions of zinc oxide and aleuritic acid (0:100, 5:95, 10:90, and 50:50, w/w). Kinetic rate
constants calculated by infrared spectroscopy decreased with the amount of Zn due to the
consumption of reactivearboxyl groups, while the activation energy of the polymerization
decreased as a consequence of the catalyst effect of the metal. The adhesion and hardness of
coatings were determined from scratch tests, obtaining values similar to robust polymers with

high adherence. Water contact angles were typical of hydrophobic materials with ¥204@s
Both mechanical properties and wettability were better than those of bisphenol A-{B2iBaj

resins and most likely are related to the low migration values detednising a hydrophilic food
simulant. The presence of zinc provided a certain degree of antibacterial properties. The
performance of the coatings against corrosion was studied by electrochemical impedance
spectroscopy at different immersion times in amemus solution of NaCl. Considering the

features of these biobased lacquers, they can be potential materials for bispHesmIrdetal
packaging.

Zirconium retention for minimizing environmental risk: Role of counterion and
clay mineral

Montes, L; Pain, E; Cota, A; Alba

Chemospherg67 (2021)128914

Marzo2021| DOI: 10.1016/j.chemosphere.2020.128914

Zr(IV) together with U(IV) are the major components of highel radionuclide waste (HLRW)
and spent nuclear fuel (SNF) from nuclear power plants. Thus, their retention in the waste
disposal is of great importance for the environmental risk control. Haeejnfluence of clay
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minerals on the retention of Zr(IV), as component of the nuclear waste and as chemical analogues
of U(IV), has been evaluated. Three clay minerals, two bentonites and one saponite, were
hydrothermally treated with three zirconiusalts. A structural study at lomgnge order by X

ray diffraction and shontange order by NMR was performed to evaluate the generation of new
zirconium phases and degradation of the clay minerals. Three immobilization mechanisms were
observed: i) catioexchange of Zr& or Zr** by clay minerals, ii) the precipitation/crystallization

of ZrO,, and, iii) the chemical interaction of zirconium with the clay minerals, with the formation

of zirconium silicates.

Impact of flame confinement with inert ceramic foams on the particulate
emissions of domestic heating systems

Ciria, D; Orihuela, MP; Becerra, JA; Chacartegui, R.jrBzsRico, J

Fue) 304 (2021) 12264

Noviembre 2021 DOI: 10.1016/j.fuel.2021.121264

Small solid biomass combustion systems are athengain contributors to the global particulate
emissions share, and cheap, efficient abatement systems are not yet available for them. The
placement of inert porous material to confine the combustion region is being recently explored
as a possible mitiian system for this kind of pollution. However, given the complexity of
biomass thermochemical decomposition processes, it is challenging to justify the performance of
these systems on the basis of a physicochemical understanding. A foundational ekjbasedtn

study is carried out in this work to understand how combustion confinement affects the
particulate emissions production mechanisms. A combustion unit was designed and built to
systematically test ceramic foams with different porosities: keepirggardrairflow and fuel feed

rates. A comprehensive characterisation study was carried out on the solid biomass fuel, the
temperature profile, the particulate emissions, and the remaining solid residue. The results
evidenced that the use of foams has a wutigl impact on the temperature distribution in the
combustion chamber. The higher the cell density of the foam, the higher and more homogeneous
are the temperatures reached in the combustion bed. This fact improved the thermal
decomposition process ohé pellets due to a better afuel mixture, leading to a reduction of

the solid particulate matter emissions by more than 70%. These findings suggest that the use of
an inert porous material above the combustion region might be a feasible solutiortifarl gt
emission control in smadize biomass combustion technology.
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Pectin-cellulose nanocrystal biocomposites: Tuning of physical properties and
biodegradability

Moreno, AG; GuzméanPuyol, SPominguez E;Benitez JJ; Segado, P; Lauciell&;&seracciu,
L; Pords-Vazquez IJM;LednReina, L; Heredia, A; Hered@uerrero, JA

International Journal of Biological Macromo|e@0g2021)709-717

Junio2021| DOI: 10.1016/j.ijbiomac.2021.03.126

The fabrication of pectiaellulose nanocrystdCNC) biocomposites has been systematically
investigated by blenithg both polysaccharides at different relative concentrations. Circular free
standing films with a diameter of 9 cm were prepared by simple solution of these carbohydrates
in water followedby drop-casting and solvent evaporation. The addition of pectin allows to finely
tune the properties of the biocomposites. Textural characterization by AFM showed fibrous
morphology and an increase in fiber diameter with pectin content. XRD analysis dextezhs

that pectin incorporation also reduced the degree of crystallinity though no specific interaction
between both polysaccharides was detected, by AFRIR spectroscopy. The optical properties

of these biocomposites were characiieed for the first ime and it was found that pectin in the
blend reduced the reflectance of visible light and increased UV absorbance. Thermal stability,
analyzed by TGA, was improved with the incorporation of pectin. Finally, peghidose
nanocrystal biocomposites shotve@ good biodegradability in seawater, comparable to other
common bioplastics such as cellulose andrusecular weight polylactide, among others.

Designed organomicaceous materials for efficient adsorption of iodine
Osuna, FJ; Pém, E; Pazos, MC; AlbMD

Journal of Environmental Chemical Engin8d2081)106577

Diciembre2021| DOI: 10.1016/j.jece.2021.106577

The anionic iodiné has a significant contribution to overall laagn dose resulting from the
nuclear waste storage and its immobilization by clay barrier is crucial. Organoclays have been
tested as ideal adsorption materials, being the clay layer charge and the lertgfiearidrganic
molecules the most relevant parameters affecting the adsorption. In this work, a family of
designed organomicas are explored in term of iodine adsorption capacity. Their adsorption
capacities were always higher than that of the traditiolagis and organoclays.s®14 shows a
maximum monolayer adsorption capacity one order of magnitude higher than natural
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organoclays, with a free energy typical of physical adsorption and adsorption sites of high affinity.
However, its surface is not homageous in terms of stability constant according to the Scatchard
adsorption parameters. Hence, this study can provide a guidance for the design and construction
of ultrahighcapacity iodine adsorbents.

Organophilization of acid and thermal treated sepiolite for its application in
BTEX adsorption from aqueous solutions

Varela, CF; Pazos, MC; Alba, MD

Journal of Water Process Enginedfl{g021)101949

Abril 2021| DOI: 10.1016/j.jwpe.2021.101949

0K T ay, Popripac ater s

g s Duirpnin (agen iy
Dadely ¥l
Ggigls e

N4 A SENeH

Ovgpare repaing Cvgano wapeobte

Acid and thermal treated sepiolite wasganophilized by cationic exchange with several
alkylammonium cations (octylammonium, hexadecylammonium, tetradecyltrimethylammonium,
and hexadecyltrimethylammonium). The adsorption capacity of BTEX from aqueous solutions
was evaluated through the adsdmpt isotherms performed in batch. The results were analysed
using three isotherm models: Freundlich, Langmuir and DuBiadushkevich (IR model). The
behaviour of adsorption isotherm suggested the multilayer coverage on a heterogeneous surface,
which isaccording to the Freundlich isotherm model. The thermodynamic analyse usingRhe D
model show that physical mechanisms govern the process. The maximum adsorption capacity of
BTEX on the obtained materials was in the range values of 81.19 af#g8.42 mg ¢, which

are higher than those reported up to now. The orgasapiolite materials exhibit a high potential

in the adsorption of BTEX compounds from aqueous solutions.

Mechanical Performances of Isolated Cuticles Along Tomato Fruit Growth and
Ripening

Benitez JJGuzmanPuyol, S; Vilaplana, F; Here@aerrero, JADominguezE; Heredia, A
Frontiers in Chemistfy?2 (2021)787839

Diciembre2021| DOI: 10.3389/fpls.2021.787839

The cuticle is the most external layer that protects fruits from the environment and constitutes

the first shield against physical impacts. The preservation of its mechanical integrity is essential to
avoid the access to epidermal cell walls and to prewasds loss and damage that affect the
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commercial quality of fruits. The rheology of the cuticle is also very important to respond to the
size modification along fruit growth and to regulate the diffusion of molecules from and toward
the atmosphere. The méanical performance of cuticles is regulated by the amount and
assembly of its components (mainly cutin, polysaccharides, and waxes). In tomato fruit cuticles,
phenalics, a minor cuticle component, have been found to have a strong influence on their
mechaical behavior. To fully characterize the biomechanics of tomato fruit cuticle, transient
creep, uniaxial tests, and multi strain dynamic mechanical analysis (DMA) measurements have
been carried out. Two weldlifferentiated stages have been identified. #&tyestages of growth,
characterized by a low phenolic content, the cuticle displays a soft elastic behavior. Upon
increased phenolic accumulation during ripening, a progressive stiffening is observed. The
increment of viscoelasticity in ripe fruit cutiklkas also been associated with the presence of
these compounds. The transition from the soft elastic to the more rigid viscoelastic regime can
be explained by the cooperative association of phenolics with both the cutin and the
polysaccharide fractions.

By-products revaluation in the production of design micaceous materials
Mouchet, A; Raffin, F; Cota, A; Osuna, FJoRa; Alba, MD

Aplied Clay Scien2é4 (2021)106292

Noviembre2021| DOI: 10.1016/j.clay.2021.106292

One of the main objectives ofsaistainable development and circular economy is the recycling of
by-products generated in industrial and agricultural production processes. One of the possible
solution is the use of such-pyoduct materials in the synthesis of environmental adsorbents.

the current research, we present the synthesis of a high charge swelling mica with enhance
adsorbent properties from blast furnace slag and rice husk ash. Moreover, to ensure the
sustainable synthesis a natural bentoniteis used as Si and Al sour¢ceh&husrent study
investigated the fabrication of swelling high charged micadiriN@ (layer charge) = 2 or 4),

from FEBEX bentonite, blast furnace slag and rice husk ash thorough the NaCl melt method. The
reaction yield, cation framework distributiaand structural characteristic of micas have been
studied thorough Xray Diffraction and Solid State Nuclear Magnetic Resonance. The yields of
Na-Mn synthesis and degree of purity of the mica depends on the nature of these precursors.
Thus, a sustainablegm-expensive and environmental friendly process has been evaluated.
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New Trends in Nanoclay -Modified Sensors
Pawn, E; Marin-RodriguezR; Perdign, AC; Alba, MD
Inorganic® (2021)43

Junio2021| DOI: 10.3390/inorganics9060043

Electrochemical NanoClay Sensors Optical
methods

i xRN aNar Ve
Environmental Biomedical
Applications ; E E Applications

Nanoclays aravidespread materials characterized by a layered structure in thesteaie range.

They have multiple applications in diverse scientific and industrial areas, mainly due to their
swelling capacity, cation exchange capacity, and plasticity. Due to the eatltange capacity,
nanoclays can serve as host matrices for the stabilization of several molecules and, thus, they can
be used as sensors by incorporating electroactive ions, biomolecules as enzymes, or fluorescence
probes. In this review, the most recespplications as bioanalyte sensors are addressed, focusing
on two main detection systems: electrochemical and optical methods. Particularly, the application
of electrochemical sensors with clmpodified electrodes (CLME) for pesticide detection is
descrbed. Moreover, recent advances of both electrochemical and optical sensors based on
nanoclays for diverse bioanalytes' detection such as glucg®e, dtganic acids, proteins, or
bacteria are also discussed. As it can be seen from this review, hanaolagsome a key factor

in sensors' development, creating an emerging technology for the detection of bioanalytes, with
application in both environmental and biomedical fields.

B CONGRESOS YREUNIONESINTERNACIONALES INTERNATIONALC ONGRESS
AND MEETING

COMUNICACIONES / COMMUNICATIONS

#Lati nXChem Twitter Conference 2021
20 septiembrelMéxicd

Obtencion y caracterizacion de formas micro -mesoposas deuna clinoptilolita
natural y su empleo en la adsorcion de colorantes

K. Borrego, L. Carrasco,NMeheau, M.D. Alba, A.RuizSalvador, Faias

Poéster

Zeolita A jerarquizada para la remocién de antibiéticos

R.l. Meneau, J.A. Millan, K. Borrego, M.BM.DigAlbarT. Faias
Péster
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TOPFULE 2021
6-10 junio[Santander, Espafia

Adsorption of Eu®" in high-charge micas: dual functionality as radioactive
waste encapsulation and in-situ luminescent sensor

R. Martin Rodriguez, A. Perdigén, F. Aguado, R. Valiente, M.D. Alba, E. Pavén
Poéster

B FORMACION / TRAINING

FORMACION DE GRADUADOS/ MASTERDEGREEIHESIS

Titulo: Nanoadsorbentes de disefio para la eliminacion de
contaminantes en agua / Designed nanoadsorbents for
water remediation

Autor: Jonatan Guarino Suarez

Tutores: Esperanza Pavén Gonz3aléaaquirRanirez Rico
Grado: Trabajo Fin dé&rado

Centro: Universidad de Sevilla

Fecha Defensa: 12 diciembre 2021

B DoceNCIA / TEACHING

Investigadores de esta unidad participan en el Master en Ciencia y Tecnologia de Nuevos
Materialesy en titulaciones de Grado y doble Goade la Universidad d8evilla(ver
ACTIVIDADES DIVULGATIVAS Y FORMATIYAS

B EQuiPAMIENTOCIENTIFICO AVAILABLEEQUIPMENT

- Horno tubular hasta 120tC

- Horno tubular en atmdsfera controlada hasta 1700
- Horno de Camara hasta 1650

- Horno de Camara hasta 1200

- Estufa hastd00°C
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Estufa hasta 20

Caja de guantes

Reactores hidrotermales

Linea de vacio

3 microscopios AFM

Microscopio STM en aire

Calorimetro diferencial de barrido (DSC)
Analizador mecanico dinamico (DMA)
Maquina de ensayos mecanicos por traccion
Analizador @ angulo de contacto
Balanza LangmeuBlodgett (LB)

Spin coater
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B PROYECTOS DENVESTIGACION/ RESEARCHPROJECTS

I ntegraci -n de | a|SolarCalcium-looping integRAtion
| oo pi nptaritas solares para el for Thermo -Chemical Energy
almacenamiento termoquimico de Storage
energia

*x* *

** S’ CRATCES

* 4 *
CodigoLode 727348
PeriodoPeriod 01-01-2018/ 31-12-2021
Organismo Financiadéiihancial source | ComisionEuropea. EUROPEAID
Importe total/Total amount 22350 0
Investigador responsabletsearch head| Luis Allan Pérez Maqueda
Componentedkesearch group Maria Jesus Dianez Millan, Pedro Enrig

Sanchez Jiménez

RESUMEN / ABSTRACT

El almacenamiento denergia es uno de los mayores desafios para aumentar la
viabilidad a corto plazo de las plantas de energia solar concentrada (CSP), que
generalmente se caracterizan por su intermitencia en la produccion de energia. El
proceso Calooping (CaL) basado enr&accion reversible de carbonatacion/calcinacion
del CaO es una de las tecnologias mas prometedoras para el almacenamiento
termoquimico de energia (TCES). La amplia disponibilidad en la naturaleza de piedra
caliza (CaCg) y SsSu baj o pr e cfactores(clavé paratel déspliegoen )
comercial de la tecnologia Cal.

SOCRATCES tiene como objetivo demostrar la viabilidad de la integraciéen CSP
CaL mediante la construccion de una planta a escala piloto que utiliza materiales baratos,
abundantes y no toxisp asi como tecnologias actualmente en uso en la industria, como
los reactores de lecho fluidizado y los intercambiadores de calor.

El objetivo global de SOCRATCES es desarrollar un prototipo que reduzca los
riesgos a la hora de ampliar la tecnologia Calscala global y resuelva cuestiones
abiertas; comprender mejor y optimizar las eficiencias operativas que podrian obtenerse,
con el objeto de habilitar plantas de CSP altamente competitivas y sostenibles.

Energy storage is one of the greatest challerfgesa shortterm deeper
penetration of Concentrating Solar Power (CSP) plants, which are usually characterized
by the intermittency of power production. The @aoping (Cal) process based upon
the reversible carbonation/calcination of CaO is one of thet im@snising technologies
for thermochemical energy storage (TCES). The wide availability of natural limestone
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(@mostpureCaC¢) and its | ow price (<10t/ton) &
the Cal process.

SOCRATCES is aimed at demonstrating gasibility of the CSEaL integration
by erecting a pilescale plant that uses cheap, abundant andtoxic materials as well
as mature technologies used in the industry, such as fluidized bed reactor, cyclones or
gassolid heat exchangers.

SOCRATCES dgbal objective is to develop a prototype that will reduce the core
risks of scaling up the technology and solve challenges; further understanding and
optimise the operating efficiencies that could be obtained; with the leteger goal of

enabling highly copetitive and sustainable CSP plants.

Demostracion en entorno relevante
del uso de reacciones de calcinacion
solar/carbonatacion para el
almacenamiento de energia térmica

Validation in a relevant environment
of solar-calcination/carbonation
reactions for thermal energy storage

MINISTERIO
DE CIENCIA
E INNCVACION

Financiado por
la Unién Europea
NextGenerationEU

* gk

AGENBIA\,
ESTATAL DE

INVESTIGACION

CaodigoLode

PDC2021121552C21

PeriodoPeriod

01-12-2021/ 30-11-2023

Organismo Financiadéiihancial source

Ministerio deCiencia e Innovacion

Importe total/Total amount

68.770 1

Investigador responsablie¢searcinead

Luis Allan Pérez Maquedzedro Enrique
Sanchez Jiménez

Componentedkesearch group

Juan Jesus Arcenegui Troya, Antonio

Perejon Pazo

RESUMEN / ABSTRACT

Espafia es uno de los paises europeos con mayor irradiacion solar igelia y
mundial en implantacion de Energia Solar Concentrada (CSP). Una ventaja de la
tecnologia CSP es su capacidad de almacenar energia térmica y usarla cuando no hay
irradiacion. La plantas CSP de ultima generacion incluyen sistemas de almacenamiento en
saledfundidas (calor sensible) gpeesentaniimitaciones: temperatura maxima limitada
por degradacion térmica, almacenaje a alta temperatura para evitar solidificacion,
corrosion y coste. En nuestro proyecto CTQ2017 se investigd el almacenamiento
termoquimico mediante reacciones de calcinacion/carbonatacién, proceso calcium
lopping (CaL), usando caliza natural, que es abundante, barata, no corrosiva y permite
operar a alta temperatura aumentando la eficiencia de conversion termoeléctrica. Su

densidad energétiqal MWhr/m?) es superior al de las sales (6280 MWhr/nf). Un
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problema del CaL para almacenamiento termoquimico es la desactivacion del CaO con
el nimero de ciclos. En nuestro proyecto CTQ2017 se propusieron diversas estrategias
de mejora con las que gonsiguieron rendimientos muy altos incluso después de muchos
ciclos: (i) cambio de condiciones de calcinacambonatacion (reduccion de la
temperatura de calcinacion e incrementar la de carbonatacion para mejorar el
rendimiento tanto del proceso comae la planta) y (ii) propuesta de otros carbonatos
diferentes de la caliza, uso de aditivos, uso de residuos (escorias) y materiales sintéticos
de bajo coste. Estos resultados de laboratorio son de extraordinario interés para su
aplicacion a plantas de CSfero para su transferencia se requiere de validacion en
entorno relevante. En este proyecto se propone escalar los resultados de laboratorio
mediante ensayos en planta piloto, el desarrollo y ensayo de un nuevo calcinador solar,
asi como la evaluacion die viabilidad técniececondmica de la tecnologia a escala
industrial. En este proyecto se desarrollard una prueba de concepto de un novedoso
reactor/intercambiador de calor de tipo ciclén basado en energia solar. La radiacion solar
concentrada alcanzard ealcinador solar tipo ciclon mediante un sistema bdawn
(concentrador solar secundario) desde el campo solar, formado por 14 heliostatos con
una superficie total de 30°nde la planta piloto construida en el marco del proyecto
H2020 SOCRATCES, en eli@ han participado la mayor parte de los miembros del
equipo de investigacion del proyecto coordinado. El estudio y desarrollo de esta prueba
de concepto permitira establecer la viabilidad del disefio y demostrar su interés a
empresas del sector energétigalel cemento de cara a una futura integracion de energia
solar, en busca de una reduccion de costes y emisiones deSE@arte de estudios a

nivel de concepto desarrollados en el proyecto CTQ2017 con nivel de madurez
tecnolégica TRL 4, y se estima qeeavanzara hasta niveles TRB.5e realizara un
analisis de la viabilidad econémica de la implantacion de los nuevos conceptos propuestos
en el marco del proyecto CTQ2017 y se elaborara un plan de transferencia. Este plan
recogera las acciones a llevarado para favorecer una transferencia efectiva al sector
industrial. Ademas, dado el potencial de patentabilidad de la tecnologia objeto del
proyecto, una vez probada en escala relevante (prueba de concepto), se desarrollara un
plan de explotacion y proteion de derechos intelectuales.

Spain is one the European countries with the largest solar irradiation and world
leader in concentrated solar power (CSP). A significant advantage of CSP technology is
its ability to store thermal energy to be used wheerthis no irradiation. Last generation
CSP plants include a storage system based on molten salts (Sensible Heat Storage) that
show certain limitations: maximum temperature limited by thermal degradation, storage
at high temperature to prevent solidificatiocorrosion, costs. In our CTQ2017 project
we investigated on thermochemical energy storage by calcination (carbonation reactions,
calcium looping (Cal) process, using limestone, which is abundant, cheaprmsive,
and allows high temperature opeati increasing the thermoelectric efficiency of the
plant. Its energy density (~1 MWhrfis larger than that of salts (0-2540 MWhr/).

A limitation of Calfor energy storage is the deactivation of CaO with the increasing
number of cycles. In our pregt CTQ20, we proposed severahprovementstrategies

for achieving high performance: (i) change of calcination/carbonation conditions
(calcination temperature decrease and carbonation temperature increase) and (ii)
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proposal of other carbonates differefrom limestone, use of additives, use of waste
materials (slags) and lesost synthetic materials. These lab results are of great interest
for its application in CSP, but it requires of validation in a relevant environment. In this
project we propose theale up of the lab results by tests in a pilot plant, the test of a
new solar calcinator and the evaluation of the techh@cahomic feasibility of the
technology on an industrial scale. Furthermore, a proof of concept of a novel solar power
based cyclonagype heat exchanger/reactor will bechievewithin the project. The
concentrated solar radiation will reach the cyckiyee solar calciner through a beam
down system (secondary solar concentrator) from the solar field, made up of 14
heliostats with a tatl area of 30 fifrom the pilot plant built within the framework of the
H2020 SOCRATCES project, in which most of the members of the research team of the
coordinated project have participated. The study and development of this proof of
concept will make ipossible to establish the viability of the design and demonstrate their
interest to companies in the energy and cement sectors with a view to a future integration
of solar energy in search of a reduction in costs angddéd@ssions. It is based on studies

at the concept level developed in the CTQ2017 project with a level of technological
maturity TRL 4, and it is estimated that it will advance to levels TRLAB analysis of

the economic viability of the implementation of the new concepts proposed in the
framework of the CTQ2017 project will be carried out and a transfer plan will be drawn
up. This plan will include the actions to be carried out to favor an effective transfer to the
industrial sector. In addition, given the potential for patentabilitiyeofechnology object

of the project, once tested on a relevant scale (proof of concept), a plan for the
exploitation and protection of intellectual rights will be developed

Integracién del proceso Ca-looping
en centrales de energia solar
concentrada para el almacenamiento
termo -quimico de energia

Integration of the Ca -looping process
in concentrated solar power plants
for thermochemical energy storage

]
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RESUMEN / ABSTRACT

El proyecto solicitado se enmarca dentro del reto general de encontrar nuevas
tecnologias de almacenamiento de energia baratas y no contaminantes que permitan
superar una de las limitaciones mayores de las fuentes renovables quéeesitencia
en la generacion de electricidad. En particular, en este proyecto se propone realizar una
integracion de la tecnologia de-@aping en una planta termosolar de concentracion.

La tecnologia de Glaoping, originariamente propuesta para procesie captura de

CO,, se basa en procesos de carbonataciéscarbonatacion (o calcinacién) de 6xido

de calciecarbonato calcico repetidos de forma ciclica. Nuestro grupo de investigacion
ha trabajado durante varios afios en esta tecnologia, con el objetmmgaender los
mecanismos de desactivacion conforme se incrementa el numero de ciclos. Asi, hemos
estudiado los mecanismos cinéticos de estos procesos y los cambios microestructurales
gue tienen lugar a medida que se ciclan los compuestos. En un progeadmado que
concluye a finales de afio (SOLARTEQH, Retos 2014) hemos realizado ya una propuesta
de integracion de Gaooping para almacenamiento de energia solar. Este proyecto ha
dado lugar a una propuesta H2020 (SOCRATCES) aprobada y que comenzara a
comienzos del afio préximo. En el proyecto CALSOLAR que ahora presentamos se
pretende avanzar mas en esta idea de integracion para incrementar los valores de
eficiencia termoeléctrica. El subproyecto 1 realizara las tareas de coordinacion de todo
el proyecto. Ademas, en el subproyecto 1 se realizara la seleccion, preparacion y
caracterizacion de los compuestos a utilizar en el proyecto. En este sentido, se trabajara
con empresas mineras que nos facilitaran distintas materias primas (principalmente calizas
y ddomitas) con diverso grado de pureza y cristalinidad. Se preparardn compuestos con
silicas nanoestructuradas obtenidas a partir de cascarilla de arroz (suministradas por
arroceras del valle del Guadalquivir). Se investigaran compuestos preparadosde partir
escorias de acerias (suministrados por dos empresas del sector afincadas en Andalucia)
gue son ricos en calcio para su aplicacion en ciclos de almacenamiento termoquimico. En
el subproyecto, se disefiara y construird un equipo termogravimétrico quetpermi
realizar experimentos en las condiciones realistas de los ciclos de almacenamiento
térmico. Asi el equipo permitira trabajar en condiciones de presioén absoluta controlada
de CO, y en vapor sobrecalentado. En dicho instrumento se realizaran los ciclos de
almacenamiento y se estudiaran las condiciones 6ptimas de dichos ciclos. Se investigaran
los mecanismos cinéticos de carbonatacion y descarbonatacion y se estudiaran los
cambios microestructurales durante el ciclado. El equipo de investigacion esta stampue

por personal con gran experiencia en las tareas propuestas y se cuenta con la
participacion de investigadores extranjeros con gran experiencia en reaccionegaslido

y en caracterizacion microestructural por microscopia de alta resolucion. Ademas,
paticipa una investigadora de la empresa Abengoa con extensa experiencia en
almacenamiento termoquimico en plantas solares. Se trabajara en este subproyecto de
forma totalmente coordinada con los investigadores del subproyecto 2 con idea de
establecer conjotamente las condiciones de proceso 6ptimas. Finalmente, los resultados
obtenidos del proyecto podran demostrarse en la planta piloto que se construye en el
marco del proyecto H2020 SOCRATCES
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The proposal deals with the general social challengmaihg new cheap and
environmentally friendly energy storage technologies to overcome the intermittency of
energy generation from renewable sources. Particularly, in this project we propose
integrating Cdooping technology within a thermosolar concentratplant. Ca_Looping
technology was originally proposed for €@apture and it is based on cycled
carbonationcalcination of calcium oxidmlcium carbonate. Our research group has
been working on this technology for several years with the objective ddratanding
the deactivation mechanisms as the number of cycles increases. Thus, we have studied
the kinetic mechanisms of these processes and the microstructural changes that takes
place during cycling. In a coordinated project that is about to finish yibar
(SOLARTEQH, Retos 2014) where we already proposed the integration-bbgang
for thermosolar energy storage. This project was the basis of a H2020 proposal
(SOCRATCES) that has been recently approved and that will start by the beginning of
2018. The project CALSOLAR is a step forward in the integration to increase the
efficiency of the plant. Subproject 1 will coordinate the new project. Moreover,
subproject 1 will select, prepare and characterize all compounds investigated in the
project. We willwork with mining companies that will provide the raw materials (mainly
limestone and dolomite) with different purities and crystallinity. Composite materials
with nanostructured silica obtained from rice husk (provided by rice mills from the
Guadalquiviarea) will be prepared. Compounds obtained from steel slags (supplied by
nearby steel mills) rich in calcium will be prepared. Within subproject 1, a new
thermogravimetric instrument to perform thermal storage cycles under realistic
conditions will be deghed and constructed in our laboratories. This instrument should
work under different controlled C@ pressures and under superheated steam. The
kinetic mechanisms of carbonation and decarbonation and the microstructural changes
will be investigated duringycling. The working team is experienced in the tasks of the
project while some additional external scientists will participate. Thus, two foreign
professors with solid backgrounds in saabk reactions and high resolution TEM are
collaborating with us. bteover, an industrial scientist from Abengoa with a very broad
experience in thermal storage and thermosolar power plants is also included in the team.
Both subprojects will work in a coordinated way with the aim of setting the optimum
conditions for thefinal application. Finally, the results of the project will be directly
applied to the pilot plant constructed within the H2020 SOCRATCES project.
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Procesado y Caracterizacion de
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RESUMEN / ABSTRACT

Laincorporacion de nanomateriales bidimensionales en materiales compuestos
de matriz ceramica esta aumentando en un esfuerzo para superar la inherente fragilidad
de las ceramicas y para conferirles nuevas funcionalidades. AUn existen cuestiones
abiertas en ste campo en cuanto a resistencia mecéanica, tenacidad a la fractura, cinética
de crecimiento de fisuras, comportamiento tribolégico, papel de fases interfaciales o
idoneidad para el electromecanizado, entre otras. Aunque las nanolaminas de grafeno
(NLG) sehan mostrado como una segunda fase muy adecuada, los nanomateriales
inorganicos analogos al grafeno podrian extender el rango de aplicabilidad de los
materiales con grafeno. El uso de nanolaminas de nitruro de boro (NLNB) en estos
compuestos es muy promedor y esta practicamente inexplorado.

Este proyecto propone un estudio sistematico de materiales compuestos con usos
en aplicaciones estructurales y funcionales, con dos matrices de circona estabilizada con
itria y dos tipos diferentes de nanomaterial®-danolaminas de grafeno o de nitruro
de boro para profundizar en la comprension de sus comportamientos mecanico y
eléctrico. Con este fin, se fabricardn materiales con matrices de circona tetragonal
dopada con 3 %mol de itria y circona cubica dopada itoa, persiguiendo una
microestuctura Optima con una distribucion homogénea de los nanomateriales 2D en
ambas matrices cerdmicas. Se investigaran en profundidad materiales con NLG para dar
respuesta a cuestiones abiertas en el conocimiento de estosiateget.a distribucion,
tamano e integridad estructural de las NLG se caracterizaran mediante difraccion de
rayos X, microscopia electrOnica de barrido y espectroscopia Raman, y las intercaras
entre las NLG y la matriz se caracterizardan mediante micrascelgictronica de
transmision. La resistencia mecanica, resistencia a la rotura, mecanismos de refuerzo y
cinética de crecimiento de grano en estos materiales se examinara en profundidad, y se
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establecera la mejor combinacion de ruta de procesado y cootdritiLG en términos

de refuerzo a la matriz. Se realizardn medidas de conductividad eléctrica en materiales
con diferentes contenidos de NLG y se evaluara la respuesta al electromecanizado de los
materiales eléctricamente conductores. Se realizaran tanmbétlidas de conductividad
eléctrica en funcion de la temperatura para describir las posibles variaciones en el tipo de
conduccion al aumentar el contenido en NLG. Por otra parte, se investigaran materiales
con NLNB con el objetivo de obtener una primenareximacion a la comprension de

este sistema. Con este fin, tras la sintesis de las NLNB usando una estrategia de mezcla
de disolventes para la exfoliacion en fase liquida de nanolaminas a partir de polvo de BN
hexagonal, se prepararan polvos con diferetantenidos de NLNB usando técnicas de
procesado de polvo en medio hiumedo. La caracterizacion microestructural de los
materi al es sinterizados medi ant e oOSpar k
microscopia electrénica de barrido y de transmision,adifibn de rayos X y
espectroscopia Raman. Se estudiaran propiedades como dureza, resistencia a la flexion y
resistencia al desgaste, y se realizaran ensayos mecanicos a alta temperatura. Se analizar:
la conductividad eléctrica en funcién de la temperapaia esclarecer el efecto de la
incorporacion de una segunda fase aislante en las fronteras de grano sobre el
comportamiento eléctrico de un conductor iénico.

Two-dimensional nanomaterials are being increasingly used as fillers in ceramic
composites in aeffort to overcome the inherent fragility of ceramics and to provide
them with new functionalities. There are open issues in the field of these composites
regarding their strength and fracture toughness mechanisms, crack growth kinetics,
tribological behaor, role of interfacial phases or suitability for electrical discharge
machining, among others. Although graphene nanosheets (GNS) are excellent fillers,
inorganic graphene analogues could extend the range of applicability of graphene ceramic
compositesThe use of boron nitride nanosheets (BNNS) as fillers in ceramic composites
is promising and practically unexplored.

This proposal outlines a systematic study of composites intended for use in
structural and functional applications, with two differentoeic matrices from the yttria
stabilized zirconia system incorporating two different 2D laminar nanomaterials
graphene or boron nitride nanosheetdo deepen in the understanding of their
mechanical and electrical behavior. To that end, composites withoB6 yttria
tetragonal zirconia and 8 mol% yttria cubic zirconia matrices will be fabricated, pursuing
an optimum microstructure with a homogeneous distribution of the 2D nanomaterials
throughout both ceramic matrices. On the one hand, ceramic compagitegraphene
nanosheets will be investigated in depth to complete the gaps in the current knowledge
of these materials. The distribution, size and structural integrity of the GNS will be
characterized by Xay diffraction, scanning electron microscopy aR@&man
spectroscopy while the interfaces between the GNS and the matrix will be characterized
by transmission electron microscopy. The strength, failure resistance, reinforcement
mechanisms and crack growth kinetics of these composites will be thoroxgintyned,
and the best combination of processing route and GNS content in terms of reinforcement
will be established. Electrical conductivity measurements of composites with different
GNS contents will be carried out at room temperature and the responssecirical
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discharge machining of the electrically conductive composites will be evaluated.
Conductivity measurements will be carried out also as a function of temperature in order
to describe the possible variations of conduction type when increasi@\Becontent.

On the other hand, ceramic composites with boron nitride nanosheets will be
investigated in order to get a first approach to the understanding of this system. For this
purpose, after the synthesis of the BN nanosheets using a 1soleent stategy for

liquid exfoliation of BNNS from-BN powder, composites with different contents of
BNNS will be prepared using wet powder processing techniques. The microstructural
characterization of the spark plasma sintered composites will be carried ocayirsg

and transmission electron microscopy;ray diffraction and Raman spectroscopy.
Mechanical properties as hardness, flexural strength and wear resistance will be studied
at room temperature, whereas deformation tests at high temperatures will lee als
performed. The electrical conductivity as a function of temperature will be analyzed in
order to clarify the effect of incorporating an insulating second phase at the grain
boundaries on the electrical performance of an ionic conductor.

Ceramicas enun Flash: La nueva ruta | Ceramics in a FLASH: The new route
para un procesado energética y for environmentally efficient ceramic
medioambientalmente eficiente processing

Union Europea /
s -

Fondo Europeo de  Andalucia -

Desarrollo Regional e mueve con Europa

Junta de Andalucia

CodigoLode P18FR1087

PeriodoPeriod 01-01-2021/ 31-12-2022

OrganismadFinanciadoffinancial source | Junta de Andalucia

Importe total/Total amount 99.700

Investigador responsable¢search head| Luis Allan Pérez Maqueda

ComponentesResearch group Maria Jesus Dianez Mill&=edro Enrique
Sanchez Jiménez

RESUMEN / ABSTRACT

El proyecto CeramFLASH propone la utilizacion de las novedosas técnicas de
Sinterizado Flash (FS) y Sinterizado Flash Reactivo (SFR) para la sintesis y preparacion de
ceramicas con interés tecnolédgico tales como electrolitos solidos, piezamiéctri
ceramicas duras electromecanizables. Estas técnicas permiten preparar materiales
ceramicos en segundos a temperaturas significativamente mas bajas que las requeridas
por las técnicas de sinterizado convencional simplemente haciendo circular paala pi
una muy pequefa intensidad de corriente eléctrica (de unos pocos miliamperios). Esta
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ventaja permite reducir de forma significativa el elevado consumo energético necesario
en el procesado de materiales ceramicos.

Adicionalmente, se posibilita la pregaion en forma densa y nanoestructurada
de cerdmicas muy dificiles de preparar mediante métodos convencionales, tales como
compuestos de baja estabilidad térmica 0 compuestos que requieren temperaturas de
sinterizado muy elevadas.

Finalmente, CeramFLASHgiende utilizar campos alternos con frecuencia de
oscilacion variable y métodos de control inteligente basados en la respuesta de la muestra
al campo para conseguir un mejor control de las caracteristicas microestructurales en las
ceramicas resultantes.pesar de que la técnica de FS se propuso por vez primera hace
solo 8 afios, y la SFR fue introducida en 2018 por nuestro grupo, el interés por este
proceso esta creciendo de forma importante por su gran potencial cientifico y
tecnolégico. CeramFLASH cuerttan la implicacion de personal con experiencia en la
técnica y la colaboracion activa del investigador pionero en su propuesta, por lo que su
financiacion permitira establecer una linea de investigacion a largo plazo que permita
consolidar en Andalucia grupo de referencia a nivel internacional en este ambito.

The CeramFLASH project proposes the novel ceramic processing techniques
Flash Sintering (FS) and Reaction Flash Sintering (RFS) for the synthesis and preparation
of ceramics with technological interest such as solid electrolytes, piezoelectric or hard
ceramics. These techniques allow the preparation of ceramic materials in mere seconds
at significantly lower temperatures than required by conventional sintering techniques
simply by circulating a small electric current under moderate electric fields. This
adwantage makes it possible to reduce the considerable energy consumption required
current ceramic processing techniques. Additionally, it facilitates the preparation of
ceramics difficult t@btainin dense and nanostructured form by conventional methods,
swch as compounds of low thermal stability or compounds that require very high sintering
temperatures.

Finally, CeramFLASH aims to use alternating fields with oscillation frequency as
well as intelligent control methods based on the sample response to ieftrexcontrol
of microstructural characteristics of resulting ceramics. Although the FS technique was
first discovered only 8 years ago, and the RFS was first proposed in 2018 by our group,
there is rising interest in this process due to its great saeeatitl technological potential.
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Nuevos materiales para el New materials for energy storage of
almacenamiento de Energia Solar Concentrated Solar Power using
Concentrada mediante Calcium - Calcium-Looping (SOLACAL)
Looping (SOLACAL) processes

Union Europea

: =
Fondo Europeode  Andalucia ##*
Desarrollo Regional Se mueve con Europa

Junta de Andalucia

CédigoLode: US 1262507
PeriodoPeriod 01-02-2020/ 30-04-2022
Organismo Financiadétihancial source | Junta de Andalucia
Importe total/Total amount 76.70014

Investigador responsablieZsearch head| Antonio Perejon Pazo y José Manuel
Valverde Millan (US)
Componentedkesearch group Maria Jesus Dianez Millan, Luis A. Pér
Magueda, Virginia Moreno Garcia

RESUMEN / ABSTRACT

En este proyecto se estudia el comportamiento de nuevos materiales basados en
CaO durante ciclos de calcinacién/carbonataé@alooping) en condiciones realistas
de almacenamiento de energia en centrales de energia solar concentrada (CSP).

Para simular las condiciones realistas se utilizan equipos termogravimétricos
capaces de emplear elevadas velocidades de calentamientoaynenito y diferentes
atmosferas de gases. De esta forma, los resultados obtenidos son realmente
representativos y podran ser extrapolados a las condiciones practicas de operacion en
plantas CSP.

Se estudia la reactividad multiciclica de muestras da gal@omita, a las que se
les realizan tratamientos mecanicos y con acido acético que pueden mejorar su actividad.
Ademas, se ha demostrado que la presencia de MgO en la dolomita calcinada estabiliza
térmicamente el CaO, por lo que se preparan dolomitai&tcas con distinto contenido
en MgO mediante tratamientos mecanicos y coprecipitacion con el objeto de encontrar
la cantidad optima de MgO que mejore la actividad multiciclica del CaO. Se estudian
asimismo otros materiales con los que se pueda aumdatalemperatura de
carbonatacién, como el SrGQ el BaCQ, lo que permitiria incrementar ain mas la
eficiencia termoeléctrica de las plantas CSP con almacenamiento termoquimico.

Un aspecto relevante de SOLACAL es que los resultados obtenidos seran
transfeidos de manera directa a la planta &SR. de demostracidbn que se esta
construyendo en Sevilla dentro del proyecto H2020 SOCRATCES iniciado en 2018 y
coordinado por la Universidad de Sevilla.
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This project is focused on the performance of new Ga&3ed naterials during
calcination/carbonation cycles (Caoping) under realistic energy storage conditions in
concentrated solar power plants (CSP).

In order to simulate realistic conditions, thermogravimetric instruments are used,
which are able of employiriggh heating and cooling rates and different atmospheres of
gases. In this way, the results obtained are truly representative and can be extrapolated
to practical operating conditions in CSP plants. The multicycle reactivity of limestone and
dolomite sampms is studied. These samples are modified by mechanical and acetic acid
treatments that can improve their reactivity. Moreover, it has been shown that the
presence of MgO in calcined dolomite thermally stabilizes CaO. Synthetic dolomites with
different MgOcontent are prepared by mechanical treatments ang@eipitation in
order to find the optimal amount of MgO that improves the multicycle activity of CaO.
Other materials in which the carbonation temperature can be increased, such as SrCO3
and BaCOg3, aralso studied, which would further increase the thermoelectric efficiency
of CSP plants with thermochemical energy storage.

A relevant aspect of SOLACAL is that the results obtained will be transferred
directly to the CSRCalL demonstration plant that isibg built in Seville within the H2020
SOCRATCES project, started in 2018 and coordinated by the University of Seville.

B OTROSPROYECTOY OTHERPROJECTS

Desarrollo de Ceramicas Avanzadas con Nanomateriales 2D para su
Aplicacion en Sistemas de Propulsién y Frenado en la Industria Aeroespacial
(AEROCER2D)

CdédigoLode PY20_01024
PeriodoPeriod 05-10-2021 / 31-12-2022
Organismo Financiadéiihancial source Junta de Andalucia
Importe total/Total amount 60.12514

InvestigadoresponsabléZesearch head Angel Gallardo LopeJS)
Participante del ICMS como investigadoRosalia Poyato Galan

Disefio y seleccidon de materiales novedosos para fabricar pilas de combustible
de oxido solido de alto rendimiento

CédigoLode: US 15382
PeriodoPeriod 01-02-2020 / 3:01-2022
Organismo Financiadétihancial source Junta de Andalucia
Importe total/Total amount 100. 000 ¢

Investigador responsablieZsearch head Francisco J. Garcia Garcia (US)
Participante del ICMS como investigadoFErarcisco J. Gotor Martinez
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Fabricacion y caracterizacion de cilindros con gradiente de porosidad
longitudinal mediante congelacion dirigida, modificacion superficial e
infiltracidbn con un compuesto de quitosano y bio -vidrios para sustitucion de

tejido 6seo

CdédigoLode: P20_00671
PeriodoPeriod 05-10-2021/ 31-12-2022
Organismo Financiadétihancial source Junta de Andalucia
Importe total/Total amount 4350 0 ¢t

Investigador responsabletsearch head Yadir Torres Hernandez (US)
Participante del ICMS conmovestigador: Francisco J. Gotor Martinez

Aplicando la economia circular en el desarrollo de nuevos conglomerantes
hidraulicos activados alcalinamente de baja huella de carbono para soluciones
constructivas (CongActiva)

CdodigoLode: PID2026011516RBIO0
PeriodoPeriod 01-09-2021 / 31-08-2024
Organismo Financiadétihancial source Ministerio de Ciencia e Innovacion
Importe total/Total amount 10890 0 4

Investigador responsabletsearch head D. ElicheQuesadgUniversidad de Jagn
Participante del ICM&mo investigador: Pedro José Sanchez Soto

A la Busqueda de Nuevos Ceramicos Ultraduros a Base de Boro para
Aplicaciones Estructurales en la Nueva Generacion de Aviones y uso Seguro y
Eficiente de la Energia

CédigoLode: P1D2019103847RJO0

PeriodoPeriod 01-10-2020 / 30-09-2023

Organismo Financiadétihancial source Ministerio de Ciencia e Innovacion
Investigador responsabletsearch head Bibi Malmal Moshtaghion Entezari
Participante del ICMS como investigadobiego Gomez Garcia

Sinterizacion FLASH Reactiva para la preparacion de compuestos inestables y
resistentes a la densificacion

Caodigolode: 201960E092
PeriodoPeriod 01-10-2019/ 30-09-2022
Organismo Financiadétihancial source CSIC (Intramural)
Importe total/Total amount 350.000t

Investigdor responsablélesearch head Luis Allan Pérez Maqueda
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Sintesis y procesado de cerdmicas avanzadas mediante Sinterizado FLASH

CédigoLCode: 2020601004

PeriodoPeriod 02-10-2020/ 0110-2021

Organismo Financiadétihancial source CSIC (Ayudas para la incorporacion de
personal investigador a las escalas cientificas
del CSIC)

Importe total/Total amount 5.000

Investigador responsablietsearch head Pedro Enrique Sanchez Jiménez

B AYUDAS PARA LAADQUISICION DEEQUIPOS

Equipo de Andlisis Térmico de Altas Prestaciones (EQC2019-005791-P)

Financia: Ministerio de Ciencia e Innovacion y Consejo Superior de Investigaciones
Cientificas

| mporte Concedido: 112.379,78

Periodo: 11-2019 / 3112-2021

Cofinanciado porel Grupodenvesti gaci -n OReactividad d

B PATENTEZ PATENTS

Procedimiento de preparacion de materiales ceramicos, bioceramicos y
refractarios de caracter basico con alto contenido en forsterita mediante
molienda reactiva

InventoresP.J. Sanchez Sota,Pérez Villarejo, D. Eliche Quesada, B. Carrasco
Hurtado, S. Martinez Martinez, E. Garzéon Garzén

Tipo de PatenteNacional

Numero de Solicitud202130248

Fecha Solicitud:9 de mazo de 2021

Entidad Titular: Universidad daén, Universidad de AlniegerConsejo Superior de
InvestigacioneSientificas
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B ARTiCULOSPUBLICADOS ENREVISTASSCI/ PAPERSIN SCIJOURNALS

Kinetics and cyclability of limestone (CaCO ;) in presence of steam during
calcination in the CaL scheme for thermochemical energy storage
ArceneguiTroya, J; &chezliménez, PE; Perép, A; Moreno, V; Valverde, JVErEz-
Maqueda, LA

Chemical Engineering Joudial (2021)129194

Agosto2021| DOI: 10.1016/j.cej.2021.129194
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In the present work, we explore the use of steam in the CaC#&lcination step of the Calcium
Looping process devised for thermochemical energy storage-TC&S). Steam produces a
double benefit: firstly, it fastens calcination, allowing a reduction of the temperature needed to
attain full calcination in short rdsnce times, as those required in practice, resulting in energy
savings. This behaviour is justified on the basis of a kinetics study results obtained frem a non
parametric kinetic analysis, which demonstrate that the presence of steam during calcaration ¢
reduce the apparent activation energy from 175 kJ/mol to 142 kJ/mol with a steam's partial
pressure of 29%. In addition, the results obtained for multicycle G2ES tests show that steam
alleviates the deactivation of the sorbent, which is one of tlén rimiting factors of this
technology. This behaviour is explained in terms of the effect of steam on the microstructure of
the regenerated CaO. Importantly, the values of residual conversion attained by calcining in steam
are higher than those withoutesam.

Calcination under low CO , pressure enhances the calcium Looping
performance of limestone for thermochemical energy storage

Sarrbn, B; Pergjn, A; SinchezJiménez, PE; Amghar, N; Chacartegui, R; Valverde, éizP
Magqueda, LA

Chemical Engineerilmurnad17 (2021) 127922

Agosto2021| DOI: 10.1016/j.cej.2020.127922

The Calcium Looping performance of limestone for thermochemical energy storage has been
investigated under novel favorable conditions, which involve calcination at moderate
temperatures under C@at low pressure (0.01 and 0.1 bar) and carbonation at high temperature
under CQ, at atmospheric pressure. Calcining at low £O®@essures allows to substantially
reduce the temperature to achieve full calcination in short residemastiMoreover, it notably
enhances CaO multicycle conversion. The highest values of conversion are obtained for limestone
samples calcined under 0.01 bar £ 765°C. Under these conditions, the residual conversion
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T = 765°C; Calcination: 0.1 bar CO,; Carbonation: 1 bar CO,

T = 765°C; Calcination: 0.01 bar CO,; Carbonation: 1 bar CO,
1000, SRS Ca0, M =14 : '

is increased by a factor of 10 esmpared to conditions involving calcination under,@D
atmospheric pressure. The enhancement of CaO conversion is correlated to the microstructure

of the CaO samples obtained after calcination. As seen from SEM, BET surface and XRD analysis,
calcinationunder low CQ pressure leads to a remarkable decrease of pore volume and CaO
crystallite size. Consequently, CaO surface area available for carbonation in the fast-reaction
controlled regime and therefore reactivity in short residence times is promoted.

Advanced parametrisation of phase change materials through kinetic
approach

Lizana, J; Pei@), A; Snchezlinénez, PE; Brez-Maqueda, LA

Journal of Energy Storddgg2021) 03441

Diciembre2021| DOI: 10.1016/j.est.2021.103441

Phase change materigBCM) have been widely investigated for heat storage and transfer
applications. Numerous numerical simulation approaches have been proposed for modelling their
behaviour and predicting their performance in thermal applications. However, simulation
approacles do not consider the kinetics of the phase transition processes, compromising the
accuracy of their predictions. The phase change is a kinetically driven process in which both the
reaction rate and the reaction progress depend on the heating schedidevditk evaluates and
parametrises the influence of kinetics in the melting and crystallisation behaviour efrzowell

PCM, PEG1500, and compares potential discrepancies with common phase change
parametrisation alternatives. The kinetic dependence wamergmentally evaluated through
differential scanning calorimetry (DSC). The kinetic parameters required for modelling the
kinetics of the processes were determined by both mddet and modefitting procedures
following ICTAC (International Confederatiofor Thermal Analysis and Calorimetry)
recommendations. Then, the phase transition was parametrised through a kinetic model and
compared with three conventional phase transition models: linear without hysteresiinean
without hysteresis, and nelimear with hysteresis. The statistical comparison between models
demonstrates the higher accuracy of the kinetic approach to correctly represent the partial
enthalpy distribution of latent heat storage materials during alternative phase change rates,
obtainng a coefficient of determination3Rf 0.80. On the other hand, the accuracy of kinetic
independent models is limited to the range from 0.40 to 0.61. The results highlight the high
discrepancies of conventional models compared to the kinetic approdgtr@vide criteria and
guidelines for efficient kinetic modelling of phase change in heat transfer evaluations.

ICMS —memoria 2021 | 127



I MECHANOCHEMISTRY AND REACTIVITY OF MATERIALS

Geopolymers made from metakaolin sources, partially replaced by Spanish clays and
biomass bottom ash

ElicheQuesada, D; CalerRodriguezA; BonetMartinez, E;Brez-Villarejo, L; &hchezSoto, PJ
Journal of Building Enginepdid2021)102761

Agosto2021| DOI: 10.1016/j.jobe.2021.102761

The main objective of this investigation is to study the effect of the substitution of metakaolin
(MK) (from calcined industrial kaolin) by four different calcined natural Southern Spain clays
traditionally used in the brick and tile sector, as well as by the biomass bottom ash residue (BBA)
from the combustion of a mix of olive and pine pruning on thehggit of geopolymer with
physical, mechanical and thermal properties comparable to those of classic construction
materials. As alkaline activator, a 8 M solution of sodium hydroxide and sodium silicate have been
used. Raw materials, metakaolin; Spanistschdack clay (BC), yellow clay (YC), white clay (WC),

red clay (RC) and BBA were characterized by chemical analysis (XRF), mineralogical analysis
(XRD), and particle size analysis. Control geopolymers containing only metakaolin, and batch of
geopolymersvere formulated containing equal proportions of metakaolin, BBA and each of the
four types of clay. After the curing period, at 60 degrees C for 1 day geopolymers were demolded
and stored 27 days at room temperature. Geopolymers were characterized usingil8¢
Electron Microscopy coupled with Energy Dispersive Spectroscopy -EBEW, XRD and
Attenuated Total Reflectandeourier Transform Infrared Spectroscopy (AFRIR). Their
physical, mechanical and thermal properties have also been studied. ThenaofdBiBA and
different types of calcined clays to metakaolin gives rise to geopolymers with higher mechanical
properties increasing the compressive strength of the control geopolymer containing only MK
(24.9 MPa) by more than 50% for the GMBBAWC geopolyners (38.5 MP a). The clays act as
fillers and/or promote the precipitation of calcitmoh phases (Cal-SH-G gel that coexists

with the (Na}A-SH gel type. The relevant results of physical, mechanical and thermal properties
obtained in this research d®nstrate the potential of Spanish clays and BBA as binders and
substitutes for metakaolin.

Paving the Way to Establish Protocols: Modeling and Predicting
Mechanochemical Reactions

GitGonzéalez E; Rrez-Maqueda, LA;&chezliménez, PE; Perép, A
Journal of Physical Chemistry Lett2(2021)5540-5546

Junia2021| DOI: 10.1021/acs.jpclett.1c01472

Parametrization of mechanochemical reactions, or relating the evolution of the reaction progress
to the supplied input power, is required both to establish protocols and to gain insight into
mechanochemical reactions. Thus, results could be comparedgateglj or scaled up even
under different milling conditions, enlarging the domains of application of mechanochemistry.
Here, we propose a procedure that allows the parametrization of mechanochemical reactions as
a function of the supplied input power frotihe direct analysis of the milling experiments in a
modeHree approach, where neither the kinetic model function nor the rate constant equation
are previously assumed. This procedure has been successfully tested with the mechanochemical
reaction of CHNH3PbCE, enabling the possibility to make predictions regardless of the milling
device as well as gaining insight into the reaction dynamic. This methodology can work for any
other mechanical reaction and definitely paves the way to establish mechanoghasist
standard synthetic procedure.
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Unveiling mechanochemistry: Kinematic -kinetic approach for the prediction of
mechanically induced reactions

Gil-Gonzélez, E; Rodrigudéaguna, MdR; Sanch@ménez, PE; Perejon, A; Péidaqueda, LA
Journal ddlloys and Compour8ig6 (2021)158925

Junic2021| DOI: 10.1016/j.jallcom.2021.158925

| INFUT l/[ !.thh-'Al c\:;“'“ o ] [ SRAULATIONEFRIDICTION ]\ [_ QUTPUT J

AE*= pybE
P = AENf

L T 1]
— =k d
b Fi@ JL‘

£
Jﬂ*—l’ﬂ:“—ﬁ

\\_sea-a
MECHANOCHEMISTRY

Mechanochemistry has attracted a lot of attention over the last few decades with a rapid growth
in the number of publications due to its unique features. However, very little is known about how
mechanical energy is converted into chemical energy. Moshefpublished works using
mechanochemistry neglect the required attention to the experimental parameters and their
effect over the resulting products, what makes extremely difficult to reproduce the results from
lab to lab. Moreover, if it is taken into cgideration the broad range of experimental conditions
used in different studies, it is quite difficult to compare results and set optimum conditions. As a
result, mechanochemistry is generally viewed as a "black box". The aim of this work is to provide
sone insight into mechanochemistry. Thus, a simple kinerkatétic approach that allows the

full parametrization of mechanically induced reactions is proposed. In an analogous way to
thermally activated process, it is shown that kinetic modeling can sepaeametrize and model
mechanically induced reactions as a function of the milling parameters with great reliability,
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thereby gaining prediction capability. As a way of example, this methodology has been applied for
the first time to the mechanochemicaaction of Co and Sb to form Cossla skutteruditetype
thermoelectric material. Moreover, the universality of this methodology has also been validated
with data from the literature. A key feature of the proposed kinemktietic approach is that it

can ke extrapolated to other mechanically induced reactions, either inorganic or organic.

Unravelling the optimization of few -layer graphene crystallinity and electrical
conductivity in ceramic composites by Raman spectroscopy

MufiozFerreiro, C; lopezPerria, C; GallardeLopez, A; Poyato, R

Journal of the European Ceramic Sekig021)290-298

Diciembre2021| DOI: 10.1016/j.jeurceramsoc.2021.09.025

Zirconia composites with fesayer graphene (FLG) were prepared by two powder processing
routinesultrasonic agitation or planetary ball millangd spark plasma sintered at 1250 and 1300
°C. An indepth study of the crystallinity of FLG, in terms of presence and nature of defects, was
performed by Raman spectroscopy, revealing enhanced FsEallinity after sintering. This
enhancement was more noticeable in the composites sintered at the highest temperature, with
lower amount of structural defects and amorphous carbon. However, remaining amorphous
carbon was detected in the composites pregaby planetary ball milling even after sintering at
the highest temperature, resulting in lower electrical conductivities. Optimum results in terms of
electrical conductivity were achieved for the composites prepared by ultrasonic agitation and
sintered & 1300 °C, with electrical percolation limit below 2.5 vol% FLG and high electrical
conductivity (678 S/m for 5 vol% FLG), as result of the enhanced FLG crystallinity after sintering.

HfB, ceramic polycrystals: A low -temperature metal -like ceramic at high
temperatures?

ZapataSolvas, E; Moshtaghioun, BMinf®zGarda, D;DominguezRodriguezA; Lee, WE
Scripta Materialj203 (2021)114037

Octubre 2021| DOI: 10.1016/j.scriptamat.2021.114037

Deformed HB2 ceramics with “metal™ behaviour:
Remarkable work hardening Forest hardening dislocation dynamics
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Hafnium diboride (HfB is a highly refractory (melting above 30UD) ceramic with many
potential applications at high temperatures. To enable its use at temperature for extended
periods its highemperature plasticity must be known. This paper examines the mechanical
response at temperatures between 980 and 200C°C in air and in a reducing atmosphere,
interpreting the data in the frame of classical models for the plasticity of copgeletd metals
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at low temperatures. In particular, the Friedel law and the principle of similitude for dislocation
patterning are asses$eThis reveals that HfBs a singular example of a ceramic material with
"metal" mechanical behaviour.

Synthesis of clay geopolymers using olive pomace fly ash as an alternative
activator. Influence of the additional commercial alkaline activator used
GbémezCasero, MA; MoraMoral, FJ; &ez-Villarejo, L; &chezSoto, PJ; ElichkQuesada, D
Journal of Materials Research and Techi@¢g921) 762-1776

Mayo 2021 DOI: 10.1016/j.jmrt.2021.03.102

In this research, the use of olive pomace fly(@#PFA) as an alkaline source for the activation of
calcined clays (CC) from Bailen (Jaen, Spain) was studied. The optimal composition was obtained
for 70 wt % CC and 30 wt % OPFA. The physical, mechanical and thermal properties of control
geopolymers thatuse water as a liquid medium have been studied and compared with
geopolymers that use additional activating solutions as sodium or potassium hydroxide solutions
(8 M), or a mixture of alkaline hydroxide and alkaline silicate solution (Né&®&O; or KOH-

K.SiGs). The results showed that OPFA can be used as an alkaline activator, showing mechanical
properties slightly lower than those obtained when additional alkaline hydroxide activating
solutions were used. The best compressive strength was obtained dpolyeners that use
alkaline silicates as an activating solution. However, the best thermal insulation properties were
obtained for control geopolymers. The microstructural characteristics of the geopolymers were
evaluated by means of-bay diffraction (XRI), Fourier transform infrared (FTIR) spectroscopy

and Scanning Electron Microscopy (SENS) that corroborate the formation of geopolymeric

gel in all the specimens, being the amount of gel formed greater in samples using commercial
potassium activating keions. These results demonstrate the feasibility of using this type of
waste, OPFA, as activating reagents in the manufacture of geopolymers or alkaline activated
materials. The manufactured geopolymers can be used as compressed earth blocks fodwalls an
partitions, since the specimens pursue mechanical properties that comply with current
regulations, presenting better thermal insulation properties.

A Novel, Simple and Highly Efficient Route to Obtain PrBaMn ,0s.. Double

Perovskite: Mechanochemical Synthesis
Garda-Garda, FJ; Sayags) MJ; Gotor, FJ
NanomateriaJdl1 (2021)380

Mayo 2021 DOI: 10.3390/nan011020380

In this work, a mechanochemical route was proposed for the synthesis of the B@Bahn
(PMBO) double layered perovskite phase. The mechanochemical reaction betwsgen, Pr
BaG,, and MnO powders with cationic stoichiometric ratios of 1/1/2 for Pr/Ba/Mn was performed
using higkenergy milling conditions in air. After 150 min of milling, a please with perovskite
structure and cubic symmetry consistent with thesife disordered RBasMnO; phase was
formed. When this new phase was subsequently annealed at a high temperature in an inert Ar
atmosphere, the layered PrBaMy.s phase was obtaed without needing to use a reducing
atmosphere. At 1100 °C, the fully reduced layered PrB&N¥phase was achieved. A weight gain
was observed in the 2@300 °C temperature range when this fully reduced phase was annealed
in air, which was consistent thithe transformation into the fully oxidized PrBakds phase.
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The microstructural characterization by SEM, TEM, and HRTEM ascertained the formation of
the intended PrBaMs.s phase. Electrical characterization shows very high electrical
conductivity ofdyered PBMO in a reducing atmosphere and suitable in an oxidizing atmosphere,
becoming, therefore, excellent candidates as solid oxide fuel cell (SOFC electrodes).

Pure perovskite BiFeO ;-BaTiO; ceramics prepared by reaction flash sintering
of Bi,Os-Fe,05-BaTiO; mixed powders

Taibi, A; Chaguetmi, S; Sanchiménez, PE; Perejon, A; Garcia, JE; Satha, H-Méampreda,
LA

Ceramics Internationdlf (2021)2694%#26954

Octubre2021| DOI: 10.1016/j.ceramint.2021.06.108

In this work, the 0.67BiFe£0.33BaTiQ ferroelectric ceramic was prepared by Reaction Flash
Sintering (RFS). This preparation technique combines synthesis and sintering in a single Flash
experiment. The starting oxides reacted during the flash to produce a stoichiometric well
sintered solid slation at a temperature of 858C by applying a modest field of 35 Vtrthe

process takes place in a matter of seconds, which allows obtaining a pure perovskite structure
without secondary phases.-bay diffraction (XRD) results show the mixture of rhioomedral

and pseudocubic phases expected for a compaosition that lies within a morphotropic phase
boundary (MPB) region, since a significant splitting is observed in the reflections at 2 theta values
of 39° and 56.5°. The microstructure exhibit a peculibimodal grain size distribution that
determines the electrical properties. As compared with previous results,-gdtaglared
0.67BiFe@-0.33BaTiQ evidences smaller grain size, as well as slightly lower remanent
polarization (B and smaller coercive fib(E) under similar electric fields. It is also demonstrated

that the preparation by RFS provides benefits regarding electrical energy consumption.

Enhancing the electrical conductivity of in-situ reduced graphene oxide -
zirconia composites through the ¢ ontrol of the processing routine
LopezPerria, C; MoralesRodriguezA; GallardeLopez, A; Poyato, R

Ceramics Internationdlf (2021)93829391

Abril 2021| DOI: 10.1016/j.ceramint.2020.12.069

Graphene oxide (GO) was mixed with 3 mol% yttria tetragoniatonia polycrystal (3YTZP)
using two powder processing routines: a colloidal method in an aqueous solution and a
combination of ultrasonication with higimergy planetary ball milling in wet conditions. Highly
densified 3YTZP composites with reduced GEE0) were consolidated by Spark Plasma
Sintering. The #situ reduction of GO was successfully achieved during the high temperature
sintering process and a detailed study of the restoration of the graphene structure in the sintered
composites has been madoy Raman spectroscopy. Although no differences between the
composites prepared by the two processing methods were found in the distribution of the rGO
throughout the 3YTZP matrix for high rGO contents (i.e. the composites with 5 and 10 vol%
rGO), a bette distribution of the graphene phase was found in the composites with 1 and 2.5
vol% rGO prepared by planetary ball milling. This result, together with a better reduction of the
GO in these composites, led to the obtaining of rGO/3YTZP composites withter behavior

in terms of electrical conductivity: an electrical percolation threshold below 2.5 vol% rGO and a
high electrical conductivity valu&{0 S/m for 10 vol% rGO).
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Cation-driven electrical conductivity in Ta -doped orthorhombic zirconia
ceramics

Moshtaghioun, BM; Laguigercero, MA; Pena, JI0BezGarda, D;DominguezRodriguezA
Ceramics Internationdlf (2021) 72487522

Marzo 2021 DOI: 10.1016/j.ceramint.2020.10.227

This paper is devoted to the study of the electrical conductivityanfalumdoped zirconia
ceramics prepared by spark plasma sintering. In this study, the temperature dependence of
conductivity in aprepared specimens and in those previously annealed in air is determined and
compared. A sermémpirical model, which is baed on the oxidation states of the cations, has
been developed and successfully assessed. According to this, the conductivity is basically
controlled by the diffusion of tetravalent zirconium cations in both cases, although the
concentration of these speaearies drastically with the amount of induced oxygen vacancies.
This is a quite unexpected fact, since conductivity is normally controlled by anionic diffusion in
zirconia ceramics. This option is forbidden here due to the presence of substitutiorealaent
cations. Therefore, conductivity values are much lower than those reported in trivalent or
divalent substitutional cation doped zirconia ceramics.

Kinetic study of complex processes composed of non-independent stages:
pyrolysis of natural rubber

Perepn, A; Sanchediménez, PE; Garetzarrido, C; PéresMaqueda, LA

Polymer Degradation and Stajllg@g (2021) 1®590

Junic2021| DOI: 10.1016/j.polymdegradstab.2021.109590

In this work, it is proposed a method for studying kinetics of comptexesses composed of
norrindependent stages. In this method, the variable contribution of the different stages as a
function of the heating schedule is taken into account. The method involves the simultaneous
kinetic analysis of a set of experimental da@istered under linear heating rate conditions,
without any previous assumptions regarding the kinetic models followed by the stages or their
corresponding activation energies.

The method has been tested with the kinetic analysis of the pyrolysis ddlnatober, since the
kinetics of this process is complex and depends on temperature and heating schedule. It is
demonstrated that the behavior of the experimental curves can be accurately predicted with the
kinetic parameters calculated by the proposedhmoedology.

The kinetic analysis presented here could be applied to other complex processes as those found
in pyrolysis, without the need of using oversimplified kinetic models that could yield significant
errors when used in real applications.

EGFRtargeting antitumor therapy: Neuregulins or antibodies?

de Lavera, |; Merkling, PJ; Oliva, JM; Sa&gadil; Cain, D; SnchezAlcazar, JA; Infante, JJ;
Zaderenko, A.P.

European Journal of Pharmaceutical S¢iEs®€¢2021)105678

Marzo2021| DOI: 10.1016/j.ejps.2020.105678
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Malignancies such as lung, breast and pancreatic carcinomas are associated with increased
expression of the epidermal growth factor receptor, EGFR, and its role in the pathogenesis and
progression of tumors has made theseptor a prime target in the development of antitumor
therapies. In therapies targeting EGFR, the development of resistance owing to mutations and
single nucleotide polymorphisms, and the expression of the receptor ligands themselves are very
serious isges. In this work, both the ligand neuregulin and a bispecific antibody fragment to EGFR
are conjugated separately or together to the same dfelivery system to find the most
promising candidate. Camptothecin is used as a model chemotherapeutic drug and
superparamagnetic iron oxide nanoparticles as a delivery system. Results show that the lowest
LD50 is achieved by formulations conjugated to both the antibody and the ligand, demonstrating
a synergy. Additionally, the ligand location in the nucleus fakierantitumor activity of
Camptothecin. The high loading capacity and efficiency convert these systems into a good
alternative for administering Camptothecin, a drug whose use is otherwise severely limited by its
chemical instability and poor solubilityuihoice of targeting agents allows treating tumors that
express ErbB2 (Her2+ tumors) as well as Het@mors expressing EGFR.

Fabrication and characterization of FeCoNiCrMn,(Al) high entropy alloy based
(Ti,Ta,Nb)(C,N) cermet

Real, C; Alcd MD; Trigo, I; Fombella, I; @doba, JM

International Journal of Refractory Metals & Hard Mafd@¥ia(2021) 10564
Diciembre2021| DOI: 10.1016/j.ijrmhm.2021.105694
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From nanostructured mechanically synthesized powder a set of FeCoNiCrMn,(Al) based
(Ti,Ta,Nb)(C,N) cermets were fabricated and sintered by a pressureless procedure. Highly dense
cermets were obtained, and the nature of chemical change, microstructure, mechanical
properties and coarsening kinetic of ceramic phase were characterized g iamalysis,
microindentation, scanning electron microscopy angXdiffraction. The design of the material
was performed using a set of three different chemical cermet composition and three different
sintering temperatures, or comparative purposes.

Scaling-up the Calcium-Looping Process for CO, Capture and Energy Storage
Ortiz, C; Valverde, JM; Chacartegui, Rré2-Maqueda, LA; GignezGavarrell, P

Kona Powder and Particle JquB8#2021) 189209

Octubre 2021| DOI: 10.14356/kona.2021005
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The CalciumLooping (Cal) process has emerged in the last years as a promising technology to
face two key challenges within the future energy scenario: energy storage in renewable energy
based plants and G@apture from fossil fuel combustion. Based on thédtigycle calcination
carbonation reaction of CaC{or both thermochemical energy storage and posinbustion

CO, capture applications, the operating conditions for each application may involve remarkably
different characteristics regarding kinetics, hé@nsfer and material multicycle activity
performance. The novelty and urgency of developing these applications demand an important
effort to overcome serious issues, most of them related tosgdisls reactions and material
handling. This work reviews tHatest results from international research projects including a
critical assessment of the technology needed to scale up the process. A set of equipment and
methods already proved as well as those requiring further demonstration are discussed. An
emphasisis put on critical equipment such as -gafids reactors for both calcination and
carbonation, power block integration, gas and solids conveying systems and auxiliary equipment
for both energy storage and G@apture CalL applications.
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Tuning the excit ation wavelength of luminescent Mn * -doped ZnS,Se; ,
obtained by mechanically induced self-sustaining reaction

Avikes, MA; Gotor, FJ

Optical Materialsl17 (2021)111121

Julio2021| DOI: 10.1016/j.optmat.2021.111121

Mr?*-doped Zn$Se. solid solution samples (Mn:Z&&.) were synthesized by the
mechanochemical process denoted as mechaniodlced selsustaining reaction from
Mn/Zn/S/Se powder elemental mixtures. The samples were characterizeerdy diffraction,
scanning electo microscopy, diffuse reflectance Wis spectroscopy and emission and
excitation photoluminescence measurements. The lbgaq energy of samples was controlled

by changing the stoichiometry, x, of the solid solution. All samples showed the charactefistic M
“T,-°A1 emission at588 nm when exciting the host material, so it was possible to tune the
excitation wavelength from 349 nm to 467 nm. However, an efficiency loss was observed with
increasing Se content, probably due to the overlap between the aimognd emission spectra

that induced selébsorption and emission quenching.

Critical Influence of the Processing Route on the Mechanical Properties of
Zirconia Composites with Graphene Nanoplatelets

GallardeLopez, A; Miiioz-Ferreiro, C; lopezPerna, C; JingnezPique, E; Guérrez-Mora, F;
MoralesRodriguezA; Poyato, R

Materials14 (2021) 108

Enero2021| DOI: 10.3390/ma14010108

Graphenebased nanostructures, used as potential reinforcement in ceramic composites, have a
great tendency tagglomerate. This requires the use of homogenization techniques during the
powder processing, posing the need to evaluate how these techniques affect the microstructure
and the mechanical properties of the resulting composites. The influence of the prgaesse

on the properties of 3YTZP (3 mol % yttria tetragonal zirconia polycrystals) ceramic composites
with 10 vol % costeffective GNP (graphene nanoplatelets) has been addressed. Four different
powder processing routines combining ultrasonic powdéatign (UA) and planetary ball milling
(PBM) in wet and dry media have been used and all the composites were densified by spark
plasma sintering (SPS). The mechanical properties at room temperature in the macroscale have
been assessed by Vickers indeotadi fourpoint bending tests and the impulseho technique,
while instrumented indentation was used to measur
nanoscale. The application of éM8M enhances greatly the mechanical and electrical isotropy of
the camposites, slightly increases the hardness and lowers the elastic modulus, independently of
the application of UA. The combination of UA and-8M enhances the flexure strength by
50%, which is desirable for structural applications.

The Possible Detrime nt of Oxygen in Creep of Alumina and Zirconia Ceramic
Composites Reinforced with Graphene

CanoCrespo, R; Riverd\ntinez, P; ®mezGarda, D; Moreno, RDominguezRodriguezA
Materials14 (2021) 984

Febrero2021| DOI: 10.3390/mal14040984
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This paper aimto give an answer to the following question: is the oxidation of graphene a critical
issue for highemperature plasticity in graphemeinforced ceramics? To give a convincing reply,

we will focus on two very different graphetased ceramic compositasduced graphene oxide
(rGO)-reinforced alumina (alph&l.03) and reduced graphene oxide (rG@inforced yttria
tetragonal zirconia {ZrO;). The processing of the powders has been made using a colloidal
route, and after that, a spark plasma sinteringcpss was performed in order to densify the
samples. Creep tests were performed at temperatures between 428D °C in an argon
atmosphere. The microstructure obtained by SEM of the sintered and tested specimens was
characterized quantitatively to elucidahe deformation mechanism. Raman spectroscopy was
carried out to check the integrity of the graphene. The average grain size was in the order of 1
pum and the shape factor was 0.7 for all the studied materials. The integrity of the graphene was
checked béore and after the creep experiments. The careful analysis of the creep tests shows
that graphene oxide or its reduced version are not efficient phases for creep resistance
improvement in general, contrary to what is reported elsewhere. However, the sepalimit

the suggestion of a creep improvement in nanocomposites at a very high temperature regime
due to an enhanced reactivity of oxygen between carbon and alumina interfaces. In the case of
zirconia, the results give us the conclusion that the oxidatigmaphene is a highly detrimental
issue regarding the improvement of higimperature plasticity.

Synthesis and Characterization of a Nearly Single Bulk Ti ,AIN MAX Phase
Obtained from Ti/AIN Powder Mixture through Spark Plasma Sintering

Salvo, CChicardi, E; Poyato, R; Gédsarrido, C; Jirbnez, JA; pezPerna, C; Tobosque, P;
Mangalaraja, RV

Materials14 (2021) 2217

Mayo 2021 DOI: 10.3390/mal4092217

MAX phases are an advanced class of ceramics based on ternary carbides or nitrodestihma

some of the ceramic and metallic properties, which make them potential candidate materials for
many engineering applications under severe conditions. The present work reports the successful
synthesis of nearly single bulkAIN MAX phase (>98% puity) through soliestate reaction and

from a Ti and AIN powder mixture in a molar ratio of 2:1 as starting materials. The mixture of Ti
and AIN powders was subjected to reactive spark plasma sintering (SPS) under 30 MPa at 1200
°C and 130CC for 10 min ina vacuum atmosphere. It was found that the massive formation of
ALO; particles at the grain boundaries during sintering inhibits the development of&lN Ti

MAX phase in the outer zone of the samples. The effect of sintering temperature on the
microstructure and mechanical properties of the,AIN MAX phase was investigated and
discussed.

Study of the Influence of Sintering Atmosphere and Mechanical Activation on
the Synthesis of Bulk Ti,AIN MAX Phase Obtained by Spark Plasma Sintering
Salvo, CChicardi, E; Garci&arrido, C; Poyato, R; Jamez, JA; Mangalaraja, RV
Materials 14 (2021)4574

Agosto2021| DOI: 10.3390/mal4164574

The influence of the mechanical activation process and sintering atmosphere on the
microstructure and mechanicptoperties of bulk TAIN has been investigated. The mixture of
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Ti and AIN powders was prepared in a 1:2 molar ratio, and a part of this powder mixture was
subjected to a mechanical activation process under an argon atmosphere for 10 h using agate jars
andballs as milling media. Then, the sintering and production of tAdNTMAX phase were
carried out by Spark Plasma Sintering under 30 MPa with vacuum or nitrogen atmospheres and
at 1200°C for 10 min. The crystal structure and microstructure of constdidl@aamples were
characterized by »ay Diffraction, Scanning Electron Microscopy, and Energy Dispersiagg X
Spectroscopy. The Xay diffraction patterns were fitted using the Rietveld refinement for phase
guantification and determined their most criticaicrostructural parameters. It was determined

that by using nitrogen as a sintering atmospherd|N§ MAX phase and TiN were increased at

the expense of the TAIN. In the samples prepared from the activated powders, secondary
phases like Ts and AlO; were formed. However, the higher densification level presented in

the sample produced by using both nitrogen atmosphere and MAP powder mixture is
remarkable. Moreover, the highurity TLAIN zone of the MAX1200 presented a hardness of

4.3 GPa, and theest of the samples exhibited slightly smaller hardness values (4.1, 4.0, and 4.2
GPa, respectively) which are matched with the higher porosity observed on the SEM images.

Effects of an lllite Clay Substitution on Geopolymer Synthesis as an Alternative
to Metakaolin

ElicheQuesada, D; BoneMartinez, E; Brez-Villarejo, L; Castro, Ed8chezSoto, PJ
Journal of Materials in Civil Engine&3(@021)04021072

Mayo 2021| DOI: 10.1061/(ASCE)MT.1943533.0003690

In this study, a calcined illite clay frdaién, Jan, Spain, was valorized as a substitute of
metakaolin in the synthesis of new geopolymeric materials. The raw materials, raw clay and
commercial kaolin, were pretreated at 78C (4 h). Several samples (6%00% by weight of

clay) were activated by mixing NaOH solution and sodium silicate solution. The specimens were
cured (60°C and 99% relative humidity) for 24 h, then demolded and kept at ambient conditions
for 7, 28, and 90 ds. The prepared geopolymers were characterized byaX diffraction,
Fourier transform infrared spectroscopy, and scanning electron microscopy. Physical,
mechanical, and thermal properties were determined. The results indicated that the specimens
based onthe illite raw clay and metakaolin present an amorphous consolidated appearance,
characteristic of the polycondensation reactions. The incorporation of up to 50% by weight of
raw clay provided geopolymers with higher mechanical strength (39.6 MPa) &ndebsity
(1,455 kg/m), lower apparent porosity (19.6%), and similar although slightly higher thermal
conductivity (0.25 W/mK) than control geopolymers containing only metakaolin as a precursor
after 28 days of curing. Control geopolymers presented cosgive strength, bulk density,
apparent porosity, and thermal conductivity of 23 MPa, 1,251 %&/m03% and 0.224 W/mk,
respectively, at the same age of cured geopolymers. The mechanical properties increased with
curing time due to a greater advance of tleopolymerization reaction. Therefore, this illite clay
can be thermally activated together with metakaolin to obtain geopolymers with suitable
technological properties. The results demonstrate that the finished materials can be used for
construction aplications.
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Mechanochemically synthesized ternary chalcogenide CusSbS, powders in a
laboratory and an industrial mill

Dutkova, E; Sayags, MJ; Fahin, M; Balaz, M; Achimovicova, M

Materials Letter291 (2021) 29566

Mayo02021| DOI: 10.1016/j.matlet.2021.129566
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In this work, we demonstrate the use of elemental precursors (Cu, Sb, S) to synthesize famatinite
CusSb$ using a laboratory planetary ball milling and an industrial eccentric vibratory milling.
CusSb$ was prepared for 120 miand 180 min in laboratory and industrial mill, respectively,
with the utilization of protective atmosphere. The £Sb$ prepared in the laboratory and
industrial mill with crystallite size 14 nm and 10 nm, respectively, was confirmed by both LeBail
refinement of the Xray powder diffraction data and transmission electron microscopy. The
determined band gap energy 1.31 eV and 1.24 eV isdfiified relative to the bulk G8bS. The
synthesis of G$b$ by a scalable milling process represents a prospective route for mass
production of material with potential photovoltaic properties.

A first insight into the microstructure and crack propagation in novel boron
nitride nanosheet/3YTZP composites

Mufioz-Ferreiro, C; MoraledRodriguezA; GallardeL6pez, A; Poyato, R

Boletn de la Sociedad Espafiola de Ceramica yo0id#621)128 136

Mayo2021| DOI: 10.1016/j.bsecv.2020.02.003

In this work, novel 3 mol% yttria tetragonal zirconia polycristallB¥TZP) ceramic composites

with boron nitride nanosheets (BNNS) are investigated for the first time. Highly densified
composites with 1 and 4 vol% BNNS were obtained by spark plasma sintering (SPS) after BNNS
synthesis using a solution exfoliation methied BNNS dispersion into the ceramic powder by
ultrasonication. The BNNS presented homogeneous distribution throughout the ceramic matrix
and preferential alignment in the plane perpendicular to the pressing axis during SPS. The BNNS
incorporation had praatally no effect on the Vickers hardness of the material nor on the Young's
modulus. Anisotropy in crack development was found in the composite with 4% vol BNNS,
together with a mechanism of extensive microcracking. Several eabsgybing mechanisms
during crack propagation, such as crack deflection, crack bridging, crack branching, BNNS pull
out and BNNS debonding, were identified in the composites by a close observation of the
indentationinduced fracture paths.
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Relevance of Particle Size Distribution t o Kinetic Analysis: The Case of Thermal
Dehydroxylation of Kaolinite

ArceneguiTroya, JSanchezliménez, PE; Perép, A; Frez-Maqueda, LA

Processe8 (2021) 1852

Octubre 2021| DOI: 10.3390/pr9101852

Kinetic models used for the kinetic analysisalid-state reactions assume ideal conditions that

are very rarely fulfilled by real processes. One of the assumptions of these ideal models is that all
sample particles have an identical size, while most real samples have an inherent particle size
distribution (PSD). In this study, the influence of particle size distribution, including bimodal PSD,
in kinetic analysis is investigated. Thus, it is observed that PSD can mislead the identification of
the kinetic model followed by the reaction and even indzcam@plex thermoanalytical curves that

could be misinterpreted in terms of complex kinetics or intermediate species. For instance, in
the case of a bimodal PSD, kinetics is affected up to the point that the process resembles a
reaction driven by a multep mechanism. A procedure for considering the PSD in the kinetic
analysis is presented and evaluated experimentally by studying the thermal dehydroxylation of
kaolinite. This process, which does not fit any of the common ideal kinetic models proposed in
the literature, was analyzed considering PSD influence. However, when PSD is taken into
account, the process can be successfully described 4y diffusion model (Jander's equation).
Therefore, it is concluded that the deviations from ideal models for &higdtoxylation process

could be explained in terms of PSD.

Mining Wastes of an Albite Deposit as Raw Materials for Vitrified Mullite
Ceramics

SinchezSoto, PJ; Gaén, E; rez-Villarejo, L; Angelopoulos, GN; Elicriesada, D
Minerals11 (2021) B2

Marzo2021| DOI: 10.3390/min11030232

In this work, an examination of mining wastes of an albite deposit in south Spain was carried out
using Xray Fluorescence (XRF), -pay diffraction (XRD), particle size analysis,
thermodilatometry and Differentialhermal Analysis (DTA) and Thermogravimetric (TG)
analysis, followed by the determination of the main ceramic properties. The albite content in two
selected samples was high{#&5wt. %), accompanied by quartz (2B wt. %) and other minor
minerals identied by XRD, mainly kaolinite, in agreement with the high content of silica and
alumina determined by XRF. The content of.@awas in the range 5.43.09 wt. %, being
associated with albite. The iron content was very low (<0.75 wt. %). The kaolinite comen

the waste was estimated from8 to 32 wt. %. The particle size analysis indicated values-of 11

31 wt. % of particles <63um. The ceramic properties of fired samples (1:A@B50°C) showed
progressive shrinkage by the thermal effect, with water absmm@nd open porosity almost at

zero at 12001250°C. At 1200°C, the bulk density reached a maximum value of 2.38%g/&m

abrupt change in the phase evolution by XRD was found from 1150 to %20With the
disappearance of albite by meltingaotordance with the predictions of the phase diagram-SiO
AlLOs-Na,O and the system albitquartz. These fired materials contained as main crystalline
phases quartz and mullite. Quartz was present in the raw samples and mullite was formed by
decompositionof kaolinite. The observation of mullite forming neeslt@pe crystals was
revealed by Scanning Electron Microscopy (SEM). The formation of fully densified and vitrified
mullite materials by firing treatments was demonstrated.
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Mechanochemical synthesis of ternary chalcogenide chalcostibite CuSbS, and
its characterization

Dutkova, E; Sayags, MJ; Faln, M; Kovac, J; Kovat, J; Balaz, M; Stahorsky, M

Journal of Materials ScieMagerials in Electronj@&2 (2021) 2898-22909

Agosto2021| DOI: 10.1007/s1085421-06767%9

In this work, the very rapid onstep mechanochemical synthesis of nanocrystalline ternary
chalcogenide chalcostibite Cugipfepared from copper, antimony, and sulfur precursors by
highenergy milling for only 30 min in a pléary mill is reported. XRD confirmed the
orthorhombic crystal structure of CuShShe crystallite size of CuSbhS2 calculated by LeBail
refinement of the Xray powder diffraction data was 25 nm. The nanocrystalline chalcostibite
CuSbg was also confirmed btransmission electron microscopy. The purity of CuSh&s
verified by Raman spectroscopy. The synthesized chalcostibite exhibits the specific surface area
value of 2.4 fg’. UV-Vis spectroscopy showed the optical bandgap of Cu&b$.54 eV with

wide range of absorption in visible region. Photoresponse of Gua$ confirmed by-V
measurements under dark and light illumination. The proposed mechanochemical synthesis
provides an alternative approach to prepare also other ternary semiconductor naniaisater
CuSbg semiconductor nanocrystals have the potential to be used as light absorbers in
photovoltaics.

Influence of Successive Chemical and Thermochemical Treatments on Surface
Features of Ti6Al4V Samples Manufactured by SLM

Gonzéalez JE; de Armas;; Negrin, J; Beltran, AM; Trueba, P; Gotor, FJ; Peon, E; Torres, Y
Metals 11 (2021)313

Febrero2021| DOI: 10.3390/met11020313

Ti6Al4V samples, obtained by selective laser melting (SLM), were subjected to successive
treatments: acid etching, chemieadidation in hydrogen peroxide solution and thermochemical
processing. The effect of temperature and time of acid etching on the surface roughness,
morphology, topography and chemical and phase composition after the thermochemical
treatment was studied. Teéh surfaces were characterized by scanning electron microscopy,
energy dispersive Xay spectroscopy, Xay diffraction and contact profilometry. The
temperature used in the acid etching had a greater influence on the surface features of the
samples than #ntime. Acid etching provided the original SLM surface with a new topography
prior to oxidation and thermochemical treatments. A nanostructure was observed on the
surfaces after the full process, both on their protrusions and pores previously formedttaring
acid etching. After the thermochemical treatment, the samples etched at 40 °C showed
macrostructures with additional submicro and nanoscale topographies. When a temperature of
80 °C was used, the presence of micropores and a thicker anatase laymtattt by Xray
diffraction, were also observed. These surfaces are expected to generate greater levels of
bioactivity and high biomechanics fixation of implants as well as better resistance to fatigue.
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B ArTICULOSPUBLICADOS ENREVISTAYNO SCI)/ PAPERS INNON-SCI
JOURNALS

Determinacion del porcentaje de o6xido de calcio libre en clinker de cemento:
aplicacion del método del etilenglicol

S. Martinez Martinez, L. Pérez Villarejo, D. Eliche Quesada, P.J. S&athez

Revsta QUIMICOS DEL SUR, 113 (205064

La Quimica, muy presente en el VIII Premio Joven a la Cultura Cientifica
P.J. Sanchegoto
Revsta QUIMICOS DEL SUR, 113 (2026}&0

Una novedosa publicacién ayuda a comprender los procesos quimicos en la
transformacion de alimentos

P.JSanchefoto

Revsta QUIMICOS DEL SUR, 113 (208587

Quimicos del Sur. Una profesién al servicio de la sociedad (Resefas)

P.J. S&nchegoto

Lull, Revstade la Sociedad Espariola de Historia de las Ciencias y de las Tédr{i2021)264
267

Lascer 8micas de oTerra Sigillatad del i mperio
Hermanas: una aproximaciéon a su estudio por técnicas empleadas en la

caracterizacion de materiales

P.J. Sanche2otq J.M2 Rincon

Revista Cultural de Dos Hermana8 (2021)200-210

M LIBROS YOTRASPUBLICACIONES/ BOOKS AND O THERPUBLICATIONS

Clean, safe and efficient energy Volumen 8

/ /. CsIC Scientific Challenges : Towards 2030
/; Consejo Superior de Investigaciones Cienti2€24

' VOLUME 8 / ; ISBN Vol. 8: 9784-00-107529
'/, CLEAN, SAFE /

ND EFFICIENT

Challenge 1Renewable Energy Production
" ENERGY

&/ Hernan Miguez, Mariano Campoy Quiles, Luis A. Rétaqueda,

¢ Agustin R. Gonzalézlipe, Xavier Granados, Victor Vilarrasa,
Xavier Odradors, Teresa Puig, José Maria Ripalda, Mariona Coll,
Josep Fontcuberta, Alejandro Gofi, Méniga Cantu, Maria
Bernechea, Pedro Atiénzar, Mauricio Calvo

7 paginas 183
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Challengue 2: Efficient Energy Storage
M. Rosa Palacin, Teresa A. Centeno, Xavier Granados, Luis A. Pérez Maqueda, R. Santamaria
paginas 450

Book of Abstracts Il International Congress on Vitrification, Geopolymerization,
Wastes Management, Green Cements and Circular Economy (Il
Vitrogeowastes)

L. PérezVillarejo, S. Martineklartinez, P.J. Sanch&bto (Editors)

Editado por UNIA y Universidad de Jaén, 210 paginas

ISBN: 978-84-09-391301

Characterization, thermal and ceramic properties of clays from Alhabia

(Almeria -Spain)

E. Rat; E. Garz6n; J.A. Sane@arrido; L. PéreVillarejo; P.J. Sanch&pto

6th Central and Eastern European Conference on Thermal Analysi€adodmetry (CEEC
TAC6) and 15th Mediterranean Conference on Calorimetry and Thermal Analysis
(Medicta2021)péag. 60

Book of Abstracts (Editors A. Rotaru, M. Erceg), SITECH, Rumania

ISBN: 978606-11-7861-2

Thermal behaviour of raw clay materials containi ng muscovite (illite/sericite),

kaolinite and pyrophyllite: analysis of vitrification rate and estimation of

optimum firing conditions

E. Rat, E. Garzoén, L. Pér¥ilarejo, D. Elich®uesada, S. Martinédartinez, P.JBanchez

Soto

6th Central and Eastern European Conference on Thermal Analysis and Calorimetry- (CEEC
TAC6) and 15th Mediterranean Conference on Calorimetry and Thermal Analysis
(Medicta2021), pa@24

Book of Abstracts (Editors A. Rotaru, M. Erceg), SITECH, Rumania

ISBN:978-606-11-7861-2
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B CONGRESOS YREUNIONESINTERNACIONALES INTERNATIONALC ONGRESS
AND MEETINGS

PARTICIPACION EN LAORGANIZACION DE CONGRESOS YREUNIONEY
PARTICIPATION INORGANISING CONGRESSES ANODMEETINGS

[l International Congress on Vitrification, Geopolymerization, Waste
Management, Green Cements and Circular Economy
24 8 26 mayo BaezaEspafia]

Pedro José Sanchez Soto (Member of the Scientific and Technical Organizing Committee)

6™ Central and Eastern European Conference on Thermal Analysis and
Calorimetry (CEEC-TACS6) and & 15 th Mediterranean Conference on
Calorimetry and Thermal Analysis (Medicta2021)

20-24 Julio [SplCroatia]

Luis A. Pérekagueda (Member of the International Organizing Committee, Chairman of
ScientificSession Thursday 22nd July)

COMUNICACIONES / COMMUNICATIONS

Il International Congress on Vitrification, Geopolymerization, Wastes
Management, Green Cements and Circular Economy VITROGEOWASTES 2021
23-26 mayo[BaezaJaéh

Morphological and microstructural study of a low energy cement clinker with
high dicalcium silicate content made from industrial wastes at different
clinkering temperatures

S. MartineMartinez, D. ltheQuesada, P.J. Sanel8#o, L. Pérddllarejo, A.
Christogero;.N. Angelopoulos

Comunicacién oral

Study of a waste kaolin deposit as raw material for mullite ceramics

P.J. Sanché&oto, D. Elich®uesada, S. Martin®lartinez, L. Péraéllarejo, E. Garzon,
J.M. Rincén

Comunicacion oral

Study of the evolution with hydration of low-energy cement with high
dicalcium silicate content made from industrial wastes

S. MartineMartinez, D. lKBheQuesada, P.J. Sdne8etp, L. Pérédillarejo, A.
Christogerou, G.N. Angelopoulos

Comunicacion oral
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Use of construction waste generated in the city of Almeria in the manufacture
of bases and subbases of rural roads and concrete of low strength

E. Garzon, S. MartinBtartinez, L. Pératéillarejo, P.J. Sanciseto

Comunicacion oral

6th Central and Eastern European Conference on Thermal Analysis and
Calorimetry (CEEC-TACG6) and 15th Mediterranean Conference on
Calorimetry and Thermal Analysis (Medicta2021)

20-24 julio[Split Croacid

Characterization, thermal and ceramic properties of clays from Alhabia
(Almeria-Spain)

E. RatE. Garzonl.A. Sanch&zarridoL. PéreXillarejoP.J. Sanch&oto
Comunicacion oral

High temperature thermochemical energy storage (TES) for concentrated solar
power plants (CSP)

L.A. PérekaquedaP.E. SancheliménezA. PerejgrN. AmgharV. Morenpl. Arcenegui
TroyaJ.M. Valverd€. Ortiz R. Charcartegui

Comunicacion oral

Thermal behaviour of raw clay materials containing muscovite (illite/sericite),
kaolinite and pyrophyllite: analysis of vitrification rate and estimation of
optimum firing conditions

E. RatE. GarzariL. Pére¥illarejoD. ElicheQuesadés. MartineMartinezP.J. Sanch&bto
Poéster

New synthesis strategy of BiFeO3s-BaTiO; electroceramics for high temperature
applications

A. TaihiE. GiGonzalezS. ChaguetmiP.E. SancheliménezA. Perejgnl.E. Garcjad.
Sathal.A. Péreklaqueda

Péster

9th International Conference on Fracture, Fatigue and Wear FFW 2021
2-3 agostdOnling

Influence of graphene-based nanostructures morphology on the tribology
properties in zirconia composites

C.MufoZ-erreiro, R. Moriche, A. Galldrdpez, R. Poyato, F. Gutiérrez
Comunicacion oral
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European Congress and Exhibition on Advanced Materials Advanced Materials
and ProcessesEUROMAT 2021
13-17 septiembrdOnline]

Electrical-discharge machinable zirconia composites with graphene
nanostructures: Influence of nanostructure type and processing technique
A. Gallardd.6pez, R. Moriche, A. Gommeringer, F. Kern, GPkggiez C. Mufioz
Ferreiro, R. Poyato

Comunicacion oral

Mechanical properties and fracture mechanisms of graphene -based
nanostructures/yttria -stabilized tetragonal zirconia (3YTZP) and their
dependence on nanostructure aspect ratio and processing conditions
R. Moriche, C. Mufi&zrreiro, R. Poyato A. Galldrdinez

Comunicacion oral

Processing and mechanical characterization of few layered graphene / zirconia
composites

C.MufiozFerreiro, H. Reveron, S. Cottrino, J. Chevlier, A.{Rotdhlgsiez, R. Poyato, A.
Gallardd_o6pez

Comunicacion oral

R-Curve behavior of GBN/3YTZP composites

C. LépePernia, A. Morak&odriguez, C. Mufeerreiro, H. Reveron, J. Chevalier, R.
Poyato, A. Gallartlopez

Comunicacién oral

Studying the slow crack growth in a few layered graphene / zirconia composite
C. Muno#-erreiro, A. Gallard®pez, R. Poyato, A. Mor&ledriguez, H. Reveron, J.
Chevalier

Comunicacion oral

17" European Inter -Regional Conference on Ceramics CIEC17
23 Noviembre[Online]

Crack growth resistant graphene nanosheets / 3Y -TZP composite
C.MunoZ-erreiro, A. Gallardldpez, R. Poyato, A. Morfledriguez, H. Reveron, J.
Chevalier

Péster
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M FORMACION / TRAINING

TESISDOCTORALE$ DOCTOR DEGREEIHESIS

Titulo: Circularidad en la produccion de cemento. Valorizando
subproductos industriales en cementos innovadores de
baja energia

Autor: Sergio Martinez Martinez

Directores: Dolores Eliche Quesad@Jniversidad de Jaén) y Pedro José
Sanchez Soto

Centro: Universidad ddaén

Fecha Defensa 22deabrilde 202

Titulo: Procesado y caracterizacidon microestructural, mecanica
y eléctrica de compuestos ceramica-grafeno

Autor: Cristina Lépez Pernia

Directores: Rosalia Poyato GalgiiAngela Gallardo Lépez

Centro: Universidad dé&evilla

Fecha Defensa 1 deoctubrede 2021

FORMACION DE GRADUADOS/ MASTERDEGREEIHESIS

Titulo: Procesado y sinterizacion de matrices de circona cubica
con nanoestructuras de grafeno/ Processing and
sintering of cubic circona matrices with Graphene

nanostructures
Autor: Toméas Espuny Plaza
Tutores: RocioMoriche y RsalidPoyato
Grado: Trabajo Fin de Grado del Grado en Ingenieria de Materiales
Centro: Facultad d&uimica Universidad déevilla
Titulo: Influencia de las condiciones de pirdlisis de la biomasa

procedente de la poda de naranjos en la naturaleza de
los residuos obtenidos

Autor: Patricia Roio Espinar Gutiérrez
Tutores: Maria DoloresAlcala Gonzalez, Concepcion Real Pérez
Grado: Trabajo Fin d&rado

Fecha Defensa: 11 enero 2021
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Autor:
Tutores:

Grado:

Fecha Defensa:

Titulo:

Autor:
Tutores:
Grado:

Fecha Defensa:

Titulo:

Autor:
Tutores:
Grado:

Fecha Defensa:

Titulo:

Autor:
Tutores:
Grado:

Fecha Defensa:

Titulo:

Autor:
Tutores:
Grado:

Fecha Defensa:
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Caracterizacion y fabricacion mediante técnicas
pulvimetallurgicas de matrices de titania reforzadas para
aplicaciones industriales

AraceliRuano Castafio

Rosalia Poyato Galgrduan Lozano Suéarez (Escuela de
Ingenieros Universidad de Sevilla)

Trabajo Fin dé&rado

22 julio2021

Disefio de electrolitos para pilas de combustible de
oxido solido obtenidos mediante prensado uniaxial
Mario Meléndez Mellado

Francisco José Gotor Martinez

Trabajo Fin dé&radoen Ingenieria Mecanica

23 julio2021

Procesado y caracterizacion microestructural de
composites cerdmicos con nanolaminas de nitruro de boro
Ana Castro Chincho

Rosalia Poyato GalgrAna Morales Rodriguez

Trabajo Fin dé&rado

17 septiembre2021

Tenacidad y resistencia a flexion de compuestos
ceramicos de circona con grafeno

Ivonne Torres Delgado

Rosalia Poyato GalsiAngela Gallardo Lépez
Trabajo Fin dé&rado

25 noviembre2021

Caracterizacion de superficies electromecanizadas en
compuestos cerdmicos con grafeno

Pablo Montero Oliva

Rosalia Poyato GalgrAngela Gallardo Lépez

Trabajo Fin déVaster

10 diciembre2021
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B DocENCIA / TEACHING

Investigadores de esta unidad participan en el Master en Ciencia y Tecnologia de Nuevos
Materialesy en titulaciones de Grado y doble Goade la Universidad de Seviflaer
ACTIVIDADES DIVULGATIVAS Y FORMATIYAS

M EQUIPAMIENTOCIENTIFICO AVAILABLEEQUIPMENT

- Microdurémetro FM700 Futurdech

- Maquina de ensayo universal AGShimadzu

- 3 Termobalanzas CI Electronics

- 2 molinos planetarios PULVERISETTE 7 (Fritsch)

- 1 molino planetario PULVERISETTE 7 Premium Line (Fritsch)
- 1 molino planetario PULVERISET 4 (Fritsch)

- 1 molino planetario PM100 (Retsch)

- 1 molino vibratorio MM301 (Retsch)

- 1 molino vibratorio SPEX 8000

- 1 molino centrifugo PULVERISETTE (Fritsch)

- 1 molino de atricion O1HD (Union Process)

- Horno horizontal alta temperatura 180G AGNI

- Horno horizontal alta temperatura 160C Carbolite

- Horno horizontal 1200C Carbolite

- Microcortadora metalogréafica manual EVOLUTION (REMET)
- Microcortadora metalografica MICROMET (REMET)

- Prensa automatica metalogréfica IPA30 (REMET)

- Pulidora automatica LS2 (RET)

- Analizador Termomecanico TMA 1000 (Linseis)

- Calorimetro diferencial de barrido DSC (TA instruments Q200)
- Horno horizontal 1150C Hobersal

- Impedancimetro Agilent 4294

- Multimetro Keysight B2901A

- Equipo de HotPress TERMOLAB
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MATERIALESUNCIONALE®ANOESTRUCTURADOS

GRUPOS DENVESTIGACION

Materiales Nanoestructurados y Microestructura
Nanostructured Materials and Microstructure [642015]
http://nanomatmicro.icmse.csic.

Materiales para Bioingenieria y Regeneracién Tisular
Materials for Bioengineering and Tissue Regeneration [642014]

Nanotecnologia en Superficies y Plasma
Nanotechnologies on Surfaces and Plasma [642012]
http://sincaf.icms.us -csic.es/

Tribologia y Proteccion de Superficies
Tribology and Protection of Surfaces [861494]






B PERSONAL/ PERSONNEL

MATERIALES FUNCIONALES NANOESTRUCTURADOS

Profesores de Investigacion

Dr. Juan Pedro Espinés Manzorro

Dra. Asuncién Fernandez Camacho

Dr. Agustin Rodriguez Gonz&lEfipe

Catedraticos

Dr. José Cotrino Bautista

Investigadores Cientificos

Dr. Angel Barranco Quero

Dr. Juan Carlos Sanchez Lépez

Dr. Francisco Yubero Valencia

Cientificos Titulares

Dra. Analsabel Borras Martos

Dra. Maria Aranzazu Diaz Cuenca

Dr. Alberto Palmero Acebedo

Dra. T. Cristina Rojas Ruiz

Dr. Juan Ramén Sanchez Valencia

Profesores Titulares

Dr. Rafael Alvarez Molina

Profesores Contratados Doctores

Dra. Ana Maria GoOmeRamirez

Contratados Plan Propio US

Dra. Carmen LOpez Santos

Doctores Contratados

Dr. Francisco J. Aparicio Rebollo

Dr. Jorge A. Budagosky Marcilla

Dra. Lidia Contreras Bernal

Dr. Ali Ghaffarinejad

Dr. Jorge Gil Rostra

Dra. Vanda Fortio Godinho

Dr. Victor Lopez Flores

Dr. Manuel Oliva Ramirez

Técnico Superior Especializado

Dr. Victor J. Rico Gavira

Personal Investigador en Formacion

Ldo. Javier Castillo Seoane

Gdo. Jaime Del Moral Jalén

Ldo. Xabier Garcia Casas

Gdo. Dario Jumillbltnez

Gdo. Antonio José Marquez Alcaide

Gda. Laura Montes Montafiez

Gda. Gloria Patricia Moreno Martinez

Gdo. Fernando Nunez Galvez

Ldo. José Manuel Obrero Pérez

Ldo. Noel Orozco Corrales

Ldo. Alvaro Perea Brenes

Lda. Xiaozhe Song

JAHnNtro

D. Antonio Del Valle Hernandez

D. Servando Marin Meana

PersonalTécnico Contratado

Ldo. Dirk Hufschmidt

Lda. Miriam Sanchez Pérez
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B PrROYECTOS DHENVESTIGACION/ RESEARCHPROJECTS

Descongelacion inteligente y
sostenible mediante ingenieria de
ondas acusticas aplicadas a
superficies | SOUNDOFICE

Sustainable Smart De-Icing by
Surface Engineering of Acoustic
Waves | SOUNDOFICE

%« SOUND of ICE

N

CdédigoLode:

H2020FET-OPEN/0717

PeriodoPeriod

01-11-2020/ 31-10-2024

Organismo Financiadétihancial source

Comisbn Europea

Importe total/Total amount

6906021

Investigador responsabli&tsearch head

Ana Isabel Borras Martos

Componentedkesearch group

Agustin RGonzalezElipe, Juan Pedro

Espinos, Francisco Yubero, Angel
Barranco, Victor Rico, Maria del Carme
Lépez Santos

ABSTRACT

Icing on surfaces is commonplace in nature and industry and too often causes
catastrophic events. SOUNDofICE ultimate goal is tweroome costly and
environmentally harmful dieing methods with a pioneering strategy based on the
surface engineering of MHz Acoustic Waves for a smart and sustainable removal of ice.
This technology encompasses the autonomous detection anekhewgyconsuming
removal of accreted ice on any material and geometry. For the first time, both detection
and deicing will share the same operating principle. The visionary research program
covers the modeling of surface wave atom excitation of ice aggregaszgatman of
acoustic transducers on large areas, and the development of surface engineering solutions
to stack micromsize interdigitated electrodes together with different layers providing
efficient wave propagation, aiting capacity, and aging resise&a We will demonstrate
that this deicing strategy surpasses existing methods in performance, multifunctionality,
and capacity of integration on industrially relevant substrates as validated with proof of
concept devices suited for the aeronautic anddyawer industries. SOUNDOofICE high
risks will be confronted by a strongly interdisciplinary team from five academic centers
covering both the fundamental and applied aspects. Two SMEs wittheindtexperience
in icing will be in charge of testing trestinology and its future transfer to key EU players
in aeronautics, renewable energy, and household appliances. An Advisory Board
incorporating relevant companies will contribute to effective dissemination and
benchmarking. The flexibility of the R&D plamyltidisciplinarity, and assistance of the
AdB guarantee the success of this proposal, bringing up a unigque opportunity for young
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academia leaders and SMEs from five different countries to strengthen the EU position
on a high fundamental and technologiogbact field, just on the moment when the
climate issues are of maxima importance.

Disefio de nanomateriales Three-dimensional nanoscale design
tridimensionales para la solucién for the all -in-one solution to

todo en uno a la recoleccién de environmental multisource energy
energia ambiental de fuentes scavenging | 3BDSCAVENGERS
multiples | SDSCAVENGERS

©

CdédigoLode: H2020ERGSTG/0655
PeriodoPeriod 01-03-2020/ 28-02-2025
Organismo Financiadétihancial source | Comisbn Europea
Importe total/Total amount 1.498.414

Investigador responsabi&Zsearch head | Ana Isabel Borras Martos

ABSTRACT

Thermal and solar energy as well as body movement are all sources of energy.
They can be exploited by advanced technology, obviating the nelealttery recharging.
These local ambient sources of energy can be captured and stored. However, their low
intensity and intermittent nature reduces the recovery of energy by microscale
instruments, highlighting the need for an integrated multisource enmagyester.
Existing methods combine different single source scavengers in one instrument or use
multifunctional materials to concurrently convert various energy sources into electricity.

The EUfunded 3DScavengers project proposes a compact solution based on the
nanoscale architecture of multifunctional thigienensional materials to fill the gap
between the two existing methods. These nanoarchitectures will be able to simultaneous
and indvidual harvesting from light, movement and temperature fluctuations.
3DScavengers ultimate goal is to apply a scalable and environmental frieneigcioe
plasma and vacuum approach for the synthesis of this advanced generation of
nanomaterials.
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Plasmas atmosféricos de arco
deslizante para procesos sostenibles

Atmospheric Pressure Gliding -Arc
Plasmas for Sustainable Applications
| FIREBOW

bl

g

)

AGENCIA
ESTATAL DF
INVESTIGACION

MINISTERIO
B  DECIENCIA
E INNOVACION

CdédigoLode:

PID2020114270RAI00

PeriodoPeriod

01-09-2021/ 31-08-2024

Organismo Financiadéiihanciasource

Ministerio deCiencia e Innovacion

Importe total/Total amount

108.900

Investigador responsabletsearch head

Ana Maria Gémez Ramirez

ComponentedResearch group

José Javier Brey Sanchez (US), José

Cotrino Bautista, Paula de Navascués
Garvin, Manuel Oliva Ramirez, Antonid
Rodero Serrano (US)

RESUMEN / ABSTRACT

La necesidad de propiciar una transicion efectiva desde una economia basada en
el uso intensivo de combustibles fésiles a otra donde los criterios de desarrollo se basen
enprocesos sostenibles que no impliquen la generacién deh@ce necesaria la puesta
a punto de nuevos procesos, donde la fuente de energia primaria sea la electricidad
generada a partir de fuentes renovabl es. E
Deslc ante para Procesos Sosteniblesdé, FI REBOW
tecnologias de plasma atmosférico que usan la electricidad como vector energético
directo para llevar a cabo procesos quimicos convencionalmente abordados mediante
técnicas cliticas (a altas presiones y temperaturas, con bajos rendimientos y obtencion
de subproductos no deseados). En concreto se persigue la puesta a punto de un reactor
de Plasma Atmosférico de Arco Deslizante (PAAD) para inducir tres procesos de gran
impacto industrial y medioambiental, como son la sintesis de amoniacg), (INH
produccién de hidrogeno @y la descontaminacion de agua. El amoniaco es la sustancia
base de los fertilizantes usados en agricultura, y su demanda aumenta conforme las
necesidadesle alimentacion mundiales. En cuanto al hidrégeno, es conocido que el
camino hacia una economia basada en dicho combustible es uno de los retos del siglo
XXI. Por otro lado, el desarrollo de técnicas novedosas para la depuracién de aguas es
cada vez mas gesaria, debido al aumento de contaminante emergentes, sustancias tales
como pesticidas, compuestos derivados de la industria farmacéutica y quimica,
microorganismos e incluso productos de higiene personal que los métodos
convencionales no son capaces timi@ar en su totalidad. FIREBOW propone, en una
primera etapa, desarrollar la tecnologia PAAD mediante el disefio, construccion,
modelizacion y puesta a punto de un reactor de arco deslizante. Se exploraran posibles
modificaciones sobre los modelos de teaes PAAD actuales, contemplandose el efecto
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de la incorporacién de materiales piezoeléctricos para inducir fendmenos de emisiéon
secundaria de electrones, la modificacion de las caracteristicas superficiales de los
electrodos o la geometria del sisteméirade propiciar en el futuro una mejora en el
rendimiento de los procesos estudiados. La complejidad de los procesos basicos
involucrados en este tipo de reactores implicara un estudio fundamental de su respuesta
eléctrica y de los fenbmenos de transpateemasa y carga, asi como una caracterizacion
exhaustiva y diagnosis del plasma en funcion de parametros como flujo de gases,
interaccidn entre especies excitadas, tiempo de residencia y otros pardmetros basicos de
operacion. Tanto la caracterizacion ekpgntal como la simulacion tedrica del reactor,

esta Ultima llevada a cabo mediante métodos computacionales, seran fundamentales para
su correcto funcionamiento y optimizacion de los procesos propuestos. En una segunda
etapa se abordara el estudio der@acciones de obtencién de,M NHs, con el objetivo

de maximizar el rendimiento energético de dichos procesos, asi como de la purificacién
de agua. El desarrollo cientifirnologico propuesto en FIREBOW es de gran interés
para diferentes actores soeamonomicos, planteandose actividades de transferencia a
las empresas y entidades que ya han mostrado su interés en el desatmiknuz

The need to promote an effective transition from an economy based on the
intensive use of fossil fuels to anotivenere the development criteria are based on
sustainable processes that do not involve the generation gfn@Res it necessary to
develop new processes using the electricity generated from renewable sources as
primary source of energy. The project "Atmospic Pressure Glidingrc Plasmas for
Sustainable Applications”, FIREBOW hereinafter, aims at developing atmospheric plasma
technologies that use electricity as a direct energy vector to induce chemical processes
that are currently carried out through catac techniques (i.e., at high pressures and
temperatures, with low yields and harmfukpsoducts). Specifically, FIREBOW pursues
the development of a Gliding Arc Atmospheric Plasma reactor (GA) to induce three
processes of great industrial and environtaéimpact, such as the synthesis of ammonia
(NHs), the production of hydrogen (and the decontamination of water. Ammonia is
the main source to produce fertilizers, which are used in agriculture with an increasing
demand according to the increasingly higher needs of foods at global scale. In the case of
hydrogen, it is welknown that the path to an economy based on this fuel is one of the
challenges of the 21st century. Research in novel techniques for water purification is also
increasingly necessary, due to its scarcity and the increase in emergent contaminants,
polluting substarmes such as pesticides, compounds derived from the pharmaceutical and
chemical industry, microorganisms and even personal hygiene products that conventional
methods are unable to remove completely. FIREBOW proposes, in a first stage, to
develop the GA techology through the design, construction, modelling and
commissioning of a GA reactor. Possible modifications on the current GA reactors will
be explored, considering the effect of the incorporation of piezoelectric materials to
induce phenomena of secondamission of electrons, the modification of the electrode
surface materials or the geometry of the system in order to improve the performance of
the analysed processes with respect to the current state of the art. The complexity of
the basic mechanisms oived in this type of reactors will require a fundamental study of

ICMS — memoria 2021 | 157



B N ANOSTRUCTURED FUNCTIONAL MATERIALS

their electrical response and the phenomena of mass and charge transport, as well as an
exhaustive characterization and diagnosis of the plasma as a function of operating
parameters such agas flow, interaction between excited species, residence time and
other basic operating conditions. Both the experimental and theoretical characterization
of the reactor, the latter carried out using computational methods, will be crucial for its
correctoperation and for the optimization of the proposed processes. In a second stage,
the study of the reactions to obtain,tdnd NH; will be approached, with the aim of
maximizing the energy efficiency, as well as that for the case of the purification of water
The scientifigechnological developments proposed in FIREBOW are of the outmost
interest to different socik®conomic sectors and in the project they are considered
knowledgetransfer actions to companies and entities that have already shown their
interest in the proposal.

Procesos de Nucleacion y Nucleation and growth mechanisms
Crecimiento en Superficies on piezoelectric surfaces under
Piezoeléctricas Excitadas acoustic excitation in plasma/vacuum
Acusticamente en Atmosferas de environments

Plasma/Vacio

2
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AGERCIA
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RESUMEN / ABSTRACT

Este proyecto aborda el estudio de los fenbmenos de nucleacién atomica y
crecimiento de peliculas delgadas sobre materiales piezoeléctricos sometidos a
excitacion acustica en atmosferas de plasma y vacio. Los materiales piezoeléctricos se
caracterizan pota aparicion de una polarizacion eléctrica no nula al someterlos a una
deformacion mecénica, y por el efecto contrario, la aparicion de una deformacién
mecanica al someterlos a una excitacion eléctrica y, en la actualidad, se emplean en
multitud de aplicdones y dispositivos, tales como sensores de lluvia, pantallas tactiles o
manipulacion de liquidos en la microescala, entre otros. En un trabajo seminal publicado
por el grupo investigador se demostré que, al crecer una pelicula delgada mediante
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técnicas @ plasma sobre este tipo de superficies excitadas, ésta se estructuraba de
acuerdo al patrén definido por las ondas. Este resultado inicial demostraba que la
interaccion entre la onda/pelicula delgada en crecimiento podria utilizarse como nueva
metodologiade nanoestructuracién de superficies. En este proyecto se aborda esta
problemética de tipo fundamental, estudiando especificamente dos mecanismos
principales de interaccion: i) la transferencia directa de energia/momento de la onda
acustica a las especidspositadas, y ii) la interaccion entre la onda de polarizacion
eléctrica que se propaga por el material piezoeléctrico y las lineas de campo eléctrico en
el plasma, con incidencia directa en el transporte de especies cargadas y al bombardeo
superficial slectivo del piezoeléctrico durante el crecimiento de la pelicula. De esta
manera, este proyecto se centra en la descripcién, desarrollo y cosiprede una

nueva fenomenologia, y en el desarrollo de todo el marco tedrico y conceptual que
permita entender dicha interacciébn. Se espera que la activacion acustica de
piezoeléctricos y su efecto en atmdsferas de plasma se convierta en un nuevo
procedimento para inducir la formacién de centros de nucleacion para la-rngioane
estructuracion de peliculas delgadas, permitiendo nuevos desarrollos en el campo de la
fisica de superficies. Asimismo, en el campo de la fisica del plasma, la posibilidad de
modular la interaccion entre el plasma y una superficie de acuerdo a un patron definido
por ondas electreacusticas podria abrir procedimientos alternativos para operar
dispositivos de microplasmas o pantallas de plasma.

This project aims at studying atonmgcleation and thin film growth phenomena
on piezoelectric surfaces under acoustic excitation in vacuum/plasma environments.
Piezoelectric materials are characterized by a-pewro polarization vector when
subjected to mechanical deformation and the reeeia mechanical deformation when
subjected to an electrical excitation. While piezoelectric surfaces under acoustic
excitation are being used for numerous applications, e.g. raindrop sensors; touch
sensitive screens, or handling of liquids at the micl®saaong others, a systematic
survey of the literature reveals that only a seminal work published by the research team
addresses the effect of acoustic waves in nucleation and growth processes in a plasma
environment. There, we demonstrated a strong cdaten between the features of the
acoustic wave, the associated polarization pattern on the piezoelectric material and the
structural features of a surface grown in the presence of a plasma, suggesting that this
interaction can be employed as a new methlody to tailor the film nanostructure. Two
main sources of interaction are analyzed in this project: i) the mechanical influence of the
propagating acoustic wave on the surfawduced mobility processes of-atbms, ii) the
interaction between the polaration wave on the piezoelectric and the plasma electric
field lines, that may affect the transport of charged species and their impingement on the
piezoelectric material during growth. In this way, this project focusses on the description,
development andinderstanding of a new phenomenology, and on the provision of the
fundamental and theoretical framework to describe this interaction. It is expected that
acoustic waves activation and its effect on surrounding plasmas represents a radically new
procedureto activate thin film growth and nuclei formation and that the proposed
methodology goes beyond any present paradigm in the field of surface physics, envisaging
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new routes of nanostructuration. Similarly, in the field of plasma dynamics, the possibility
of modulating the plasma/surface interaction by acoustic waves is an option that may
open alternative procedures for the operation of advanced microplasmas devices or flat
plasma displays.

Tecnologia de plasma para la Plasma technology for efficient and
fabricacion de celdas solares de DURADble waterproof perovskite
perovskita eficientes y duraderas a SOLar cells
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Carmen LOpez Santos
Componentedkesearch group Juan Pedro Espinés Manzorro, Javier
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RESUMEN / ABSTRACT

Las celdas solargglispositivos que transforman directamente la luz solar en
electricidad son de vital interés para el futuro sostenible del planeta. Durante los ultimos
afios y conscientes de este hecho, la comunidad cientifica ha realizado un graa esfue
por mejorar la eficiencia de estos dispositivos. Un ejemplo particular de celda solar que
contiene una perovskita de haluro organometalico como absorbedor de luz han centrado
la atencion de la comunidad cientifica durante la Ultima década debidoiciyre su
alta eficiencia y bajo coste. Esta tecnologia de celda solar supone una alternativa
prometedora a las celdas actuales (basadas en Siy en calcogenuros), aunque se enfrentan
a un reto cientifico y tecnolégico que no ha sido resuelto en 10 a@ésdedsu
descubrimiento: para que la realizacion final y comercial de las celdas de perovskita sea
posible, necesitan alcanzar una mayor estabilidad, durabilidad y reproducibilidad. El
principal problema radica en la alta sensibilidad que presentan estaskgas al
oxigeno y humedad ambiental, que producen una répida degradacion del
comportamiento de la celda en un tiempo extremadamente corto, haciendo inviable su
comercializacion.
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DuraSol persigue abordar este gran reto cientifico y tecnolégico medent
fabricacion de componentes de la celda mediante tecnologia de vacio y plasma. Estas
metodologias son escalables industrialmente y presentan grandes ventajas con respecto
a las metodologias en disolucién (las mas usadas), entre las que destacan: su alt
versatilidad, control de composicidén y microestructura, bajo coste, que son respetuosas
con el medio ambiente ya que no precisan disolventes, no producen emisiones
contaminantes y son compatibles con la tecnologia actual de semiconductores.

El objetivo pincipal de DuraSol es la fabricacion de celdas solares de perovskita
0Oa prueba de aguadé mediante integraci-n
de vacio y plasma en forma de peliculas delgadas y nanoestructuras, que actian como
sellantes hidrofébos. La viabilidad de DuraSol se basa en resultados recientes que
demuestran que la fabricacion asistida por plasma de distintos componentes de la celda
solar puede ser una de las vias mas prometedoras para aumentar su estabilidad y
durabilidad, que es hagn dia el cuello de botella que impide su comercializacién. Cabe
sefalar que no hay ningun ejemplo en la literatura de este enfoque sintético, y se espera
que esta oportunidad demuestre las ventajas y la versatilidad de esta metodologia
innovadora en unampo de muy alto impacto. La investigacién propuesta en DuraSol se
enmarca dentro de las areas prioritarias del programa Horizon-2027 de la Union
Europea y responden a varios de los retos propuestos en la presente convocatoria de
OEnerg2a issenguwer ay, leifmpci a6 (Reto 3) vy de 0
recursos y materias primaso (Reto 5).

Solar cell®) devices that transform sunlight into electridgtgre of vital interest
for the sustainable future of the planet. During the last yaadsaware of this fact, the
scientific community has made a great effort to improve the efficiency of these devices.
A particular example of a solar cell that contains an organometallic halide perovskite as
light absorber has focused the attention of thiestific community during the last decade
due, above all, to its high efficiency and low cost. This solar cell technology is a promising
alternative to currently existing ones (based on Si and chalcogenides), although they face
a scientific and technolagil challenge that has not been solved in 10 years since its
discovery: for the commercial realization of the perovskite cells possible, they need to
achieve higher stability, durability and reproducibility. The main problem lies in the high
sensitivity othese perovskites to oxygen and environmental humidity, which produce a
rapi d degradati on of t he cell ©&s behavi
commercialization unfeasible.

DuraSol seeks to address this great scientific and technological chalenge b
manufacturing cell components using vacuum and plasma technology. These
methodologies are industrially scalable and present great advantages over solution
methods (the most used), among which are: their high versatility, control of composition
and microgructure, low cost, environmentally friendly since they do not require solvents,
do not produce pollutant emissions and are compatible with current semiconductor
technology.

The main objective of DuraSol is the fabrication of waterproof perovskite solar
cells by integrating components manufactured by vacuum and plasma methodologies in
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the form of thin films and nanostructures, which act as hydrophobic sealants. The viability
of DuraSol is based on recent results that demonstrate that ptassisted synthesis of
different components of the solar cell can be one of the most promising ways to increase
its stability and durability, which is today the bottleneck that prevents their
commercialization. It is worth to highlight that there is no example in the literature about
this synthetic approach, and this opportunity is expected to demonstrate the advantages
and versatility of this innovative methodology in a field of very higictmphe research
proposed in DuraSol falls within the priority areas of the European Union Horizon 2021

2027 program and responds to several of the cl
segura, eficiente y | i mpicayutligaCidnalé recarsoge 3) and
y materias primasdé (Challenge 5).

Estructuras adaptativas Adaptive multiresponsive

multiresponsivas para fotdnica nanostructures for integrated

integrada, piezo/tribotr 6nicay photonics, piezo/tribotronics and

monitorizacion optofluidica]AdFunc optofluidic monitoring| AdFunc

)
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RESUMEN / ABSTRACT

AdFRunces un proyecto muy interdisciplinar que tiene como principal objetivo conseguir
un progreso significativo en dos tematicas en la frontera de la Ciencia de Materiales: el
desarrollo de sensores con capacidad multirespuesta y de sistemas de energisactivado
por luz. Los denominadores comunes de &adE son el disefio inteligente de
arquitecturas complejas en la nanoescala y el desarrollo de demostradores a escala de
laboratorio.
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Estamos convencidos de que el proyecto nos abre una ventana de oportunidad
pararealizar investigaciones que podemos clasificar en cuatro areas: i) Aplicaciones y
dispositivos: Desarrollaremos los recientemente descubiertos efectos tribotronicos y
piezotronicos para fabricar dispositivos sensores autoalimentados. Con estos materiales,
en combinacion con varias tecnologias avanzadas de sensado foténico y -espectro
electroquimico, expandiremos la eficiencia, multiactuacién y multirespuesta de sistemas
adaptativos optofluidicos. Estos sistemas, manteniendo una arquitectura comun,
presentaén una respuesta diferenciada frente a escenarios reales diversos y complejos,
gue se simularan en el proyecto (alteraciones medioambientales como vertidos,
accidentes, amenazas quimicas o de explosivos). También se plantean dispositivos
captadores de engia solar en condiciones de baja iluminacién, captadores de energia
mecanica y dispositivos que sean capaces de acoplar luz y movimiento a la activacion de
procesos de descomposicion electroquimica del d@gudanomateriales: Adfunc es un
proyecto dondeconcurren un equipo de especialistas en el desarrollo de nanoestructuras
soportadas por distintas tecnologias. Esto nos permitira, por primera vez, implementar
un conjunto de nanoarquitecturas 3D (nanohilos, nanotubos, core@shell) y el disefio de
materialescon estructuras nanoporosas controladas (capas esculturales, nanocanales,
porosidad asociada en varias escalas, multicapas épticas porosas, desarrollos pioneros de
redes metaloorganicas (MOFs) en estructuras foténicas porosas) directamente a la
mejora delos componentes activos de los dispositivos del proyeidtdstrategia. El
proyecto nos da la oportunidad de trabajar simultaneamente en rutas sintéticas nuevas,
caracterizacion avanzada de materiales y propiedades, integracion de materiales en
disposiivos, y esto a la vez que se tiene informacién de modelado y simulakion.
Perspectiva de escalabilidad: En todos los casos se utilizaran métodos y técnicas
compatibles con procesos industriales establecidos, como el plasma y el vacio tipicos de
la indugria optoelectrénica y microelectronica, y procesos de sintesis en disolucion. Otro
aspecto interesante, es la posibilidad de introducir plasticos y polimeros para fabricar
dispositivos, lo que puede permitir revalorizar residuos de la industria det@léstiun
esfuerzo de economia circular en el que investigadores del proyecto estan
comprometidos.

AdFunc solo es posible gracias al esfuerzo conjunto de un gran numero de
investigadores, en su mayoria del IG®SC y la Universidad Pablo de Olavide, qe s
completa con un grupo de investigadores de otros centros y colaboradores
internacionales con experiencia e interés complementarios. Es precisamente la
coordinacion de un numero tan elevado de especialistas (25 doctores en los dos
subproyectos) lo que ngsermite plantear el desarrollo de un conjunto de actividades
tan completo y ambicioso.

AdRuncis a highly interdisciplinary project whose main objective is to achieve
significant progress in two areas at the frontier of Materials Science: the development of
multi-response sensors and ligdattivated energy systems. The common denominators
of AdRunc are the intelligent design of complex architectures at the nanoscale and the
development of laboratory scale demonstrators.
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We are convinced that the project opens a window of opportunity for us to carry
out research that can be classified into fouraard) Applications and devices: We will
develop the recently discovered tribotronic and piezotronic effects to manufacture self
powered sensor devices. With these materials, in combination with several advanced
photonic sensing and spectetectrochemicaltechnologies, we will expand the
efficiency, multiactuation and multiresponse of optofluidic adaptive systems. These
systems, maintaining a common architecture, will present a differentiated response to
diverse and complex real scenarios, which will eikited in the project (environmental
alterations such as spills, accidents, chemical or explosive threats).

Another fundamental aspect of the project are the photovoltaic devices, which
will be optimized to be able to work in low light conditions, and hatcal energy
collectors and devices that are capable of coupling light and movement to the activation
of the water electrochemical decomposition. ii) Nanomateriald=uAd is a project
where a team of specialists in the development of supported nantastesdy different
technologies come together. This will allow us, for the first time, to implement a set of
3D nanoarchitectures (nanowires, nanotubes, core@shell) and the design of materials
with controlled nanoporous structures (sculptural layers, nhaogels, porosity
associated in several scales, porous optical multilayers, pioneering developments of
metalloorganic networks (MOFs) in porous photonic structures) directly to the
improvement of the active components of the project devices. lii) Stratdégyproject
gives us the opportunity to work simultaneously on new synthetic routes, advanced
characterization of materials and properties, integration of materials into devices, and this
while simultaneously obtaining modeling and simulation informatjoRerspective of
scalability: In all cases, methods and techniques compatible with established industrial
processes will be used, such as plasma and vacuum, typical of the optoelectronic and
microelectronic industry, and synthesis processes in sol&imsther interesting aspect
is the possibility of introducing plastics and polymers to manufacture devices, which may
allow the valorization of waste from the plastic industry, in an effort of circular economy
in which researchers of the project are comteidt.

AdFunc is only possible thanks to the joint effort of a large number of researchers,
mostly from ICMSCSIC and the Pablo de Olavide University, which is completed by a
group of researchers from other national and international institutions with
complamentary experience and interest. It is precisely the coordination of such a large
number of specialists (25 doctors in the two subprojects) that allows us to propose the
development of such a complete and ambitious set of activities.
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RESUMEN / ABSTRACT

El cambio climéatico ocasionado por las emisiones de gases con efecto invernadero
y el agotamiento de los combustibles fosiles a eontalio plazo hacen necesaria la
busqueda de nuevas fuentes de eneafjeanativas, limpias y renovables. De entre ellas,
la energia solar es una de las mejores opciones por su gran disponibilidad para la
generacion de calor y electricidad.

El objetivo de este proyecto va encaminado al desarrollo de nuevos
recubrimientos almbedores solares selectivos crecidos en forma de multicapas basados
en nitruros metalicos de cromo y aluminio (CrAIN). Las propiedades de resistencia a la
oxidacion y estabilidad térmica del CrAIN unidas a un disefio hanoestructurado adecuado
permitiran matener unas buenas prestaciones Opticas (alta absorbancia y baja emitancia)
y mejorar su durabilidad a alta temperatura. El incremento de la temperatura de trabajo
(T>550 °C) conllevara una mejora de la eficiencia y una reduccion de costes de las plantas
de concentracion de solar térmica, haciéndolas mas competitivas. Para su preparacion se
utilizara la técnica de pulverizacion catdédica mediante impulsos de alta intensidad
(HIPIMS), una variante reciente de la pulverizacion catédica convencional que permite
mejorar la densidad y compacidad de las capas gracias a un mayor grado de ionizacion
del plasma. Estas propiedades son de interés para mejorar la adhesion al sustrato y
ralentizar los procesos de degradacion térmica. Ademas de los nitruros se ensayarian
otras configuraciones cambiando el tipo de material absorbedor (oxinitruros y
nanocomposites de carburos metalicos).

El proyecto comprendera todas las etapas, desde la sintesis de los materiales
componentes de las estructuras solares selectivas, disefionylagbn de su
comportamiento éptico, a su validacién en condiciones similares a la aplicacion final (a
nivel de laboratorio y ensayos de campo). La caracterizacién estructural, quimica y de
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estabilidad térmica y resistencia a la oxidacion discurrira elefmacon el fin de
optimizar los recubrimientos solares selectivos con mejores prestaciones y durabilidad.

The climatic change produced by the gas pollutants emissions and the greenhouse
effect along to the short miterm depletion of the energfpssifuels make necessary the
search of alternative energy sources, clean and renewable. Among them, the solar energy
is one the best options due to the major availability to generate heat and electricity.

The goal of the present project is the developmenneifv solar multilayered
absorber coatings based on chromium ahunminummitride (CrAIN). The good oxidation
resistance and thermal stability of CrAIN, together with a nanostructured design will
ensure a good optical performance (high absorbance and logsiety) and increase
their durability at high temperature. The increment of the working temperature (T>550
°C) will improve the efficiency and reduce the costs of the solar thermal power plants,
make them more competitive. The High Power Impulse MagneSuttering technique
(HiPIMS) will be used for the preparation of the coatings. This recent innovation of the
conventional magnetron sputtering technology allows increasing the film density and
compactness thanks to an increased ionization of the plaEhese properties are
interesting for the improvement of the adhesion to the substrate and decrease the
thermal degradation. In addition to abovementioned strategy, other alternative
configurations changing the nature of the material absorber (metal odgsitand
carbides nanocomposites) would be tried.

The project will comprise all the stages, from the synthesis of the material
components of the solar selective structures, design and simulation of the optical
behaviour, to the validation in conditions g&mto the final application (both in lab and
field tests). The structural and chemical characterization, the evaluation of the thermal
stability and oxidation resistance will run simultaneously with the aim of optimizing the
solar absorber selective carrgs with the best performance and durability.
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RESUMEN / ABSTRACT

El agotamiento de los combustibles fosiles (a corto y largo phaze)
calentamiento global derivado del efecto invernadero son consecuencias del uso
extensivo de estos combustibles. Por lo tanto, es muy conveniente utilizar y desarrollar
energias renovables y asi eliminar nuestra dependencia de los combustible& $bsiles
hace que el almacenamiento de energia producida por fuentes renovables (que son
intermitentes) sea un objetivo importante de investigacion. En proyectos anteriores,
hemos trabajado en el estudio de nanomateriales y catalizadores para el almadenamien
de hidrégeno como vector de transporte y almacenamiento de energia (ciclg) dehH
este nuevo proyecto, el grupo de investigacion propone avanzar en la Implementacion
de liquidos organicos como portadores de hidrégeno (LOHC) como una forma
prometedora de combinar los ciclos del Gdel H que conduzca a un almacenamiento
de energia sostenible en un ciclo neutro en carbono. Pequefias moléculas organicas,
como el acido férmico o el metanol, se pueden usar para almacenafyeleHenergia)
provenientede fuentes renovables. Estos combustibles alternativos se pueden quemar o
usarse para generanlgue alimente directamente a una pila de combustible.

En este proyecto se llevaran a cabo investigaciones para la implementacion de dos
procesos relacionada®n las tecnologias LOHC:

i) La descomposicion térmica selectiva del acido férmico por catélisis heterogénea
para la produccién bajo demanda de hidrogeno exento de monéxido de carbono.

i) La produccion de hidrégeno por reformado de alcoholes (biometamol)
procesos fotocataliticos heterogéneos. La catalisis desempefia un papel clave en la
implementacion de estos dos procesos. Por lo tanto, los principales objetivos vy
actividades del proyecto son el disefio racional y la preparacion de catalizadores y
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soportes para estudiar las relaciones composiestnuctura desempefio en los dos
procesos mencionados anteriormente. El enfoque innovador es la aplicacidon de técnicas
asistidas por plasma, como la pulverizacion catédica para el crecimiento de peliculas
delgadasy los tratamientos con plasmas de oxidacion, reduccion y grabado, para el
desarrollo de recubrimientos cataliticos nanoestructurados y nanoparticulas soportadas.
Se desarrollardn espumas de carbono poroso y catalizadores basados en Pd que incluyen
Pd, PdC, PdB o PdCu para el estudio de la reaccion de descomposicién de acido
férmico. Se investigaran peliculas fotocataliticas dgTi@, con Pt (y/o Au) como co
catalizadores para el fotr@formado de metanol.

The depletion of fossil fuels (in short and long term) and the global warming
derived from greenhouseffect are consequences of the extensive use of these fuels. It
is therefore highly desirable to use and develop renewable energies and so eliminate our
dependence on fosdiliels This makes the storage of energy produced by renewable
sources (which aratermittent) an important target. In previous projects we have been
working in the study of nanomaterials and catalysts for the storage of hydrogen as a
vector of energy transport and storage,(¢ycle). In this new project the research group
propose to move into themplementatiorof the liquid organic hydrogen carriers (LOHC)
as a promising way obmbininghe CO, and de H cycles leading to a sustaireabhergy
storage in a carbon neutral cycle.

Small organic moleculdge formic acid or methanol, can be used to store the
H, (and energy) coming from renewable sources. These alternative fuels can be
combusted themselves or be used to generaiairectly feeding a fuel cell.

Research will be conducted in this project to the implementation of two processes
related to the LOHC technologies:

i) The selective low temperature decomposition of formic acid by heterogeneous
catalysis to the edemand productiorf carbon monoxide free hydrogen.

i) The hydrogen production by reforming of alcohols (i.e. biomethanol) in
heterogeneous photocatalytic processes.

Catalysis is playing the key role in the implementation of these Iwo processes.
Therefore the main objectes and activities in the project are the rational design and
preparation of catalysts and supports to study composgtacture-performance
relationships for the twabovementioned processes. The innovative approach is the
application of plasma assistedhniques, like the magnetron sputtering for

thin film growth, as well as plasma treatments of oxidation, reductioetahdg
for the development of nanostructured catalytic coatings and supported nanopatrticles.
Porous carbon foam supports and Pd based catalysts including-€dPa@ or PdCu
will be developed for the study of the formic acid decomposition reaction,-TiOy
photocatalytic films with Pt (and/or gold) as-aatalysts will benvestigatedfor the
photo-reformingof methanol.
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Dispositivo optoflu idico NIR para NIR Optofluidic device for liquid
analisis de liquidos analysis

- MINISTERIO * *
Lo L la Unién Europea T eanencia” ?%Hi'f‘gg_
MextGenerationEU INVESTIGACION
CdédigoLode: PDC2021121379I00
PeriodoPeriod 01-12-2021 / $-11-2023
Organismo Financiadétihancial source | Ministerio de Ciencia e Innovacion
Importe total/Total amount 144,900t
Investigador responsablie¢search head| Francisco Yubero Valencia
ComponentedResearch group JuarPedro Espinés Manzorro, Ramén
Gonzalez Garcia, Victor J. Rico Gavira
Agustin R. Gonzélézlipe

RESUMEN / ABSTRACT

NIRFLOW es un proyecto I+D+i para la realizacion de una Prueba de Concepto
en el que se plantea desarrollar un prototipo precomercial para analisis optico en el
infrarrojo cercano de fluidos en condiciones de flujo en entornos industriales relevantes.
El poyecto se basa en varias innovaciones no contempladas en equipos comerciales
basados en analisis NIR hoy en el mercado. De un lado, sustituir la éptica de analisis NIR
convencional operada por espectrometros NIR basados en redes de difraccion o Optica
de Fourier por una seleccién de la longitud de onda de andlisis basada en combinaciones
de filtros 6pticos de paso alto y paso bajo variables de forma continua con respuesta
sintonizada (centro y anchura de banda) a voluntad en el NIR. De otro lado, la celda
optofluidicaa desarrollar, operada en modo transflectancia, se caracteriza por tener
camino oOptico de analisis variable y sintonizable a los sobretonos de las absorciones
caracteristicas de las moléculas presentes en el fluido problema. De esta manera, lo
analisis estadisticos caracteristicos de la espectroscopia NIR se van a ver apoyados por
variables independiente (medidas correspondientes no sélo a variaciones de longitud de
onda, sino también a distintos caminos opticos de analisis), lo cual vécapeslisis
estadisticos mas robustos que los convencionales. Finalmente, el equipo se va a
desarrollar con una concepcion microfluidica de analisis automatica, para su operacion en
remoto mediante tecnologia wireless. Estas tres innovaciones hacelR&:OW un
proyecto I+D+i en el que parte de los conocimientos y uno de los desarrollos realizado
en un proyecto de investigacion previo del Plan Estatal (MAT28866R),
parcialmente protegido con una patente, se pretende transferir a la sociedadsadehve
desarrollo de un equipo precomercial que demuestre sus capacidades de andlisis en
entornos operacionales significativos, en particular para el seguimiento de procesos de
fermentacion ligados a la produccion de vinos.
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NIRFLOW is a R+D+i Project fothe realization of a Proof of Concept in which
it is aimed to develop a preommercial prototype for the optical analysis in the near
infrared of fluids in flow conditions in relevant industrial environments. The project is
based on several innovationstithee not implemented in conventional NIR apparatus in
the market so far. First, to substitute the conventional NIR optics mainly operated by
spectrometers based on diffraction gratings or Fourier optics by a selection of the
wavelength of analysis basedammbinations of continuously variable short and long pass
filters designed to tune a NIR passband (regarding center and width). Second, to develop
an optofluidic cell, operated in transflectance mode, characterized by a tunable optical
pathlength to optnize the info obtained by the different overtones of the characteristic
molecules present in the fluid under analysis. This innovation will offer the possibility of
more robust statistical analysis than conventional NIR spectroscopy operated with single
optical pathlength. Finally, the prototype will be developed within a microfluidic approach
with automate analysis concept, for its operation within a wireless remote technology.
These three innovations make NIRFLOW a R&D+i project in which part of the
knowledge and one of the developments done in previous research project from the
Spanish Plan Estatal (MAT2009B66R), partially protected by a patent claim, is aimed
to be transferred to the society through the development of a pneoercial prototype
that showed ability of analysis in industrial operational environments, in particular to
follow the evolution of fermentation processes linked to wine production.

Modelado e implementacién de la Modeling and implementation of the
técnica Freeze-Casting: gradientes freeze casting technique: gradients

de porosidad con un equilibrio tribo - | of porosity with a tribo -mechanical
mecanico y comportamiento celular equilibrium and electro -stimulated

electro -estimulado cellular behavior

Unioén Europea

> -
Fondo Europeo de  Andalucia -
Desarrollo Regional Se mueve con Europa

Junta de Andalucia

CodigoLode US1259771
PeriodoPeriod 01-02-2020/ 31-01-2022
Organismo Financiadéiihancial source | Junta de Andalucia
Importe total/Total amount 90.0004

Investigador responsabletsearch head| Yadir Torres Hernandez (US) y Juan
Carlos Sanchez Lépez
ComponentedResearclyroup Ana Maria Beltran Custodio, Alberto
Olmo Fernandez, Paloma Trueba Mufi
Maria de los Angeles Vazquez Gamez
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RESUMEN / ABSTRACT

El titanio comercialmente puro (Ti c.p.) y la aleacion Ti6Al4V, son los
biomateriales metéalicos con el mepndstico para la reparacion clinica del tejido 6seo.
Sin embargo, a pesar de sus ventajge)% de los implantes fallan durante los cinco
afios posimplantacion. Estos se asocian fundamentalmente al apantallamiento de
tensiones (diferencias de rigideatre el implantehueso), el empleo de criterios de
disefio (fractura y fatiga) no adecuados para biomateriales, a los fenémenos -de tribo
corrosion en condiciones de servicio y a los problemas que ocurren en la intercara
(micromovimientos y/o presencia de dbarias) que limitan la capacidad de
osenintegracion. En este proyecto se propone fabricar e implementar un dispositivo
sencillo y econémico para obtener cilindros con porosidad controlada (gradiente) y
alargada mediante la técnica de congelacion diri§idalesarrollaén modelos de
elementos finitos para estimar el crecimiento geométrico de las dendritas de hielo y el
comportamiento mecanico de los cilindros porosos (distribucion de esfuerzos y
deformaciones), usando radiografias en tiempo real del pratesongelacion dirigida,
asi como los parametros que caracterizan la microestructura (proporcion, tamanio,
morfologia de la porosidad) y el comportamiento a compresion (rigidez y limite de
fluencia). Ademas, se plantea la generacion de patrones de adyssjkrficial mediante
el bombardeo de iones, encaminados a mejorar la union intima entre el implante y el
tejido 6seo. Por otra parte, se plantean protocolowiino adecuados para evaluar la
citotoxicidad, la adhesion, diferenciacion y proliferaciofulae Finalmente, se
desarrollard un sistema de medida de-inipedancia que permita racionalizar la
influencia de la porosidad, el acabado superficial y los estimulos eléctricos en el
comportamiento irsitu de osteoblastos. En este contexto, el objetprocipal es
fabricar cilindros con una porosidad controlada y su superficie modificada, que permita
garantizar un mejor equilibrio biomecénico, trbarrosivo y biofuncional (igrowth y
oseointegracion del tejido 6seo y el implante).

Commercial pure Tanium (c.p. Ti) and Ti6Al4V alloy are metal biomaterials with
the best properties for clinical repair bone tissue. However, despite their advantages, 5
10 % of implants fail during the five years piosplantation. They are mainly associated
with stress kielding (difference stiffness between bone and implant), the use of design
criteria (fracture and fatigue) not suitable for biomaterials, the -rimoosion
phenomena in service conditions and the interface problems (fmorements and / or
the presenceof bacteria) that limit the capacity of osseointegration. This project
proposes the manufacture and implementation of a simple and economical device to
obtain cylinders with controlled (gradient) and elongated porosity by the freeze casting
technique. Fiite element models will be developed to estimate the geometric growth of
the ice dendrites and the mechanical behaviour of the porous cylinders (distribution of
stresses and deformations), using4téak radiographs of the directed freezing process,
as wdl as the parameters that characterize the microstructure (amount, size and
morphology of porosity) and compression behaviour (stiffness and vyield strength). In
addition, the generation of surface roughness patterns by ion sputtering is proposed, with
the aim to improve the close bond between the implant and the bone tissue.
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Furthermore, suitable Hvitro protocols are proposed to evaluate cytotoxicity, adhesion,
differentiation and proliferation cell. Finally, a-inqpedance measuring system will be
devebped in order to rationalize the influence of porosity, finished surface and electrical
stimulus on the wsitu behaviour of osteoblasts. In this context, the main objective is to
manufacture cylinders with a controlled porosity and modified surface,entianced
biomechanical, trib@orrosive and biofunctional balance growth and osseointegration

of the bone tissue and the implant).

Plasmas atmosféricos de arco Atmospheric Pressure Gliding-arc
deslizante para la produccién Plasmas for the Sustainable
sostenible de amoniaco e hidrogeno | Production of Ammonia and
(ARCPLAS) Hydrogen (ARCPLAS)

Union Europea
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Junta de Andalucia

CodigoLode US1380977

PeriodoPeriod 01-02-2021/ 31-12-2022
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Importe total/Total amount 77.9871%

Investigador responsabletsearch head| José Cotrino Bautista y Ana Maria Gén
Ramirez

Componentedkesearch group Rafael Alvarez Molindgsé Javier Brey
Sanchez (US), Jesus Cuevas Maraver
(US), Alberto Palmero Acebedo, Juan ¥
Rodriguez Archill@JS)

RESUMEN / ABSTRACT

El p r cPlagmag atmogiéricos de arco deslizante para la produccién sostenible
de amoniaco e hidriggno ARCPLAS en adel ante, pretende el
transformacion quimica de gases mediante tecnologias de plasma atmosférico que usan
la electricidad como vector energético directo. En concreto se persigue la pypestia
de un reactor de Plasmas Atmosféricos de Arco Deslizante (PAAD) para inducir
dos procesos de gran impacto industrial y medioambiental, como son la sintesis
de amoniaco (NH5) y la produccion de hidrégeno (H ;). El amoniaco es la sustancia
base de los fertilizantes usados enicgpura, y su demanda aumenta conforme las
necesidades de alimentacién mundiales. En cuanto al hidrégeno, de sobra es conocido
gue el camino hacia una economia basada en dicho combustible es uno de los retos del
siglo XXI. ARCPLAS propone, en una primetapa, desarrollar la tecnologia PAAD
mediante el disefio, construccion, modelizacién y puesta a punto de un reactor de arco
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deslizante. La complejidad de los procesos basicos implicados en este tipo de reactores
implicar4 un estudio fundamental de su respa eléctrica y de los fendmenos de
transporte de masa y carga, asi como una caracterizaciéon exhaustiva y diagnosis del
plasma en funcién de parametros como flujo de gases, interaccion entre especies
excitadas, tiempo de residencia, caracteristicas gasngie los gases implicados y otros
pardmetros basicos de operacion. Tanto la caracterizacién experimental como teodrica
del reactor, esta ultima llevada a cabo mediante métodos computacionales, seran
fundamentales para su correcto funcionamiento y optintrade los procesos
propuestos. En una segunda etapa se abordara el estudio de las reacciones de obtencion
de H, y NHs;, con el objetivo de maximizar su rendimiento quimico, asi como el
rendimiento energético del reactor. Finalmente, en una Ultima etapprogécto, se
exploraran posibles modificaciones sobre el modelo de reactor PAAD desarrollado,
contemplandose el efecto de la incorporacion de materiales piezoeléctricos para inducir
fendmenos de emision secundaria de electrones, la modificacion dedetedaticas
superficiales de los electrodos o la geometria del sistema a fin de propiciar en el futuro
una mejora en el rendimiento de los procesos estudiados.

The prAnmospberic Glidiagec Plasmas for the Sustainable Production of
Ammonia andHydroged , her ei naf agnesrto deRIGHE gag Shemical
transformation processes through atmospheric pressure plasma technologies
that use electricity as a direct energy vector. Specifically, the objective is to fine -
tune a Plasma Atmospheric Gliding Arc Reactor (PAAD) to induce two
processes of great industrial and environmental impact, such as the synthesis of
ammonia (NH3) and the production of hydrogen (H ;). Ammonia is the base
substance of fertilizers used in agriculture, and its demand is imgy@asne with world
food needs. Regarding hydrogen, it is well known that the path towards an economy
based on it is one of the challenges of the 21st century. ARCPLAS proposes, in a first
stage, to develop PAAD technology through the design, conginjatnodelling and
commissioning of a gliding arc reactor. The complexity of the basic processes involved in
this type of reactors will require a fundamental study of their electrical response and mass
and charge transport phenomena, as well as an exhagsi@vacterization and diagnosis
of the plasma based on parameters such as gas flow, interaction between excited species,
residence time, chemical characteristics of the gases involved and other basic operating
parameters. Both the experimental and theacat characterization of the reactor, the
latter carried out using computational methods, will be essential for its correct operation
and optimization of the processes. In a second stage, the study of the reactions to obtain
H2 and NH3 will be addressed,ithv the aim of maximizing their chemical yield, as well
as the energy vyield of the reactor. Finally, possible modifications of the PAAD reactor will
be explored, contemplating the effect of the incorporation of piezoelectric materials to
induce secondarylectron emission phenomena, the modification of the surface of the
electrodes or the geometry of the system in order to promote an improvement in the
performance of the processes studied.
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Tecnologia de plasma para el Plasma technology for the
desarrollo de una nueva generacion | development of a new generation of
de conductores de huecos en celdas | hole transport layers in perovskite
solares de perovskita. PlasmaCells solar cells
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PeriodoPeriod 01-02-2020/ 31-12-2022

Organismo Financiadéiihancial source | Junta de Andalucia

Importe total/Total amount 30.0001

Investigador responsablietsearch head| Juan Ramon Sanchez Valencia

Componentedkesearch group Angel Barranco Quero, Juan Pedro
Espinés Manzorro, Cristina Rojas Ruiz
José Cotrino Bautista

RESUMEN / ABSTRACT

Las celdas solares (CSs) de tercera generaciéon son dispositivos nanotecnoldgicos
gue convierten directamente la luz solar en electricidad y suponen el paradigma de la
investigaciébn en energias renovables de cuyo aprovechamiento dependera el futuro
energétco del planeta. Recientemente, un ejemplo particular de CSs que contienen una
perovskita de haluro organometéalico como absorbedor de luz han centrado la atencion
de la comunidad cientifica debido, ante todo, a su alta eficiencia y bajo coste. Estas
caracteisticas las convierten en una alternativa prometedora a las celdas actuales (de Si
y calcogenuros). Sin embargo, para que la realizacion final y comercial de las celdas de
perovskita sea posible es necesario que alcancen una mayor estabilidad, dusabilidad
reproducibilidad. Los avances mas importantes alcanzados se han debido a la intensa
investigacion sobre los elementos que integran esta CS: conductor de electrones,
perovskita y conductor de huecos. En concreto, este ultimo elemento ha tenido una
importancia crucial en su evolucion tras la implementacidn de los conductores de huecos
en estado sdlido

PlasmacCells persigue abordar por primera vez la sintesis de una nueva familia de
conductores de huecos por técnicas de vacio y plasma. Estas metodologissasables
industrialmente y presentan grandes ventajas con respecto a las metodologias en
disolucién (las mas usadas), entre las que destacan: su alta versatilidad, control de
composicién y microestructura, bajo coste, que son respetuosas con el manenge
ya que no precisan disolventes, no producen emisiones contaminantes y son compatibles
con la tecnologia actual de semiconductores.

El objetivo principal de PlasmacCells es la integracién de estos nuevos conductores
de huecos procesados por plasmaG®s de perovskita. La importancia del proyecto se
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basa en resultados recientes obtenidos por el Investigador Principal (IP) que demuestran
que la aproximacion propuesta puede ser una de las vias mas prometedoras para el
aumento de la estabilidad, duratall y reproducibilidad de estas CSs, que actualmente
suponen el cuello de botella que impide su industrializacion. Cabe destacar que no existe
en la bibliografia ningan ejemplo sobre esta aproximacion sintética para el desarrollo de
conductores de huecoSe espera que esta oportunidad permita demostrar las ventajas

y versatilidad de esta metodologia innovadora en un campo de alto impacto, que se
enmarca dentro de las areas prioritarias RIS3 Andalucia y en el PAIDI 2020 de crecimiento
sostenible, eficiencenergética y energias renovables.

Third generation solar cells (SCs) are nanotechnological devices that directly
convert sunlight into electricity and represent the paradigm of research in renewable
energies, the use of which will depend on the energy future of the planet. Recently, a
particular example of SCs containing an organometallic halide perovskite as a light
absorber have attracted the attention of the scientific community due, above all, to their
high efficiency and low cost. These characteristics make them a promising alteamative
current cells (Si and chalcogenides). However, for the commercial realization of
perovskite cells, it is necessary to achieve greater stability, durability and reproducibility.
The most important advances have been achieved due to the intense reseattos
elements that integrate a SC: electron transport layer, perovskite and hole transport
layer. Specifically, this latter element has been crucial for its evolution after the
implementation of solid state hole conductors.

PlasmacCells pursuits to addsesr the first time the synthesis of a new family of
hole transporters by vacuum and plasma techniques. These methodologies are
industrially scalable and have great advantages over solution methodologies (the most
used), among which stand out: their higgrsatility, composition and microstructural
control, low cost, are environmental friendly since they do not require solvents, do not
produce polluting emissions and are compatible with current semiconductor technology.

The main objective of PlasmaCellsthe integration of these new plasma
processed hole transport layers into perovskite SCs. The importance of the project is
based on recent results obtained by the Principal Investigator (PI) that demonstrate that
the proposed approach may be one of the tqm®mising ways to increase the stability,
durability and reproducibility of these SCs, which currently represent the bottleneck that
prevents their industrialization. It should be noted that there is no example in the
literature of this synthetic approlacfor the development of hole transporters. It is
expected that this opportunity will allow to demonstrate the advantages and versatility
of this innovative methodology in a highpact field, which is framed within the priority
areas RISBndaluciand inthe PAIDI 2020 of sustainable growth, energy efficiency and
renewable energies.
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Nuevos recubrimientos New nanostructured coatings for
nanoestructurados para absorcion efficient absorption of solar radiation
eficiente de la radiacion solar en in concentrated devices

dispositivos de concentracion
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RESUMEN / ABSTRACT

La mejora de los materiales empleados en los dispositivos usados en el campo de
las energias renovables permitird incrementar la eficiencia de los mismos haciéndolos mas
competitivos y rentables. El presente proyecto pretende desarrollar nuevos
recubrimienios absorbedores selectivos de la energia solar aptos para trabajar a
temperaturas superiores a las posibles con los materiales actualmente en uso en
dispositivos de concentracién solar térmica (50@n vaci@® media concentracion; 800
°C al aired altaconcentracion). Los sistemas seran preparados en forma de multicapas
por la novedosa tecnologia de pulverizaciébn catédica donde los materiales son
evaporados mediante impulsos de alta energia (HiPH&® Power Impulse Magnetron
Sputtering). Los materid preparados deberan cumplir los requisitos 6pticos y de
estabilidad quimica para soportar las condiciones de alta irradiacion solar y temperaturas
de trabajo. Este ambicioso proyecto se llevara a cabo mediante la colaboracién de dos
grupos de investigam pertenecientes al Instituto de Ciencia de Materiales de Sevilla
CSICGICMS (grupo TEP958) y a la plataforma solar de Almeria CIENSAT(Grupo
TEP247). El grupo CSICMS se encargara del disefio, preparacion y caracterizacion de
los recubrimientos. Porusparte CIEMATPSA, disefiara y desarrollara los ensayos de
campo, validando los recubrimientos en condiciones de trabajo similares a las de la
aplicacion final en términos de flujo solar concentrado incidente y temperaturas de
operacion. Dichos ensayos lmicAn tanto determinacién de parametros térmicos y
Opticos en condiciones nominales de operacion, asi como ciclado térmico de alta
frecuencia (tratamiento térmico y envejecimiento).

The improvement of the materials employed in the devices used in the renewable

energy sector will enable to increase the efficiency of these systems to become more
competitive and profitable. The current project aims to develop new solar selective
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coatingsable to operate at temperatures beyond the working temperature limits of the
materials currently being used in concentrated solar systems°G00 vacuum mid
concentration; 800C in airéhigh concentration). The systems will be prepared in the
form of multilayers using the novel technology of magnetron sputtering where the
materials are evaporated by means of high energy pulses (HiPligls Power Impulse
Magnetron Sputtering). The developed materials should fulfill the optical requirements
and therméa stability to withstand the high solar irradiance flux and working
temperatures. This project will be carried out through the collaboration of two research
groups belonging to the oOlnstitutleMSde C
(TEP958 group)rad t he OPIl at af or ma SP&A @EP24d group)l me r
The ICMSCSIC group will perform the design, preparation and characterization of the
coatings. Meanwhile, the CIEMAASA group will be in charge of designing the bench
tests, validating theoatings in working conditions similar to the final application in terms

of high incident solar flux and operation temperatures. Such tests will include both the
determination of thermal and optical parameters in nominal operating conditions, as well
as thethermal cycling at high frequency (thermal treatment and aging).

Nanoscopias y Espectroscopias Integrated nanoscopies and
integradas para el analisis en la nano- | spectroscopies for the analysis of
escala de nuevos materiales novel functional materials at the
funcionales nano-scale

Union Europea
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RESUMEN / ABSTRACT

El desarrollo de los nanomateriales y materiales funcionales, asi como sus
aplicaciones nanotecnoldgicas, vienen determinados por las capacidades actuales para la
caracterizacion de la microestructura, la composicion y las propiedades de los materiales
en la naneescala. El proyecto propone potenciar una investigacion de frontera en la
caracterizacion microestructural de materiales. Se integraran las técnicas nanoscoépicas y
espectroscopicas, ligadas a la microscopia electrénica (sonda de electrones3, con la
técnicas asociadas a las sondas de fotones {(¥@yode haces de iones (técnicas IBA en
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general). La caracterizacion se asociara a materiales funcionales seleccionados de alto
interés actual en la tematica de recubrimientos y laminas delgadas ea &squipo
de trabajo es experto.

Seré objetivo central el desarrollo y aplicacién de manera integrada de las técnicas
disponibles con mudltiples sondas, tanto en el ICMS, como en otros centros de las
Universidades de Sevilla (CITIUS, CNA) y Cédiz (sesviméntrales). Igualmenta
través de colaboraciones y solicitudes de medidas se tendra acceso a otras instalaciones
internacionales.

En el proyecto se dispondra de materiales seleccionados en dos tecnologias
emergentes: i) LAminas delgadaggubrimientos nanoporosos que estabilizan gases a
ultra-alta densidad y presion. ii) Catalizadores para los procesos de almacenamiento y
generacion de hidrégeno en liquidos organicos portadores de hidrégeno (LOHCS). La
caracterizacion avanzada que se g contribuird a la comprension fundamental de
las relaciones sintegisicroestructurapropiedades con el objetivo de alcanzar un disefio
racional de nuevos materiales funcionales en las lineas seleccionadas. El proyecto incide
directamenteenlastecnobbgas f aci |l i tadoras o emergentes con
y Ol os materiales avanzados©é6. l nci de tambi ®n
Andalucia en relacion al almacenamiento de energias renovables.

The current development of nanomaterials dadctional materials in general, as
well as their nanotechnological applications, are determined to a large extent by the
current capacities on the characterization of microstructure, composition and even
properties of the materials at the naisoale. Theproject is proposed to promote an
innovative research in the microstructural characterization of materials. The nanoscopic
and spectroscopic techniques linked to the electron microscopes (electron beam probe),
will be integrated together with techniquessaciated with photon beam {¥ays) and
ion beam (IBA techniques) probes. This characterization will be associated with selected
functional materials, also within advanced research lines of high current interest, in the
topic of coatings and thin filmswiich the work team has strong experience.

The development and application of the available techniques with multiple probes
will be a first central objective, both in the ICMS and in other centers of the Universities
of Seville (CITIUS, CNA) and Cadiz (TEdéntral services). Likewise, through
collaborations and measurement time applications, access to other international facilities
will be achieved. In the project, selected materials will be available in two emerging
technologies: i) Nanoporous thin filmadacoatings that stabilize gases at thiigh
density and pressure. ii) Catalysts for hydrogen storage and on demand hydrogen
generation through the use of liquid organic hydrogen carriers (LOHCs). The advanced
characterization proposed in the nasoale will contribute to the fundamental
understanding of the synthesiscrostructureproperties relationships with the final
objective of achieving a rational design of new functional materials in the selected priority
lines. The project has a direct impact enabling or emerging technologies such as
"nanotechnology” and "advanced materials", as well as on the Andalusian societal
challenges and RIS3 objectives in relation to the storage of renewable energies "Topic:
Hydrogen and fuel cells".
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Nanorecubrimiento s dieléctricos
para dispositivos electrénicos
Flexibles por tecnologia de plasma
(FLEXDIELEC)

Dielectric Nanocoatings for Flexible
Electronic Devices by Plasma
Technology

(FLEXDIELEC)

Junta de Andalucia

Unién Europea

Andaluca #** -

Fondo Europeo de
se mueve con Europa

Desarrollo Regional

CédigoLode

EMERGIA20 00346

PeriodoPeriod

01-09-2021/ 30-08-2025

Organismo Financiadétihancial source

Junta de Andalucia

Importe total/Total amount

256.000t4

Investigador responsabl&tsearch head

Francisco Javier Aparicio Rebollo

RESUMEN / ABSTRACT

Dadas sus caracteristicas fisicas y mecanicas tdenfzogia dedispositivos

electronicos flexibles emergente combina estructuras multicdpadéminas delgadas
flexibles, nanomateriales 2D, o nanoconductores 1D, c@oo los nanotubos de

carbono y los nanohilos. Sin embargo, estos presendiifgrentes Initaciones

relacionadas con su degradacion frente a agemimsentales e incompatibilidad con las
técnicas de fabricacidoconvencionales méas presentes a nivel industrial. El proyecto

FlexDielegersigue el desarrollo de una nueva generacion de matatialéstricopara
el desarrollo de dispositivos electronicos flexibles avanzasiggerando estas
limitaciones. Con este fin, se emplear4 una técnica piodergplasma remotos,
desarrollada por el IP, que regula en un amplio rangontgosicién y propieates de

nanocomposites organicos funcionales. Estanasnetodologia de via seca (ausencia de
disolventes) y a temperatuaanbiente, lo que asegura su completa compatibilidad con el

uso de sustratosensibles, como muchos de los que tienen mayores pergpeale
implementacion en campo de la electrénica flexible (materiales polimétajioss,
al

papel, nanomater.

es 2D, nanofi bras

or g

Due to its physical and mechanical characteristics, the emerging techoblogy

flexible electronic devices commgis multilayer structures of flexibkain films, 2D
nanomaterials, or 1D nanoconductors, such as carbon nanotabésnanowires.

However, these present different limitations related to theegradation against

environmental agents and

incompatibilityith the conventional

manufacturing

techniques. FLEXDIELEC pursues the developmerda néw generation of dielectric
materials for the development of advandixible electronic devices, overcoming these
limitations. To this end, pioneering remote plasantechnique will be used, developed
by the IP, whichregulates the composition and properties of functional organic

nanocomposites over a wide range, will be used. This is a dry andtesoperature
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method that ensures complete compatibility with sensgivestrates, such as those with
high prospects for implementation in theld of flexible electronics (polymeric materials,

fabrics , paper,2M anomateri al s, organic nanofiberseée).
Funcionalizacion superficial y Surface functionalization and
modelos de difusion de factores de diffusion models of germination

germinaciéon en semillas tratadas con | factors in plasma-treated seeds
plasmas PLASMASEED

Union Europea

s =
Fondo Europeode  Andalucia &
Desarrollo Regional e mueve con Europa

Junta de Andalucia

CdédigoLode US 1381045
PeriodoPeriod 01-01-2021/ 31-12-2022
Organismo Financiadétihancial source | Junta de Andalucia
Importe total/Total amount 79.8661

Investigador responsabligZsearch head | Maria del Carmen L6pez Santos y
Antonio Prados Montafio (US)
Componenteskesearch group Agustin Rodriguez GonzéalEfipe,
Francisco Yubero Valencia

RESUMEN / ABSTRACT

PLASMASEED aborda la inclusién de la tecnologia de vacio y plasma para la
funcionalizacion superficial de semillas como una estrategia eficaz y limpia para que los
cultivos sean menos dependientes de los cambios del entorpoetsaden analizar los
factores y mecanismos basicos que inciden en la mejora de la germinacion tratando las
semillas desde una aproximacion multidisciplinar que combina conceptos basicos de
biofisica, caracterizacién avanzada y procesado por vacio yapksafiecto de campos
eléctricos asociados a los plasmas y las caracteristicagydiisnicas de estos, la
influencia de la difusion de otros factores de germinacion ademas del agua (oxigeno, luz,
etc.), la difusibn de nutrientes como especies nitratostras de interés para la
germinacion, etc., son factores experimentales que se modelizan usando procedimientos
de Monte Carlo y mecanica estadistica para proponer modelos holisticos de difusion de
factores de germinacion a través de las membranas ddaseynie la influencia de los
tratamientos superficiales con técnicas de plasma para modificar y / o controlar tales
procesos.

PLASMASEED addresses the inclusion of vacuum and plasma technology for the

surface functionalization of seeds as an effectigdeckan strategy to make crops less
dependent on environmental changes. The aim is to analyze the basic factors and
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mechanisms that affect the improvement of germination by treating the seeds from a
multidisciplinary approach that combines basic conceptdbiaphysics, advanced
characterization and vacuum and plasma processing. The effect of electric fields
associated with plasmas and their physibaimical features, the influence of the diffusion

of other germination factors besides water (oxygen, ligiat), the diffusion of nutrients

such as nitrates or other species of interest for germination, etc., are experimental factors
that are simulated using Monte Carlo procedures and statistical mechanics to propose
holistic models of diffusion of germinatitactors through seed membranes and the
influence of surface treatments by plasma techniques to modify and/or control such
processes.

Recubrimientos termocrémicos Smart thermochromic coatings for
inteligentes para la climatizaciéon smart windows and environmental
eficiente y el control ambiental control (TOLERANCE)
(TOLERANCE)

Union Europea /
: -

Fondo Europeo de Andalucia -

Desarrollo Regional ~Se mueve con Europa

Junta de Andalucia

CaodigoLode P18RT-2641

PeriodoPeriod 01-01-2020/ 31-12-2022

Organismo Financiadétihancial source | Junta de Andalucia

Importe total/Total amount 119.8004

Investigador responsabiig¢search head | Angel Barranco Quero y Alberto Palme
Acebedo

ComponentedResearch group Ana Maria Gémez Ramirez, Juan Ram

Sanchez Valencia, Victor J. Rico Gavir
Rafael Alvarez Molina, Francisco Yube
Valencia, Juan PedropEgds Manzorro,
Ana Isabel Borras Martos, Agustin R.
GonzalezElipe

RESUMEN / ABSTRACT

La Agencia Internacional de la Energia considera que el uso sistematico de
procedimientos autbnomos de control ambiental representa una de las mejores apuestas
tecnologicas para reducir el consumo energético asociado a la climatizacién de edificios
(més dé40% del consumo global en paises desarrollados, muy superior al porcentaje
debido al transporte), reduciendo el impacto ambiental y mejorando ademas el confort
habitacional. TOLERANCE persigue introducir y desarrollar en Andalucia la tecnologia
de los reubrimientos termocrémicos como elemento inteligente y autonomo de control
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de la irradiacion solar en edificios. El interés de la propuesta se centra en nichos de
aplicacion como el cerramiento de edificios, el mobiliario urbano, la mejora de sistemas
de produccion de agua caliente sanitaria o la mejora de invernaderos. Un recubrimiento
termocrémico se caracteriza por transmitir todo el espectro solar a bajas temperaturas
y reflejar selectivamente parte de éste (el infrarrojo) a altas temperaturas. Himesata

el proyecto propone diversas acciones de I+D para el desarrollo de capas delgadas con
composicion VO2, 6xido termocrémico caracterizado con una temperatura de transicion
cercana a la temperatura ambiente, sobre vidrio y plasticos mediante tésuakbkes
industrialmente, asi como su nanoestructuracion, dopado e integracion en sistemas
multicapas a fin de mejorar sus caracteristicas y prestaciones multifuncionales.

The International Energy Agency considers that the systematic use of autonomous
procedures for environmental control is one of the best technological approaches to
minimize the energy employed to cool down buildings and other urban structures (it
represents more than 40% of the global energy use in developed countries, much above
the us in transportation, for instance), thus reducing the environmental impact and
improving human comfort. TOLERANCE aims at introducing and developing a
technology based on thermochromic materials in Andalusia as a smart and autonomous
element to control thepenetration of solar radiation in buildings. This project focusses
on various applications such as smart windows in buildings and urban furniture,
improvement of sanitary water systems or environmental control in greenhouses. While
at low temperatures, ahermochromic coating transmits most solar spectrum, it
selectively filters out the infrared region of this spectrum at high temperatures. In this
research, TOLERANCE proposes several R+D actions to grow thin films with
composition VO2, a thermochromic me with transition temperature near room
temperature, on glass and plastic by means of industrial scalable techniques, as well as its
nanostructuration, doping and integration in multilayer systems to improve its features
and multifunctional properties.

Prototipo para la deteccion por imagen de contaminantes emergentes en
aguas residuales mediante nanotecnologia y deep learning (nanovision)

Union Europea /
> -

Fondo Europeode | Andalucia &

Desarrollo Regional  Se mueve con Europa

Junta de Andalucia

CodigoLode 6079

PeriodoPeriod 31-10-2019 / 3107-2021
Organismo Financiadéiihancial source | Junta deAndalucia
Importe total/Total amount 701174

Investigador responsabig¢search head| Angel Barranco Quero
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B OTrROSPROYECTOY OTHERPROJECTS

Desarrollo de electrolizadores mas eficientes y competitivos basados en
electrodos preparados mediante pulverizacion catodica

PeriodoPeriod 2020/ 2021

Entidad Financiadora: Ayuda a |l a I nvestigaci
Domi ngo Mart2nezo

Importe total/Total amount 50. 000

Investigador responsable#search head Antonio de Lucas Consuegra (Universidad
Castilla LaMancha)
Componentedkesearch group Agustin R. Gonzélez

Estudios preliminares para la aplicacion de nanocomposites solido-gas como
blancos sélidos en estudios de reacciones nuclearesy alta densidad de energia

(PRETARGETS)

PeriodoPeriod 1-07-2021 / 31-12-2022
Entidad Financiadora: CSIC (Intramural)
Importe total/Total amount 14. 000 #

Investigador responsablieZsearch head Asuncién Fernandez Camacho

Ondas acusticas superficiales y su transferencia para aplicaciones de relevancia
industrial

PeriodoPeriod 1-02-2021 / 3101-2024

Entidad Financiadora: CSIC (Intramural)

Importe total/Total amount 47.640 ¢

Investigador responsabletsearch head Agustin R. Gonzalezlipe Francisco Yubero
Valencia

Nanostructures with atomic precision for next generation energy harvesting
devices

Cddigo/Code: LINKA20346

PeriodoPeriod 01-01-2021 / 3312-2022

Organismo Financiadéiihancial source CSIC

Importe total/Total amount 16. 093

Participantes del ICMS: Angel Barranco Quero, Ana Isabel Bsrr

Martos, Xabier Garcia Casasctdr J. Rico
Gavira, Agustin R. Gonzéalelipe
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Sensores optofluidicos y electroquimicos 1D preparados mediante t écnicas de
PVD a angulo rasante

Cédigo/Code: 201860E050
PeriodoPeriod 01-06-2018 / 3105-2021
Organismadrinanciadoffinancial source CSIC (Intramural)
Importe total/Total amount 22357414

Investigador responsablieZsearch head Agustin R. Gonzalélipe

B AVYUDAS PARA LAADQUISICION DEEQUIPOS

Gonidémetro para medidas de dngulo de contacto de superficies en ambiente
controlado (IE_19 142 USE)

Financia: Junta de Andalucia

| mporte Concedido: 82.000, 00

Periodo: 2912-2020 / 2812-2022

B ConVENIOS Y CONTRATOS CONTRACTS ANDAGREEMENTS

Nueva matriz multisensora éptica reconfigurable para deteccion de
contaminantes en el agua

PeriodoPeriod 02-12-2019/ 02-12-2021
Organismo Financiadétihancial source  EXPACE ON BOARD SYSTEMS, S.L.
Importe total/Total amount 181.500

Investigador responsabi#search head AngelBarranco Quero

Desarrollo de nuevos plasmas frios para aceleracion de germinacion en
condiciones de sequia

PeriodoPeriod 02-12-2019/0112-2021
Organismo Financiadéiihancial source  ARQUIMEA INGENIERIA, S.L.
Importe total/Total amount 227. 480

Investigadoresponsablétesearch head Agustin RGonzalezElipe

Nuevo sistema de propulsion espacial basado en el principio de Mach

PeriodoPeriod 02-12-2019 / 3012-2022
Organismo Financiadétihancial source  ARQUIMEA INGENIERIA, S.L.
Importe total/Total amount 10000 0 ¢

Investigador responsabieZsearch head Agusin R.GonzalezElipe
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Sistema de generacion de hidrogeno a partir de gasoil

PeriodoPeriod 09-04-2020 / £11-2022

Entidad Financiadora: INYECCIONESPLASTICAS
MECACONTROL, S.L.

Importe total/Totalamount 45. 000

Investigador responsablieZsearch head Ana Maria Gbmez Ramirez

Componentedkesearch group Agustin R. Gonzalezlipe, José Cotrino

Bautista, Manuel Oliva Ramirez

Caracterizacion superficial de membranas de 6smosis inversa

PeriodoPeriod 01-05-2020/ 06-10-2022
Organismo Financiadéiihancial source  ACCIONA AGUA, S.A.U.
Importe total/Total amount 18.198401

Investigador responsabifeZsearch head Juan Pedro Espinés Manzorro

Optimizacion del proceso de oxidacion de anillos de Kovar para la fabricaciéon
de uniones vidrio-metal

PeriodoPeriod 16-06-2019/ 15-01-2021
Organismo Financiadétihancial source  CLARTON HORN
Importe total/Total amount 7.260t4

Investigador responsabletsearch head Asuncién Fernandez Camacho

Caracterizacidbn microestructural y quimica de materiales para avisadores
sonoros

PeriodoPeriod 19-01-2010/ 3112-2021
Organismo Financiadétihancial source  CLARTON HORN
Importe total/Total amount 45950,114

Investigador responsablietsearch head Asuncion Fernandez Camacho

Proyecto de consultorza OPULSARO
PeriodoPeriod 19-10-2021 / 1804-2022
Organismo Financiadéiihancial source  ARQUIMEACENTRO DE

INVESTIGACIONES AVANZADAS, S.L.U.

Importe total/Total amount 27.000
Investigadoresponsabléiesearch head Agustin R. Gonzalézlipe
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Fabricacion, caracterizacion y andlisis de eficiencia de electrocatalizadores para
electrolizadores de intercambio aniénico

PeriodoPeriod 13-12-2021 / 33112-2024

Organismo Financiadétihanciatource  H2B2 ELECTROLYSIS TECHNOLOGIES,
S.L.

Importe total/Total amount 178.620, 20 t

Investigador responsableZsearch head Francisco Yubero Valencia

B PATENTES PATENTS

Procedimiento de obtencién de un material sélido con agregados gaseosos
mediante pulverizacion catddica por magnetron en condiciones estéticas o
cuasiestaticas para reducir el consumo de gas

Inventores Asuncion Fernandez Camacho, Maria del Carmen Jiménez de Haro, Dirk
Hufschmidt, Vanda Cristina Fortio Godinho

Tipo de PatenteNacional

Numero de Solicitud19884840

Fecha Solicitud:3 de mayode 202

Entidad Titular: Consejo Superior de Investigaciones Cientificas

Dispositivo de eliminacion y prevencion de formacion de hielo en superficies
InventoresAna Isabel Borrddlartos, Agustin R. Gonzal&tipe, \fctor J. Rico Gavira,
Aurelio Garéa Valenzuela. Laura Montes Montafiez

Tipo de Patente: Nacional

Numero de Solicitud: @2130570

Fecha Solicitud:8 de juniode 202

Entidaas Titulares Consejo Superior dénvestigaciones Cientificadniversidad de
Sevilla

Energy harvesting device and slf-powered sensor using the same

InventoresXabier Garcia Casas, Angel Barranco Quero, Ali Ghaffarinejad, Juan Ramoén
Sanchez Valencia, Ana Isabel Borras Martos

Tipo dePatente: Nacionalicenciada

Numero de Solicitud: 2382786

Fecha Solicitu®7 de agostode 2021

Entidaceks Titulares Consejo Superior de Investigaciones Cientifichsversidad de
Sevilla
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Porous lonomer free layered metal alloy electrocatalyst electrode

Inventores: Jorge Gil Rostra, Agustin R. GonZllpe, Francisco Yubero Valencia, Ester
Lopez Fernandez, Juan Pedro EspinGs Manzorro

Tipo de Patente: Nacional

Numero de Solicitud21383006

Fecha Solicitud: 5 de noviembre de 2021

EntidaesTitulares Consejo Superior de Investigaciones Cientificas, Universidad de
CastillaLa Mancha

B ARrTicCULOSPUBLICADOS ENREVISTASSCI/ PAPERSIN SCIJOURNALS

Patterning and control of the nanostructure in plasma thin films with acoustic
waves: mechanicalvs. electrical polarization effects

GarciaValenzuela, A; Fakhouri, A; OiRamirez, M; RieGavira, V; Rojas, T@jvarez, R;
Menzel, SB; Palmero, A; Winkler, A; Gonzdttipe, AR

Materials Horizon8 (2021)515-524

Febrero2021| DOI: 10.1039/DOMH01540G

Nanostructuration and 2D patterning of thin films are common strategies to fabricate biomimetic
surfaces and components for microfluidic, microelectronic or photonic applications. This work
presents the fundamentals of a surface nanateldyy procedure for laterally tailoring the
nanostructure and crystalline structure of thin films that are plasma deposited onto acoustically
excited piezoelectric substrates. Using magnetron sputtering as plasma technique aad TiO
case example, it dlemonstrated that the deposited films depict a-suilimetre 2D pattern that,
characterized by large lateral differences in nanostructure, density (up to 50%), thickness, and
physical properties between porous and dense zones, reproduces the wave felgtnibation

of the generated acoustic waves (AW). Simulation modelling of the AW propagation and
deposition experiments carried out without plasma and under alternative experimental
conditions reveal that patterning is not driven by the collision epadies with mechanically
excited lattice atoms of the substrate, but emerges from their interaction with plasma sheath ions
locally accelerated by the AWduced electrical polarization field developed at the substrate
surface and growing film. The poskiigis of the AW activation as a general approach for the
tailored control of nanostructure, pattern size, and properties of thin films are demonstrated
through the systematic variation of deposition conditions and the adjustment of AW operating
parameters
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Solid-State Dewetting of Gold on Stochastically Periodic SiO , Nanocolumns
Prepared by Oblique Angle Deposition

OlivaRanirez, M; Wang, D; Flock, D; Rico, @pnzalezElipe, AR; Schaaf, P

ACS Applied Materials & Interfat8$2021)1138511395

Marzo2021| DOI: 10.1021/acsami.0c19327

SiOzoAD film
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Solidstate dewetting (SSD) on patterned substrates is a straightforward method for fabricating
ordered arrays of metallic nanoparticles on surfaces. However, a drawback of this procedure is
that the patterning of subsites usually requires timmnsuming and expensive tvdimensional

(2D) fabrication methods. Nanostructured thin films deposited by oblique angle deposition
(OAD) present at the surface a form of stochastically arranged periodic bundles of nanocolumns
thatmight act as a patterned template for fabricating arrays of nanoparticles by SSD. In this work,
we explore this concept and investigate the effect of three different types of OADRMBIGiIMS

on the SSD of Au deposited on their surface. We demonstrate that the size and spatial distribution
of the particles can be tailored through the surface morphology of these OAD film substrates. It
has been found that the SSD of the evaporatedafer gives rise to a bimodal size distribution

of particles. A majority of them appeared as mesoparticles with sizes.100 nm and the rest as
nanoparticles with similar to 10 nm, respectively, located either on top of the nanocolumns
following their laterbdistribution (i.e., resulting from a patterning effect) or incorporated inside
the open mesopores existing among them. Moreover, on the-Si&D thin films where
interconnected nanocolumnar bundles arrange in the form of discrete motifs, the patterning
effect gave rise to the formation of approximately one Au mesoparticle per motif, which is one
of the assets of patterned SSD. The morphological, optical (i.e., plasmon resonance), and
crystalline structural characteristics of Au mesopatrticles suggestthatterplay between a
discontinuous nanocolumnar surface acting as a template and the poor adhesion of Auonto SiO
are key factors for the observed template effect controlling the SSD on the surface of OAD thin
films.

Form Birefringence in Resonant Tr ansducers for the Selective Monitoring of
VOCs under Ambient Conditions

OlivaRanirez, M; LopezSantos, C; Berthon, H; Goven, M; Portoles, JR&8tra, J5onzalez
Elipe, AR; Yuberd;

ACS Applied Materials & Interfat8$2021)1914819158

Abril 2021| DOI: 10.1021/acsami.1c02499

In this work, we have developed a new kind of nanocolumnar birefringent Bragg microcavity
(BBM) that, tailored by oblique angle deposition, behaves as a selective transducer of volatile
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organic compounds (VOCSs). Unlike the atomic lattice origin of birefringence in anisotropic single
crystals, in the BBM, it stems from an anisotropicagjéinization at the nanoscale of the voids
and structural elements of the layers. The optical adsmmpsiotherms recorded upon exposure

of these nanostructured systems to water vapor and VOCs have revealed a rich yet unexplored
phenomenology linked to their optical activity that provides both capacity for vapor identification
and partial pressure determation. This photonic response has been reproduced with a
theoretical model accounting for the evolution of the form birefringence of the individual layers
upon vapor condensation in nanopores and internanocolumnar voids. BBMs that repel water
vapor but ae accessible to VOCs have been also developed through grafting of their internal
surfaces with perfluorooctyltriethoxysilane molecules. These nanostructured photonic systems
are proposed for the development of transducers that, operating under enviroament
conditions, may respond specifically to VOCs without any influence by the degree of humidity of
the medium.

Anisotropic Resistivity Surfaces Produced in ITO Films by Laser-Induced
Nanoscale Selforganization

LopezSantos, C; Puerto, D; Siegel, J; abontero, M; Florén, C; GitRostra, J; dpez
Flores, V; Bords, A;GonzalezElipe, AR; Solis, J

Advanced Optical Materj&42021)2001086

Enero2021| DOI: 10.1002/adom.202001086

Highly anisotropic resistivity surfaces are produced in indium tin oxide (ITO) films by nanoscale
selforganization upon irradiation with alfsser beam operating at 21030 nm. Anisotropy is caused

by the formation of laseinduced periodic surface struces (LIPSS) extended over @ized

regions. Two types of optimized structures are observed. At high fluence, nearly complete
ablation at the valleys of the LIPSS and strong ablation at their ridges lead to an insulating structure
in the direction transverséo the LIPSS and conductive in the longitudinal one. A strong
diminution of In content in the remaining material is then observed, leading to a longitudinal
resistivitypL & 1.0Y -cm. At a lower fluence, the material at the LIPSS ridges remains e$gential
unmodified while partial ablation is observed at the valleys. The structures show a longitudinal
conductivity two times higher than the transverse one, and a resistivity similar to that of the
pristine ITO film p & 5 x 10* Y-cm). A thoroughcharacterization of these transparent
structures is presented and discussed. The compositional changes induced as laser pulses
accumulate, condition the LIPSS evolution and thus the result of the structuring process.
Strategies to further improve the achax anisotropic resistivity results are also provided.

ICMS — memoria 2021 | 189



B N ANOSTRUCTURED FUNCTIONAL MATERIALS

Photonic sensor systems for the identification of hydrocarbons and crude oils

in static and flow conditions

GilRostra, J; Quinterdoreno, S; Rico, VJ; Yubero, F; Sanza, FJ; Casquel, R/éadide, E;
JaraGabn, ME; San&anz, P; Holgado, NBonzalezElipe, AR

Sensors and Actuator€lBzmical344 (2021)130265

Octubre2021| DOI: 10.1016/j.snb.2021.130265

Identification of hydrocarbons and crude oils is typically carried out with sampleakkeatfrom

natural sources or refineries, must be brought to the laboratory for their analysis with rather
sophisticated instruments. Alternatively, "in situ" procedures have been also developed for this
purpose. In this work, we propose the use of asgnf several sensor systems based on photonic
transducers in the form of chips for the identification and classification of crude oils and
hydrocarbons through the determination of their refractive index in the visible and absorption in
the near infraredegions of the electromagnetic spectrum. Two of the photonic transducers rely
on modifications of a Bragg microcavity and they monitor the changes in visible light interference
phenomena that occur in response to the variation of the refractive indeisofrbie third one,

in the form of a dielectric mirror, monitors the near infrared absorption of crude oils and
hydrocarbons through the recording of a transflectance spectrum. The capacity of these
transducers for crude oil identification is proved by #malysis of a series of oils and distilled
fractions that have been properly identified and classified as a function of their density and
partition of long hydrocarbon chains. The three photonic transducers are operated with optical
fibers and can be uséustatic and dynamic modes, this latter under conditions that are especially
well-suited for "insitu" analysis of oil streams in real facilities. The proved resistance of the chips
to high pressure and temperature conditions supports their suitabiltjtbhstand harsh working
environments as those existing in extraction wells.

Sponge-like processed D-periodic self-assembled atelocollagen supports bone
formation in vivo

BorregoGonzalezS; Ricd_lanos, G; Becerra, DjazCuenca, A; Visser, R
MaterialsScience & Engineerindyl&terials for Biological Applicati@g® (2021)111679
Enero2021| DOI: 10.1016/j.msec.2020.111679
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Fibrous biopolymeric collagen extracted from animal tissues has been widely used for fabricating
matrices for bone tissuengineering (BTE). However, animal extracted collagens can trigger
immune reactions when implanted in vivo and the presence of native crosslinks leads-to batch
to-batch variability. Atelocollagen, a monomeric form of collagen, is free of telopeptides, whic
are mainly responsible for the immunogenicity of collagen, and cassethble in vitro to obtain

fibrils with the characteristic {periodic staining pattern of native collagen. However,
atelocollagetbased biomaterials have not extensively been siudiel, hence, their suitability

for BTE remains relatively unexplored. Besides, to stabilize collagen biomaterials, chemical and
physical crosslinking are used, although chemical agents are cytotoxic while the physical methods
yield a less effective crosdling. A combination of physical and chemical crosslinking is a suitable
alternative that has rarely been tested in BTE programs. In this work, a sjioa@eomaterial
(DCol-S) was processed from-periodic seHassembled atelocollagen and its stalitinavas

studied using the combination of a dehydrothermal treatment (DHT) and minimal glutaraldehyde
(GTA) exposition crosslinking, to increase the resistance to degradation of the scaffold without a
major effect on the biomaterial structure. The micrasttural features of the final sponges were
characterised and compared to a commercial biomaterial processed from native bovine collagen
(Helistat (R), Integra Lifesciences, NJ, USA), demonstrating thaesadalic nanostructure was
obtained and maintainealfter processing of the sponges. MC3E3B preosteoblast adhesion,
proliferation and differentiation assays in vitro showed that ESCdk biocompatible.
Furthermore, intramuscular implantation of the biomaterials loaded with raBké&vealed that

the doube-crosslinked sponges were able to support ectopic bone formation, while sponges
stabilised only with the DHT treatment were not. Altogether, these findings show that
atelocollagetbased sponges stabilised with a DHT treatment followed by a mild GTA
crosdinking are a suitable alternative to polymeric extracted collagen for BTE applications.

One-reactor vacuum and plasma synthesis of transparent conducting oxide
nanotubes and nanotrees: from single wire conductivity to ultra -broadband
perfect absorbers in the NIR

CastilloSeoane, J; GRostra, J; &pezFlores, V; Lozano, G; Ferrer, FJ; E&pjrdP; Ostrikov, K;
Yubero, FGonzalezElipe, AR; Barranco, AaghezValencia, JR; Badg, A

Nanoscalel3 (2021)1388213895

Agosto2021| DOI: 10.1039/d1nr01937f
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The eventual exploitation of ordimensional nanomaterials needs the development of scalable,
high yield, homogeneous and environmentally friendly methods capable of meeting the
requirements for fabrication of functional nanomaterialth varoperties on demand. In this
article, we demonstrate a vacuum and plasma-maetor approach for the synthesis of
fundamental common elements in solar energy and optoelectronics, i.e. the transparent
conducting electrode but in the form of nanotubedamanotree architectures. Although the
process is generic and can be used for a variety of TCOs anebaidigap semiconductors, we
focus herein on indium doped tin oxide (ITO) as the most previously researched in previous
applications. This protocol conmas widely applied deposition techniques such as thermal
evaporation for the formation of organic nanowires serving as 1D and 3D soft templates,
deposition of polycrystalline layers by magnetron sputtering, and removal of the templates by
simply annealingnder mild vacuum conditions. The process variables are tuned to control the
stoichiometry, morphology, and alignment of the ITO nanotubes and nanotreespfeing
characterization reveals the improved lateral connectivity of the ITO nanotrees and applied
individual nanotubes shows resistivities as low as 3.5+0.9%Y0 cm, a val ue comparab
that of singlecrystalline counterparts. The assessment of diffuse reflectance and transmittance in
the UV-Vis range confirms the viability of the supported ITO nanotubes as random optical media
working as strong scattering &g. Their further ability to form ITO nanotrees opens a path for
practical applications as ulibaoadband absorbers in the NIR. The demonstrated low resistivity
and optical properties of these ITO nanostructures open a way for their use in LEDs, dR, shiel
energy harvesting, nanosensors, and photoelectrochemical applications.

Novel procedure for studying laser -surface material interactions during
scanning laser ablation cleaning processes on Cubased alloys

Di Francia, E; Lahoz, R; Neff, D; RicoNdns, N; Angelini, E; Grassini, S
Applied Surface Sciertet (2021)178820

Abril 2021| DOI: 10.1016/j.apsusc.2020.148820
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Laser ablation is an effective method to cleanb@sed alloys. A novel procedure of
characterisation was developed involvifg isotopes evaluated by TeFIMS spectroscopy to
assess the driving mechanisms of lsseface interactions. The presence of-medised
compounds was detected, discerning between the oxygen from the corrosion layer and the one
introduced by the interaaiin with the laser (that was generated in a controlled atmosphere of
80 diluted in N). A set of samples treated with different laser conditions were characterised by
FESEM andRaman. The results have shown thaiosedation phenomenon can occur and its
selectivity depends on the laser conditions.
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Laser-induced scanning transfer deposition of silver electrodes on glass
surfaces: A green and scalable technology

Molina, R; Ertugrul, M; Larrea, A; Navarro, R; Rico, V; Yubef@phkzalezElipe, AR: De la
Fuente, GF; Angurel, LA

Applied Surface Scierds (2021)149673

Agosto2021| DOI: 10.1016/j.apsusc.2021.149673

A pulsed laser ablation backwriting technique with high repetitive rates is implemented for the
fabrication of silver coatings on glassfaces. This method enables geometrical constfeset
deposition of metallic coatings. These exhibit sufficiently low electrical resistance to be used as
electrodes in dielectric barrier discharge (DBD) plasma elements. Ambient air deposition of
metallc silver electrodes on standard glass slides is explored usingna &b laser source,
combined with hybrid beam scanning methods. The green nature of the overall deposition
process includes a preliminary irradiation scan to homogenise the targeteshefme the
subsequent backwriting step. Metal transfer is achieved by combining two phenomena within a
simple beam scanning process: LIRT (laserinduced reverse transfer) of silver from the target to
the glass, with a partial and secondary LIFT (Lemiced Forward Transfer) of silver from the

glass to the target. Appropriate selection of pulse energy and pulse repetition rates, beam
scanning velocities and target motion enable the growth of sufficiently thick Ag deposits on glass
with the required low éectrical resistivity and nearly 2D constrdirge geometry. This method

avoids the use of vacuum and liquids, resulting in a cheap, facile and green methodology for the
deposition of silver electrodes onto transparent substrate surfaces.

Electrochromic response and porous structure of WO ; cathode layers
Louloudakis, D; Mouratis, K; @Rostra, J; Koudoumas, Ayarez, R; Palmero, &Zonzalez
Elipe, AR

Electrochimica Ata76 (2021)138049

Abril 2021| DOI: 10.1016/j.electacta.2021.138049A

Maximizing the electrochromic response of tungsten okideed systems demands highly porous
electrode layers that facilitate the incorporation of electrolyte cations during the reduction
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process. In this work, amorphous and porous WRIn films were grow on indium tin dioxide

glass substrates by magnetron sputtering at oblique angles at two different plasma gas pressures.
Remarkably, the film that showed higher porosity presented a worse electrochromic response in
terms of durability, time response anthacge density capacity. This result is analyzed and
explained on the basis of the features of the porous structure of the films: While the typical
nanostructure developed at low pressures possesses large and connected pore voids with few
ramifications, thenanostructure generated at a higher pressure presents a rather sfikege
porous structure with numerous and small wadhnected voids. A general discussion on the role

of the porous structure and, particularly, on the accessible pore volume anc asaiéd out.

It is concluded that not only the accessible pore volume, defining the volume of electrolyte that
stays inside the layer, but also the accessible pore area, which defines the efficiency of the
incorporation/release of Lications within theelectrode material, determine the efficiency and
reversibility of the electrochromic response.

High-temperature solar -selective coatings based on Cr(Al)N. Part 1:
Microstructure and optical properties of CrN yand Cr.,AlN, films prepared by
DC/HIPIMS

Rojas, TC; Caro, A; Lozano, GanghezLbpez, JC

Solar Energy Materials and Solar, 228%2021)110951

Mayo2021| DOI: 10.1016/j.solmat.2020.110951

Tuneable Cr,(Al), N, optical properties by controlling N vacancies and Al contents
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* CrogefloN,; ogand Cr (Al), N, as absorber layers in multilayer-based solar selective coatings (S5C)
* CriNgg; and CrgoeAly 04Ny 5o films as IR-reflector/absorber layers for SSC

In order to explore the potentialities of Ci(AIXN, materials in multilayelbased solar selective
coatings (SSC) for high temperature applications (T > 500 °C), the optical behavieg(@¥X,
films is studied in this work. Two sets of layers (¢Cadd CkAkN,) were prepared by direct
current (DC) and highpower impulse magnetron sputtering (HiPIMS) technology. The
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deposition parameters: Nflux, HiPIMS frequency and aluminum sputtering power, were
modified to get a wide variety of stoichiometries. The composition, morphology, phases and
electronic structure of the films were characterized in depth. The optical behavior was
determined by UBVIONIR and FTIR spectroscopies, and the optical constants were obtained
from the measured transmittance and reflectance spectra based on appropriate dielectric
function models. Our results indicate that small changes in the layer composition influence the
optical constants. In particular, a metdike behavior was obtained for CyNayers with N
vacancies (Cribs and CrNys7 films) while a semiconductdike behavior was observed for
CrN10s Thus, the CrNfilms can be used as effective absorber layer in multitgsd SSC, and
namely, the CrNe; film as an IR reflector/absorber layer too. Likewise, the optical properties
Cr.AkNy layers can also be tuned from metallic to semicondulikerbehavior depending on

the chemical composition. Indeed, the absorption coefficients ofAGN, films with optimized

Al content and Nvacancies are comparable to those reportedstate of-the-art materials such

as TiAIN or TIiAICrN. In addition, a G§AboNoss film was found to be a suitable IR
reflector/absorber layer.

Plasma-Assisted Deposition of TiO, 3D Nanomembranes: Selective Wetting,
Superomniphobicity, and Self -Cleaning

Montes, L; Rorn, JM; Garie-Casas, X; Castitl&eoane, Ja8chezValencia, JR; Barranco, A;
LopezSantos, C; Boss, A

Advanced Materials Interfa@&021)2100767

Octubre2021| DOI: 10.1002/admi.202100767

Fabrication of tunable wetting surfaces is sought for the last years given its importance on energy,
biomaterials and antimicrobials, water purification, microfluidics, and smart surfaces. Liquid
management on surfacesainly depends on the control at the mierand nanoscale of both
roughness and chemical composition. Herein, the combination of -tesgftate method and
plasmaenhanced chemical vapor depaosition is presented for the synthesis aidnofibers on
porous substrates such as cellulose and staiatess membranes. The protocol, carried out
under mild conditions, produces 3D nanomembranes with superhydrophobicity and oleophilicity
that are tested as microliter water/oil filters. Photteation of TiQ by UV illumination provides

a straightforward approach for wetting tunability that converts the surface into amphiphilic. A
final chemical modification of the TiGanofibers by embedding them in an elastomeric
polymeric shell and by fluoe-based grafting opens the path toward the formation of
superomniphobic and seatfeaning surfaces with lotagsting lifetimes. Thus, a reliable procedure

is demonstrated for the fabrication of Ti@anofibers, which allows the modification of porous
supports and provides an innovative route for the development of 3D nanomembranes with
under design wetting. This protocol is extendable to alternative metal oxides, metals, and
core@shell nanoarchitectures with potential multifunctionalities.

Pd-C Catalytic Thin Films Prepared by Magnetron Sputtering for the Decomposition
of Formic Acid

Arzac, GM; Ferandez, A; Godinho, V; Hufschmidt, D; de Haro, M&égdran, B; Montes, O
Nanomaterialdl1 (2021)2326

Septiembre2021| DOI: 10.3390/nan011092326
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Formic acids an advantageous liquid organic hydrogen carrier. It is relatively nontoxic and can
be synthesized by the reaction of €®@ith sustainable hydrogen or by biomass decompaosition.
As an alternative to more widely studied powdery catalysts, supported &dalytic thin films

with controlled nanostructure and compositions were newly prepared in this work by magnetron
sputtering on structured supports and tested for the formic acid decomposition reaction.-A two
magnetron configuration (carbon and tailored®dlargets) was used to achieve a reduction in

Pd consumption and high catalyst surface roughness and dispersion by increasing the carbon
content. Activity and durability tests were carried out for the gas phase formic acid decomposition
reaction on SiC faa monoliths coated with the P& films and the effects of column width,
surface roughness and thermal yeeluction time were investigated. Activity of 5.04 mapq

Lh" *and 92% selectivity to the dehydrogenation reaction were achieved at 300 degrfees C

the catalyst with a lower column width and higher carbon content and surface roughness. It was
also found that deactivation occurs when Pd is sintered due to the elimination of carbon and/or
the segregation and agglomeration of Pd upon cycling. Magrgiuttering deposition appears

as a promising and scalable route for the -etep preparation of RE€ catalytic films by
overcoming the different deposition characteristics of Pd and C with an appropriate experimental
design.

New Insights on the Conver sion Reaction Mechanism in Metal Oxide Electrodes for
Sodium-lon Batteries

Mosa, J; GaigGarda, FIJGonzalezElipe, AR; Aparicio, M

Nanomaterialdl1 (2021)966

Abril 2021| DOI: 10.3390/nan011040966

Discharged sample

As-prepared sample

Due to the abundance and low cost of exchangestal, sodiurvion batteries have attracted
increasing research attention for the massive energy storage associated with renewable energy
sources. Nickel oxide (NiO) thin films have been prepared by magnetron sputtering (MS)
deposition under an oblique aagtonfiguration (OAD) and used as electrodes foridia
batteries. A systematic chemical, structural and electrochemical analysis of this electrode has
been carried out. The electrochemical characterization by galvanostatic -ahscparge cycling

and cytic voltammetry has revealed a certain loss of performance after the initial cycling of the
battery. The conversion reaction of NiO with sodium ions during the discharge process to
generate sodium oxide and Ni metal has been confirmed-bgyXphotoelectrm spectra (XPS)

and micreRaman analysis. Likewise, it has been determined that the charging process is not
totally reversible, causing a reduction in battery capacity.
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Mechanically Switchable Wetting Petal Effect in Self -Patterned Nanocolumnar Films
on Poly(dimethylsiloxane)

ParraBarranco, J;dpezSantos, C; & chezValencia, JR; Badsg, A;GonzalezElipe, AR;
Barranco, A

Nanomateriald1 (2021)2566

Octubre 2021| DOI: 10.3390/nan011102566

Switchable mechanically induced changes in the wditihgvior of surfaces are of paramount
importance for advanced microfluidic, selfaning and biomedical applications. In this work we
show that the welknown polydimethylsiloxane (PDMS) elastomer developspagirning

when it is coated with nanostruated TiO, films prepared by physical vapor deposition at
glancing angles and subsequently subjected to a mechanical deformation. Thus, unlike the
disordered wrinkled surfaces typically created by deformation of the bare elastomer, well
ordered and alignedhicro-scaled grooves form on TUPDMS after the first posieposition
bending or stretching event. These regularly patterned surfaces can be reversibly modified by
mechanical deformation, thereby inducing a switchable and reversible wetting petal rdfect a
the sliding of liquid droplets. When performed in a dynamic way, this mechanical actuation
produces a unique capacity of liquid droplets (water and diiodomethane) transport and tweezing,
this latter through their selective capture and release deperatingpeir volume and chemical
characteristics. Scanning electron and atomic force microscopy studies of the strained samples
showed that a duadcale roughness, a parallel alignment of patterned grooves and their reversible
widening upon deformation, areitical factors controlling this singular sliding behavior and the
possibility to tailor their response by the appropriate manufacturing of surface structures.

Insights into the role of the layer architecture of Cr -Ti-N based coatings in long-term
high temperature oxidation experiments in steam atmosphere

Mato, S; 8hchezlLbpez, JC; Barriga, ¥rez, FJ; Alca) G

Ceramics Internationdll (2021)4257-4266

Febrero2021| DOI: 10.1016/j.ceramint.2020.10.003

Knowledge on hard coatings has been applied in the energy field extending their use as protecting
coatings of steam power generation plants components. The role of the layer architecture of Cr
Ti-N based coatings deposited by reactive cathodic arc evaporah P92 steel substrates was
studied with the focus on their oxidation resistance at 850n 100% steam atmosphere up to

2000 h. Characterization of the coatings was performed by gravimetry, scanning electron
microscopy, electron probe microanalysifow discharge optical emission spectroscopya)X
diffraction, thermodynamic simulations using the CALPHAD method, Rockwell C indentation and
nanoindentation. The layered arrangement improves the oxidation resistance of TiN under the
working conditions bsteam power plants, as well as the mechanical properties of CrN. The
produced architectures performance under the described working conditions boosts the
understanding of the processes taking place at high temperature, making possible the design of
optimal coatings combining the best behavior of both nitrides for each specific application,
reaching a corrosion protection at high temperature in water vapor comparable to that of CrN
and a hardness and Young's modulus as high as those of TiN.
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Recent Advances in Alkaline Exchange Membrane Water Electrolysis and Electrode
Manufacturing

LopezFerrendez, E; Sacéth, CG; GilRostra, J; Yubero, BonzalezElipe, AR; De Lucas
Consuegra, A

Molecules26 (2021)6326

Noviembre 2021 DOI: 10.3390/molecules26216326

Water electrolysis to obtain hydrogen in combination with intermittent renewable energy
resources is an emerging sustainable alternative to fossil fuels. Among the available electrolyzer
technologies, anion exchange membrane ewatlectrolysis (AEMWE) has been paid much
attention because of its advantageous behavior compared to other more traditional approaches
such as solid oxide electrolyzer cells, and alkaline or proton exchange membrane water
electrolyzers. Recently, very prosing results have been obtained in the AEMWE technology.
This review paper is focused on recent advances in membrane electrode assembly components,
paying particular attention to the preparation methods for catalyst coated on gas diffusion layers,
whichhas not been previously reported in the literature for this type of electrolyzers. The most
successful methodologies utilized for the preparation of catalysts, includiprgaipitation,
electrodeposition, sefiel, hydrothermal, chemical vapor depositiatomic layer deposition, ion

beam sputtering, and magnetron sputtering deposition techniques, have been detailed. Besides a
description of these procedures, in this review, we also present a critical appraisal of the efficiency
of the water electrolysis arried out with cells fitted with electrodes prepared with these
procedures. Based on this analysis, a critical comparison of cell performance is carried out, and
future prospects and expected developments of the AEMWE are discussed.

Effect of Al content on the hardness and thermal stability study of AITIN and AITiBN
coatings deposited by HiPIMS

Méndez, A; Monclus, MA; Santiago, JA; &atezMartinez, |; Rojas, TC; GdeeMolleja, J;
Avella, M; Dams, N; Panidaiz, M; MolingAldareguia, JM

Surface & Ctiags Technologd22 (2021)127513

Septiembre2021| DOI: 10.1016/j.surfcoat.2021.127513

The microstructure, mechanical properties and thermal stability offiddN and AlTi..«BN
coatings grown by reactive higlower impulse magnetron sputtering (HiPIMS) have been
analyzed as a function &W(Al + Ti) ratio (x) between 0.5 and 0.8. The coatings were
predominantly formed by a faggentered cubic Ti(Al)N crystalline phase, batith and without

B, even for x ratios as high as 0.6, which is higher than the ratio typically encountergdifor Al

«N coatings deposited by reactive magnetron sputtering. B doping, in combination with the highly
energetic deposition conditions offereg¢ BliPIMS, results in the suppression of the columnar
grain morphology typically encountered inTAlWN coatings. On the contrary, the Al.«N
coatings grown by HiPIMS present a dense nanocomposite type microstructure, formed by
nanocrystalline Ti(Al) Momains and amorphous regions composed of Ti(Al)B 2 and BN. As a
result, highAl content (x approximate to 0.6) Ali.xN coatings grown by HiPIMS offer higher
hardness, elasticity and fracture toughness tham AN coatings. Moreover, the thermal silty

and the hot hardness are substantially enhanced, delaying the onset of formation of the
detrimental hexagonal AIN phase from &&Din the case of ATio4N, to 1000°C in the case of
AIO.GTiOAN-
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Nb-C thin films prepared by DC -MS and HiPIMS: Synthesis, structure, and
tribomechanical properties

Sala, N; Abad, MD; Sancheapez, JC; Caro, J; Colominas, C

Surface & Coatings Technok2® (2021)127569

Septiembre2021| DOI: 10.1016/j.surfcoat.2021.127569
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Nanostructured NBC thin films were prepared by direct current magnetron sputtering {DC
MS) and higipower impulse magnetron sputtering (HiPIMS). The films were characterized in
depth by Xray diffraction (XRD), grazing incidenceray diffraction, scannjn electron
microscopy, atomic force microscopy, electron probe microanalysis, and Raman spectroscopy.
The mechanical properties were measured by nanoindentation, and the tribological properties
were measured by pion-disk tests in ambient air. The weaatks and ball scars were analyzed

by Raman spectroscopy to elucidate the tribochemical reactions that occurred at the contact area
and to determine the wear mechanism for each specimen type. The thermal stability of the
coatings was studied up to 1090 using Raman spectroscopy and XRD. The samples prepared
by DC-MS were very dense, and the phase composition changed from purely nanocrystalline
(Nb,C and NbC) to a mixture of NbC crystals embedded in an amorphous cdrased matrix
(NbC/aC(:H)). However,the samples prepared by HiPIMS developed a marked columnar
morphology with a NbC/&C(:H) nanocomposite structure. The hardness values ranged from 11
to 20 GPa depending on the deposition techniqgue and the amount of the-€¢fHp phase
present in the sapie. The tribological properties of all the coatings were remarkably good when
the carbon content was approximately 50 at.%. The formation of a lubricatirgchpC tribofilm
between the ball and coating during the-pmdisk tests was observed by Ransgectroscopy.

The tribofilm formed preferentially on the samples prepared by HiPIMS, which had higher C
contents. At 750C, the degradation of the NbC phases resulted in the formation of an additional
aC phase and niobium oxides.

Influence of helium incorporation on growth process and properties of aluminum thin
films deposited by DC magnetron sputtering

Ibrahim, S; Lahboub, FZ; Brault, P; Petit, A; Caillard, A; Millon, E; Sauvage AfiExBrA,;
Thomann, Al

Surface & Coatings Technok2fy (2021)127808

Noviembre2021| DOI: 10.1016/j.surfcoat.2021.127808

The effect of helium content on the morphology, crystallinity, and composition of aluminum films
was investigated by depositing Ht@ded Al films onto Si substrates via direct current (DC)
magnetron sputtering in different Ar/He plasma mixtures. Three different plasma regimes were
identified depending on the percentage of He in the gas phase. For a low He to total gas ratio
(THe O 70%), the plasma is dominated by argon, where Ar+ ions contg to sputter out the

target atoms. The films deposited in this regime exhibited the classical dense columnar structure
and contain very low amount of He (below 2%). Then[lde increases, helium ions begin to be
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formed and more fast He neutrals readtetsubstrate, affecting the film growth. As He amount
increased in the gas phase up to 95%, the proportion of He inserted in the films rised &p to

at. %. Moreover, bubbles/porosity were formed inside the films; those obtained in pure He
plasma presentk a highly porous fiberform nanostructure. All results confirmed that the
modification of the film characteristics was related to the change of the deposition conditions
when Ar was replaced by He and to the insertion/release mechanisms of He duringwtie. gr

Extraction of microstructural parameters from sculptured thin films nanoindentation
Galillard, Y; JiamezPiqlg, E; OlivaRanirez, M; Rico, V& onzéalezElipe, AR

Surface & Coatings Technol2fy (2021)127696

Noviembre2021| DOI: 10.1016/j.surfcoat.2021.127696

This work deals with the indentation analysis of nanocolumnar thin films and the difficulties
encountered to deduce relevant mechanical parameters by this methodologythBi@lms
prepared by physical vapour oblique @angtleposition with different nanocolumnar
microstructures have been subjected to indentation analysis. Despite the fact that the films had
been made of the same material, deposited on the same substrate and had similar thickness, their
indentation responsewere different and depended on their particular microstructure. It has
been also realised that the measured hardness and elastic modulus variation with the indentation
depth were length scale dependent and that there is not a unigque analyticdilnthin
nanoindentation model to extract the mechanical properties from the experimental
nanoindentation curves. To overcome these limitations a humerical finite element model (FEM)
of the nanocolumnar coatings has been built to figure out the contributions dafifteeent
physical phenomena intervening in the indentation process. This FEM simulation relies on a
description of the elastplastic microstructural units of the coatings and the contact friction
interactions between them. Based on this simulation anpetrécal representation, incorporating

two length scales and the contributions of densification and/or the buckling of nanocolumnar
units, has been developed to account for the evolution of the apparent elastic modulus deduced
from numerical indentation sts. A HallPetch modification of this description considering two
length scales instead of the common approximation considering a single length scale has rendered
the best agreement with the elastic values determined experimentally. Although, at thetprese
stage, the particular microstructure of the films can not be deduced from the evolution of their
elastic moduli with the indentation depth, the obtained results and their interpretation constitute

a first though essential step for the elaboration ofremerse analysis methodology capable of
correlating microstructure and elastic response of nanocolumnar coatings.

Rietveld Refinement, mRaman, X-ray Photoelectron, and Mdssbauer Studies of Metal
Oxide-Nanoparticles Growth on Multiwall Carbon Nanotubes and Graphene Oxide
RamosGuivar, JAGonzalezGonzalez JC; Litterst, FJ; Passamani, EC

Crystal Growth & Desj@1 (2021)2128-2141

Abril 2021| DOI: 10.1021/acs.cgd.0c01551

Applying a modified coprecipitation method, maghemite and anatase nanoparticles embedded in

graphene oxide and multiwall carbon nanotube frameworks were prepared, and a detailed
structural characterization is presented. Transmission electron images haadeck that the
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multiwall carbon nanotubes and graphene oxide act as substrates to reduce the nanoparticle
agglomeration with narrow sizes of ca2@ nm, in agreement with the results of the Rietveld
refinement, which have also indicated their crystadiiiparent size and shapes using the spherical
harmonics approach. In structural studies of maghemite nanoparticles by Raman spectroscopy, it
was found that the effect of optical density and laser power intensity plays a significant role. When
no optical fier was located between the powder sample and the laser source, a transformation
from they-FeO; to the a-FeO3; phase was observed, as demonstrated by the disappearance of
the characteristic broad Raman pealg)af they-FeO; phase when increasing theser power.

X-ray photoelectron spectroscopy has also brought insights into the functionalization mechanism,
suggesting that the ormot reduction of the graphene oxide is favored by the alkatiReO;
nanoparticle growth. The temperature dependence of Hir@ Missbauer spectra has indicated

that the effective anisotropy constant of Fe oxiesed nanoparticles is similar to that of bulk
maghemite, and magnetic relaxation of'Fspins depends on patte sizes.

Physicochemical surface analysis and germination at different irrigation conditions of
DBD plasma4reated wheat seeds

Molina, R; Lalueza, AgpezSantos, C; Ghobeira, R; Cools, P; Morent, R; de Geyter, N;
GonzalezElipe, AR

Plasma Processewl Polymer8 (2021)2000086

Enero2021| DOI: 10.1002/ppap.202000086

Plasma treatment is increasingly being explored as an effective presowing treatment improving
seed germination. This study examines the synergetic effect of the irrigation condition and the
physicochemical surface properties of wheat seeds subjected wsplraric dielectric barrier
discharge plasma activation on their water uptake and germination. Extensive surface analysis
revealed a remarkably enhanced wettability of plagemted seeds due to the insertion of
oxygencontaining functionalities on theurface. However, long plasma exposures damaged the
outermost layers of the pericarp due to a pronounced oxidative etching effect. Although the seed
germination capacity was not affected by the plasma treatments, short plasma exposures were
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shown to enhane water uptake and accelerate seed germination, especially underscateity
conditions.

Electrical and reaction performances of packed -bed plasma reactors moderated with
ferroelectric or dielectric materials

GomezRanirez, A;Alvarez, R; Navases,P; Garda-Garda, FJ; Palmero, A; Cotrino, J;
GonzalezElipe, AR

Plasma Processes and Polyfr@&¢2021) 2000193

Enero2021| DOI: 10.1002/ppap.202000193

The operational behavior of packéed plasma reactors depends on the dimension, shape, and
chemicalproperties of the pellets used as moderators, but little information exists about the
influence of their specific dielectric properties. Herein, we comparatively study the electrical
behavior of a packeded reactor filled with pellets of either dielectr{AbO; and glass) or
ferroelectric (BaTiQ and lead zirconate titanate) materials. We found that plasma current was
higher for ferroelectrics and presented a nonlineal dependence on voltage. Moreover, for
BaTiO;, we found a drastic decrease at arounddstively low Curie temperature. Differences

in electrical behavior have a direct effect on the reactor performance, as illustrated for the
ammonia synthesis, demonstrating the importance of moderator material dielectric properties
and their dependencerotemperature.

Nanofibrous Gelatin -Based Biomaterial with Improved Biomimicry Using D -Periodic
Self-Assembled Atelocollagen

BorregoGonzélezS; Dalby, MDiazCuenca, A

Biomimetics (2021) 20

Marzo2021| DOI: 10.3390/biomimetics6010020

Design ofbioinspired materials that mimic the extracellular matrix (ECM) at the nanoscale is a
challenge in tissue engineering. While nanofibrillar gelatin materials mimic chemical composition
and nanearchitecture of natural ECM collagen components, it lacks tteacteristic D
staggered array (Iperiodicity) of 67 nm, which is an important cue in terms of cell recognition

and adhesion properties. In this study, a nanofibrous gelatin matrix with improved biomimicry is
achieved using a formulation including a mahiroontent of Dperiodic seHassembled
atelocollagen. We suggest a processing route approach consisting of the thermally induced phase
separation of the gelatin based biopolymeric mixture precursor followed by chdmaeal
material crosdinking. The matx nanostructure is characterized using field emission gun scanning
electron microscopy (FEGEM), transmission electron microscopy (TEM), wide anglayX
diffraction (XRD) and Fouridgransform infrared spectroscopy (HR). The cell culture assays
indicate that incorporation of 2.6 wt.% content of -Periodic atelocollagen to the gelatin
material, produces a significant increase of MCBI3nouse preosteoblast cells attachment and
human mesenchymal stem cells (hMSCs) proliferation, in comparison \aitbdrélare gelatin
matrices. The presented results demonstrate the achievement of an efficient route to produce a
costef fective, compositionally defi hked amst rluccw i v e
biomaterial, based on gelatin.
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Long-term low friction maintenance and wear reduction on the ventral scales in
snakes

Snchezlopez, JC; Schaber, CF; Gorb, SN

Materials Letter£85 (2021)129011

Febrero2021| DOI: 10.1016/j.matlet.2020.129011
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Snake skins evolved to withstand permanent friction and wear during sliding. Here, the
microstructure of ventral scales of the sndl@npropeltis getula californiges analyzed using
scanning electron microscopy, and the ld@gn dynamic friction behavwiavas investigated by
reciprocating sliding friction tests. A smooth epoxy resin with similar elasticity modulus and
hardness was used for comparison purposes. Strong differences in frictional and wear
mechanisms between the two materials were revealespite of similar mechanical properties.
Snake skin showed a considerably lower frictional coefficient that kept stable over several
thousands of sliding cycles. A reduction of the sigkbehavior was also denoted by analyzing
the variation of the frigbn coefficient in the forward and reverse motion influencing the wear
mechanism. This frictional behavior can be explained by three different but complementary
mechanisms: fibrous layered composite material of the skin with a gradient of material psyperti
surface microstructure, and the presence of ordered layers of lipid molecules at the skin surface.

Characterizing the physicochemical and mechanical properties of ZrN thin films
deposited on Zr substrates by pulsed laser technique

Ghemras, |; AbdellMessaci, S; Alili, BsonzalezElipe, AR; Rico, VJ; Izerrouken, M;
Khereddine, AY; Hadjarbi, F

European Physical JouApgdlied Physj@b (2021)10301

Julio2021| DOI: 10.1051/epjap/2021210064

Due to their outstanding physical and mechariézblres, ZrN thin films are increasingly used as
coatings to protect materials intended for nuclear applications such as Zirconium. To our
knowledge, there is no report of pulsed laser deposition (PLD) of ZrN thin films on a Zr substrate.
In this work, wehave successfully prepared ZrN thin films on Zr substrates using the PLD
technique with a KrF excimer laser, in a@&hvironment at 2 Pa pressure and a fixed substrate
temperature of 500C. The deposited 200 nm ZrN thin films exhibited a homogeneouaceirf

and showed a faeeentered cubic polycrystalline structure. The surface roughness was 3.69 nm.
X-ray diffraction, Raman and-rdy photoelectron spectroscopy measurements confirmed the
presence of ZrN. The coated sample's mean value of hardness (1)1.60GBled that of the
uncoated sample.
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Nanofibrous Matrix of Defined Composition Sustains Human Induced Pluripotent
Stem Cell Culture

BorregoGonzéalezS; de la Cerda, BiazCorrales, FIDiazCuenca, A

ACS Applied Bio Materidl§2021)30353040

Abril 2021| DOI: 10.1021/acsabm.0c00425
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Human induced pluripotent stem cells (hiPSCs) represent the most promising biological material
for regenerative medicine applications. In this work, a 3D solid nanofibrous matrix of defined
composition(ColamigelS) consisting of 97 wt % gelatin, 2.6 wt % atelocollagen, and 0.4 wt %
laminin has been reproducibly processed and characterized and exhibits a homogeneous
nanofibrillar network of high surface area, interconnected microcavities, and typpeaiddic
collagen fibril nanostructural features. The purpose of the study was to test the performance of
ColamigelS as substrate for in vitro hiPSCs culture, finding that these cells efficiently attach and
grow keeping their characteristic stem morphol@nd undifferentiated state.

B LBROS YOTRASPUBLICACIONES/ BOOKS AND O THERPUBLICATIONS

Clean, safe and efficient energy Volumen 8
CSIC Scientific Challenges : Towards 2030
ConsejoSuperior de Investigaciones Cien@f@ds

VOLUME8 /4 ISBN Vol. 8978-84-00-107529
CLEAN, SAFE _/
AND EFFICIENT

ENERGY Challenge 1: Renewable Energy Production

{ Hernan Miguez, Mariano Campoy Quiles, Luis A. Pérez
Maqueda, Agustin R. Gonzatelipe, Xavier Granados, Victor
Vilarrasa, Xavier Odradors, Teresa Puig, José Maria Ripalda,
Mariona Coll, Josepontcuberta, Alejandro Gofi, Ménica Lira
Cantu, Maria Bernechea, Pedro Atiénzar, Mauricio Calvo

“ péaginas 183
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Challengue 3: Energy Efficiency and Harvesting

Marisol Martin Gonzélez, José Francisco Fernandez, José Antonio Tenorio, Agustin R.
GonzalezEipe, Gabriel Lozano, Ana |. Borras, Olga Caballero, Luis Fonseca, Mariano
Campoy, Neus Sabaté

paginas 785

Challengue 7: Catalysis for Industrial Production and of Energy Resources

José Carlos Conesa, Manuel Lépez, Vicente Cortés, Francisco Plou Aviigue Pefia,

Juan Manuel Coronado, Ana Iglesias, Pedro Avila, Miguel Angel Bafiares, Ana Serrano,
Agustin Martinez, Merced@&oronat, Miguel Angel Centeno, Agustin R. Gonz&lge,

Jesus Pérez Torrente

paginas 17205

Challengue 8: Hydrogehechnologies

Antonio Chica, Félix Barreras, Javier Dufour, Asuncion Fernandez, Miguel A.-Laguna
Becerro, Maria Jesus Lazaro, Glenn C. Mather, Fernando Palacin, Miguel Antanio Pefia
Luis Valifio

paginas 20235

B CONGRESOS YREUNIONESINTERNACIONALEY INTERNATIONALC ONGRESS
AND MEETINGS

COMUNICACIONES / COMMUNICATIONS

2021 Virtual MRS Spring Meeting & Exhibit
17 8 23 abril[Online Estados Unidos]

Design, spectral properties and thermal stability of high -temperature solar -
selective coatings based on Cr(Al)N multilayer stacks

R. Escobggalindo, T.C. Rojas, A. Caro, J.C. Sdrigiez

Comunicacion oral

Plasma Nanoengineering for the Development of Hybrid Piezo and
Tribonanogenerators

Xabier Garci€asas, Nicolas FilippJavier Castilfgeoane, Franciscégaricio, Ali
Ghafarinejad, Jorge Budagoski, CagperSantosAngelBarranco, Juan Rnéhez
Valencia, Ana Bésr

Comunicacion oral
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Design of high-temperature solar selective coatings based on Cr(Al)N:
Microstructure and optical properties of CrN , and Cr1.,AlN, films
T.C. Rojas, A. Caro, G. Lozano, J.C. ShOpkez

Pdster

Opportunities of HiIPIMS technology for designing complex multilayered
Cr(AN coatings for solar selective applications

J.C. Sanchédpez, A. Caro, J. Martifemmero, T.C. Rojas

Péster

Remote Plasma Assisted Vacuum Deposition of Functional Organic and
Polymeric Layers for the Development of thin Film Piezoelectric

Nanogenerators and UV Piezotronic Detectors

Xabier Garci€asas, Francisco J. AparicéMlddbrero, Jorg‘;mdagoskéngel Barranco,
Juan R.&chezValencia, Ana Bésr

Poster

Organic Materials in Perovskite -based Optoelectronic Devices (OrgMatPerPV)
290 30 abril [Online]

Enhancing Moisture and Water Resistance in Perovskite Solar Cells by
Encapsulation with Ultrathin Plasma Polymers

Jesus Igoras, Francisco J. Aparicio, CmlidreradBernal, Susamamos erron, Mda
Alcaire, Juan Ramé@nezValencia, Ana BésyAngelBarranco, Juan A. Anta
Comunicacion oral

13" International Conference on Hybrid and Organic Photovoltaics HOPV21
24 0 28 mayo[Online]

Vacuum sublimation of Dopant -Free Crystalline Spiro-OmMeTAD films to
enhance the stability of perovskite Solar Cells

Juan Ratn farchezValencia, Jose Obr&¥oez, Lidia Contreras Beriajio Jumilla,
Javier Castilldeoane, Francisco J. ApariciGakMnen édpezSantos, Ana Bésr Juan A.
Anta, Angel Barranco

Comunicacion oral

Encapsulation of Perovskite Solar Cells: From Buit -in Potential and Interfacial
Passivation Perspectives

Jess Idgoras, Francisco J. Aparicio, Lidia CofBmraa, Susafmamoserron, Maria
Alcaire, Ddo Jumilla, Juan Raméanc8&ezValencia, ArBoras, Angel Barranco, Juan A.
Anta

Comunicacion oral
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2021 Conference on Lasers and Electro-Optics/Europe 6 European Quantum
Electronics Virtual Conferences (CLEO®/Europe -EQEC2021)
21 9 25 junio[Online, Alemani

Anisotropic Resistivity ITO Surfaces produced by Laser -induced Self-
organization at the Nanoscale

M. MaciasMontero, C. Lopegantos, D. Puerto, J. Siegel, CakldriGiRostra, \M.0pez
Flores, A. Borras, AdonzaleElipe, J. sl

Comunicacion oral

3" Workhop on Size -Dependent Effect in Materials for Environmental
Protection and Energy Application
12 8 15 septiembre [Pomorie, Bulgaria]

Mesoporous ceramics: applications in biomedical research
AranzazDiazCuenca
Conferencia Plenaria

Porous electrodes prepared by magnetron sputtering: from electrochemical
sensing to energy applications

Agustin R. Gonzéalelipe

Conferencia Plenaria

Plasma Thin film International Union Meeting PLATHINIUM 2021
130 17 septiembre [Virtual Meeting]

Helium -charged aluminum and silicon films deposited by Direct Current

Magnetron Sputtering

S. Ibrahim, P. Brault, A. Caillard, T. Sauvage, P. Desgardin, M.F. Barthe, D. Hufschmidt, A.
Fernandez, A.L. Thomann

Comunicacion oral

European Congress and Exhibition on advanced Materials and Processes
EUROMAT 2021
130 17 septiembre [VirtuaConferencé

Surface engineering solutions for additive manufactured biomedical materials

R. EscobaBalindpJ. Hernandelaz, E. Acena,AhdrégCano, B. Palacios, T.C. Rojas,
J.C. Sanchédpez, S.I. Molina

Comunicacion oral
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8" Plasma Science & Entrepreneurship Workshop
8 8 9 noviembre [OnlineRepublica Chega

Ultraporous conformal nanostructures developed by plasma deposition and
processing of metal phthalocyanines and porphyrins

J.M. Obrero,.N. Filipgn, J.R.&chezValencia, .B. Aparicio, Zhagui, T.C. Rojas, Z.
Saghi, A. B@sg, A. Barranco

Conferencidnvitada

ImagineNano2021/NanoSpain Conference 2021
238 25 noviembrdBilbao, Espafia]

Next -generation of tribological lubricants modified with magnetic nano -
microwires

M2 Fe Menéndez Suarez, Ana L. Martinez Diez, Pascal Sanchez, Juan Carlos Sanchez Lopez
Poster

European Fuel Cells and Hydrogen Piero Lunghi Conference 2021 EFC21
1508 17 diciembre[Virtual Meeting

A hydrogen generator coupled to a hydrogen heater for small scale portable
applications

Dirk Hufschmidt, Gisela M. Arzac, ifdelCarmen Jiménez de Hasuncién Fernandez
Pdéster

B CoNGRESOS YREUNIONESNACIONALES/ NATIONAL CONGRESSES AND
MEETINGS

COMUNICACIONES / COMMUNICATIONS

VIII Jornada Investigacion, Desarrollo e Innovacion
27 8 28 octubre [Sevilla, Espafia]

Surface functionalization of additive manufactured biomedical materials

R. Escobar Galindo, J. Hernandez Saz, E. Acena, E. de Armifian, C. Casal, P. Andrés Cano, B.
Palacios I, T.C. Rojas, J.C. Sdnchez Lépez, S. |. Molina

Comunicacion oral
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41 Congreso AEDE 2021
290 31 octubre [Onling, Espaiia]

Caracteristicas fisico-quimicas y proceso de hidratacién de nuevas
formulaciones de cemento endodoncico bioactivo compuestas de Agregado
Triéxido Mineral (MTA) y vidrio bioactivo mesoporoso funcionalizado con Zinc
(MBG-Zn): MTA -MBG-Zn

M.C. Jiméne3anchez, J.J. Segura Egea, ACDéara

Comunicacion oral

B FORMACION / TRAINING

FORMACION DE GRADUADOS/ MASTERDEGREEIHESIS

Titulo:

Autor:

Tutores:

Grado:

Fecha Defensa:

Titulo:

Autor:

Tutores:

Grado:

Fecha Defensa:

Titulo:

Autor:
Tutores:

Grado:
Fecha Defensa:

Simulacién de campos electromagnéticos en intercaras:
plasmones, ondas de Bloch y radiacién Cherenkov
sintonizada

Antonio Gandorfina Andrades

Francisco Yubero Valencia

Trabajo Fin déViaster

13 enero 2021

Novel Perfluorinated Polymeric Thin Films Deposited by
Remote Plasma Assisted Vacuum Deposition (RPAVD)
for the Development of Controlled Wetting Surface s
Triana Czermak Alvarez

Francisco Javier Aparicio Reboflagel Barranc®uero, Rosa
Perefiguez Rodguez

Trabajo Fin déViaster

17 septiembre 2021

Characterization set -up and conditioning circuits for
nanogenerators based on kinetic energy harvesters

Jaime del Moral Jalén

Francisco Javier Aparicio Rebollo, @haffarinejad, Antonio
José Gines Arteaga

Trabajo Fin déVaster

21 septiembre 2021
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B DocENCIA / TEACHING

Plasmay vacio

ler Curso de Vacio Otofio 2021

Maria del Carmen LOpez Santos

Lugar: Asociacion Espafiola del Vacio y sus Aplicaciones ASEVA

l nvestigadores de esta unidad par smagi pan en
Tecnol og? a gen titBlacipres de Grado ¢ dofBrado de la Universidad
de Sevillgver ACTIVIDADES DIVULGATIVAS Y FORMATIVAS

B PREMIOS YRECONOCIMIENTOS/ PRIZES ANDACKNOWLEDGEMENTS

Best Poster Winners-2021 Virtual MRS Spring Meeting
Dra. Teresa Cristina Rojas

FEMS Master Thesis Award Winner 2021
Xabier Garcia Casas from SOCIEMAT was awarded first place for his presentation on

61D

and 3D nanomateri al fabricati on

and

e

s u

piezoelectric and triboelectric nanogenerator

B EouiPAMIENTOCIENTIFICO AVAILABLEEQUIPMENT

Sistema denagnetron putttering para la preparacién de laminas delgadas
Potenciostato y sistema electroquimico

Sistema de medida de angulos de contacto (advancing and receding)

Equipo de crecimiento en vacio de nanofiboras y otros materiales
nanoestructurados

Microscopio de efecto tunel (STM)

Sistema de desorcidn térmica programada

Espectrémetro de Fotoemision (XPS)

Colorimetro Dr. Lange: para la medida de parametros de color (X, y, Y/L*a*b*,
etc.) de superficies y polvos

Ellipsémetroespectiosapico Woolan VBI00 con rango de frecuencias entre 300
y 1700 nm. Medida de indices de refraccién y coeficiente decan de capas
delgadas y superficies.

Espectrometro visibkJV CARY100. Medidas de coeficiente de absorcion con
luz normal y polarada.
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Fluorimetro espectroscépico (HORYBA Jobin Yvon Fluorolog) con accesorio para
la determinacion de tiempos de vida. Microscopio de fluorescencia (HORYBA
Jobin Yvon sigle photon controller: FluoroHub).

Medidor de dngulos de contacto liquidos. Medidasléagle avance y retroceso,

asi como de energias de adhesion de liquidos sobre superficies (Dataphysics
Contact Angle System SCA 20).

Medida de cuatro puntos de conductividad eléctrica en superficies y laminas
delgadas (Fuente de corriente Keithley 61 Dlimetro Keithley 2400).

Medidas eléctricas en capas delgadas en funcidn de la temperatura y la atmésfera
Microscopio de Fuerzas atdmicas (AFM) para la caracterizacion de superficies
(Cervantes de Nanotec).

Microscopio de efecto tinel (STM) con posibilidie trabajar desde nitrégeno
liquido hasta 60fC (VT-STM de Omicrom).

Técnicas de caracterizacion de plasmas: sonda de Langmuir (Plasma Consult single
and double sound), espectroscopia de emisiéon Optica (Avante®020Gim
resolucion 1 nm) y espectrométrde masas (Hydgn

Espectrometro FAIR con celda DRIFT (Pelkin elmer Spectrum One)

Sistema de medida de porosidades en capas delgadas.

Sistema de desorcién térmica programada dotado con espectroscopia Auger (VG
8047).

Espectrometro de XPS ( espectrometuSW) con sistema REELS de alta

resolucion (Kimball Physics EGE22B) y fuente de &tomos incorporada

(Oxford Scientific Osprey plasma Source).

Sistema de tratamiento con plasmas Diener.

Tres camaras de deposicién por la técnica de pulverizacién caféthgnetron
sputtering). Con una dotacion total de 7 cabezas magnetrén, 2 fuentes DC, 2
fuentes RF y 1 fuente pul sada, portamu
Material basico de laboratorio quimico: PHmetro, agitadores, calefactores, estufa
de secado a vacio, centrifuga.

Reactores y material de vidrio convencional para sintesis de nanoparticulas y
catalizadores por via quimica.

Rotavapor, sistemas de filtrado.

Céamara seca MBRAUN.

Dos campanas extractoras.

Reactores cataliticos de lecho fijo peatalisiheterognea slido-gas.

Reactores cataliticos para catal&terogeneasadlideliquido.

Sistemas controladores de flujo masico (gases y liquidos evaporados), bombas
peristalticas para liquidos.

Tres cromatégrafos de gases, columnas y deteéitidsy TCD.

Sistema de medida de espectroscopia de impedancia compleja, formado por un
impedancimetro Agilent modelo 42942, un horno Hobersal ST115020, y una celda
de medida hermética para la realizacion de medidas en atmdsfera.

Buretas automaticas para neidn de gases.

Sistema de preparacion de muestras en pelicula delgada TXP de Leica.

Pulidora, tripode y microscopio optico.

TEM de 300kV Tecnai F30 dotado de modo STEM, detector HAADF, analizador
EDX Oxford Max80 v filtro de energias GIF Quantum.

Tribdmetro CSM (movimiento lineal y rotativo) para evaluacion de coeficientes de
friccion y desgaste.
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- Tribémetro de alta temperatura (hasta 88D) dMicrotest

- Calotest para medida de espesores y evaluacion del desgaste.
- Equipo de rayado (Scrattbst) hasta 200NTribotechnic).

- Perfilbmetrorugosimetro (Mahr) de tipo tactil y resolucidn vertical nanométrica.
- Camara de deposicion PVidagnetron sputtering (2 magnetron).
- Fuentes DGPulsada (ENI) ; RF (Trumpf); HiIPIMS (Solvix)

- Horno tubular 1500C (Carbolite)

- Pulicbra

- Ultrasonidos

- Microscopio 6ptico (Leica)

- Microscopio optico Interferométrico 3D (Sensofar)
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MATERIALEPTICOS

GRUPOS DENVESTIGACION

Materiales Coloidales
Colloidal Materials [642011]
http://colmat.icmse.csic.es

Materiales Opticos Multifuncionales
Multifunctional Optical Materials  [642013]
http://mom.icmse.csic.es






M PERSONAL PERSONNEL

MATERIALES OPTICOS

Profesores de Investigacion

Dr. Hernan R. Miguez Garcia

Dr. Manuel Ocafa Jurado

Cientificos Titulares

Dra. Ana Isabel Becerro Nieto

Dr. Mauricio E. Calvo Roggiani

Dr. Gabriel Lozano Barbero

Dra. Nuria Ofelia Nufiez Alvarez

Investigadores Distinguidos

Dr. Juan F. Galisteo Lopez

Contratados Juan de la Cierva

Dra. Laura Calio

Doctores Contratados

Dra. RoxanaVarisd Calderdn Olvera

Dr. Victor Castaing

Dr. Daniel Gonzéalez Mancebo

Dr. Ngo Thi Tuyen

Personal Investigador en Formacion

Gda. Encarnacion Arroyo Porrifio

Gda. Clara Bujalance Aguiker

Gda Elena Cabello Olmo

Gda Beatriz De Sola Baez

Gda Elisabet Gmez Gonzalez

Gda.Maria Moran Pedroso

Gdo. Carlos Romero Pérez

Gdo.David Otto Tiede

Gdo. JoséMaria Viafia Jorge

JAHNtro

D. Roberto Prieto Garcia

D. Manuel Romero Aguilar

Personal Técnico Contratado

Lda. Lucia T. Castillo Flores

Lda. M. Carmen Gutiérrez Lazaro
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B  OPTICAL MATERIALS

B PROYECTOS DENVESTIGACION/ RESEARCHPROJECTS

Materiales Opticos basados en Nanophosphor -based photonic
nanofosforos para la proxima materials for next generation light -
generacion de dispositivos emisores | emitting devices | NANOPHOM
de luz | NANOPHOM

* * 3%

i NN THIM
ok ¥, e Tﬂ ‘
CdédigoLode: H2020ERCGSTG/0259
PeriodoPeriod 01-04-2017/ 31-03-2023
Organismo Financiadéiihancial source | Comisbn Europea
Importe total/Total amount 1.499.739
Investigador responsabli&tsearch head| Gabriel S. Lozano Barbero

RESUMEN / ABSTRACT

El desarrollo de fuentes de luz eficienteegpetuosas con el medio ambiente
constituye una parte esencial de la estrategia mundial para reducir el consumo mundial
de electricidad. Los diodos emisores de luz (LED de sus siglas en inglés) emergen como
la alternativa a la iluminacion convencionddjditea su alta eficiencia de conversion de
energia, larga vida util, conmutacion rapida, robustez y tamafio compacto. Sin embargo,
su implementacion en la industria electronica de consumo se ve obstaculizada por el
control limitado sobre el brillo, la cadid del color y la direccionalidad de la emision de
LED que proporcionan los elementos 6pticos convencionales cuyo funcionamiento se
basa en la 6ptica geométrica.

Este proyecto explora nuevas formas de controlar las propiedades de emision de
nanomateriales luminiscentes, superando los limites impuestos por la Optica
convencional, mediante el uso de arquitecturas nanofotonicas. El desarrollo de materiales
opticos fiables y escalables basados en nanofdsforos permitira un control espectral y
angular fino sobréa emision de luz, abordando las deficiencias que los LED actuales
presentan. El nuevo disefio 6ptico de estos dispositivos estara basado en la integracion
de multicapas épticas, texturas superficiales, y nano dispersores de composicion, tamafio
y forma contolados, para obtener materiales que posean propiedades oOpticas que
faciliten un control preciso de la radiacion visible.

Nanophom permitirA mejorar nuestra comprension sobre fendmenos
fundamentales como la formacion de modos fotonicos en medios épticgdajos a los
gue se puede acoplar la luz, asi como avanzar en el desarrollo de dispositivos de
iluminacién de estado sdlido de alta eficiencia.
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Energyefficient and environmentally friendly light sources are an essential part of
the global strategy toeduce the worldwide electricity consumption. Ligdmitting
diodes (LEDs) emerge as a key alternative to conventional lighting, due to their high
power-conversion efficiency, long lifetime, fast switching, robustness, and compact size.
Nonetheless, theimiplementation in the consumer electronic industry is hampered by
the limited control over brightness, colour quality and directionality of LED emission that
conventional optical elements relying on geometrical optics provide.

This project exploits new waysf controlling the emission characteristics of
nanophosphors, surpassing the limits imposed by conventional optics, through the use of
nanophotonic concepts. The development of reliable and scalable nanophbgsgedr
photonic materials will allow ultimaspectral and angular control over the light emission
properties, addressing the critical shortcomings of current LEDs. The new optical design
of these devices will be based on multilayers, surface textures anesoaiterers of
controlled composition,ize and shape, to attain largeea materials possessing photonic
properties that will enable a precise management of the visible radiation.

Nanophom will significantly advance our comprehension of fundamental
phenomena like the formation of photonic modiesomplex optical media to which light
can couple, as well as advancing the state of the art okffiglency soligtate lighting
devices.

PERovskite SEmiconductors for PERovskite SEmiconductors for
PHOtoNics PHOtoNics

CédigoLode H2020MSCAITN-ETN/0748 Comision
Europea MSCATN

PeriodoPeriod 01-03-2021 / 28-02-2025

Organismo Financiadétihancial source | Comisbn Europea

Importe total/Total amount 250.904,88t

Investigador responsabi&¢search head| Hernan R. Miguez Garcia

ABSTRACT

Funded by t he IQarie ip@graBnkeg PERSEPEIGNE is a
coordinated training network that aims to equip young researchers with new skills and
knowledge regarding the development of a novel photonics technological platform based
on metathalide perovskite semiconductors. These materials present unrivalled
optoelectronic properties and can be engineered to achieve a large set of desirable
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functionalities which may change the roadmap of currently established photonic
technologies. They alshow great promise for their integration with silicon photonics

and silicoroxynitridebased photonics. The programme will expose 14 estdge

researchers to a wide spectrum of research activities including material synthesis,

photonic (and optoelectradn) device and integrated circuit fabrication, characterisation,

modelling, upscaling and manufacturing. PERSEPHONe will lay the foundation for a novel
photonic technology, strengthening Europeds p

Disefio Optico optimizado de Optimized photonic design of ligand -
dispositivos optoelectronicos basados | free perovskite quantum dot based
en puntos cuanticos de perovskita sin | optoelectronic devices

ligandos
- ¥ MINISTERIO )
S s "% DECIENCIA
E INNOVACION
== ) E==-1

AGENCIA
ESTATAL DE
INVESTIGACION

CdédigoLode PID2020116593RB00

PeriodoPeriod 01-09-2021/ 31-08-2024

Organismo Financiadéiihancial source | Ministerio deCiencia e Innovacién
Importe total/Total amount 3025004

Investigador responsabietsearch head | Hernan R. Miguez Garcia y Mauricio E
Calvo Roggiani
Componenteskesearch group Gabriel SLozano Barbero, Juan F.
Galisteo Lopez

RESUMEN / ABSTRACT

La motivacién del proyecto FreeDot es triple. Primero, proponer soluciones a los
inconvenientes especificos que obstaculizan un mayor desarrollo de la tecnologia
optoelectronica de perovskita (inestabilidad, durabilidad, sensibilidad ambiental, etc.). La
aproximacion propuesta se basa en el desarrollo de células solares nanoestructuradas y
LED basados en nuevas matrices porosas que permiten la sintesis de ensamblados de
nanocristales sin ligandos con buenas propiedades de transporte de carga v,
simultdneamete, minimizan su exposicion a entornos degradantes. En segundo lugar,
demostrar que es posible, también en el caso de dispositivos basados en puntos
cuanticos, mejorar la eficiencia de conversion de energia en células solares y de
extraccion de luz en LEDmediante la optimizacion del disefio 6ptico. Por ultimo, la
posibilidad de obtener nanocristales libres de ligandos abre la posibilidad de estudiar las
propiedades fotofisicas fundamentales de los puntos cuanticos, lo que normalmente es
obstaculizado poila presencia de capas organicas en el caso de puntos cuanticos
coloidales.
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The motivation of the FreeDot project is thrdeld. First, to propose solutions
to the specific drawbacks hindering further development of perovskite optoelectronic
technology (instability, durability, environmental sensitivity, etc.) by developing
nanostuctured solar cells and LEDs based on novel porous scaffolds that permit the
synthesis of liganAfllee nanocrystal assemblies, which showtetiot charge transport
while, simultaneously, minimizing their exposure to degrading environments. Second, to
prove that improved power conversion efficiency, in the case of solar cells, and enhanced
outcoupling and control over the spectral and directional properties of the emitted light,
in the case of LEDs, are achievable through the optimization of the optsigh@déso for
quantum dot based devices. Finally, the synthesis of {igaamdanocrystals opens the
possibility to study fundamental photophysical properties of quantum dots, which are
hindered by the presence of organic cappings in colloidal nanosrystal

Nanoparticulas multifuncionales para | Multifunctional nanoparticles for

la obtencidn de bioimagenes luminescent, magnetic resonance
mediante luminiscencia, resonancia and X-ray computed tomography
magnética y tomografia bioimaging

computerizada de Rayos X

UNION EUROPEA p
* X % )
* *

MINISTERIO * -
DE CIENCIA XK
E INNOVACION =
D{m;fmm AGENCIA
napsrones 1 W
CdédigoLode RTI12018094426B-100
PeriodoPeriod 01-01-2019/ 30-09-2022
Organismo Financiadétihancial source | Ministerio deCienciae Innovacion
Importe total/Total amount 193.600t

Investigador responsablieZsearch head | Manuel Ocafdurado y Ana Isabel
Becerro Nieto
ComponentedResearch group Nuria O. Nufiez Alvarez

RESUMEN / ABSTRACT

El proyecto persigue la preparacion de nanoparticulas (NPs) multifuncionales con
propiedades mejoradas y caracteristicas (tamafio, estabilidad coloidal y toxicidad)
adecuadas que puedan emplearse en mas de una modalidad de obtencién de imagenes
de organostejidos y células, cuyo principal interés radica en que mediante un Unico tipo
de sonda se podria obtener informacién complementaria esencial para un diagnostico
clinicomas riguroso. En concreto, se estudiardn sondas bifuncionales para la obtencion
de imagenes mediante luminiscencia y resonancia magnética (MRI) o tomografia
computarizada de rayos X (CT), y sondas trifuncionales con utilidad para las tres
modalidades memgnadas. Se abordaran dos tipos de biosondas luminiscentes. Por una
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parte, se disefiaran NPs luminiscentes constituidas por matrices singulares dopadas con
cationes lantanidos (Ndo EF*:YB* o Tm* :Y*"), cuya excitacién y emision tiene lugar

en la regié del infrarrojo cercano (NIR) conocida como ventana biologica 1880

nm), en la que las radiaciones no son dafinas para los tejidos y tienen alto poder de
penetracion. Por otra parte, se persigue la obtencion de NPs cuya luminiscencia persiste
despuégle eliminar la excitacion, evitAndose asi los posibles efectos no deseados de ésta
(autofluorescencia de los tejidos, radiaciones dafiinas). En el primer caso, se pretende
conseguir una mayor estabilidad quimica y térmica de las sondas mediante la sleeccion
matrices tipo oxifluoruro mas estables que las de tipo fluoruro propuestas hasta ahora,
En el segundo caso, se abordaran sistemas con luminiscencia persistente en el NIR con
composicion ZnG#&,:.Cr¥ y Y;ALGa0,,:Ce*,Cr¥* ,Nd**, para los que es prioatio
desarrollar nuevos métodos de sintesis que permitan la obtencion de NPs uniformes,
necesarias para este tipo de aplicaciones. Respecto a la modalidad MRI y en respuesta a
la necesidad de desarrollar agentes de contraste para las mas modernas tgmicas
operan a campos magneéticos altos para aumentar la resolucion de las imagenes y asi
obtener un diagndstico mas preciso, se planea desarrollar NPs constituidas por
compuestos (oxifluoruros, vanadatos, fosfatos) de Dy y Ho. Por ultimo, debido al alto
namero atomico de los elementos constituyentes de las sondas anteriores, es de esperar
gue éstas también tengan una alta capacidad de atenuacion de rayos X, siendo por tanto
también potencialmente Utiles como agentes de contraste para CT. En este caso, el
empko de las NPs objeto de estudio aportara importantes ventajas respecto a los agentes
comerciales utilizados en la actualidad que se traducen en un mayor control del tiempo
de residencia en el organismo y de su biodistribucién y, por tanto, en la paksitdida
disminuir las dosis utilizadas reportando asi un beneficio para el paciente. El proyecto
contempla tanto la fabricacién de las sondas optimizadas como la exploraciéon de su
aplicabilidad al campo del diagnostico clinico mediante la obtencidn de inageine

en ratones. El equipo investigador posee gran experiencia en la sintesis de NPs
inorganicas basadas en tierras raras y dispone de la mayoria de los medios necesarios para
su caracterizaciéon. Ademas, dicho equipo cuenta con el apoyo de investigdelotras
instituciones, expertos en diversos aspectos del proyecto, que colaborardn en el
desarrollo de algunas tareas del mismo como vienen haciendo desde hace varios afos, lo
gue garantiza el correcto desarrollo de la propuesta.

The project pursueshe preparation of multifunctional nanoparticles (NPs) with
improved properties and suitable characteristics (size, colloidal stability and toxicity) that
can be used to get images of cells, tissues and organs by means of more than one
bioimaging techniquehus providing complementary information essential for a more
reliable medical diagnosis. Specifically, we shall study bifunctional probes for both,
luminescence and magnetic resonance (MRI) or luminescence -sayl coOmputed
tomography (CT), and trifutional probes that are useful for the three imaging
techniques.Two types of luminescent probes will be addressed. On the one hand,
luminescent NPs will be designed consisting of single matrices doped with lanthanide
cations (Nd" o EP*:YB™ o Tm*:Yb™), whose excitation and emission takes place in
the nearinfrared (NIR) region known as the biological window (@800 nm), in which
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radiation is not harmful to tissues and has a high penetration power. On the other hand,
nanoprobes whose luminescence gists after ceasing the excitation will be also
developed, thus avoiding the possible undesirable effects of the excitation radiation on
the tissues. In the first case, our aim is to achieve greater chemical and thermal stability
of the probes by selectingxifluoridetype matrices, more stable than the fluortigpe
matrices proposed so far. In the second case, the aim of the project resides in the
exploration of new synthetic routes to obtain nanoparticulated z0@Gar** and
Y:ALGa0,,:Ce*, Cr¥*, Nd*", with uniform size and shape, which are essential for
bioapplications. Regarding MRI technique, this project aims at developing NPs made up
of Dy- and Habased oxifluorides, vanadates and phosphates in response to the need of
new contrast agents that workt high magnetic fields, which are increasingly being used
in clinics to improve image resolution. Finally, due to the high atomic number of the
constituent elements of the selected probes, it is expected that they show a High X
attenuation capacity ding therefore also useful as CT contrast agents. The advantage of
the NPs proposed in this research with respect to the CT CAs currently used in clinics is
the longer circulation time of the former, which will allow decreasing considerably the
dosage to b given to the patient. The project contemplates both the manufacture of
optimised probes and the exploration of their applicability to the field of medical diagnosis
by obtaining "in vivo" images in mice. The research team has long experience in the
synthesis of rare earthibased inorganic NPs and has most of the necessary equipment
for their characterisation. The participation in the work plan of researchers from other
institutions, with long expertise on various aspects of the project, who have sultgessfu
collaborated with the research team, gives further support to the viability of the proposal.

Materiales Opticos avanzados para
dispositivos optoelectrénicos mas
eficientes | MODO

Advanced optical materials for more
efficient optoelectronic devices |
MODO

UNION EUROPEA

2

g 5 MINISTERIO
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P————
Caodigolode MAT2017#88584R
PeriodoPeriod 01-01-2018/ 30-09-2021

Organismo Financiadétihancial source

Ministerio deCiencia e Innovacion

Importe total/Total amount

181500t

Investigador responsable¢search head

Hernan Miguegarcia, Mauricio E. Calv
Roggiani

ComponentedResearch group

Juan F. Galisteo L6pez, Gabriel S. Loz
Barbero
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RESUMEN / ABSTRACT

El proyecto MODO busca optimizar el disefio Optico de dispositivos
optoelectrénicos, ya sean fotovoltaicos o emisoresude con el objetivo de aumentar
su eficiencia o dotarles de nueva funcionalidad. La hipo6tesis en la que se basa este
proyecto es que este objetivo principal puede lograrse mediante la integracion de
materiales opticos que permitan controlar la interaccaihaciénmateria en las laminas
absorbentes u O6pticamente activas del dispositivo. La estrategia propuesta consiste en
realizar, secuencialmente, el disefio, preparacion, caracterizacion e integracion en
prototipos de estructuras fotonicas de diverso tifaristales fotonicos, particulas
metalicas, medios Opticos desordenados, superficies corrugadas), empleando
principalmente técnicas de procesado en solucion escalables y compatibles con las
usualmente empleadas para la fabricacion de los dispositivas adjestudio.

La tecnologia optoelectrénica basada en perovskitas ha despertado en los ultimos
afos un interés extraordinario debido a las altas eficiencias de conversion de energia
luminica en eléctrica, superiores al 20%, que se han alcanzado en ymo tiem
relativamente corto comparado con la evolucion de otras tecnologias fotovoltaicas. Por
otro lado, presentan elevados rendimientos cuanticos de fotoemision en el verde y el
rojo, lo que también las convierte en candidatas a recubrimientos emisores &nluz
embargo, estas expectativas se ven parcialmente ensombrecidas debido a los problemas
de estabilidad y potencial impacto ambiental que estas perovskitas presentan. Es uno de
los objetivos prioritarios de este proyecto proponer soluciones a estos gmnalsl
concretos a través de disefios 6pticos que permitan reducir tanto la cantidad de material
empleado como la exposicion de la lamina activa a ambientes que induzcan su
degradacion. Se pretende ahondar en la comprension de los fenbmenos que intervienen
en la degradacion fotoinducida de estos materiales en entornos de distinto tipo, lo que
nos permitird proponer soluciones concretas para desarrollar laminas de perovskita mas
estables y eficientes. Por otra parte, el proyecto MODO explorara la mejora de una
nueva tecnologia fotovoltaica, propuesta muy recientemente, basada en nanocristales
semiconductores de AgBjRle muy bajo impacto ambiental pero con una absorcion
Optica aun muy inferior al resto de celdas solares emergentes.

Simultaneamente, se aplicar@n dispositivos emisores de luz, basados en
nanocristales semiconductores y compuestos organicos jolectroluminiscentes,
conceptos orientados a la amplificacion direccional de la luminiscencia en rangos
espectrales seleccionados a través del coniedh densidad local de estados fotonicos.

Se explorard la posibilidad de controlar la dinAmica de decaimiento de estados excitados
a escala macroscopica y de obsefta@mision laser. En todos los casos, el rendimiento
energético de los dispositivos ofgjede estudio no ha sido optimizado anteriormente
desde el punto de vista del éi® Optico.

La propuesta se enmarca dentro del Reto Social denomiratkrda segura,
eficiente y limpia" y tiene como objetivo desarrollar tecnologia fotbnica empleando
herramientas de la nanotecnologia y del campo de materiales avanzados, todas ellas
identificadas como Tecnologias Facilitadoras Esenciales en el programa de H2020 e
incluidas en la Estrategia Espafiola de Ciencia y Tecnologia.
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The MODO project is focused on the optimization of the optical design of
optoelectronic devices, be they photovoltaic or light emitting ones, with the aim of
increasing their efficiency or endow them with new functionalities. The hypothesis on
which it isbased is that this goal can be reached by means of the integration of optical
materials that allow controlling the radiatiomatter interaction in the absorbing or
optically active layers of the device. The strategy herein proposed is based on the
sequental realization of design, preparation, characterization and integration of devices
of diverse photonic structures (photonic crystals, metallic particles, disordered optical
media, corrugated surfaces) employing mainly solution processing techniques fully
compatible with those used to fabricate the targeted devices. Optoelectronic technology
based on perovskites has attracted a great deal of interest in the last years as a result of
the high solar to electric power conversion efficiency, above 20%, that haga
reached in a relatively short time compared to other photovoltaic technologies. At the
sametime, they present high photoemission quantum yields in the green and the red,
which make them also good candidates as color converter layers for LEDs. Howeve
these expectations are partially threatened by both the stability problems and potentially
toxic environmental effects they present. It is one of the main goals of this project to
propose solutions to specific drawbacks present in the optoelectronmttogy based
on hybrid perovskites through the implementation of optical designs that gives rise to a
reduction of both the amount of material employed as well as the exposure to
environments that typically degrade them. We seek to deepen our underggaoflin
phenomena that give rise to the photoinduced degradation of these materials when
exposed to diverse environments, which will allow us to propose specific solutions to
develop more stable and efficient perovskite layers. Simultaneously, concept®ibased
the strict control over the local density of photon states and oriented to the directional
amplification of luminescencesalectedspectral ranges will be applied to light emitting
devices based on semiconductor nanocrystals as well as to-photb dectro-
luminescent organicompoundsFull control over the excited state decay dynamics over
large areas and observation of laser emission will also be sought after. In all cases, the
energy efficiency of the targeted devices has not been optimized edonethe point
of viewof the optical design.

The proposal is included in the framework of the Societal Challenge called
"Secure, clean and efficient energy” and aims to develop photonic technology using
nanotechnology tools and in the advanced matefigld, all identified as Key Enabling
Technologies KETs in the Spanish Strategy on Science and Technology, aligned with the
European Program H2020.
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Verificacion de la existencia de
fuerzas de Casimir repulsivas en la
macroescala en laminas delgadas
suspendidas y autosoportadas |

Verification of the existence of
macroscale repulsive Casimir forces
in suspended selfstanding films |
VERSUS

VERSUS
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CodigoLCode: FIS201791018EXP "Explora”

PeriodoPeriod

01-11-2018 / 30-04-2021

OrganismadrFinanciadoffinancial source

Ministerio deCiencia e Innovacion

Importe total/Total amount

36.300t

Investigador responsabl&tsearch head

Hernan Ruy Miguez Garcia

Componenteskesearch group

Mauricio E. Calvo Roggiani, Juan F.

Galisteo Lopez

RESUMEN / ABSTRACT

El proyecto VERSUS tiene como objetivo principal realizar la primera observacion
de fuerzas de Casimliifshitz repulsivas en sistemas macroscopicos ffaraielos. Para
esto se centrara en el disefo, fabricacién y caracterizacionatkeriedes Opticos que
permitan controlar la intensidad y naturaleza de la fuerza de Casisfitz, de forma
gue puedan observarse y caracterizarse fendmenos de levitacion debido al balance de
estay la fuerza gravitatoria. Esta propuesta, radicalmentzinsa, hace uso de técnicas
de espectroscopia optica (basadas en interferencia Optica entre los haces parcialmente
reflejados y transmitido en las intercaras del sistema jplaralelo) para caracterizar la
distancia de equilibrio a la que el sistem#desobre un sustrato. Para ello, se parte de
disefios de materiales cuyas propiedades 6pticas y densidades son tales que sumergidas
en distintos fluidos leviten sobre ciertos sustratos como resultado del balance de esas
fuerzas, como recientemente ha sidemostrado de forma teorica por el equipo
solicitante. Nuestro grupo ha demostrado tedricamente que existen combinaciones de
materiales que fabricados en forma de laminas delgadas (< 1 micra) pueden levitar a
distancias del orden de las pocas decenas tegas de nanémetros sobre un sustrato
adecuado. En particular, laminas de teflon, poliestireno y silice inmersas en glicerol levitan
sobre una oblea de silicio, siendo las distancias de equilibrio controlables y sintonizables
a través del grosor de las lémas delgadas y la temperatura del sistema. Las laminas
delgadas autosoportadas deben ser compactas, mecanicamente estables, de superficies
planas, grosor controlado y quimicamente afines al fluido en el que estan sumergidas. La
observacion macroscopica deerzas repulsivas de Casithifshitz, nunca reportada
anteriormente, mediante medidas de espectroscopia Optica constituiria un logro sin
precedentes en el campo del estudio de las interacciones fundamentales de la materia.
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The ultimate goal of the VERIS project is the first observation of repulsive
CasimitLifshitz forces in macroscopic plaparallel systems. To this end, it will focus on
the design, fabrication, and characterization of optical materials that allow controlling the
intensity and nater of the CasimiLifshitz force, so that I&ation phenomena can be
observed and characterized due to the balance between the latter and gravity force. This
radically newapproachmakes use of optical spectroscopic techniques (based on optical
interferometry between the partially reflected and transmitted light at the interfaces of
the planeparallel system) for characterizing the equilibrium distance at which the system
levitatesover a substrate. According to very recent results attained by the applicant
group, it is possible to find materials whose optical constants and densities are such that
when they are immersed in a fluid they can levitate over a substrate as a result of the
aforementioned force balance. Our group has recently demonstrated theoretically that
there is a number of materials that prepared in this films (<1 micrometer) can levitate
several tens or hundreds of nhanometers over a carefully selected substratac&8pecif
thin layers made of teflon, polystyrene or silicon dioxide immersed in glycerol are
expected to levitate over a silicon wafer, being possible to tune the equilibrium distances
at which such layers will be suspended through their thicknessesrapdregure of the
system. The devisesklfstanding thin films (in single layers or multilayer arrangements)
must be compact, mechanically stable, of smooth surfaces, of controlled thickness, and
chemically compatible with the fluid in which they are immeérsThe macroscopic
observation of repulsive Casintiifshitz forces, never reported before, through optical
spectroscopic measurements would constitute an unprecedented milestone in the field
of fundamental matter interactions.

Nuevos agentes de contraste New multimodal contrast agents for
multimodales para el diagnéstico medical diagnostic imaging
médico por imagen

Union Europea

; -
Fondo Europeo de  Andalucia -
Desarrollo Regional Se mueve con Europa

Junta de Andalucia

CdédigoLode P20 00182

PeriodoPeriod 05-10-2021/ 31-01-2022

Organismo Financiadétihancial source | Junta de Andalucia

Importe total/Total amount 82.0501

Investigador responsabletsearch head| Ana Isabl Becerro Nieto

ComponentedResearch group Manuel Ocafia Jurado, Nuria Rfiez
Alvarez, Maria LudsGarcia MartirflIBM)
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RESUMEN / ABSTRACT

El proyecto persiguel disefio de agentes de contraste (CAs) multimodales para
el registro de imagenes para diagnéstico médico. Estos CAs estaran constituidos por
nanoparticulas inorganicas basadas en lantanidos con propiedades adecuadas para el
registro de imagenes mediantéchicas complementarias, con objeto de obtener
informacion esencial para un diagndstico médico mas riguroso sin necesidad de inyectar
al paciente CAs especificos para cada técnica. Una ventaja adicional de las sondas
propuestas respecto a los CAs comegsakes que permiten controlar el tiempo de
residencia en el organismo y su biodistribucion y, por tanto, disminuir las dosis necesarias,
resultando en un claro beneficio para el paciente. En concreto, se desarrollaran agentes
de contraste para resonancia gm&tica (MRI) dual con funcionalidad adicional como
agentes de contraste para tomografia computarizada de rayos X (CT) e imagen
luminiscente en la regidn del infrarrojo cercano (NIR) conocida como ventana biolégica
(650-1800 nm), en la que las radiaciomesson dafinas para los tejidos y tienen alto
poder de penetracién en los mismos. Se ensayaran varias composiciones: fosfatos,
vanadatos, molibdatos y volframatos de elementos lantanidos tales como el Gd, Dy y Ho,
gue aportaran la funcionalidad magnéticayo alto nUmero atémico es Optimo para
CT. El dopado de todas ellas conNgermitira la obtencién de imagenes luminiscentes
en el NIR. La exploracion de la aplicabilidad de dichas sondas al campo del diagndstico
médico por imagen se llevara a cabo raedlit e | a obtenci -n de i mage.!
ratones.

The project aims to design multimodal contrast agents (CAs) for medical
diagnostic imaging. The CAs will consist of lanthaméded inorganic nanoparticles with
properties suitable for different bioimagi techniques. The CAs developed will allow
obtaining a more rigorous medical diagnosis without the need to inject the patient with
several techniguspecific CAs. An additional advantage of the proposed probes over
commercial CAs is that they allow contraf the residence time in the body and their
biodistribution, and thus reduce the doses needed, resulting in a clear benefit for the
patient. Specifically, dual magnetic resonance imaging (MRI) CAs will be developed with
additional functionality as constaagents for Xray computed tomography (CT) and
luminescence imaging in the naafrared (NIR) region known as the biological window
(650-1800 nm), where radiation is not harmful to tissues and has high tissue penetration
power. Several compositions wile tested: phosphates, vanadates, molybdates, and
wolframatesof lanthanide elements such as Gd, Dy, and Ho, which will provide the
magnetic functionality and whose high atomic number is optimal for CT. Doping all of
them with Ncf* will allow luminescent imaging in the NIR. The applicability of these
probes to medical imaging will be explored by in vivo imaging in mice.
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Desarrollo de Dispositivos Emisores | Development of light emitting
de Luz basados en Perovskita devices based on nanostructured
Nanoestructurada [Nano -ABX LED | perovskite | Nano -ABX LED

Union Europea

: =
Fondo Europeode  Andalucia
Desarrollo Regional e mueve con Europa

Junta de Andalucia

CédigoLode: P18RT-2291

PeriodoPeriod 01-02-2020/ 31-01-2022

Organismo Financiadétihancial source | Junta de Andalucia

Importe total/Total amount 1229681

InvestigadoresponsabléZesearch head| Hernan R. Miguez Garcia

ComponentedResearch group Juan Francisco Galisteo Lopez, Mauric
E. Calvo Roggiani, Gabriel S. Lozano
Barbero

RESUMEN / ABSTRACT

El proyecto NaneABX LED se centra en encontrar vias de solucién a los
principales retos que enfrenta el campo de la emision de luz basada en perovskitas. Estos
son la inestabilidad quimica y térmica de las perovskitas, asi como la dificultad de
mantener ma eficiencia cuantica elevada independientemente del color de emision, lo
gue dificulta la obtencién tanto de una gama de colores variada como de distintos tonos
de blanco (i.e., distintas temperaturas de color).

El proyecto NaneABX LED surge con la metcion de encontrar soluciones a
estos problemas. Partiendo de resultados preliminares recientes del grupo de Materiales
Opticos Multifuncionales, se intentara demostrar que la integracion de nanocristales de
perovskita hibrida en el interior de matricesnc porosidad controlada mejora
extraordinariamente la estabilidad ambiental de estos materiales, un aspecto que el grupo
solicitante de esta propuesta ha estudiado en profundidad, asi como permite aumentar
el rendimiento cuantico luminiscente a longitudesonda de emision controladas. En
otra vertiente del proyecto, se explorara el aumento de eficiencia y prestaciones
(direccionalidad, control espectral) de los dispositivos a través de la integracion de
distintas estructuras fotonicas, tomando como putggartida.

The NancABX LED project focuses on finding ways to solve the main challenges
facing the field of perovskieased light emission. These are the chemical and thermal
instability of perovskites, as well as the difficulty of maintaining guagkum efficiency
regardless of the emission color, which makes it difficult to obtain both a varied color
range and different shades of white ( different temperatures color).

The NaneABX LED project arises with the motivation to find solutionshese
problems. Based on recent preliminary results of the Multifunctional Optical Materials
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Group, an attempt will be made to demonstrate that the integration of hybrid perovskite
nanocrystals inside matrices with controlled porosity dramatically imprdves
environmental stability of these materials, an aspect that the group requesting this
proposal has studied in depth, as well as it allows to increase the luminescent quantum
efficiency at controlled emission wavelengths. In another aspect of the priject
increase in efficiency and performance (directionality, spectral control) of the devices will
be explored through the integration of different photonic structures, taking as a starting
point.

B OTROSPROYECTOY OTHERPROJECTS

Desarrollo de Dispositivos Emisores de Luz basados en Perovskita

Nanoestructurada

Caddigo/Code: 201960E090
PeriodoPeriod 01-09-2019 / 3108-2024
Organismo Financiadétihancial source CSIC (Intramural)
Importe total/Total amount 187.7891%

Investigador responsabletsearch head Hernan Miguez Garcia

Energia Solar y nanociencia. Kit demostrativo

Caodigo/Code: 201560E056
PeriodoPeriod 01-01-2020/ 31-09-2021
Organismo Financiadétihancial source Fundacion Gener&SIC
Importe total/Total amount 2.300t

Investigador responsabletsearch head Mauricio Calvo Roggiani

Ayudas extraordinarias para la preparacion de proyectos | MAT2017 -88584

Caodigo/Code: 2020AEP094
PeriodoPeriod 01-01-2021 / 3108-2021
Organismo Financiadétihancial source CSIC

Importe total/Total amount 13.039 1

Investigador responsabietsearch head Herndn Miguez Garcia
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B AYUDAS PARA LAADQUISICION DE EQUIPOS

Sistema de caracterizacion éptica avanzada en atmadsfera inerte (EQC2019 -

005556-P)

Financia: Ministerio de Ciencidarmovacion y Consejo Superior de Investigaciones
Cientificas

| mporte Concedi do: 121.917, 11 t

Periodo: 11-2019 / 3112-2021

Cofinanciado por el Grupo de I nvestigaci

B CoNVENIOS Y CONTRATOSY CONTRACTS ANDAGREEMENTS

Disefio y preparacion de filtros dicroicos para su integracion en moédulos
fotovoltaicos

PeriodoPeriod 01-01-2021 / 31-12-2022
Organismo Financiadéiihancial source  BLUESOLAR FILTERS, S.L.
Importe total/Total amount 1815004

Investigadoresponsabléiesearch head Hernan Miguez Garcia

B PATENTEZ PATENTS

Ceramic material with a g arnet structure showing a nonstoichiometry,
synthesis and uses thereof

Inventores/Ana Isabel Becerro Nieto

Tipo de Patentetnternacional

Numero de Solicitud21305159

Fecha Solicitud de febrerode 2021

Entidad TitularCNRS Consejo Superior de Investigacio#sntificas
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B ARrRTiCULOSPUBLICADOS ENREVISTASSCI/ PAPERSIN SCIJOURNALS

Highly Versatile Upconverting Oxyfluoride -Based Nanophosphor Films
Ngo, TT; CabelleOImo, E; Arroyo, E; Becerro, Al; Oia, M; Lozano, G; iguez, H
ACS Applied Materials & Interfat®62021) 3@51-30060

Junia2021| DOI: 10.1021/acsami.1c07012

Fluoridebased compounds doped withre-earth cations are the preferred choice of materials

to achieve efficient upconversion, of interest for a plethora of applications ranging from
bioimaging to energy harvesting. Herein, we demonstrate a simple route to fabricate bright
upconverting filma that are transparent, sedfanding, flexible, and emit different colors. Starting
from the solvothermal synthesis of uniform and colloidally stable yttrium fluoride nanoparticles
doped with YB* and Ef*, Ho**, or Tm*", we find the experimental conditis to process the
nanophosphors as optical quality films of controlled thickness between few hundreds of
nanometers and several micrometers. A thorough analysis of both structural and photophysical
properties of films annealed at different temperaturesedy a tradeoff between the oxidation

of the matrix, which transitions through an oxyfluoride crystal phase, and the efficiency of the
upconversion photoluminescence process. It represents a significant step forward in the
understanding of the fundamenpabperties of upconverting materials and can be leveraged for
the optimization of upconversion systems in general. We prove bright multicolor upconversion
photoluminescence in oxyfluoridesed phosphor transparent films upon excitation with a 980
nm laseifor both rigid and flexible versions of the layers, being possible to use the latter to coat
surfaces of arbitrary shape. Our results pave the way toward the development of upconverting
coatings that can be conveniently integrated in applications thaardkrma large degree of
versatility.

Enhanced Directional Light Extraction from Patterned Rare -Earth Phosphor
Films

CabellaOImo, E; Molet, P; Mihi, A; Lozano, Gjgiez, H

Advanced Optical Materj&<2021)2001611

Enero2021| DOI: 10.1002/adom.202001611
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The combination of lig@mitting diodes (LEDs) and rare earth (RE) phosphors asZcolor
converting layers comprises the basis of &tiide lighting. Indeed, most LED lamps include a
photoluminescent coating made of phosphor materia., crystalline matrix suitably doped with

RE elements, to produce white light from a blue or ultraviolet LED chip. Transparent phdsphor
based films constitute starting materials for new refined emitters that allow different photonic
designs to be imMlpmented. Among the different photonic strategies typically employed to tune
or enhance emission, surface texturing has proved its versatility and feasibility in a wide range of
materials and devices. However, most of the nanofabrication techniques tenaplied to RE
phosphors directly because of their chemical stability or because of their cost. The first monolithic
patterned structure of dowzhifting nanophosphors with square arrays of nanoholes with
different lattice parameters is reported in thi&udy. It is shown that a |awost soff
nanolithography procedure can be applied to Zeditting nanophosphors (GdVEU*
nanocrystals) to tune their emission properties, attaining a twofold directional enhancement of
the emitted light at predesigned emission wavelengths in specific directions.

The Complex Interplay of Lead Halide Perovskites with Their Surroundings
GalisteeLépez, JF; Calvo, ME;iyiez, H

Advanced Optical Materj&$2021)2100133

Marzo2021| DOI: 10.1002/adom.202100133

Photoexcitation of lead halide perovskites induces a restructuration of the material that
simultaneously enhances its emisgimperties and triggers its degradation. These concomitant
processes are strongly dependent on the surroundings of the perovskite, both while and after
being processed, underlining the relevance the environment and the interfacial design have in the
stabiity and performance of these materials and the devices based on them. This shocking
observation reveals that when subjected to external illumination, lead halide perovskites undergo
a number of photophysical processes that strongly modify their structodetlaus their
optoelectronic properties. Such photoinduced instability stems from a defective structure directly
linked to the lowtemperature and solutieprocessed fabrication routes generally employed to
build perovskite solar cells with efficienciesnparable to statef-the-art values. On the other

hand, these same inexpensive and unsophisticated procedures make this material a promising
component in energy conversion devices. Here, an analysis is provided regarding the different
impact on the perovste structure, hence on its optoelectronic performance, that the interaction
with its surroundings has, providing specific examples that highlight this interplay, describing the
kind of modification it induces, and listing the related effects on the egtoshic properties

that should be accounted for when characterizing them.

The Role of the Atmosphere on the Photophysics of Ligand -Free Lead-Halide
Perovskite Nanocrystals

Moran-Pedroso, M; Rubino, A; Calvo, ME; E8pinJP; Galistebopez, JF; iguez,H
Advanced Optical Materj&$2021)2100605

Septiembre2021| DOI: 10.1002/adom.202100605

Lead halide perovskite (LHP) nanocrystals (NCs) have gained attention over the past decade due

to their outstanding optoelectronic properties, making them a suitable material for efficient
photovoltaic and light emitting devices. Due to its soft natureséhnanostructures undergo
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strong structural changes upon irradiation, where these-iightced processes are strongly
influenced by the environment. Since most processing routes for LHP NCs are based on colloidal
approaches, the role of factors such &b#gizing ligands or solvents is usually hard to disentangle
from the interaction of external radiation with the perovskite material. Employing a recently
proposed synthetic approach, where ligadnee NCs can be grown within metakide-based
insulatinghanoporous matrices, it has been feasible to perform a clean study of the effect of the
surrounding atmosphere on the photophysical properties of perovskite NCs, avoiding the
interference of protective capping layers or solvents. Simultaneousiéyittedphoto-activation

and darkening processes are monitored and disentangled, and their relation with bulk and surface
processes, respectively, demonstrated.

Holmium phosphate nanoparticles as negative contrast agents for high -field
magnetic resonance imaging: Synthesis, magnetic relaxivity study and in vivo
evaluation

GoémezGonzalezE; Caro, C; Mafhez-Gutiérrez, D; Garda-Martin, ML; Ocdia, M; Becerro, Al
Journal of Colloid and Interface Sc¢igB¢€2021) B31-140

Abril 2021| DOI: 10.1016/}.jcis.2020.11.119

HoPO, nanocubes
as high field MRI
contrast agents

7 Tuning

7 nanocubes
size

Phantom MRI
ats4aT

The increasing use of high magnetic fields in magnetic resonance imaging (MRI) scanners demands
new contrast agents, since those used in low field instruments are not effective at high fields. In
this paper, we report thesynthesis of a negative MRI contrast agent consisting of HoPO
nanoparticles (NPs). Three different sizes (27 nm, 48 nm and 80 nm) oEbaped NPs were
obtained by homogeneous precipitation in polyol medium and then coated with poly(acrylic) acid
(PAA) to obtain stable colloidal suspensions of HEPRAA NPs in plsiological medium (PBS).

The transverse relaxivityJjrof agueous suspensions of the resulting NPs was evaluated at both
1.44 T and 9.4 T. A positive correlation between r2 values and field strength as well as between
r, values and particle size at bottagmetic field strengths was found although this correlation
failed for the biggest NPs at 9.4 T, likely due to certain particles aggregation inside the magnet.
The highest rvalue (489.91 mNs") was found for the 48 nm NPs at 9.4 T. Toxicity studies
demonstrated that the latter NPs exhibited low toxicity to living systems. Finally, in vivo studies
demonstrated that HOPG@&@PAA NPs could be a great platform for ngeneration F-weighted

MRI contrast agents at high magnetic field.
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Light-Harvesting Properties of a Subphthalocyanine Solar Absorber Coupled

to an Optical Cavity

Esteso, V; Cdlj L; Espids, H; Lavarda, G; Torres, T, Feist, J; @evidal, FJ; Bottari, G; Miguez, H
SOLAR RR.(2021) 2100308

Julio 2021 DOI: 10.1016/j.jcis.2020.11.119

Herein, both from the experimental and theoretical point of view, the optical absorption
properties of a subphthalocyanine (SubPc), an organic macrocycle commonly used as a sunlight
harvester, coupled to metallic optical cavities are analyzed. Howaettiffefectronic transitions
characteristic of this compound and specifically those that give rise to excitonic (Q band) and
charge transfer (CT band) transitions couple to optical cavity modes is investigated. It is observed
that whereas the CT band couplegakly to the cavity, the Q band transitions show evidence of
hybridization with the photon eigenstates of the resonator, a distinctive trait of the strong
coupling regime. As a result of the different coupling regimes of the two electronic transitions,
very different spectral and directional lighdrvesting features are observed, which for the weakly
coupled CT transitions are mainly determined by the highly dispersive cavity modes and for the
strongly coupled Q band by the less andgpendent excitofpolariton bands. Modeling also
allows discriminating parasitic from productive absorption in each case, enabling the estimation
of the expected losses in a solar cell acting as an optical resonator.

Ligand-Free MAPDI; Quantum Dot Solar Cells Based on Nano structured
Insulating Matrices

Rubino, A; Cabi, L; Calvo, ME; guez, H

SOLAR RA(2021)2100204

Julio 2021 DOI: 10.1002/s0Ir.202100204

The stability, either chemical or thermal, and performance of colloidal quantum dot (CQD)
devices are typicallymited by the presence of surfat®nded organic ligands required to
stabilize the nanocrystals. In addition, optimization of charge transport implies lengthy ligand
exchange processing. Herein, evidence of efficient charge transport through a netligak@f

free perovskite quantum dots (PQDs) embedded in an insulating porous matrix made of
monodisperse SiQnanoparticles is shown. Methylammonium lead iodide sEHPbE or

MAPbE) QDs are prepared in situ by infiltration of precursors within the magiobes, which act

both as nanoreactors for the synthetic reaction and as supporting scaffolds, hence reducing the
number of synthetic and postprocessing steps usually required in CQD solar cells. Above a certain
nanocrystal load, charge percolation is reatctand dotto-dot transport achieved without
compromising quantum confinement effects. Solar cells based on M2P$lprepared in this

way present a 9.3% efficiency, the highest reported for a scasigigported PQD solar cell, and
significantly improvedtability under solar illumination with respect to their bulk counterparts.
Therefore, adequately designed networks of ligke¢ PQDs can be used as both light
harvesters and photocarrier conductors, in an alternative configuration to that used iruphgvio
developed QD solar cells.
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Persistent luminescence of transparent ZnGa ,0,:Cr*" thin films from colloidal
nanoparticles of tunable size

Arroyo, E; Medén, B; Castaing, V; Lozano, G; @aaM; Becerro, Al

Journal of Materials Chemistrg 2021)44744485

Marzo2021| DOI: 10.1039/d1tc00258a

Transparent

o visible light Persistent NIR emission

FOTcENeB:Cr* nanoparticles
f thin films

We report on the fabrication of ZnG@.:Cr** transparent thin films and the evaluation, for the
first time in the literature, of their persistent red to NIR emission. For this purpose, we have used
a simple and economic global strategy based on wet processing methods from colloidal
nanospheres withiniform size. A microwavassisted hydrothermal method was first developed

for the synthesis of precursor particles, which allows size tuning from 300 nm to 30 nm through
simple modification of the Zh precursor and the Cf content of the starting solutns.
ZnGa0..Cr¥* transparent thin films over quartz substrates were then easily fabricated by spin
coating, and their structural and optical characteristics were analyzed in detail after annealing at
high temperature to elucidate the effect of procesdiagperature and particle size on the
properties of the films. Indeed, our results indicate that high temperature annealing does not
compromise the transparency of the films but improves their photoluminescence. In addition, the
analysis reveals that peteisce luminescence in our films is rather independent of the size of the
precursor nanoparticles. Due to their transparency and persistent emission properties, films
fabricated from colloidal suspensions of Zf&aCr** nanoparticles show great potential for
application in the fields of chemical sensing, information storage, labelling, sodiatetifeiting
technology

High-temperature solar -selective coatings based on Cr(AN. Part 1:
Microstructure and optical pro perties of CrN , and Cry,AlN, films prepared by
DC/HIPIMS

Rojas, TC; Caro, A; Lozano, GanghezLépez, JC

Solar Energy Materials and Solar, 228$2021)110951

Mayo 2021 DOI: 10.1016/j.solmat.2020.110951
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Tuneable Cr,(Al), N, optical properties by controlling N vacancies and Al contents
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* CryaefloouN; gsand Cr (Al), N _, as absorber layers in multilayer-based solar selective coatings (S5C)
* CrNgg; and Cryo5Al, 04Ng 5o films as IR-reflector/absorber layers for SSC

In order to explore the potentialities @r.«(AlXN, materials in multilayelbased solar selective
coatings (SSC) for high temperature applications (T > 500 °C), the optical behaviak(@i¥,

films is studied in this work. Two sets of layers (Cadd CrAKN,) were prepared by direct
current (DC) and higlpower impulse magnetron sputtering (HiPIMS) technology. The
deposition parameters: Nflux, HiIPIMS frequency and aluminum sputtering power, were
modified to get a wide variety of stoichiometries. The composition, morphology, phades an
electronic structure of the films were characterized in depth. The optical behavior was
determined by UBVIi®INIR and FTIR spectroscopies, and the optical constants were obtained
from the measured transmittance and reflectance spectra based on approgiédeetric
function models. Our results indicate that small changes in the layer composition influence the
optical constants. In particular, a metdike behavior was obtained for CyNayers with N
vacancies (Crbbs and CrNyg films) while a semicaluctor-like behavior was observed for
CrNyes Thus, the CrNfilms can be used as effective absorber layer in multitegssd SSC, and
namely, the CrNg; film as an IR reflector/absorber layer too. Likewise, the optical properties of
Cri,AkN, layers an also be tuned from metallic to semicondudike behavior depending on

the chemical composition. Indeed, the absorption coefficients ofAGN, films with optimized

Al content and Nvacancies are comparable to those reported for stdtthe-art maerials such

as TiAIN or TIAICrN. In addition, a G§AbodNose film was found to be a suitable IR
reflector/absorber layer.

Ultrastrong Exciton -Photon Coupling in Broadband Solar Absorbers

Bujalance, C; Esteso, V; ©@alL; Lavarda, G; Torres, Feist, J; GafaVidal, FJ; Bottari, G;
Miguez, H

Journal of Physical Chemistry Lett2(2021)10706:10712

Noviembre2021| DOI: 10.1021/acs.jpclett.1c02898

The recent development of organic polaritonic solar cells, in which sunlight absorbers and photon
modes of a resonator are hybridized as a result of their strong coupling, has revealed the potential
this interaction offers to control and enhance the parfance of these devices. In this approach,

the photovoltaic cell is built in such a way that it also behaves as an optical cavity supporting
spectrally weldefined resonances, which match the broad absorption bands of the dyes
employed. Herein we focus dhe experimental and theoretical analysis of the specific spectral
and angular optical absorption characteristics of a broadband light harvester, namely a
subphthalocyanine, when operating in the ultrastrong coupling regime. We discuss the
implications ohaving a broad distribution of oscillator strengths and demonstrate that rational
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design of the layered structure is needed to optimize both the spectral and the angular response
of the sunlight harvester dye.

Disentangling Electron dPhonon Coupling and Thermal Expansion Effects in the
Band Gap Renormalization of Perovskite Nanocrystals

Rubino, A; Francisebdpez, A.; Baker, A.J., Petrozza, A.; Calvo, M.E.; Goiii, A.R.; Miguez, H.
Journal of Physical Chemistry Let2£2021)569-575

Enero2021| DOI: 10.1021/acs.jpclett.0c03042
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The complex electrodphonon interaction occurring in bulk lead halide perovskites gives rise to
anomalous temperature dependences, like the widening of the electronic band gap as
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temperature increases. However, possible confieat effects on the electr@phonon coupling

in the nanocrystalline version of these materials remain unexplored. Herein, we study the
temperature (ranging from 80 K to ambient) and hydrostatic pressure (from atmospheric to 0.6
GPa) dependence of the phdtminescence of ligarfdee methylammonium lead triiodide
nanocrystals with controlled sizes embedded in a porous silica matrix. This analysis allowed us to
disentangle the effects of thermal expansion and elegptoonon interaction. As the crystallite

size decreases, the electréphonon contribution to the gap renormalization gains in importance.
We provide a plausible explanation for this observation in terms of quantum confinement effects,
showing that neither thermal expansion nor electipinonon couphg effects may be
disregarded when analyzing the temperature dependence of the optoelectronic properties of
perovskite lead halide nanocrystals.

Impact of Thb ** and morphology on the thermal evolution of Tb -doped TiO,
nanostructured hollow spheres and nanopatrticles

Colomer, MT;Rodiguez E; Moién-Pedroso, M; Vattier, F; d&éndrés, A

Journal of Alloys and Compo@a®5(2021)156973

Febrero2021| DOI: 10.1016/j.jallcom.2020.156973
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Th-doped TiG hollow spheres (HSs) in the range-2.0 at.% have been synthesized by the first
time to the best of our knowledge. The HSs are compared with nanoparticles (NPs) to evaluate
the impact of morphology on their physicochemical and photoluminescence (Rljidralpon
increasing calcination temperature. After calcination at®®5ahe particles are anatase with a
primary average size of 1040 0.2 nm for the NPs and 120 0.2 nm for those that form the
micron sized hollow spheres of 18 0.2 nm diameter and ca. 64 nm shell thickness. The
temperature of the anataseerutile transition is found to be strongly dependent on the presence
of Tb as well as on morphology. Contrarily to the usual stabilization of anatase when doping with
trivalent rareeath ions, the transition temperature is reduced when doping with Th. The rutile
phase is further favored for the HSs compared to the NPs probably related to the low density of
the HSs and/or a more efficient packing density and/or a bigger crystal girenahoparticles

that form those spheres with respect to the packing and the size of the NPs and/or the crystal
size of the nanoparticles of the HSs with respect to the size of the NPs. Only a sligtgllunit
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volume increase for the anatase structurebiserved upon Th doping, in both the NPs and in

the HSs, contrary to the expected increment due to the larger ionic radius®6fcémpared to

Ti**. In addition, the intensity of the characteristfcTb** emission bands is extremely weak both

in the anaase and rutile phases. The transition is accompanied with the emergence of an infrared
emission band centered at 810 nm related to the formation of defects during the structural
transformation providing deep levels in the gap that partly quenchfteenEsions in the rutile
phase. The results are consistent with the presence of Th in both +3 and +4 valence states. XPS
measurements confirmed the presence of Tas well as of T in both HSs and NPs. The large
fraction of T8* present in the samples ongites the weak-f emission intensity, an only slight
increase of the cell parameters and the destabilization of the anatase phase.

Self-preserving ice layers on CO, clathrate particles: Implications for
Enceladus, Pluto, and similar ocean worlds

Bostrom M; Esteso, V; Fiedler, J; Brevik, |; Buhmann, SY; Persson, C; Cafatacios, S;
Parsons, DF; Corkey, RW

Astronomy & Astrophys&S0 (2021)A54

Junic2021| DOI: 10.1051/00046361/202040181

Context. Gas hydrates can be stabilised outside thigidow of thermodynamic stability by the
formation of an ice layed a phenomenon termed saffreservation. This can lead to a positive
buoyancy for clathrate particles containing Q@at would otherwise sink in the oceans of
Enceladus, Pluto, and simitareanic worlds.

Aims. Here we investigate the implications of Lifshitz forces and low occupancy surface regions
on type | clathrate structures for their sglfeservation through ice layer formation, presenting a
plausible model based on mdbyer inteactions through dispersion forces.

Methods. We used optical data and theoretical models for the dielectric response for water, ice,
and gas hydrates with a different occupancy. Taking this together with the thermodynamic Lifshitz
free energy, we modelledhe energy minima essential for the formation of ice layers at the
interface between gas hydrate and liquid water.

Results. We predict the growth of an ice layer between 0.01 angrf.thick on CO, CH, and

CO; hydrate surfaces, depending on the presenicsuoface regions depleted in gas molecules.
Effective hydrate particle density is estimated, delimiting a range of particle size and compositions
that would be buoyant in different oceans. Over geological time, the deposition of floating hydrate
particlescould result in the accumulation of kilomettgck gas hydrate layers above liquid water
reservoirs and below the water ice crusts of their respective ocean worlds. On Enceladus, the
destabilisation of neaurface hydrate deposits could lead to increlagas pressures that both

drive plumes and entrain stabilised hydrate particles. Furthermore, on ocean worlds, such as
Enceladus and particularly Pluto, the accumulation of thickaZ@ixed gas hydrate deposits
could insulate its ocean against freeZimgreventing freezing of liquid water reservoirs in ocean
worlds, the presence of CQcontaining hydrate layers could enhance the habitability of ocean
worlds in our Solar System and on the exoplanets and exomoons beyond.
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Dysprosium and Holmium Vanadate Nanoprobes as High-Performance
Contrast Agents for High -Field Magnetic Resonance and Computed
Tomography Imaging

GomezGonzalezE; Niufiez, NO; Caro, C; Garie-Martin, ML; FerdndezAfonso, Y; de la
Fuente, JM; Balcerzyk, M; Giza M

Inorgani€hemistry60 (2021)152-160

Eneio 2021| DOI: 10.1021/acs.inorgchem.0c02601

We describe a wet chemical method for the synthesis of uniform anelispkrsed dysprosium
vanadate (DyV¢) and holmium vanadate (Ho\\(hanopatrticles with an almost spherical shape

and a mean size @60 nm and their functionalization with poly(acrylic acid). The transverse
magnetic relaxivity of both systems at 9.4 T is analyzed on the basis of magnetic susceptibility and
magnetizatioomeasurements in order to evaluate their potential for application adikighiMRI

contrast agents. In addition, therdy attenuation properties of these systems are also studied

to determine their capabilities as computed tomography contrast agentlyf-itee colloidal
stability under physiological pH conditions and the cytotoxicity of the functionalized NPs are also
addressed to assess their suitability for bioimaging applications.

NaY(MoO ,),-based nanoparticles: synthesis, luminescence andphotocatalytic
properties

Nufiez NO; GomezGonzélez E; Caldedn-Olvera, RM; Becerro, Al; Cah, G; Ocdia, M
Dalton Transactions0 (2021)1653916547

Noviembre2021| DOI: 10.1039/d1dt02365a

We report on a novel synthesis method, which produces NaY (Nla@noparticles having an
almost spherical shape and hydrophilic character. The procedure is also suitable for the
preparation of NaY(Mo@).-based nanophosphors by doping this host with lanthanide cations
(EU*, Tb* and Dy*), which, under UV illuminatig exhibit intense luminescence whose color

is determined by the selected doping cation (red fot* Egreen for T8* and yellow for Dy").
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The effects of the cations doping level on the luminescent properties are analyzed in terms of
emission intensitieand luminescent lifetime, to find the optimum phosphors. Finally, the
performance of these nanophosphors and that of the undoped system for the photocatalytic
degradation of rhodamine B, used as a model compound, is also analyzed.

White, blue, violet, and other colors from Tm 3*/Tb*/Eu** co-doped polymorph
SrAl, O, films, deposited by ultrasonic spray pyrolysis technique

Caldeon-Olvera, RM; Gaie-Hipolito, M; AlvarezFregoso, OAlvarezPérez, MA; Bez-
Rodriguez A; RamosBrito, F; Gar&-Velasco, ACFalcony, C

Optical Materialsl22 (2021)111737

Diciembre 2021 DOI: 10.1016/j.optmat.2021.111737
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SrALO4:Tb3, Eu?*, Tm3* film,
excited under Aexe= 375 (a), 315 (b),
262 (c), 252 (d), respectively
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Emission spectra of the SrAl,O4:Tb**
(8 at. %), Eu3* (3 at. %) film for the
hexe = 286, 275 and 210 nm.

SrAO4 T, SrAJO.: (TE**; EU*) and SrAD4: (TE*; Ed*; Tm**) films were deposited by
ultrasonic spray pyrolysis (USP) method at85@nd subsequently heaieated at 800C. XRD
characterization showed a monoclinic/hexagonal polymorph phase of these films with
orthorhombic S§AlL.O2s as secondary phase. The incorporation of*Trions in strontium
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aluminate host lattice generated emissions of blue color for photoluminescence and violet color
for cathodoluminescence. The violet emission was associated to the electronic transiti¢ia from
energy level of Tii. Photoluminescence of the Si@k: (Tb*; EU*) films resulted in two
different colors, white emission was observed when excited with 210 nm and -blhith
emission was achieved by exciting with 275, and 286 nm. When three dopant iofs Tibh;

EU*) were incorporated inside strontium alurate host lattice, it was observed (exciting under
252 nm) white photoluminescence emission (x = 0.3377, y = 0.3294); for excitation wavelengths
(Aex9) = 262, 315 and 375 nm, emissions in different shades of-dreen were achieved.
Quantum efficiencies b&een 48 and 57% were obtained.

Si sputtering yield amplification: a study of the collisions cascade and species in
the sputtering plasma

Cruz, J; Sangin, S; Sote/alle; Muhl; Sierra, |; De Lueldorales, O; Mitrani, A; Caldén-
Olvera, RM; Mendoz®&érez, R; MachorreMejia, R

Journal of PhysicsAPplied Physjdst (2021)375201

Septiembre2021| DOI: 10.1088/13616463/acOc4e

The sputtering yield amplification (SYA) is a phenomenon based on doping a sputtering target
with atoms of higher atomic magsis doping changes the depth and the direction of the collision
cascade in the target surface promoting a higher ejection of target atoms. In this work, we present
a new way of generating the SYA phenomenon without the need of expensive and complex
depostion systems. This was accomplished by increasing the working pressure and adding small
pieces of W, as dopant element, on the racetrack of a Si target. The physical phenomena
necessary to promote the SYA, for our experimental parameters, were analytserldifferent
deposition chambers and two sizes of sputtering targets. Based on the collisions in the gas phase,
a calculation on the number of W atoms returning to the racetrack area was made, considering
the number of atoms deposited on the thin filns,determine their effect on the cascade of
collisions. In addition, calculations with the simulation of metal transport code were developed
to determine the location on the racetrack zone the returning atoms were redeposited. By using
reference samples @ted on the racetrack of the Si target, we found that the percentage of SYA
depends on the number of dopant atoms redeposited as well as the depth distribution these
atoms had in the racetrack surface.

Persistent luminescent nanoparticles: Challenges and opportunities for a
shimmering future

Castaing, V.; Arroyo, E.; Becerro, A.l.; Ocafia, M.; Lozano, G.; Miguez, H.
Journal of Applied Phydig® (2021)080902

Agosto2021| DOI: 10.1063/5.0053283

Persistent phosphors are luminescent sources basechy@talline materials doped with rare

earth or transition metal cations able to produce light after the excitation source vanishes.
Although known for centuries, these materials gained renewed interest after the discovery of
Ev*,RE" co-doped aluminatesnal silicates in the late 1990s due to their unprecedented
afterglow properties. In contrast, persistent nanophosphors have emerged only recently as a
nanoscale alternative to their bulk counterparts, offering exciting opportunities of particular
relevancdor in vivdmaging, optical data storage, or unconventional light generation. However,
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taking advantage of the avenues opened by nanoscience demands developing new synthetic
strategies that allow precise control of the morphology, surface, and defectisthewf the
nanomaterials, along with a profound understanding of the physical mechanisms occurring in the
nanoscale. Besides, advanced physicochemical characterization is required to assess persistent
luminescence in a quantitative manner, which all¢tict somparison among different persistent
nanophosphors, aiming to propel their applicability. Herein, we revisit the main phenomena that
determine the emission properties of persistent nanoparticles, discuss the most promising
preparation and charactestion protocols, highlight recent achievements, and elaborate on the
challenges ahead.

Nanophotonics for current and future white light -emitting devices
GalisteeL6pez, JF; Lozano, G

Journal of Applied Phydig8 (2021)200901

Noviembre2021| DOI: 10.1063/5.0065825

Photonic nanostructures have proven useful to enhance the performance of a wide variety of
materials and devices for sensing, catalysis, light harvesting, or light conversion. Herein, we
discuss the role of nanophotonics in current aegtigeneration designs of white liglmitting

diodes (LEDs). We discuss recent developments on luminescent materials designed as
alternatives to rare eartdoped inorganic microcrystals, i.e., phosphors, for color conversion in
LEDs, which has opened th#oor to the integration of resonant photonic architectures.
Nanophotonics enables the devised ligidtter interaction with luminescent materials in the
nanoscale, which allows providing emitting devices with both enhanced performance and novel
functionaliies to tackle technological challenges

Toward Commercialization of Stable Devices: An Overview on Encapsulation
of Hybrid Organic -Inorganic Perovskite Solar Cells

Aranda, CA; Cadi, L; Salado, M

Crystalsll (2021)519

Mayo2021| DOI: 10.3390/cryst11050519

Perovskite solar cells (PSCs) represent a promising technology for energy harvesting due to high
power conversion efficiencies up to 26%, easy manufacturing, and convenient deposition
techniques, leading to added advantages m{leer contemporary competitors. In order to
promote this technology toward commercialization though, stability issues need to be addressed.
Lately, many researchers have explored several techniques to improve the stability of the
environmentallsensitiveperovskite solar devices. Challenges posed by environmental factors
like moisture, oxygen, temperature, and llght exposure, could be overcome by device
encapsulation. This review focuses the attention on the different materials, methods, and
requiremens for suitable encapsulated perovskite solar cells. A depth analysis on the current
stability tests is also included, since accurate and reliable testing conditions are needed in order
to reduce mismatching involved in reporting the efficiencies of PSC.
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B CONGRESOS YREUNIONESINTERNACIONALES INTERNATIONALC ONGRESS
AND MEETINGS

COMUNICACIONES / COMMUNICATIONS

2021 Spring Meeting of the European Materials Research Society (E-MRS)
31 mayod 3 junio[Online]

Transparent multi -colored up-converting oxyfluoride -based nanophosphor thin
films

E. Arroyo, T. Tuyen Ngo, E. Cabello, H. Miguez, M. Ocafia, G. Lozano, A.l. Becerro
Péster

Applied Light -Matter Interactions in Perovskite Semiconductors - ALMI-
PS2021
2 8 4 junio [Online]

Relevance of Optical Design for Optolectronic Devices based on Lead Halide
Perovskites

H. Miguez

Conferencia Invitada

Template -assisted synthesis of optically active CsPbk Q-dots
C. Romero Pérez
Comunicacion oral

The Role of the Atmosphere on the Photophysics of Ligand-Free Lead-Halide
Perovskite Nanocrystals

M. MoranPedroso, A. Rubino, M.E. Calvo, J.P. Espinds, J.FLGaistéb Miguez
Pdster

nanoGe Fall Meeting
18 8 22 octubre [Online]

Ligand-free MAPDbI3 quantum dots solar cells
A. Rubino, L. Calio,Ramero Pérez, H. Miguez, M. Calvo
Comunicacion oral

Tailoring the photophysical properties of a molecular absorber coupled to an
optical cavity in strong light -matter regime

V. Esteso, L. Calio, H. Espinos, G. Lavarda, T. Torres, J. Feist-¥idalGardattari,
H. Miguez

Comunicacion oral
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Role of the Atmosphere on the Photophysics of Ligand -Free Lead Halide
Perovskite nanocrystals

J. Galisteo

Comunicacion oral

B CoNGRESOS YREUNIONESNACIONALES/ NATIONAL CONGRESS AND
MEETINGS

COMUNICACIONES / COMMUNICATIONS

4" Spanish Conference on Biomedical Applications of Nanomaterials (SBAN)
2 84 junio[Online, Espafih

Lanthanide vanadate based nanoparticles as contrast agents for high-field
magnetic

resonance imaging and X-ray computed tomography

E. Gomextsonzalez, N.O. NUfez, C. Caro, M.L. Glsliaitn, Y. FernandeXonso, J.M.
De la Fuente, M. Balcerzyk, M. Ocafia

Poéster

1%t Meeting Excellence Network & Red Mode Fotovoltaica
30 junio[Online, Epaig

Light Harvesting Properties of a Subphthalocyanine Solar Absorber Coupled
to an Optical Cavity

V. Esteso, L. Calid, H. Espinds, G. Lavarda, T. Torres, J. Feist-¥idalGarciottari,
H. Miguez

Comunicacion oral

Conferencia Espafiola de Nanofotonica CEN2021
20-22 septiembre[Online, Espafip

Nanophosphor Photonics for Efficient Light Conversion
G. Lozano
Conferencia invitada

Uniform ZnGa »0,:Cr*" bioprobes with long persistent luminescence in the first
biological window

E. Arroyo, M. Ocafia, A.l. Becerro

Comunicacion oral
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Multifuntional up -converting oxyfluoride -based nanophosphor films
T. Tuyen Ngo, E. Cabd&llbno, E. Arroyo, A.l. Becerro, M. Ocafia, G. Lozano, H. Miguez
Comunicacion oral

Modified Optical Properties of a Subphthalocyanine Solar Absorber Embedded
into a Fabry-Pérot Cavity

V. Esteso, L. Calio, H. Espinés, G. Lavarda, T. Torres, J. Feist-¥idalGérciottari,
H. Miguez

Comunicacién oral

Monolithic patterned nanophos phors: light emission control from periodic
surface textures

E. Cabell®Imo, P. Mlet, A. Mihi, G. Lozano, H. Miguez

Comunicacion oral

The Role of the Atmosphere on the Photophysics of Ligand -Free Lead-Halide
Perovskite Nanocrystals

M. MoranPedroso, A. Rubino, M.E. Calvo, J.P. Espinds, J.FLGadistéb Miguez
Comunicacion oral

B FORMACION / TRAINING

TESISDOCTORALE$S DOCTOR DEGREEIHESIS

Titulo: Study of the Casimir-Lifshitz force in the plane parallel
geometry

Autor: Victoria Esteso Carrizo

Directores: Sol Carretero Palacios y Hernan R. Miguez Garcia

Centro: Universidad dé&evilla

Fecha Defensa 24 de mayode 2021

FORMACION DE GRADUADOS/ MASTERDEGREEIHESIS

Titulo: Fabricacion y caracterizacion de celdas solares de
sulfuro de plata y bismuto

Autor: José Bermejo Vizteo

Tutores: Laura Calio, Hernan Rliguez Garcia

Grado: Trabajo Fin déMaster

Fecha Defensa: 1 marzo2021
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Titulo: Optimizacion de recubrimientos de perovskita para
dispositivos optoelectronicos

Autor: Raul Mulero Guerrero

Tutores: Laura Calio, Hernan R. Miguez Garcia

Grado: Trabajo Fin déViaster

Fecha Defensa: 1 marzo2021

Titulo: Sintesis de nanoparticulas de NaDy(WO,). con
aplicaciones en diagnostico por imagen

Autor: José Aceituno Cruz

Tutores: Nuria O. Nufiez Alvarez

Grado: Trabajo Fin d&rado

Fecha Defensa: 23 julio2021

B DocENCIA / TEACHING

OSA Student Chapter at Yachay Tech (OSA -YT)
24 abril[Online, EEuadot

Nanophosphor Photonics for Efficient Light Conversion
Gabriel Lozano
Conferencia Invitada

Apolo Summer School SEMINARIO
140 16 julio [Online, Espafia]

Light Harvesting Properties of a Subphthalocyanine Solar Absorber Coupled to an
Optical Cavity

Gabiriel Lozano

Conferencia Invitada

Seminarios del Departamento de Q uimica Inorganica, Analitica y Quimica
Fisica. Facultad de Ciencias Exactas y Naturales
14 jwio [Universidad de Buenos Airesrgenting

Perovskitas ABX3 desde el confinamiento: historia de un encuentro productivo entre
guantum dots y materiales porosos

Mauricio Calvo

Conferencia Invitada
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Investigadores de esta unidad participan éM®lst er | nt erunismna&y si tario
Tecnol og?2a odeaACTIVIPADES DIMULEGATIVAS(Y FORMATIYAS

B EQuIPAMIENTOCIENTIFICO AVAILABLEEQUIPMENT

- Potenciostato y sistema electroguimico

- Analizador de potencial Z, tamafio de particuteeyos moleculares (Malvern, ZS90)

- Liofilizador de altas prestaciones Epsileh(ZHRIST)

- Estufa de desecacion de 90 litros (RAYPA)

- Cémara Incubadora Opaq + Orbital Maxi (OVAN)

- pH & lonmetro GLP 22+ (CRISON A)

- Espectrémetro visibkkJV CARY100. Medidas de coeficiente de absorcién con
luz normal y polarizada.

- Fluorimetro espectroscopico (HORYBA Jobin Yvon Fluorolog) con accesorio para
la determinacion de tiempos de vida. Microscopio de fluorescencia (HORYBA
Jobin Yvon sigle photon controller: éoHub).

- Sistema de medida de porosidades en capas delgadas.

- VisNIR FTIR espectrofotometro Bruker GmbH Fuente de excitacion continua
normal y angular. Specular Reflectance Attached Microscope.

- Tunable Supercontinuum White Laser SourE@mnium LTD 4W tothoutput
400nmad 2400nm range AcoustOptic Tunable Filter

- Perfilbmetro mecanico DektakXT en su version automatica (platina XY
motorizada y giro de 360motorizado) y que incluye soporte de muestras
ceramico para muestras flexibles.

- Fluorimetro EdinburgkLS1000 con accesorios (esfera integradora y criostato).

248 | memoria 2021 - ICMS

(



UNIDAD EXTERNA DEINVESTIGACION
FISICA DEMATERIALES
EXTERNALUNIT: PHYSICS OF
MATERIALS






M PERSONAL PERSONNEL

UNIDAD EXTERNA: FiSICA DE MATERIALES

Catedraticos

Dra. Clara F. Conde Amiano

Dr. Alberto Criado Vega

Dr. Luis Esquivias Fedriani

Dr. Victorino Franco Garcia

Dr. Antonio Mufioz Bernabé

Dr. Javier S. Blazquez Gadmez

Profesores Titulares

Dra. Josefa Maria Borrego Moro

Dra. M. del Carmen Gallardo Cruz

Dra. Angela Gallardo Lopez

Dr. Felipe Gutiérrez Mora

Dr. Jhondiro lpus Bados

Dr. José Maria Martin Olalla

Dr. Victor Morales Florez

Dra. Ana Morales Rodriguez

Dr. Francisco Javier Romero Landa

Profesores Contratados Doctores

Dr. Rafael Caballero Flores

Dra. Rocio del Carmen Moriche Tirado

Doctores Contratados

Dr. LuisM. Moreno Ramirez

Dra. Jia Yan Law

Dra. Bibi Malmal Moshtaghion Entezari

Personal Investigador en Formacion

Gdo. Alvaro Diaz Garcia

Gda. Carmen Mufoz Ferreiro

Gdo. Pedro Rivero Antlnez

Gdo. Antonio Vidal Crespo

Investigadores Honorarios

Dr. Jaime del Cerro Gonzélez

Dr. Arturo Dominguez Rodriguez

Dr. Justo Jiménez Fernandez
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B PROYECTOS DENVESTIGACION/ RESEARCHPROJECTS

Abordando las Limitaciones de Materiales Magnetocal6ricos para su
Implementacion en Aplicaciones Energéticamente Eficientes

s
i

MINISTERIO
DE CIENCIA
E INNOVACION

)

AGENGIA
ESTATAL DF
[NVESTIGACION

CodigoLode

P1D2019105720RBE00

PeriodoPeriod

01-06-2020 / 31-05-2024

Organismo Financiadétihancial source

Ministerio de Ciencia Innovaciéon

Investigador responsablé&tsearch head

Victorino Franco Garcia

Componenteskesearch group

Josefa Maria Borrego Moro, Jhaina)
Ipus Bados

Laminados Bidimensionales

Procesado y Caracterizaciéon de Composites Ceramicos con Nanomateriales

MINISTERIO
DE CIENCIA
E INNOVACION

)

AGENGIA
ESTATAL DF
[NVESTIGACION

CodigoLode

PGC201810137#B-100

PeriodoPeriod

01-01-2019/ 31-12-2022

Organismo Financiadétihancial source

Ministerio de Ciencia Innovacion

Importe total/Total amount

121000t

Investigador responsabli&tsearch head

Angela Gallardo Lépez, Rosalia Poyatg
Galan

Componentedkesearch group

Antonio Mufioz Bernabéna Morales
Rodriguez, Felipe Gutiérrez Mora
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Refuerzo Intragranular de Cerdmicas con Fases de Baja Dimensionalidad

MINISTERIO
DE CIENCIA

v

E INNOVACION
FSTATAL e
INVESTIGACION
CédigoLode: PGC2018094952B-100
PeriodoPeriod 01-01-2019/ 31-12-2021

Organismo Financiadéiihancial source

Ministeriode Ciencia e Innovacion

Importe total/Total amount

96.800

Investigador responsabie¢search head

Victor Morales Florez

ComponentedResearch group

Luis Esquivias Fedriani, Francisco de
Paula Jiménez Morales, Florentino
Sanchez Bajo

A la Busqueda de Nuevos Ceramicos Ultraduros a Base de Boro para
Aplicaciones Estructurales en la Nueva Generacién de Aviones y uso Seguro

y Eficiente de la Energia

MINISTERIO
DE CIENCIA

)

E INNOVACION
AGEHCIN
NESTIGAGION
Cdodigolode: PID2019103847RJ00
PeriodoPeriod 01-10-2020/ 30-09-2023

OrganismadFinanciadoffinancial source

Ministerio de Ciencia Innovacion

Investigador responsabl&¢search head

Bibi Malmal Moshtaghion Entezari

Componentedkesearch group

Francisco Luis Cumbreras Hernandez,
Arturo Dominguez Rodriguez, Diego
Gomez Garcia
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Influencia de excitaciones multiples sobre transiciones de fase
termomagnéticas para aplicaciones energéticas

Union Europea

P p==4
Fondo Europeo de  Andalucia -
Desarrollo Regional Se mueve con Europa

Junta de Andalucia

CodigoLode US1260179

PeriodoPeriod 01-02-2020/ 30-04-2022

Organismo Financiadétihancial source | Junta de Andalucia

Investigadoresponsabléiesearch head| Victorino Franco Garcia
Componenteskesearch group Javier Sebastian Blazquez Gamez, Jos
Maria Borrego Moro, Alejandro Conde
Amiano, Clara Francisca Conde Amian
Jhon Jairo Ipus Bados

Transiciones de fasetermo -magnéticas para un uso eficiente de la energia 'y
de los recursos

Union Europea

P =
Fondo Europeode  Andalucia ##*
Desarrollo Regional e mueve con Europa

Junta de Andalucia

CodigoLode P18RT-746
PeriodoPeriod 01-01-2020/ 31-12-2022
Organismo Financiadéiihancial source | Junta de Andalucia
Investigador responsabieZsearch head| VictorinoFranco Garcia
Componentedkesearch group Javier Sebastian Blazquez Gamez, Jos
Maria Borrego Moro, Alejandro Conde
Amiano, Clara Francisca Conde Amian
Jhon Jairo Ipus Bados
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Fabricacion y caracterizacion microestructural y mecénica de ceramicas de
carburo de boro con estequiometria controlada (BORONCARB)

Union Europea /
: -

Fondo Europeo de Andalucia -

Desarrollo Regional e mueve con Europa

Junta de Andalucia
CaodigoLode P18RTJ1972

PeriodoPeriod 01-11-2021/ 31-12-2022

Organismo Financiadétihancial source | Junta de Andalucia

Investigador responsabletsearch head| Franciscalavier Martinez Vazquegibi
Malmal Moshtaghion

ComponentedResearch group Francisco Luis Cumbreras Hernandez

Fundamentos y potencialidades del refuerzo de compuestos de matriz
ceramica con alétropos de carbono (FRAC)

Union Europea /
: -

Fondo Europeo de Andalucia -

Desarrollo Regional Se mueve con Europa

Junta de Andalucia

CaodigoLode P20 01121

PeriodoPeriod 05-10-2021/ 30-06-2023

Organismo Financiadétihancial source | Junta de Andalucia

Investigador responsabletsearch head| Victor Morales Florez

ComponentedResearch group Arturo Dominguez Rodriguez, Luis Mal
Esquivias Fedriaritrancisco de Paula
Jiménez Morales, Maria del Carmen
Lemos Fernandez
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Desarrollo de cerdmicas avanzadas con nanomateriales 2D para su
aplicacion en sistemas de propulsion y frenado en la industria aeroespacial
(AEROCER2D)

Union Europea

. =
Fondo Europeo de  Andalucia -
Desarrollo Regional Se mueve con Europa

Junta de Andalucia

CédigoLode: P20 01024

PeriodoPeriod 05-10-2021/ 31-12-2022

Organismo Financiadétihancial source | Junta de Andalucia

Investigador responsablig¢search head| Angela Gallardo Lopez
ComponentedResearch group Felipe Gutiérrez Mora, Ana Morales
RodriguezAntonio Mufioz Bernabé,
Rosalia Poyato Galan, Rocio del Carm
Moriche Tirado

B OTROSPROYECTOY OTHERPROJECTS

Hysteresis and frequency response as limiting factors for efficient
thermomagnetic energy conversion

CdédigoLode: FA865521-1-7044

PeriodoPeriod 30-09-2021 /29-09-2024

Organismo Financiadétihancial source Air Force Office of Scientific Research
Investigador responsabletsearch head Victorino Franco Garcia
ComponentedResearch group Jia Yan Law, Luis Miguel Moreno Ramirez

Disefio y puesta en funcionamiento de una planta piloto para el reciclado de
fosfoyesos

CaodigolCode: AT17 5282 USE

PeriodoPeriod 01-02-2020/ 31-07-2021

Organismo Financiadétihancial source Junta de Andalucia

Investigador responsabletsearcinead Luis Maria Esquivias Fedriani

Componenteskesearch group Pedro Garcia Haro, Alberto GOmez Barea,
Victor Morales Florez
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Optimization of Magnetocaloric Materials Towards Energy Efficient

Applications
CédigoLode: W911NF1920212
PeriodoPeriod 16-09-2019/ 15-09-2021

Organismo Financiadéiihancial source US Army Research Laboratory

Investigador responsabieZsearch head Victorino Franco Garcia

Componenteskesearch group Javier Sebastian Blazquez Gamez, Josefa
Maria Borrego Moro, Alejandi@onde
Amiano, Clara Francisca Conde Amiano,
Jhon Jairo Ipus Bados, Jia Yan Law, Alvaro
Diaz Garcia

B COOPERACION INTERNACIONAL YOTROSINTERNATIONALC OOPERATION
AND OTHERS

1 Colaboracién con grupo de Jeréme Chevalier y Helen Reveron, INSA Lyon,
Mateis.Carmen Mufioz Ferreiro (tesis en cotutela). Financiacion: Ayuda de la
Univ. De Lyon.

71 Colaboracion con grupo de Frank Ké&r\ndrea Gommeringer, Universitat
Stuttgart, IFKB (Institut fur Fertigungstechnologie keramischer Bauteile)

1 Colaboracién con KataliraBazsi, Head of Thin Film Physics Department,
Hungarian Academy of Sciences, Centre for Energy Research, Budapest,
Hungria

B ARTicULOSPUBLICADOS ENREVISTASSCI/ PAPERIN SCIJOURNALS

Design of Fe-containing GdTbCoAl high -entropy -metallic -glasscomposite
microwires with tunable Curie temperatures and enhanced cooling efficiency
Yin, HBC; Law, JY; Huang, YJ; Franco, V; Shen, HX; Jiang, SD; Bao, Y; Sun, JF
Materials & DesigR06 (2021) 109824

Agostq 2021 DOI: 10.1016/j.matdes.2021.109824

Through designing the composition and processing approach, theequistomic
(G6Th0CO20AL)100xFE (X = 0, 1, 2 and 3 at.%) higlentropy-metallicglass (HEMG) alloy
microwires were successfully fabricated by meditraction technique. The microstructure and
magnetocaloric properties of the micro wires were systematically investigated. The microwires
possess tunable Curie temperatures, i.e. 828 K, above the typical rasarth (RE) containing
HE-MG reports. The high Curie temperatures are attributed to the designed composition.
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Magnetocaloric response peak values et&ataining GdTbCoAl alloy miarires range 7.48.9

J kg K* (5 T), which are comparable to those of many outstandingdEaining magnetocaloric
HE-MGs. The characteristics of the melttraction method, combining with compositional
effects, favor the formation of amorphous and napsi@lline phases. The increase in the cooling
efficiency for microwires with higher Fe content can be attributed to the broadening of the Curie
temperature distribution induced by the composition difference between nanocrystalline phase
and amorphous maitt. The designed composition and the mettraction processing approach

for Fecontaining GdTbCoAl alloys can tune their Curie temperatures towards a temperature
range of natural gas liquefaction and improve their magnetocaloric properties. This detasnstra
that Fecontaining GdTbCoAl HEIG composite microwires have great potential as -high
performance magnetic refrigerants.

Increased magnetocaloric response of FeMnNiGeSi high-entropy alloys
Law, JY; Diatarcia, A; Morendramirez, LMFranco, V

ActaMaterialia212 (2021) 116931

Junig 2021| DOI: 10.1016/j.actamat.2021.116931
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The search for higlentropy alloys (HEAS), a new class of materials, with high magnetocaloric
performance can address the open question about their potential in functional applications. HEAs
exist in a vast compositional space but magnetocaloric HEAsaltypiexhibit modest
magnetocaloric response as they undergo seamdér magnetic phase transitions. In this work,
through a propertydirected search approach, FeMnNiGeSi HEAs with varying Ge/Si ratio are
found in the large HEA space to exhibit magnetadtmal firstorder phase transition. Isothermal
entropy change as large as 13 J'Kg (for 2.5T) is achieved, which is the largest reported to
date for magnetocaloric HEAs. When compared to conventional -gedglermance
magnetocaloric materials, our wois observed to be comparable to many of the conventional
systems, closing the gap between magnetocaloric HEAs versus conventional magnetocaloric
materials for the first time. This opens a new path for the search of functional materials with the
optimalmechanical propertiesf HEAS.
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Pushing the limits of magnetocaloric high -entropy alloys
Law, JY; Franco, V

APL Material® (2021)080702

Agostq 2021| DOI: 10.1063/5.0058388

High-entropy alloys (HEASs) have become a topic of high research inttwesio the excellent
mechanical properties that can be found in this new type of materials. However, their functional
properties are usually modest when compared to conventional materials. The discovery of high
entropy alloys with an optimal combinationméchanical and functional properties would be a
leap forward in the reliability of devices that use them as functional elements. This Research
Update focuses on magnetocaloric HEAs, showing that a directed search strategy allows us to
improve their perfomance in a significant way, closing the -gxisting gap between
magnetocaloric HEAs and higkrformance magnetocaloric materials. Further challenges that
remain in this line of research are highlighted.

MnFeNiGeSi high-entropy alloy with large magnetoc aloric effect

Law, JY; Morend&Ramirez, LM; Diatarcia, A; MartirCid, A; Kobayashi, S; Kawaguchi, S;
Nakamura, T; Franco, V

Journal of Alloys and Compo@a@s(2021) 57424

Febrerqg 2021| DOI: 10.1016/j.jallcom.2020.157424
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The magnetocaloric effecif highentropy alloys (HEAS) due to a secemdier phase transition
exhibits limited response. A significant improvement is obtained inAdsy Niz» Geis 6Sie.65

HEA as it exhibits a magnestructural firstorder phase transition. Its isothermal entropy change
of 7.3 J kgK* (for 2.5 T) is the largest reported to date for rare eaftae HEAs. The alloy
composition was found by a directed search that starts1feomedium entropy alloy with the
desired transformation combined with isostructural substitutions. Our findings demonstrate the
existence of HEA with magnesiructural phase transition and that HEAs have promising
potential as higiperformance magnetoaaiic materials
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Characterization of thermal hysteresis in magnetocaloric NiMnIn Heusler
alloys by Temperature First Order Reversal Curves (TFORC)

DiazGarcia, A; MorendRamirez, LM; Law, JY; Albertini, F; Frabbrici, S; Franco, V
Journal dhlloys an@ompound$867 (2021) 59184

Junio 2021| DOI: 10.1016/j.jallcom.2021.159184

The temperature variant of the Fir€irder Reversal Curves (TFORC) technigue has been
applied to study the thermal hysteresis of two magnetocaloric Heusler alloys with liifdatint
compositions that are close to the stoichiometryoMinsslne. The similarity of the compositions
causes the samples to hasemilar Curie temperature butifferent martensitic transition
temperature and thermal hysteresis, leading to diffefeatures when analyzing the TFORC
distributions due to the different relative distance between the two transitions. The asymmetry
of the martensitic transformation upon cooling and heating has relevant effects on the TFORC
distributions. The experimenta¢sults have been compared to the predictions of a model of the
transformation, which allows to separate the contributions of the magstetwtural
transformation and the thermomagnetic behavior of both martensitic and austenitic phases,
allowing to deternme the origin of the different features of the distributions.

Deconvolution of overlapping first and second order phase transitions in a
NiMnIn Heusler alloy using the scaling laws of the magnetocaloric effect
DiazGarca, A; Law, JY; Moref®amirez, LMGiri, AK; Franco, V

Journal dhlloys and Compounigl (2021) 59621

Agostqg 2021| DOI: 10.1016/j.jallcom.2021.159621

Magnetocaloric materials with a first order phase transition may exhibit additional
thermomagnetic phase transitions in teenperature range of interest due to the secemdier
magnetic phase transitions of the phases. In the case of Heusler alloys exhibiting -magneto
structural transformation (martensitic type), this fiostler phase transition is usually
accompanied by a teperature dependence of magnetization of the different magnetic
structures. The temperature of the martensitic transition in this type of materials can be tuned
by altering the composition, making possible a close proximity between this transition and the
Curie transitions (secondrder type) of the structures. This can result in a tight overlap between
the two types of magnetocaloric effects, usually of different signs. In this work, the magnetocaloric
response of overlapping first and secamder phase tansitions of a MjiMngs s+ Heusler

alloy has been deconvoluted by applying the scaling laws of the magneto caloric effect. This
deconvolution allows the prediction of the magnetocaloric response of the pure first order phase
transition, helping toayuge if it is worth synthesizing other alloys of the same family for which the
Curie transition would be much more distant. The deconvoluted signal confirms that the
anomalous experimental decreasel%s, with increasing the field above3 T is due to the
competing contribution of the overlapping secesrdier phase transition.

Thermo -magnetic characterization of phase transitions in a Ni -Mn-In
metamagnetic shape memory alloy

Romero, FJ; Marti®lalla, JM; Blazquez, JS; Gallardo, $tG¢-Parra, D; Vives, E; Planes, A
Journal dhlloys and Compou8i®7 (2021) 51395

Diciembre 2021| DOI: 10.1016/j.jallcom.2021.161395
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The partially overlapped ferroelastic/martensitic and {f@reomagnetic phase transitions of a
NisosdVNsz edis sz Metamagnetic shape memory alloy have been studied from calorimetric,
magnetic and acoustic emission measurement. We have taken advantage of the existence of
thermal hysteresis of the first order ferroelastic/martensitic phase transition (~2.5 K) to
discriminate the latent heat contributidiH; = 7.21(15)kJkg and the specific heat contribution
H.= 216(1)Jkgto the total excess enthalpy of the phase transition. The specific heat was found
to follow a steplike behavior at this phase transition. The intermittent dynamics of the
ferroelastic/martensitic transition has been characterized as a series of avdétebe=] both

from acoustic emission and calorimetric measurements. The energy distribution of these
avalanche events was found to follow a power law with a characteristic energy expanént
which is in agreement with the expected value for a systedergoing a symmetry change from
cubic to monoclinic. Finally, the critical behavior of the {far@omagnetic austenite phase
transition that takes place aB11 K has been studied from the behavior of the specific heat. A
critical exponent e 0.09 haseen obtained, which has been shown to be in agreement with
previous values reported for NMin-Ga alloys but different from the critical divergence reported
for pure Ni.

Comparative study of structural and magnetic properties of ribbon and bulk

NissFeGaxs Heusler alloy

ManchorGordon, AF; Ipus, JJ; Kowalczyk, M; Blazquez, JS; Conde, CF; Svec, P; Kulik, T; Conde, A
Journal dAlloys and Compous®i9 (2021) 1819

Diciembre 2021| DOI: 10.1016/j.jallcom.2021.161819

The influence of the fabricatianethod on the magnetostructural properties of adNeGas
Heusler alloy, obtained both as a ribbon, by rsglinning, and as a pellet, by -anelting, has

been analyzed. It has been found that, while thenaetting technique leads to the precipitation

of the gamma phase and to a amdulated martensite structure, the alloy prepared by melt
spinning presents a fully 14M modulated martensitic structure at room temperature. The
tetragonal nommodulated martensite in the aroelted bulk sample transformsto the 14M
structure after a long thermal treatment (at 1073 K for 24 h) and subsequent quenching.
Characteristic temperatures of the martensitic transformation are higher forgpaeh ribbons

than for bulk sample, due to the precipitation of the gamrasp and consequent different
martensite composition. However, while the martensitic transformation temperature is
practically constant in the case of the bulk sample, it changes by similar to 150 K in the case of
the ribbon sample submitted to the samestimal treatment applied to bulk samples. Finally, it
was found that the martensitic transformation occurs in the paramagnetic regime of both types
of samples.

Reactive SPS for solgel alumina samples: Structure, sintering behavior, and
mechanical properties

RivereAntunez, P; Can€respo, R; Sanchékajo, F; DomingueRodriguez, A; MoraleBlorez, V
Journal of the European Ceramic Setig3021)55485557

Septiembre 2021| DOI: 10.1016/j.jeurceramsoc.2021.04.060
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This work presents a fast amtitect controlled routine for the fabrication of fully dense alumina
based on the reactive spark plasma sintering (rea&iR®) of boehmiteg{AIOOH) nano
powders obtained by the sgel technique. The evolution of the transition aluminas during
sinterirg has been studied. Some boehmite powders were seededasRhO; particles prior

to the gelation. Boehmite seeded powders exhibited a direct transiti@A®O; at 1070°C,
enhancing the transformation kinetics and lowering the required temperature by more than 100
°C. For comparison, other samples were prepared by previously annealing the seeded and
unseeded boehmite powders. Thus;ALO; powders were obtained and werdmgered by
standardSPS. A detailed structural and mechanical characterization is presented, comparing the
hardness and indentation fracture resistance for different grain sizes and porosities. Both the
reactiveSPSed samples and the standaRfed samplefiowed a high hardness (28 GPa),
whereas the reactiv&PSed samples exhibited a lower indentation fracture resistance due to a
large grain size~(0 um). Improvements of this procedure for obtaining smaller grain size are
discussed. In summary, the pemted technique brings a revolutionary fast method for the
fabrication of fully dense alumina, as this process reduces the time and temperature required for
alumina densification.

Titanium carbonitride fabricated by spark plasma sintering: Is it a ceram ic
model of carbon-induced Friedel-Fleisher strengthening effect?
Moshtaghioun, BMylorgadeChévez, JM; Cumbrera, FIGémezGarda, D

Journal ahe European Ceramic Soc#t1y(2021)62756280

Octubre, 2021| DOI: 10.1016/j.jeurceramsoc.2021.06.039

This work is devoted to the analysis of the composition, microstructure and-teorperature
mechanical properties of a carbonitride ceramics: the case of Ti(C,N) ceramics fabricated by
spark plasma sintering (SPS). Particular attention has been giveowonkether there is a
possible composition change under electric field, finding all the computed lattice parameters of
SP&d TiN..«Cx ceramics lay within tiny intervat TiCo43Nos7), hence following Vegard's law.

The analysis of the strengthenigilect of substitutional carbon, making use of our own results
and those available in literature shows that a classi@atlependence could account for
experimental data. This fact reveals that a Fri€édelsher mode of strong localized carbon
pinning ints might describe the hardening effect of those impurities. However, the large
scattering of experimental data and the fact that tiny deviations of stoichiometry might play a
relevant role on the hardening force us to leave this as an open problem.

Structure and magnetic study of Ni -Mn-Ga/Al composite with modified
magnetocaloric properties and enhanced thermal conductivity

Zhang, YC; Franco, V; Peng, HX; Qin, FX

Scripta Materialj201 (2021) 1.3956

Agostqg 2021| DOI: 10.1016/j.scriptamat.2021.113956

Magnetocaloric materials undergoing first order phase transition are important candidates for
solidstate refrigeration but their narrow temperature range amoteworthy hysteresisare
barriers to practical applicationsoTaddress these issues, we used hot pressing technique to
prepare ametal matrix composite bghoosing ball milled and hea¢ated Ni-Mn-Ga particles
together with Al powders (25 vol.%). Mirostructure, morphology, structural transformation,
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thermal comluctivity, magnetic and magnetocaloric properties of the preparedMNiGa/Al
composite were systematically characterized and studiedlikinthe pure NiMn-Ga bulk alloy
counterparts, the composite exhibited broadened working temperature range of 120 K.
Meanwhile, it possessed largedguced hysteresiduring thermal and magnetic cycling due to
second order phase transition revealed by Banerjee criterion and field dependent exponent n.
The composite also exhibited improvéldermal conductivityof 6.7 WK due to decreased
interfacethermal resistancbetween NiMn-Ga particles and Al matrix.

HfB, ceramic polycrystals: A low -temperature metal -like ceramic at high
temperatures?

ZapataSolvas, E; Moshtaghioun, B¥bmezGarcia, D; DomingueRodriguez, A; Lee, WE
Scripta Materialj203 (2021)114037

Octubre, 2021| DOI: 10.1016/j.scriptamat.2021.114037

Deformed HfB2 ceramics with “metal” behaviour:

Remarkable work hardening Forest hardening dislocation dynamics
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Hafnium diboride (HfB is a highly refractory (melting above 308GD) ceramic with many
potential applications at high temperatures. To enable its use at temperature for extended
periods its highemperature plasticity must be known. This paper examines the mechanical
response at temperatures between 960 and 200C°C in air and in a reducing atmosphere,
interpreting the data in the frame of classical models for the plasticity of copgelad metals

at low temperatures. In particular, the Friedel law and the principle of similitude for dislocation
patterning are asses$eThis reveals that HfBs a singular example of a ceramic material with
"metal” mechanical behaviour.
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Cation-driven electrical conductivity in Ta -doped orthorhombic zirconia
ceramics

Moshtaghioun, B; Lagun&Bercero, MA; Pena, JI; Gom&arcia, D; DonnguezRodriguez, A
Ceramics Internationdlf (2021) 72487252

Marzo, 2021] DOI: 10.1016/j.ceramint.2020.10.227

This paper is devoted to the study of the electrical conductivity of tantdlymad zirconia
ceramics prepared by spark plasma sinteringhis study, the temperature dependence of
conductivity in aprepared specimens and in those previously annealed in air is determined and
compared. A semmémpirical model, which is based on the oxidation states of the cations, has
been developed and sugsully assessed. According to this, the conductivity is basically
controlled by the diffusion of tetravalent zirconium cations in both cases, although the
concentration of these species varies drastically with the amount of induced oxygen vacancies.
Thisis a quite unexpected fact, since conductivity is normally controlled by anionic diffusion in
zirconia ceramics. This option is forbidden here due to the presence of substitutional pentavalent
cations. Therefore, conductivity values are much lower tharsgh@ported in trivalent or
divalent substitutional cation doped zirconia ceramics.

Analysis of the magnetic field dependence of the isothermal entropy change of
Inverse magnetocaloric materials

Moreno-Ramirez, LM; Law, JY; Pramana, SS; Giri, AK; Frdnco,

Results in Physi2g (2021)103933

Marzo, 2021] DOI: 10.1016/j.rinp.2021.103933

In this work, the magnetic field dependence of the inverse magnetocaloric (MC) effect is
analyzed using a mean field approach for describing antiferromagrfetimtagnetic
magnetoelastic transitions. The model is able to describe both seanddirstorder transition
through the introduction of a magnetovolume energy term. The power law dependence for the
field dependence of the isothermal magnetic entropgnge (S, ® AH"), has an exponent n

with an overshoot above 2 for firstrder transitions, while it is not present for the secend

order case. This is in excellent agreement with previous phenomenological observations,
supporting the validity of recenthroposed criterion to distinguish between firand second

order thermomagnetic transitions. A main difference with respect to direct MC effect is that
negative values of the exponent n are obtained at temperatures close to the transition. This is
ascribel to the reduction of the inverse MC response due to the influence of the unavoidable
ferromagnetic to paramagnetic transition at higher temperatures. The obtained features are
gualitatively compared to those of GdBaOe (antiferromagnetic to ferromagneti

magnetoelastic transition), showing a good agreement between both experiments and the
model. The obtained information is extrapolated to understand the behavior of the exponent
for a Ni:Mngeln™® sample (magnetostructural transition).

Hysteresis, latent heat and cycling effects on the magnetocaloric response of
(NIMNSI) o 66(Fe2GE)0 34 alloy

Moreno-Ramirez, LM; Diatsarcia, ALaw, JY; Giri, AKFranco, V

Intermetallics131 (2021)107083

Abril, 2021| DOI: 10.1016/j.intermet.2020.107083
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In thiswork, we further analyze the promising magnetocaloric (NiMBSHe-Ge) . alloy, which
presents isothermal entropy change values as large as 23 g 2 T at room temperature.

It undergoes a magnetstructural transition accompanied by largerthal/magnetic hysteresis,
which remains up to high magnetic fields (corroborated by the elaboration of an experimental
magnetic phase diagram). We illustrate that this huge hysteretic behavior (i.e. different responses
when magnetizing or demagnetizinghdead to erroneous interpretation of the order of the
phase transition by applying the conventional Banerjee's criterion or the recently developed field
dependence analysis of the magnetocaloric effect. Additionally, the cyclability of the response is
characterized, showing that after several measurements the magnetocaloric response is
significantly reduced (fy40%) due to sample breaking. These dependences together with the
large latent heat of the transition (15.0 kJ)kkpad to relatively small vals of the adiabatic
temperature change for powdered samples at moderate field changes, reaching around 0.6 K for
1.75 T by direct measurement methods.

Possible halfmetallic behavior of Co ,,Cr,FeGe Heusler alloys: Theory and
experiment

Mahat, R; Kc, S; Karki, U; Law, JY; Franco, V; Galah&kimta, A; LeClair, P
Physical ReviewlB4 (2021) 14430

Julig 2021| DOI: 10.1103/PhysRevB.104.014430

This paper reports a combined experimental and theoretical study of strucéleatronic,
magnetic, and mechanical properties of quaternary Heusler alloy€G6eGe prepared by arc
melting with Cr concentrations @ x S 1. Singlephase microstructures are observed for Cr
compositions from x = 0.25 to x = 1. Lower Cconcentrations are multiphased-ray diffraction
patterns at room temperature reveal a facentered cubic crystal structure in all singlease
samples. The lovtemperature saturation magnetic moments, as determined from magnetization
measurements, agrdairly well with our theoretical results and also obey the Slagerling rule

for halfmetals, a prerequisite for hatietallicity. All alloys are observed to have high Curie
temperatures that scale linearly with the saturation magnetic moments. Rglaltiigh
mechanical hardness values are also observed-pFinsiples calculations also predict a finite
band gap in the minority spin channel of the alloys, increasing in size with increasing Cr
concentration. Cr substitution brings the Fermi level todvéite center of this gap while also
increasing the majority spin density of states near the Fermi level. As a whgl€r,€eGe
shows great promise as a halétal with 100% spin polarization

The Possible Detriment of Oxygen in Creep of Alumina and Zi rconia Ceramic
Composites Reinforced with Graphene

CanoCrespo, R; Riverd\ntunez, P; Gomegarcia, D; Moreno, R; Dominguéodriguez, A
Materia) 14 (2021)984

Febrerg 2021| DOI: 10.3390/ma14040984

This paper aims to give an answer to the follovgngstion: is the oxidation of graphene a critical
issue for highemperature plasticity in graphemeinforced ceramics? To give a convincing reply,
we will focus on two very different graphei@sed ceramic composites: reduced graphene oxide
(rGO)-reinforced alumina g-ALOs) and reduced graphene oxide (rG@inforced yttria
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tetragonal zirconia {E£rO;). The processing of the powders has been made using a colloidal
route, and after that, a spark plasma sintering process was performed in order to deasify t
samples. Creep tests were performed at temperatures between 28D °C in an argon
atmosphere. The microstructure obtained by SEM of the sintered and tested specimens was
characterized quantitatively to elucidate the deformation mechanism. Ramarospepy was
carried out to check the integrity of the graphene. The average grain size was in the order of 1
pm and the shape factor was 0.7 for all the studied materials. The integrity of the graphene was
checked before and after the creep experiments. The careful analysis of the creep tests shows
that graphene oxide or its reduced version are not efficient phfmesreep resistance
improvement in general, contrary to what is reported elsewhere. However, the results permit
the suggestion of a creep improvement in nanocomposites at a very high temperature regime
due to an enhanced reactivity of oxygen between earand alumina interfaces. In the case of
zirconia, the results give us the conclusion that the oxidation of graphene is a highly detrimental
issue regarding the improvement of higimperature plasticity.

Combined kinetic and Bean -Rodbell approach for d escribing field-induced

transitions in LaFe 1, ¢Si; 4 alloys

Moreno-Ramirez, LM; Blazquez, JS; Radulov, IA; Skokov, KP; Gutfleisch, O; Franco, V; Conde, A
Journal of PhysicsAPplied Physiég} (2021) 135003

Abril, 2021] DOI: 10.1088/13616463/abd583

We propose a combination of the KolmogordwhnsorMehtAvrami nucleation and growth
theory and the BeaRodbell model to describe the fieldduced transition in LakeSi 4 alloys.

The approach is applied to a set of bulk samples undergoingriet transitions produced by
different routes and including doping effects. The kinetic analysis of both magnetization and
demagnetization processes reveals a nucleation and -thmeensional interfaceontrolled
growth for these alloys. Introducing the kinetic process between the metastable and stable
solutions of the BeaRodbell model, the field dependence of the magnetization/demagnetization
processes, including magnetic hyssesefor different magnetic field sweeping rates, is better
reproduced than with the pure model.

Experimental method to determine specific heat capacity and transition
enthalpy at a first -order phase transition: Fundamentals and application to a
Ni-Mn-In Heusler alloy

Romero, FJ; Gallardo, MC; Martiialla, JM; del Cerro, J

Thermochimica A¢fé06 (2021)179053

Diciembre 2021| DOI: 10.1016/j.tca.2021.179053

A new method that characterizes thermal properties during a-dirder phase transition is
described. The technique consists in exciting the sample by a series of constant frequency thermal
pulses which one in evely pulses-N is a small number like folireing exceedingly large in
amplitude. This pulse induces phase transformation which is inhibited during the following smaller
pulses due to thermal hysteresis. That way the specific heat capacity for a given mixture of phases
can be determined. The resslbbtained are independent of experimental parameters like the
rate and the amplitude of the pulses, unlike what happens in other calorimetric techniques. The
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method also provides the enthalpy excess by analysing the energy balance between the dissipated
heat and the heat flowing during each pulse of measurement.

The protocol is tested to analyse the phase transitions of a Heusler aj{@yis edis sz The
paramagnetiderromagnetic transition for the austenite phase is continuous and the speaific he
capacity shows a lambda anomaly. The martensitic phase transition showsrddirsharacter

and the specific heat capacity follows a dike@ behaviour.

Reversibility of the Magnetocaloric Effect in the Bean -Rodbell Model
Moreno-Ramirez, LM; Franco, V

Magnetochemistry (2021)60

Mayq 2021| DOI: 10.3390/magnetochemistry7050060

The applicability of magnetocaloric materials is limited by irreversibility. In this work, we evaluate
the reversible magnetocaloric responsssociated with magnetoelastic transitions in the
framework of the BearRodbell model. This model allows the description of both secand
first-order magnetoelastic transitions by the maodification of the eta paramgterd(for second

order andn > 1 for first-order ones). The response is quantified via the Temperaaveraged
Entropy ChangeTEQ, which has been shown to be an easy and effective figure of merit for
magnetocaloric materials. A strong magnetic field dependend&Gfs found for firstorder
transitions, having a significant increase when the magnetic field is large enough to overcome the
thermal hysteresis of the material observed at zero field. This field value, as well as the magnetic
field evolution of the transdn temperature, strongly depend on the atomic magnetic moment

of the material. For a moderate magnetic field change of 2 Tofidgr transitions witm © 1.3

1.8 have betterTECthan those corresponding to stronger fimtder transitions and even
secod-order ones.

Influence of Cr-substitution on the structural, magnetic, electron transport,

and mechanical properties of Fe;,Cr,Ge Heusler alloys

Mahat, R; Shambhu, KC; Wines, D; Regmi, S; Karki, U; Li, Z; Ersan, §;Ataea, C; Franco,
V; GuptaA; LeClair, P

Journal dflagnetism and Magnetic Materiafl (2021) 57398

Marzqg 2021| DOI: 10.1016/j.jmmm.2020.167398

We performed combined experimental and theoretical studies of the effect of Cr substitution for
Fe on the structural, magnetitansport, electronic, and mechanical properties ofEe.Ge (0

x 1) intermetallic alloys. Single phase microstructures are observéd f@.70. Higher Cr
concentrations x> 0.70 are multphased. A hexagonal ROstructure is found for all Cr
concentrations, with the lattice parameters increasing systematically with an increasing Cr
content. All the alloys in the series are found to be ferromagnets with large magnetization values
of about 6pg/f.u.and high Curigemperature above room temperature. The lemperature
saturation magnetic moments agree fairly well with our theoretical results and also obey the
SlaterPauling rule. The density functional theory calculation reveals that Cr substitution
energeticallydvours one of the Fe sites insBe. The electrical resistivity measured over the
temperature range from 5 K to 400 K shows metallic behavior, with a residual resistivity ratio
that decreases with Cr content. Vicker's hardness values are observed teaaigaincreasing
Cr content to approximately 5 GPa.
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Structural, electronic, magnetic, transport and mechanical properties of the
half-metal -type quaternary Heusler alloy Co2Fel -xVxGe

Mahat, R; Shambhu, KC; Karki, U; Regmi, S; Law, JY; Franco, \ki§dlad@apta, A; LeClair, P
Journal dlagnetism and Magnetic MateriaB9 (2021) 58352

Diciembre 2021| DOI: 10.1016/j.jmmm.2021.168352

We report on the bulk properties of the Heusler alloy systemFenV,Ge with0 x 1in
steps of 0.125. We find singbdase alloys only for x = 0.25 and x = 0.375, both of which
exhibit an L2crystal structure. The alloys are found to be soft ferromagnets withCugie
temperatureg~ 800 K). Magnetization measurement shdtessaturation magnetizatidio be
5.21 w/f.u. and 4.78ug/f.u.for CoFey 7sVo25Ge and CeFe s25Vo.37Ge respectively, in good
agreement with the values expected from a Skaauling rule for half metals. zero applied
magnetic field, the resistivity ngeis temperature of these alloys does not display the usBal T
dependence at low temperatures indicative of electneagnon scattering, another indirect
suggestion of half metallicity. Our ab initio calculations also prediohéizliic character in the
alloys after V substitution. The large exchange splitting between the occupied raajdrity
unoccupied minorityspin states leads to the Fermi level almost intersecting a peak in the V
majority density of states. This leads to a markedly higher spinzaoian upon V doping,
making V an ideal dopant for achieving-tredfallic behavior in G&eGe. Relatively high
mechanical hardness values are also observed.

Kinetic Analysis of the Transformation from 14M Martensite to L2(1) Austenite

in Ni-Fe-Ga Melt Spun Ribbons

ManchonGordon, AF; LopeMartin, R; Ipus, JJ; Blazquez, JS; Svec, P; Conde, CF; Conde, A
Metals,11 (2021)849

Junig 2021| DOI: 10.3390/met11060849

In this study, the ncisothermal kinetics of the martensitic transition from ladMdulated
martensite to austenite phase insffieGas ribbons obtained by mekpinning has been
analyzed. The proximity of the martensitic transition to room temperature makes it very sensitive
to pressure and subtle differences for different piecab@fibbon (ascribed to stresses stored

in the ribbon during its rapid solidification process). Despite the dispersion in the characteristic
parameters of the transition, a general behavior is observed with a decreasing activation energy
as the heating ratincreases due to the nucleation driven character of the transition. It has been
shown that a firsbrder autocatalysis can describe the temperature evolution of the austenite
fraction using only two experimental temperatures. Predicted curves are inagmedment with
experimental data.
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B ArTICULOSPUBLICADOS ENREVISTAYNO SCI)/ PAPERS INNON-SCI
JOURNALS

First- and second-order phase transitions in RE6C02Ga (RE = Ho, Dy or Gd)
cryogenic magnetocaloric materials

D. Guo,L.M.Moreno-RamirezC. RomereMuiiiz,Y.ZhangJ.Y Law,V FrancoJ.Wang,Z. Ren
Science China Materia4 (2021)28462857

B CONGRESOS YREUNIONESINTERNACIONALEY INTERNATIONALC ONGRESS
AND MEETINGS

COMUNICACIONES / COMMUNICATIONS

Digital Workshop "Materials for Energy"
25-26 febrero[Bochum, Alemanja

Magnetic materials for energy efficient refrigeration
V. Franco
Conferencia Invitada

APS March Meeting 2021
15-19 marzo Virtual

Influence of mixing the low -valent transition metal atoms Y = Sc, Ti, V, Cr, Mn

and Fe on the properties of possible half-metallic Heusler compounds
Co1.5Y0.5FeSi

R. Mahat, S. KC, U. Karki, S. Regnliady¥/. Franco, |. Galanakis, A. Gupta, P. LeClair
Comunicacion oral

Workshoponi-Cal oric Effects 20216 (Wi CE 2021)
30-31 marzo[Rio de Janeiro, Brakil

Characterizing the thermal hysteresis of caloric materials with T -FORC
V. Franco
Conferencia Invitada
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International eWorkshop on Science and Technology of Emerging Materials
(eSTEM-21)
19-21 abril [Karur, Tamil Nadulndig

Magnetocaloric Effect: From Energy Efficient Refrigeration to Fundamental
Studies of Phase Transitions

V. Franco

Conferencia Invitada

Intermag 2021
26-30 abril [Virtual]

Overcoming the Limitations of Magnetocaloric Rare -Earth-Free High-Entropy
Alloys

J.Y. Law, A. Di&arcia, L. M. MoretiRamirez, V. Franco

Conferencia Invitada

Deconvolution of first and second order phase transitions using the scaling
laws of the magnetocaloric effect

A. DiazGarcia, J. Y. Law, A. K. Giri, V. Franco

Conferencia Invitada

T-FORC as a tool for the characterization of magnetocaloric materials: from
experiments to models

V. Franco, A. Digzarcia, L.M. MoresiRamirez, J.Y. Law, S. Fabbrici, F. Albertini
Conferencia Invitada

Analysis of the Magnetic Field Dependence of the | sothermal Entropy Change
of Inverse Magnetocaloric Materials

L. M. MorendRamirez, J.Y. Law, S. S. Pramana, A.K. Giri, V. Franco
Conferencia Invitada

Effect of Mixing the low -Valent Transition Metal Atoms Y = Sc, Ti, v, Cr, Mn
and Fe on the Properties of Quaternary Heusler Compounds Co2 -xYxFeSi

(00x01)
R. Mahat, S. KC, U. Karki, J.Y. Law, V. Franco, |. Galanakis, A. Gupta, P
Poéster

Workshop GECAT 2021 & Young researchers /Jévenes investigadores
4 junio[Virtual

Deconvoluting of the magnetocaloric responses due to concurrent first and
second-order phase transitions

A. DiazGarcia, J.Y. Law, L. M. MofRamirez, A. K. Giri, V. Franco
Comunicacion oral
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Design of Fe-containing GAdTbCoAl high -entropy -metallic -glass composite
microwires with tunable Curie temperatures and enhanced cooling efficiencies
H. Yin, J.Y. Law, Y. Huang, V. Franco, H. Shen, S. Jiang, Y Bao, J. Sun
Comunicacion oral

Thermomagnetic p hase transitions and magnetocaloric effect in RE2T2Ga
compounds (T=Ni and Co; RE=Dy, Ho, Er and Tm)

Dan Guo, L.M. Moreiamirez, V.Franco, Yikun Zhang

Comunicacion oral

Implementation of a simple demonstrator for elastocaloric effect in shape
memory alloys

J. Revuelta, J.Y. Law, V. Franco

Comunicacion oral

The 9" International Conference on Fracture Fatigue and Wear FFW2021
2-3 agosto [Virtual]

Influence of graphene-based nanostructures morphology on the tribology
properties in zirconia composites

C. Mufio#Ferreiro, R. Moricfigrado, A. Gallard@pez, R. Poyato, F. GutiéNeza
Comunicacion oral

ACS Fall 2021
22-26 agosto [Atlantazeorgia, Estados Unidos de América]

Mossbauer studies of Fe and Cobased monocrystalline and multicomponent
amorphous alloys

J.M. Borrego, J. S. Blazquez, C.F. Conde, A. Conde, J. M. Greneche
Comunicacion oral

2021 AtC-AtG Conference
24-25 agostdVirtual]

Design of Fe-containing GdThCoAl high -entropy -metallic -glass composite
microwires with tunable Curie temperatures and enhanced cooling efficiency
H. Yin, J.Y. Law, Y. Huang, V. Franco, H. Shen, S. Jiang, Y Bao, J. Sun
Comunicacion oral

Design of Fe-containing GdTbCoAl high -entropy -metallic -glass composite
microwires with tunable Curie temperatures and enhanced cooling efficiency
H. Yin, J.Y. Law, Y. Huang, V. Franco, H. Shen, S. Jiang, Y Bao, J. Sun
Comunicacion oral
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First- and Second-Order Phase Transitions in RE6C02Ga (RE = Ho, Dy or Gd)
Cryogenic Magnetocaloric Materials

D. Guo, L. M. Moresiamirez, C. Romaévuiiiiz, Y. Zhang, J.Y. Law, V. Franco, J. Wang,
Z. Ren

Comunicacion oral

European congress and exhibition on advanced materials and processes
EUROMAT 2021
13-17 septiembre]Virtual

Processing and mechanical characterization of few layered graphene / zirconia
composites

C. Mufio#erreiro, H. Reveron, S. Cottrino, J. Chevalier, A.-Rodaigaez, R. Poyato, A.
GallardeL.6pez

Comunicacion oral

Electrical-discharge machinable zirconia composites with graphene
nanostructures: Influence of nanostructure type and processing technique
A. Gallardd.6pez, R. Moriche, A. Gommeringer, F. Kern, GPkapiez C. Mufioz
Ferreiro, R. Poyato

Comunicacion oral

Mechanical properties and fracture mechanisms of graphene -based
nanostructures/yttria -stabilized tetragonal zirco nia (3ytzp) and their
dependence on nanostructure aspect ratio and processing conditions

R. Moriche, C. Mufi&erreiro, C. Lop€ernia, E. Guisado, R. Poyato, A. Gdltpde
Comunicacion oral

R-Curve behavior of GBN/3YTZP composites

C. LépePerniaH. Reveron, J. Chevalier, A. MeRuédsiguez, R. Poyato, A. Gallardo
Lopez

Comunicacion oral

Studying the slow crack growth in a few layered graphene / zirconia composite
C. Mufio#erreiro, A. Gallardldpez, R. Poyato, A. Mor&ledriguez, HReveron, J.
Chevalier

Péster

5th Young Researchers in Magnetism - IEEE Spanish Chapter- CEMAG
10-12 noviembre[Girong Egafig

Cryogenic Magnetocaloric performance of RENiX2 compounds (RE = Er, Ho
and Dy, X = Al and Ga)

D. Guo, L. M. Moresivamirez, Y. Zhang, J.Y. Law, V. Franco

Comunicacion oral
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Synthesis and Characterization of Magnetocaloric Ni -Co-Mn-Ti Heusler Alloys
A.N. Khan, L.M. MorefRamirez, J.Y. Law, V. Franco
Péster

Enhancing the magnetocaloric response of high-entropy metallic -glass by
icrostructural control

H. Yin, J.Y. Law, Y. Huang, H. Shen, S. Jiang, S. Guo, V. Franco, J. Sun
Poéster

2" World Congress on High-Entropy Alloys (HEA2021)

5-8 diciembre[Charlotte, Estados Unidos de América]
One order of magnitude improvement of the magnetocaloric effect of rare -
earth -free HEAs

J.Y. Law, A. Di@arcia, L.M. MoresfRamirez, V. Franco
Comunicacion oral

B FORMACION / TRAINING

TESISDOCTORALE$ DOCTOR DEGREEIHESIS

Titulo: Preparation and Properties of Micro -/Nano-Structured
Ni-Mn-Ga Magnetocaloric Alloys and Their Composites

Autor: Yi Chi Zhang

Directores: HX Peng, FX Qin, V. Franco

Centro: Zhejiang University

Fecha Defensa Septiembre2021

Titulo: Procesado y caracterizacién microestructural, mecanica
y eléctrica de compuestos ceramica-grafeno

Autor: Cristina Lopez Pernia

Directores: Rosalia Poyato GalgiiAngela Gallardo Lépez

Centro: Universidad dé&evilla

Fecha Defensa 1 de octubre de 2021
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FORMACION DE GRADUADOS/ MASTERDEGREEIHESIS

Titulo:

Autor:
Tutores:
Grado:
Centro:

Titulo:

Autor:
Tutores:
Grado:
Centro:

Titulo:

Autor:

Tutores:

Grado:

Centro:

Fecha Defensa:

Titulo:
Autor:
Tutores:
Grado:

Centro:
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Procesado y sinterizacion de matrices de circona cubica
con nanoestructuras de grafeno/ Processing and

sintering of cubic circona matrices with Graphene
nanostructures

Tomas Espuny Plaza

RocioMoriche y Rsala Poyato

Trabajo Fin de Grado del Grado en Ingenieria de Materiales
Facultad d&uimica Universidad deésevilla

Influencia de la adicion de nanoestructuras de grafeno

en el comportamiento de ceramicos avanzados

sometidos a flexion

Elisa Guisado Arenas

RocioMoriche yAngelaGallardo Lopez

Trabajo Fin de Grado del Grado en Ingenieria de Materiales
Facultad de Fisicdniversidad de&evilla

Procesado y caracterizacion microestructural de
composites ceramicos con nanolaminas de nitruro de

boro

Ana Castro Chincho

A. Morales Rodriguez yoBRalidPoyato

Trabajo Fin de Grado del Grado en Ingenieria de Materiales
Facultad de Fisicdniversidad d&evilla

17 septiembre 2021

Modelos de densidades electronicas simples para
describir los factores de dispersion atomicos

Alejandro Zurita Caballero

Javier S. Blazquez Gamez

Trabajo Fin dé&rado del Doble Grado en Fisicéngenieria de
Materiales

Facultad de Fisiceniversidad d&evilla
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Titulo: Variaciones del nivel del mar en la costa mediterranea
espafiola

Autor: Ana Garcia Garcia

Tutores: Manuel Vargas Yafez, Josefa Borrego Moro

Grado: Trabajo Fin dé&rado

Centro: Facultad de Biologibniversidad dé&evilla

Titulo: Simulacién de espectros y recuperacion de los
parametros hiperfinos en espectroscopia Mdssbauer

Autor: Javier Sivianes Castafio

Tutores: Javier S. Blazquez Gamez

Grado: Trabajo Fin dé&rado delDoble Grado en Fisica e Ingenieria de
Materiales

Centro: Facultad de Fisichniversidad dé&evilla

Titulo: Modelos de densidades electronicas simples para
describir los factores de dispersion atomicos

Autor: Alejandro Zurita Caballero

Tutores: Javier Blazquez Gamez

Grado: Trabajo Fin dé&rado del Doble Grado en Fisica e Ingenieria de
Materiales

Centro: Facultad de Fisichniversidad dé&evilla

Titulo: Estudio de la resistencia al desgaste de compuestos
ceramicos con grafeno de pocas capas

Autor: Fernando Escobar Garcia

Tutores: RocioMoriche yFelipe Gutiérrez

Grado: Trabajo Fin de Master del programa de Ciencia y tecnologia de
nuevos materiales

Centro: Facultad dé-isicaUniversidad dé&evilla

Titulo: Caracterizacion de superficies electromecanizadas de
ceramicas con grafeno

Autor: Pablo Montero Oliva

Tutores: Angela Gallardo Lopez y Rosalia Poyato

Grado: Trabajo Fin de Master del programa de Ciencia y tecnologia de
nuevos materiales

Centro: Facultad dé-isicaUniversidad dé&evilla

Fecha Defensa: 10 diciembre 2021
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B DocENCIA /| TEACHING

Investigadores de esta unidad participan en el Master en Ciencia y Tecnologia de Nuevos
Materialesy en titulaciones de Grado y doble Goade la Universidad de Sevifleer
ACTIVIDADES DIVULGATIVAGFORMATIVAS

B EouIPAMIENTOCIENTIFICO AVAILABLEEQUIPMENT

- Calorimetro de barrido diferencial (Perkitimer DSC7)

- Criostato para espectrometrividssbauer

- Balanza termogravimétrica (Peritimer TGA7Y)

- Espectrometro Mdssbauer (Wissel N8BO) con hornoy criostato

- Coercimetro (desarrollado en el laboratorio)

- Magnetdmetro de muestra vibrante (LakeShore 7000) con horno y criostato.

- Equipo de medida directa de temperatura adiabatica (Advanced Magnetic
Technologies).

- Molino Planetario (Fritszch PulveriseWario 4)

- Equipo de solidificacion por enfriamiento ultrarrapido (melt spinning, Buhler)

- Equipo de fusién por arco (MAM1, Biibler

- Calorimetro de conduccién, resolucién en la medidbfidijo de calor mejor que
0,1 W, fluctuaciones en temperatura del ordda 10° K, velocidad de barrido
menor de 0,01K/h, rango 88R20K, es posible aplicar tension uniaxial hasta 30
kg/cnty campo eléctrico hasta 800V/cm

- Calorimetro de conduccién, rango-800K, campo eléctrico 2000V/cm

- Medida de constante dieléctrica, s mismos calorimetros,

- Medida de ciclo de histéresis en Ferroeléctricos.

- Analizador de Impedancia

- Adelgazador i6nico Gatallodel 691. Precision ion polishing system.

- Autoclave SanoClav

- Balanzas de precision: GR0; AND EK300i.

- Centrifugadora Rotofix32A

- 4 Cortadoras Isomet Low Speed Saw (Buehler)

- Cortadora mediana Isomet 1000. Precision saw.

- Cortadora Isomet 4000. Linear Precision SBuwehler.

- Embutidora Pneumet Il. Mounting PreBsiehler/Metaserv.

- Embutidora Simplimet 1000. Automatic Mounting BrBsiehler

- Estufa

- 2 Discoplan TS Struers

- 2 Dimple Grinder. Model 656. Gatan.

- Durémetro Wilson VH1150

- Durémetro Duramin Struers

- Hornillo/agitador magnético SBS,Heast i r o0 Stwuarto6 , CB302

- Horno de tubo de argén. Termolablornos eléctricos TH1700

- Hornode aire Lenton Furnaces

- Horno mufla

- Limpiadores ultrasonidos Bandelin, Sonorex Digitec; Branson 3510

- Méaquina de ensayos de deformacion Zwick / Roell Zmart. Pro 1185
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Méaquina de ensayos de deformacidstron 5982

Méaquina de fluencia con flujo de gases.

Mé&guina de fluencia estanca de argén.

Microscopio Optico Confocdleica DCM3D

Microscopio Optico Leica DMRD / Leica DMRE / Leica DFC420
Molino de agitacién PM100 Retsch

Molino de bolas Molino mezclador MM200, Retsch

Multimetro Keithley 2000 multimeter.

Plasma etching Emitech k1050X

Pulidoras Buehler. Beta. GrindBolisher yotopol 8. Buehler Metaserv
Prensa Manual Astur Sinter

Prensa Fluxana, Vaneox, Pressing Technology

2 Refrigeradoras. (P. Castro Ibérica)

Registro Tesatronic (Tesa TT60)

Registro gratio  (Servogor 122 DC/kipp & Zonen)

Redmetro Reactor ControlleController 4836

Rotavapor RLOO. Buehi

4 Sondas de Ultrasonidos

Tribdmetro Microtest MT/30/SCM/T

2 Ultrasonic Disc CutteModel 601 Gatan.
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SERVICIOS GENERALES [N

B AYUDAS PARA LAADQUISICION DEEQUIPOS

Adquisicion de un equipo de medida de Espectroscopia Ultrarrapida de

estados transitorios para el Servicio de Espectroscopias del ICMS (EQC2018-

004413-P)

Financia: Ministerio de Ciencia e Innovacion y Consejo Superior de Investigaciones Cientificas

| mporte Concedido: 441.843, 34

Periodo: 11-2018 / 3103-2021

Cofinanciado por el Grupo de Investigacio © Mat er i al es Dpticos Mul ti

Actualizacion Analizador del Servicio de Analisis de Superficies del ICMS
(EQC2019-005712-P)

Financia: Ministerio de Ciencia e Innovacioén y Consejo Superior de Investigaciones Cientificas
Importe Concedido: 173.658,2 1

Periodo: 11-2019 / 3112-2021

Cofinanciado por el Instituto de Ciencia de Materiales de Sevilla

Adquisicién de un equipo de difraccion de rayos X multicomponente
(monocromador Kal, microdifraccidn y textura) para el servicio general de
difraccion de rayos X (IE17-5351)

Financia: Junta de Andalucia

| mporte Concedido: 270.000, 00

Periodo: 11-2019 / 3112-2021

Cofinanciado por el Instituto de Ciencia de Materiales de Sevilla

Adquisicion e Instalacion de un calorimetro de altas prestaciones (IE17 -5798)
Financia: Junta de Andalucia

| mporte Concedido: 202.300, 00

Periodo: 11-2019 / 3112-2021

Cofinanciado por el Instituto de Ciencia de Materiales de Sevilla

Equipo de Nanoindentacion para la evaluacion de propiedades mecanicas en la
nanoescala (IE1%5311)

Financia: Junta de Andalucia

| mporte Concedido: 200. 000, 00

Periodo: 11-2019 / 3112-2021

Cofinanciado por el Instituto de Ciencia de Materiales de Sevilla

Adquisicion e instalacion de un equipo de medida de espectrometria, eficiencia
cuantica y distribucion angular de electroluminiscencia, para el Servicio de
Espectroscopias del ICMS (IE19 221)

Financia: Junta de Andalucia

| mporte Concedido 120.020, 00

Perbdo: 2912-2020 / 2812-2022

Cofinanciado por el Instituto de Ciencia de Materiales de Sevilla
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M SERVICIO DEESPECTROSCORS/ SPECTROSCOPYSERVICE

El Servicio de Espectrosdapincluye las Unidades de Espectros@aman, Espectroscopia
Infrarroja yEspectroscopia kfravioletaVisible. Este servicio esta dedicado a la determinacion de
la estructura molecular de los compuestos quimicos y la caracterizacion de materiales.

This Service consists of four different spectroscopies: Raman Soegyo Infrared
Spectroscopy and Ultraviol&tisible Spectroscopyit is devoted to the determination of
molecular structure of chemical compounds and materials.

EsPECTROSCOPIMICRO-RAMAN / MICRO-RAMAN SPECTROSCOPY

La espectroscopi Raman se basa en proceso foténico en el que la radiacion incidente es
dispersada por la muestrproduciéndose transiciones de tipo vibracional y rotacional. En
general, el espectro Raman se interpreta como un espectro vibracional que ofrece informacién
muy similar al gpectro de infrarrojo, aunque las vibraciones que se ven reflejadas en el espectro
Raman no son siempre las mismas queaael. Para que un modo vibracional sea activo en
espectroscofa Raman es necesario que se produzcan cambios en la polarizabilshttes
guimicoso la molécula considerada, lo que conlleva la produccién de momdiftolares
inducidos. Su campo de aplicacién es muy extenso: semiconductores, compuestos del carbono
(grafito, di amant ealizadoragpignienidsetcs , f i brasé), cat

Raman spectroscopy is based on a photonic process in which the incident radiation is dispersed

by the sample. This latter is perturbed leading to vibrational and rotational transitions. In general,

the Raman spectrum is interpreted like a vilmadl one providing information very similar to

the infrared spectroscopy, although the Raman active vibrations are not always tles shose

excited with infrared radiation A Raman vibration mode is active if there is a change of

polarizability of thechemicalbonds or the considered molecule, which in turn results in the

generation of induced dipolanomentum Its application fields are very broad: semiconductors,

catbono mpounds (graphite, di amtnpments,atca ot ubes, fi bers

| INSTRUMENTADISPONIBLE AVAILABLEEQUIPMENT

- LabRAM Horiba Jobin Yvon dotado de un microscopinfocal y 3 longitudes de
excitacion (785 crhrojo, 532 cnt verde, y 325 cri UV)
LabRAM Horiba Jobin Yvon equipped with a confocal microscope and 3 excitation lasers
(785 cm'red, 532 cnt green, and 325 chuV)

Responsables Cientificos/Scientific Responsibles Dr. ian Carlos Sdnchez Lopd2r.

Hernan Miguez GarciaDr. MiguelAngelCentenoGallego
Personal Técnico/ Technical Assistant: Dr. MiguelAngelAvilés Escafio
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ESPECTROSCOPIANFRARROJA/ INFRAREDSPECTROSCOPIES

La espectroscopia de Infrarrojos (f) se basa en la absorciénrddiacion infrarroja por parte

de los materiales. Esta absorcion supone un cambio en la energia vibracional de los enlaces,
siempre que se produzca un cambio en la polarizacion de dicho dalaesultado obtenido es

un espectro en el que se represerdarddiacion absorbida o transmitida en funcion del namero

de onda de la radiacion, lo cpalrmite identificar el enlace correspondiente.

El equipcen el ICMS cubran rangade nimero de ondas que va desB800a250 cm1 (Optica

de Csl) y se puede trabajeon purga o en vacio. Se halla equipado con accesorios para trabajar
en los modos de Reflectancia Difusa (DRIFT), Reflectancia Total Atenuada (ATR) y Reflexion
Especular. Dispone de un microscopio de Infrarrojos que tiene una resolucién lateral de 10 pum.

Infrared spectroscopy (FIR) is based on the selective absorption of the infrared radiation by the
materials. This absorption means a change in the vibrational energy of the chemical bonds,
whenever it occus a change in the polarization. The resuli Epectrum showing the absorbed

or transmitted radiation as a function of the wavenumber of the radiation, which can be assigned
to the corresponding chemical bound.

The equipmentat the ICMSworks in awavenumber rangérom 5000 to 250 cm (Csl optic)

and can operate with a gas purge or in vaculiiis equipped with several accessories to do
Diffuse Reflectance (DRIFT), Attenuated Total Reflectance (ATR) or Specular Reflectance. It has
gotan Infrared Microscope with a lateral resolution of 10 pm.

! INSTRUMENTADISPONIBLE AVAILABLEEQUIPMENT

- JASCO FT/I%200 IRT5000
JASCO FT/I8200 IRT5000

Responsables Cientificos/Scientific Responsibles Dr. Juan Carlos Sanchez Lépez, Dr.
Hernan Miguez Garcia y Dr. MigéeigelCenteno Gallego
Personal Técnico/ Technical Assistant: Dr. MiguelAngelAvilés Escafio

ESPECTROSCOPIA PTICA EN EL RANGOULTRA/IOLETA VISIBLE E INFRARR@J
CERCANO / ULTRAVIOLEAVISIBLENEARINFRAREDSPECTROSCOPIES

La técnica de espectroscopia en el rango ultravioleta, visibfearrojo cercano (UWisNIR)

nos permite conocer como materiales de distinta morfologia (principalmente polvos, laminas y
particulas o moléculas en suspensién) reflejan y transmiten la luz incidente en el rango
comprendido entre 190 nm y 3000 nm. Bsta forma, es posible extraer informacion sobre su
eficiencia como filtros dpticos, ya sean especulares o difusores, y/o sobre la luz absorbida por
ellos, lo que indirectamente nos permite estimar su gap electrénico (en el caso de dieléctricos),
las traniiones electrénicas que tienen lugar (en el caso de moléculas o sistemas dopados con
atomos de otra especie), o las resonancias plasmonicas (en el caso de metales).
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The UltravioletVisibleNear InfraredSpectroscopy (UWisNIR) reports on the existing energy
differences between the more external occupied electronic levels and the nearer unoccupied
ones.

The equipment in the laboratory, which waria the wavelength range of 190 nm to 900 nm can
operate in theTransmission mode or in Milse Reflectancglodes

| INSTRUMENTAL DISPONIBLE / AVAILABLE EQUIPMENT

- Cary 5000 + UMA (Universal Measurement Accesory)
Cary 5000 + UMA (Universal Measurement Accesory)

- Cary 300
Cary 300

Responsables Cientificos/Scientific Responsibles Dr. Juan Carlos Sanchez Lopez, Dr.
Hernan Miguez Garcia y Dr. MigdeigelCenteno Gallego
Personal Técnico/ Technical Assistant: Dr. MiguelAngelAvilés Escafio

LABORATORIO DEESPECTROSCOPIAJLTRARAPIDA / ULTRAFAST EMISSION AN
ABSORPTIONSPECTROSCOPY

El laboratorio de espectroscopia ulr@pida permite realizar medidas de absorcién y emision
resueltas en el tiempo con una resolucion temporal de 190 femtosegundos (fs) y un amplio rango
temporal que va de los 190 fs a 1 milisegundo (bas) medidas pueden realizarse en el rango
espectral 35850 nm.

The ultrafast spectroscopy laboratory allows performing tirsolved absorption and emission
measurements with a time resolution of 190 femtoseconds (fs) over a broad temporal range (190
fs- 1 millisecond). Measurements can be carried out in the83Ihm spectral range.

| INSTRUMENTAL DISPONIBLE / AVAILABLE EQUIPMENT

- Sistema deexcitacionlaser ultrarapido formado por un laser pulsado PHAROS (Light
Conversion) (longitud de onda de emision 1030nm, tasa de repeticion 1kHz y duracion
de pulso 190fs) y un amplificador paramétrico (OPA) ORPHEUS (Light Conversion) que
produce pulsos de duraci§rtasa de repeticién iguales al PHAROS pero con una longitud
de onda sintonizable en el rango 38&00nm.

- Espectrémetros de absorcion para el rango temporal 180 (HELIOS, Ultrafast
Systems) y 2r$ms (EOS, Ultrafast Systems). Ambos sistemas perneisddinar medidas
en el rango espectral 380L00NmM con una resolucion de 2nm.

- Espectrémetro de emision para el rango temporal 1:80is (HALCYONE, Ultrafast
Systems) oeprativo en el rango espectral-3500nm.
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- Sistema de timeorrelated singlghoton counting (TCSPC) para realizar medidas de
emision resuelta en el tiempo en el rango temporatllms y en el rango espectral 200
850nm.

Responsables Cientificos/Scientific Responsibles Dr. Hernan Miguez GargiaDr. Juan F.
Galisteo Lépez

B SERvICIO DEESPECTROMETRIA DEMISION ATOMICA /| ATOMIC EMISSION
SPECTRMETRY SERVICE

La espectrometria de emision atdmica de plasma acoplado inductivamem@®KR)Res una

técnica analitica que permite la cuantificacion de elementos hasta nivel traza en muestras en
solucion. La muestra a analizar es nebulizada y conducida a un plasgéndermadonde se
produce la desolvatacién, vaporizacion, atomizacion e ionizacion de los elementos a analizar. Los
atomos e iones excitados por la elevada energia térmica suministrada por el plasma emiten
durante el proceso de relajacion radiacion eleniagnética de longitudes de onda caracteristicas

de cada elemento. La intensidad de las distintas lineas de emision es proporcional a la
concentracion del analito y con la correspondiente curva de calibracion es posible realizar su
cuantificacién. Esta téica presenta elevada sensibilidad, excelente limite de deteccién (en el
rango ppb, pg/L), buena precision, alto rendimiento y capacidad-etamiental, aunque en
determinadas ocasiones se pueden producir interferencias espectrales debido a un alto nimero
de lineas de emision.

Se pueden suministrar muestras soélidas, realizandose la digestion por parte del servicio, o liquidas
en solucion acuosa ligeramente acida. No se admiten muestras en HF. Las muestras liquidas no
deben presentar precipitados ni coloid@ssuspension y deberan poseer un volumen minimo de

10 ml. Las muestras se entregaran al técnico encargado del servicio, junto con la solicitud de
analisis debidamente cumplimentada que se encuentra disponible en la web del ICMS.

Inductivelycoupled plasa atomic emission spectrometry (IKFES) is an analytical technique

that allows the quantification of elements up to the trace level in samples in solution. The sample
to be analyzed is nebulized and conducted to an argon plasma, where desolvatiomatiapori
atomization and ionization of the elements take place. The atoms and ions reach an excited state
by the high thermal energy supplied by the plasma and during the relaxation process
electromagnetic radiation is emitted with wavelengths characterdftieach element. The
intensity of the different emission lines is proportional to the concentration of the elements,
which can be quantified by using appropriate calibration curves. This technique has high detection
limits (in the ppb rangeayg / L),good reliability, high throughput and midtemental capacity,
although in some cases spectral interferences can occur due to a high number of emission lines.
Solid samples (digestion will be carried out by the service) or liquid samples in sligltly acidi
aqueous solution can be supplied. Samples in HF medium are not allowed. Liquid samples must
not present precipitates or colloids in suspension and must have a minimum volume of 10 ml.
The samples will be delivered to the technician in charge of thecegtagether with the duly
completed analysis request that is available on the ICMS website.
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| INSTRUMENTADISPONIBLE AVAILABLEEQUIPMENT

- ICAP 7200 ICFOES Duo (ThermoFisher Scientific)
iICAP 7200 ICROES Duo (ThermoFisher Scientific)

- Digestor pormicroondas ETHOS EASY (Milestone)
Microwave Digestion System ETHOS EASY (Milestone)

Responsables Cientificos/Scientific Responsibles Dr. Francisco José Gotor Martinez
Personal Técnico/ Technical Assistant: Lda. Belinda Sigiienza Carballo

B SERvICIO DEANALISISTEXTURAL YIERMICO/ TEXTURAL ANDIHERMAL
ANALYSISSERVICE

Este servicio incluye las siguientes Unidades: Andlisis Térmiegulifisiorcion Andlisis de
Tamafio deParticula yPotencial Z Esta dedicado a la determinacion de lauetestructura y
comportamiento térmico de los materiales.

This Service includes the following units: Thermal Analysis, Physisorption and Chemisorption,
Particle Size and-gotential determination. It is devoted to the characterization of texture,
microdgructure and thermal behavior of advanced materials.

FHSQUIMISORCION/ PHYSISORPTION CHEMISORPTION

Este servicio constituye una herramienta basica para la caracterizacion microestructural de
sélidos pulverulentos de distinta naturaleza, en cuanpwmrasidad, superficie especifica y
superficie quimicamente activa.

En d serviciosedispone de un analizador desorcionde gasegMicromeritics, ASAP 202@ue
proporciona isotermas de adsorcién y desorcién, a partir de los cuales se oliemiiada
superficie especifica y distribucién del tamafio de poro y de microporo de estos materiales,
incorporando también los accesorios necesarios para medidas de quimisorcion.

This service constitutes a basic tool for the microstructural characterizatipomafered solids
of different natures, regarding to tineporosity, specific surface aread chemically active
surface.

This service is composed byplayigsorption analyser (Micromeritics, ASAP 2020) which provides
the complete adsorption/desorptionoitherms from whichthe specific surface area, pore and
micropore size distributio@nd concentration of reactive sites are obtainElde instrument is
also equipped for carrying out chemisorption of different reactive molecules, bis, @O, etc.
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! INSTRUMENTADISPONIBLE AVAILABLEEQUIPMENT

- Analizador cientifico de fisisorcion ASAP2010 (Micromeritics)
Physisorption analyser ASAPIZ0(Micromeritics)

- Analizador de quimisorcion ASAP2010 (Micromeritics)
Chemisorption analyser ASAP 2QMicromeritics)

- Analizador de fisisorcién multimuestra TRISTAR Il (Micromeritics)
Multisamplephysisorption analyser TRISTAR Il (Micromeritics)

- Analizador de fisisorcién multimuestra TRISTAR [Micromeritics)
Multisamplephysisorption analyseFRISTAR {Kr (Micromeritics)

Responsables Cientificos/Scientific Responsibles Dr. Gerado Colon Ibafiez Pr.
Alfonso Caballero Martinez
Personal Técnico/ Technical Assistant: D2 Cristina Gallardo Lépez

ANALISISTERMICO/ THERMALANALYSIS

Lastécnicas demalisigérmico permitan estudiar aquellos cabios fisicos 0 quimicos que ocurren
en lossdlidosen funcién de la temperatura que conlleven modificaciones en su masa o
intercambios de&or con su entorno.

En el serviciese pueden realizaaxperimentos desde temperatura ambiente hasta eQ@anto

en atmosfera inerte () como reactiva (aire, 9 é ) .

Se disponale dostécnicas: Andlisis Termogravimétrico (TsAnalsis Térmico Diferencial
(ATD).

Thermalanalysigechniquesallow to studying physical or chemical changesurring in solidn

samples as a function of the temperature. Those changes should involve either a mass change or
a heat flow.

Theexperiments can be performed in the range from room temperatar£500°C, both uncer

inert (N2), or reactive (air,@ é) at mospheres.

Two different techniques are availabléhermogravimetry (TG)and Differential Thermal
Analysis (DTA)

! INSTRUMENTADISPONIBLE AVAILABLEEQUIPMENT

- Equipo termogravimétrico simultdneo TG/DTA/DSTA449 F5 Jupiter (NETZSCH)
STA449 F5 Jupiter (NETZSCH) Simultaneous TG/DTA/DSC Instrument

- Dilatébmetro mecanico haorizontal DIL 402 Expedis Select (NETZSCH)
DIL 402 Expedis Select (NETZSCH) Horizontal Dilatometer
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- Equipo de andlisis térmico simultarnie®/ATD/CDB TA Instruments Q600
TA Instruments Q600 Simultaneous TG/DTA/DSC instrument

- Equipo termogravimétrico TG, TA Instruments Q5000
Thermogravimetric instrument TG, TA Instruments Q5000

- Equipo de calorimetria Calvet, Setaram Sensys
Calvet CalorimetryfEquipment, Setaram Sensys

Responsable Cientifico/ Scientific Responsible: Dr. Luis A. Pérez Maqueda
Personal Técnico/ Technical Assistant: D2 Cristina Gallardo Lépez

M S=RvICIO DEMICROSCOPIA BLECT®NICA /| ELECTRONMICROSCOPY
SERVICE

El servicicesta dedicado a la caracterizacion quimica y estructural de muestras sdélidas mediante
técnicas de microscopia electrénica. Las técnicas de caracterizacion disponibles en el servicio son
la Microscopia Electrénica de Transmision (TEM) y la MicroscopiedBleatde Barrido (SEM),

con el equipamiento anexo de preparacion de muestras para TEM y SEM.

This Service is devoted to the chemical and structural characterization of solid samples by means
of electron microscopies. The characterization technicaaealable at ICMS are Transmission
Electron Microscopy (TEM) and Scanning Electron Microscopy (SEM), with additional equipment
for TEM and SEM sample preparation.

MICROSCOPIA ELECTRONICA DEBARRIDO/ SCANNING ELECTRON
MICROSCOPY

La microscopia electréea de barrido proporciona informacién microestructural, morfolégica y

de composicion quimica en escala microscépica. Se puede aplicar a todo tipo de materiales y
problematicas de estudio en ciencia de materiales: cerdmicas, plasticos, metales, minerales,
catalizadores, muestras de patrimonio histérico, capas finas, recubrimientos, interfases,
nanoparticulas, etc. El equipo SEM es un microscopio de emision de campo de catodo frio que
permite realizar imagenes de la morfologia y textura superficial de lastrasueon una
resolucion de 1 nm a 15kV. También permite trabajar a bajo voltaje en muestras sin metalizar y
en modo transmisién (STEM-SEM) en muestras electrdransparentes. Acoplado al detector

de rayosX (EDX) permite analisis elementales y mapasmusicionales.

The scanning electron microscopy provides information about the microstructure, morphology
and chemical composition at the microscopic scale of solid samples. It can be applied to all type
of materials including ceramics, polymers, metalserals, catalysts, samples from cultural
heritage, thin films, coatings, interfaces, nanoparticles, etc. The SEM microscope is a field
emission cold cathode equipment which enables images of the surface morphology and texture
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of samples with a resolutiosf 1 nm at 15kV. It also allows working at low voltages with- non
metalized samples and in transmission mode for eledtarsparent samples (STEMSEM).
Coupled to the Xray detector (EDX) enables compositional analysis and elemental mapping.

! INSTRUMENTADISPONIBLE AVAILABLEEQUIPMENT

- Microscopio SEM, modelo Hitachi S4800 SHRG: cafion de emision de campo de
catodo frio y voltaje de 0:80 kV, resolucion de 1 nm a 15kV. Dotado de analizador EDX
BrukerX Flash4010 con una resolucion de 32V (en la linea My detector con
portamuestras para trabajar en modo transmision (STESEM).

Hitachi S4800 SEEG microscope: cold cathode field emission gun with voltage from
0.5 to 30 kV, resolution of 1nm at 15 kV. Equipped with a Brokéflash4010 EDX
detector with a resolution of 133 eV (at the MmHkne), anda detector with sample
holder to work in transmission mode (STEM SEM)

- Equi pamiento adicional en el ol aboratorio
el ectr-nicabo
Addii on al equi pment in the O0electron micr os

Responsable Cientifico/ Scientific Responsible: Dra. Asuncion Fernandez Camagliara.
Cristina T. Rojas Ruiz
Personal Técnico/ Technical Assistant: Dra. M. Carmen Jiménez de¢aro

MICROSCOPIA ELECTRONICA DETRANSMISION/ TRANSMISSIONELECTRON
MICROSCOPY

La microscopia electronica de transmision es una técnica ampliamente utilizada para la
caracterizacion estructural y quimica de materiales a escala microscépica y nanoscdpica,
proporcionando imagenes bidimensionales de la textura de la muestra, formaiptde grano

ylo de particula, grado de homogeneidad a escala microscopica, grado de cristalinidad de la
muestra, identificacion de fases cristalinas, e imagenes de alta resolucién que identifican dominios
cristalinos. El equipo esta dotado de un anabiz&DX para el andlisis composicional. Puede
aplicarse a todo tipo de materiales y campos de estudio en ciencia y tecnologia de materiales
trabajando sobre muestras electrfnansparentes preparadas en su castac para este fin. El
servicio realiza mioscopia en modo transmisién: Imagenes en campo claro y campo oscuro,
difraccion de electrones de arsaleccionady microscopia electrénica de alta resolucién asi
como analisis elemental deeaseleccionada\o se dispone de modo STEM.

The transmission electron microscopy is a widely used technique for the microstructural and
chemical characterization at micro and nanoscales, providinglitwensional images of the
sample texture and shape as well as grain and/or particle size, dedremao@eneity at the
microscopic scale, degree of crystallinity of the sample, identification of crystalline phases, and
high resolution images to identify the crystalline domains. The microscope is equipped with an
EDX analyzer for compositional analysiscan be applied to all type of materials and research
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topics in materials science and technology working with eledtarsparent samples prepared
ad-hoc for this endThe service performs transmission electron microscopy: Imaging in bright
and dark fi&, selected area electron diffraction and high resolution electron microscopy, as well
as elemental analysis of selected arkaes not provide STEM mode.

| INSTRUMENTADISPONIBLE AVAILABLEEQUIPMENT

- Microscopio Philips CM20 (200kV) con umsolucion estructural de 0.14 nm entre
lineas y 0.23 nm entre puntos, portamuestras de uno y dos giros y de calentamiento.
Acoplados al equipo se dispone de un sistema de analisis por Energias Dispersivas de
Rayos X (EDX XMax 80T, Oxford Instruments) yna cadmara CCD (Gatan) para
registro de imagenes.

Philips CM200 microscope (200kV) with a structural resolution of 0.14 nm between lines
and 0.23 nm between points. Sample holders with one and two angles and heating. It is
equipped with a Xray Energy Disgrsive Analyzer (EDX -Max 80T, Oxford
Instruments) and a CCD GATAN camera for image acquisitions.

- Equi pamiento adicional en el ol aboratorio de p
electr-nicabo
Additional equi pment in phepaedeticomohamocabsrcy

Responsable Cientifico/ Scientific Responsible: Dra. Asuncion Fernandez Camagliora.
Cristina T. Rojas Ruiz

Personal Técnico/ Technical Assistant: D2 Olga Montes AmorikcicCartuja) D* Maria
Inmaculada RasCejudo

LABORATORIO DENANOSCOPIAS Y ESPECTROSCOPIAS_ ANE/ E_.ECTRON
MICROSCOPY SAMPLESPREPARATIONLABORATORY

El laboratorio LANE cuenta con un microscopio TEM de emision de campo Tecnhai F30, dotado
con modo STEM, detectores HAADF y EDX vy filtro de ene(@Hr). Las técnicas disponibles
incluyen: medidas TEM en campo claro y campo oscuro; TEM de alta resolucién; difraccion de
electrones; analisis STENAADF; analisis EDX y STEBRDX asi como EELS y STHMELS,
incluyendo medidas puntuales, en linea y mapagpasicionales; imagenes EFTEM; analisis
espectreimagen y tomografia electrénica.

The LANE laboratory includes a Tecnai F30 field emission TEM microscope, equipped with STEM
mode, HAADF and EDX detectors and an energy filter (GIF). Available techmigluetei TEM
measurements in bright and dark field; high resolution TEM; electron diffraction;-8ABMIF
analysis; EDX and STHRDX analysis as well as EELS and SEEMS, including point and in
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line measurements and compositional maps; EFTEM imagesruspétiage analysis and
electronic tomography.

! INSTRUMENTADISPONIBLE AVAILABLEEQUIPMENT

- Microscopio Tecnai G2 F30-TWIN de 300KV con cafion de emision de campo.
Resolucion estructural de 0.2 nm entre puntos, portamuestras de uno y dos giros.
Acoplados al equipo se dispone de un detector EDX Silicon Drift DetectdaX 80T
(Oxford Instruments) y un filtro de energias Gatan (GIF Quantum SE)

Tecnai G2 F30-SWIN 300KV microscope with field emission gun. Structural resolution
of 0.2 nm between pimts, sample holders with one and two angles. Attached to the
equipment are an EDX Silicon Drift DetectorMax 80T Detector (Oxford Instruments)
and a Gatan energy filter (GIF Quantum SE)

Responsable Cientifico/ Scientific Responsible: Dra. Asuncion Fernandez Camacho, Dra.
Cristina T. Rojas Ruiz

Personal Técnico/ Technical Assistant: D# Olga Montes Amorin (cicCartujap® Maria
Inmaculada Rosa Cejudo

LABORATORIO DEPREPARACION DEMUESTRAS PARMICROSCOPIA
BE_ECTRONICA/ ELECTRONMICROSCOPY SAMPLESPREPARATION
LABORATORY

El laboratorio de preparacién de muestras para TEM y SEM dispone de metalizador de oro,
evaporador de carb-n, metali zador dgrCmderda
cortadora ultrasoni, pulidora céncava (dimple) y adelgazador i6nico (Fischione 1010).

The laboratory for TEM and SEM samples preparation has a gold coater, a carbon evaporator, a
metallization system for Cr and carbon, a diamond wheel cutter, a grinder witlyminser
device, an ultrasonic cutter, a concave polishing (dimple) and ion thinning (Fischione 1010).

Responsable Cientifico/ Scientific Responsible: Dra. Asuncion Fernandez Camacho

Personal Técnico/ Technical Assistants: D® Maria Inmaculada Roja Cejudo, D2 Olga Montes
Amorin gicCartuja) y Dra. M. Carmen Jiménez de Haro
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B SERvICIO DEPREPARACION YC ARACTERIZACION DESISTEMAS
CATALITICOSHETEROGENEO$S PREPARATIONAND CHARACTERIZATION
SERVICES OFHETEROGENEOUE ATALYTICSYSTEMS

Este Servicio puede suministrar todo tipo de muestras sélidas con actividad catalitica en diversos
procesos de interés industrial, energético y medioambiental.

Las muestras se suministemcualquier etapa de preparacion, con o sin pretratamiento o incluso
listas para ser utilizadas. Puede incluir su caracterizacion por diversas técnicas fisicas y quimicas.

This Service can supply all types of solid samples with catalytic activitpus yadcesses of
industrial, energy and environmental interest.

Samples are supplied at any stage of preparation, with or without pretreatment or even ready to
use. It can include their characterization by various physical and chemical techniques.

| PRESTACIONES DEBERVICIO/ SERVICESPROVIDED

- Preparacion de muestras
Sample preparation

- Tratamientos térmicos y quimicos
Thermal and chemical treatments

- Evaluacion de las prestacionesatiticas
Evalutaion of catalytic performance

Responsables Cientificos/ Scientific Responsibles Dr. Alfonso Caballero Martinez

B S=Rvicio DEDIFRACCION DE RAYOS X
X-RAY DIFFRACTIONLABORATORYSERVICE

La difraccién de rayeX permite la identificacion cualitativa y cuantitativa de sustancias cristalinas

y su caracterizacion microestructural y textural.

El servicio dispone en la actualidad de cuatro difractometros independientes, configurados
especificamente para abordar el andlisis de muestras policristalinas de muy distinta naturaleza, en
lo referente asu composicion, estabilidad quimica, cristalinidad, etc.

Asimismo, con alguno de ellos se pueden llevar a cabo, ademas de los analisis rgt2grios (

otros variosmasavanzados, como pueden ser:

-Seguir |l as transf opranaadasear eaentanentds ansagnosteian s i t u 6
inerte (vaciq Ar) o reactiva (H2, 02,..).

- Caracterizar materiales en la nanoescala0@ nm) mediante el estudio de la dispersion de

rayosX a angulos bajos (SAXS).
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- Determinar el grosor, densidad y rugosididpeliculas delgadas, mediante Reflectometria de
rayosxX.

- Obtener la estructura cristalina de materiales inestables a la atmésfera 0 muy transgarente
los rayosX, mediante el empleo de capilares.

X-ray diffraction allows the qualitative and quiatitie identification of crystalline substances and
their microstructural and textural characterization.

At present four independent diffractometers are available in this service, specifically configured
to analyze the composition, chemical stability, crystallinity and many other properties in
polycrystalline samples of a varied nature. Besides ordinary angtgsgsoart of the equipment

can perform some advanced studies as:

- Direct monitoring of transformations undergone in materials under heating, such as phase
changes, under inert o reactive atmosphere.

- To characterize materials at the nanoscald@D nm)through X-ray scattering at low angles,
using the SAXS technique.

- To measure some physical parameters of layers such as density, thickness and surface
roughness with the reflectometry setup.

- To obtain the diffraction patterns of samples either semsitvthe atmosphere or highly
transparent to Xrays (organic compounds) employing the capillary configuration.

! INSTRUMENTADISPONIBLE AVAILABLEEQUIPMENT

- Difractometro Panalytical ®RERT PRO cooargador automatico de muestras
DiffractometerP ANAL YT CAL XihRuEdRatic faRe charger

- Difractometro PHILIPS ®ERT PRO con camara de alta tempeatt200 °C)
ANTON PAAR HTK 1200
Diffractometer PHILIPS ®ERT PRO with high temperature chamber (12@)
ANTON PAAR HTK1200

- Difractometro Panalytical ®ERT PRO (reflectometria, SAXS, éangulo rasante y
capilaes)
Di ffractometer PANALYTI CAL X0 RigRS3caterRgd (r e
and capillary)

- Difractometro de polvo SIEMENS D50DWAL (reflexion y transmision)
Diffractometer EMENS D5000 DUAL (reflection and transmission)

Responsable Cientifico/ Scientific Responsible: Dra. Concepcion Real Pérez
Personal Técnico/Technical Assistant: Dr. José Maria Martinez Blanes
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BN GENERAL SERVICES

B SERvICIO DEANALISIS DESUPERFICIE SURFACEANALYSISSERVICE

El Servicio de Andlisis de superficiensta de un espectrometrale Espectroscopia de
Fotoelectrones de Rayos X (XPS). Este servicio esta dedicado al analisis quimico y electronico de
superficies solidas. También permiten conocer la amigidn en profundidad (desde la superficie
hacia el interior) de los sélidos.

The surface analysis service consisgnef-ray Photoelectron Spectrmeter (XPS) This service
is devoted to the electronic and chemical analysis of solid surfaces. It also provides information
about the compositional depth profile of solids (from their surface toward their bulk).

ESPECTROSCOPIA DIFOTOEMISION DEELECTRONES X-RAY PHOTOELECTRON
SPECTROSCOPY

Las OEspectroscopias de FotoelectrodgXPS/ESCA y AES) son unas poderosas técnicas de
andlisis cuantitativo no destructivo, sensibles exclusivamente a las primeras capas de la superficie
de los solidos (280 A), lo que permite obtener informacion sobre las propiedades quimicas,
fisicas y eldronicas de las mismas.

El interés técnico de esta informacion es enorme en campos tales como corrosion, catalisis,
tratamientos de superficies, fendmenos de flotacién y adherencia, segregacion de fases, etc.

La caracteristica mas importante deHspectroscopia de Fotoelectrones (XPS/ESCA) es que
permitir diferenciar distintos estados de oxidacion y/o situaciones del entorno (coordinacion) de

los atomos en las muestras sélidas analizadas. El limite de deteccidn es del 0.5% para cada especie
guimicaEl servicio dispone actualmente de dos instrumentos independientes.

Typically, Ophotoel ectron s p e c-tlestroctive capalysss 6 ar e a
techniques, exclusively sensitive to the more superficial few atomic laye38 (A9, allowingo

obtain valuable information about their chemical, physical and electronic properties.

The technical interest of the resulting information is huge in fields such as catalysis, corrosion,

surface treatments, floating and adhesion phenomena, or segregaticesses, among others.

The most remarkable characteristic ofRay Photoelectron Spectroscopy (XPS/ESCA) is that it

allows to discriminate, for a given element, between different oxidation states or chemical
surroundings (coordination).

| INSTRUMENTAL DISPONIBLE / AVAILABLE EQUIPMENT

Espectrometro de Fotoelectrond3HOIBOS 10DLD, compuesto de:
Photoelectron SpectrometedPHOIBOS 10eDLD, consisting on:

- Cémara de analisis, analizador hemiesférico multic&tdDIBOS 10eDLD,
manipuladorde cuatro ejes, y fuentes de excitacion de rayos X (dulig sxlMgka,
acromético), de luz ultravioleta y de haces de electrones, lo que permite realizar analisis
superficiales mediante técnicas de XPS,,US¥ REELS, asi como estudios angulares.
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SERVICIOS GENERALES [N

Analysis Chamber, equipped with a hemispheric multichannel anda4®iBOS 100
DLD, a four axis manipulator, a duak2y source (achromatic iK1, Mg Kx), a UV lamp,
and a electron gun, allowing to perform surface analysis by XPS|&#28d REELS,
including angular resolved studies.

Dos Precamaras de tratamientos, con vacio residual &g 10° mbar respectivamente,

en las que es posible someter a las muestras a tratamientos diversos
calentamientos a alta temperatura (T<800) bajo atmoésfera controlada, desbastado
iGnico con gases inertes o reactivos, exposicion ampkasiuminacion con laser,
deposiciorde metales, 6xidos y compuestos sencillos, exfoliacion in situ, etc.

Two prechambers for different treatments, witltimate vacuum levels of and 10

9 mbar respectively, where samples can be subjected to diverse treatments and
transferred to the analysis chamber without exposure to the atmosphere. The possible
treatments include heating at high temperature (< 8G) under controlled atmosphere,

ion sputtering with inert or reactive gases, exposure to plasma, laser treatments,
deposition of metals, oxides or simple compounds, exfoliation, etc.

Espectrémetro de Fotoelectrones SPECS, compuesto de:
Photoelectron Sperometer SPECS, consisting on:

Céamara de analisis, dotada de analizador hemiesférico multicanal PHOIBOS 100,
manipulador de tres ejes, y fuentes de excitacion de rayos X (dualy Migka).

Analysis Chamber, equipped with a hemispheric multichaammedlyser PHOIBOS 100,
three axis manipulator and dualrXy source (achromatic AliK Mg Ka).

Precamara de tratamiento de aftieesién y altaemperatura (HPHT Cell). En esta Camara

es posible someter a las muestras a tratamietig@iwsicosen presencia dgases hasta una
presion de 20 atm y 801, tanto en estatico como en dinami@multaneamente).
Pre-chamber for High Pressure/High Temperature treatments (HPHT Cell).Samples can
be subjected to treatments in the presence of gases up to 20 bar and’GB00
(simultaneously). These treatments can be performed either under static or flowing gas
conditions. After treatments, samples can be transferred to the analysis chamber without
exposure to the atmosphere.

Una camara de inserciéon rapida dotada de sisteenapdircamiento/ desgasificado, que
permite evacuar las muestras a temperatura reducida (T <°C30También es posible la
realizacién de tratamientos de desbatado i6nico o la incorporacién de otros sistemas
(iluminacién con luz WVis, evaporacién de mdés, u otros compuestos, etc.)

A Fast entry chamber, equipped with a parking and degassing system, allowing the samples
to be evacuated at moderate temperature (T < 18D). It is also possible to sputter the
samples under an accelerated ion beam-(®.9 kV) using inert or reactive gases.
Incorporation of some other equipment (Visible light illumination, metal evaporators) is
also contemplated.

Responsables Cientificos/ Scientific Responsibles: Dr. Juan Pedro Espindés Manzorrdy.
Juan Pedrélolgado Vazquez
Personal Técnico/Technical Assistant: Dra. Florencia Vattier Lagarrigue

ICMS — memoria 2021 | 295



BN GENERAL SERVICES

B SERvICIO DEMECANIZADO/ MACHINING WWORKSHOP

Se trata de un servicio horizontal fundamental para el Instituto y unidades externas adscritas al mismo
ya quepermite mejorar, modificar y adecuar el material y equipamiento cientifico a las necesidades
de cada investigador y/o investigacién en cursiuso llegando a su fabricacion partiendo de una
necesidad concreta. Ofrece asesoramiento técnico, disefio icdalim de todos los elementos
anteriormente descritos.

Ademas brinda la posibilidad de realizar pequefias reparaciones y parte del mantenimiento general del
equipamiento cientifico y de laboratorio.

This is a service essential for the Institute and exrlednves attached to the same. Because it
allows you to improve, modify and adapt the material and scientific equipment to the needs of
each researcher and/or research in progress. Even going to the extent of their manufacture on
the basis of a specifieed. Offering technical advice, design and manufacture of all elements
described above.

| INSTRUMENTADISPONIBLE AVAILABLEEQUIPMENT

El servicio cuenta con herramientas manuales y herramientas eléctricas para la conformacion de
materiales muydiversos. Contando con la posibilidad unién de diversos materiales mediante los
procesos de soldeo que se pueden realizar en el servicio:

The service account with hand tools and power tools for the formation of very diverse materials.
With the possibilit union of various materials by welding processes that can be performed in the
service:

- Soldadua fuerte con diferentes aportes
Brazng with different contributions

- Soldadura por arco eléctrico
Electric arc welding

- Soldadura TIG sobre aceros
TIG weldingon steel

Para los procesos de mecanizado por arranque de viruta se cuenta con las siguientes-maquinas
herramientas:

For the processes of machining by chip is has the following m&obise

- Centro de mecanizado,HAAS TM 1P
HAASCNC milling machingM 1P

- Taladro vertical, ERLO TSAR32
Vertical drill, ERLO TSAR32
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- Torno paralelo convencional PACHO SC200
Conventional lathe PINACHO SC200

- Torno paralelo semiautomatico PINACHO SMART TURN180
Semiautomatic lathePINACHO SMART TURN180

- Fresadora de torret&ortex FTX4-FC VARIO
Fortex FTX4-FC VARIO Milling Machine

Personal Técnico/Technical Assistant: D. Juan Cads Sanchez MartiD. Adrian Gomez
Castafio
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ACTIVIDADES DIVULGATIVAS Y FORMATIVAS I

B DocENCIA / TEACHING
MASTER MASTER

| MASTER ENCIENCIA Y TECNOLOGIA DE NUEVOSMATERIALES

Organizado por la Universidad de Sevilla

Coordinador: Dra. Regla Ayala Espinar

Fecha de Celebracion: Curso Académico 2iD-21

Créditos necesarios: 60

Dirigido a: Graduados en Fisica, Quimica, Ingenieria de Materiales,
Titulo Oficial Ingenieria Quimica, Ingenieria de Sistemas de Defensa o Ingenieria

www.masteroficial.us.es
B

UNIVERSIDAD B SEVILLA

% M.as? Industrial.
en CIENCIA Y Especialidades: Materiales para la Energia y el Medio Ambiente.
N Ingenieria de Supécfes, Materiales Estructurales y Funcionales.

Mencién de Calidad

Aplicaciones Tecnoldgicas de Materiales Funcionales(Créditos: 5)Dr. Victorino Franco
Catalizadores para la Energia y el Medio Ambiente (Créditos: 5) Da. Francisca Romero
Sarrig Dr. José Manuel Cérdoba Gallego

Corrosion y Recubrimientos Protectores (Créditos: 5) Dr. Leidy Marcela Martinez Tejgda
Antonio Paul Escolano (US)

Fisica del Estado Sélido(Créditos 5) Dra. Angea Gallardo Lépef Dr. Diego Gémez Garcia
| Jhon Jairo Ipugados

Materiales con Funcionalidad Superficial (Créditos: 5) Dra. Leidy Marcela Martinez Tejada
Modelizacién Aplicada a la Caracterizacién Estructural de Medios Condensados
(Créditos: 5) Dr. Carlos Lopez Cartes (USPra. Regla Ayala Espinar

Propiedades Magnéticas de Materiales (Créditos: 5) Dr.Victorino Franco Garcia
Procesado de Materiales Estructurales (Créditos: 5)Dr. Felipe Gutiérrez Morg Dr. José
Antonio Rodriguez OrtigJS)

Propiedades Térmicas, Dieléctricas y Opticas (Créditos:5) Dr. Francisco Romero Landa
Quimica del Estado Solido (Créditos: 5)Dr. Antonio Rerejon Pazd Dr. José Manuel Cdoba
Recuperacion y Transformacion de Materiales (Créditos: 5) Dr.Antonio Perejon Paz¢ Dr.
Leidy Marcela Martinez Tejafldra. Svetlandvanova

Sintesis de Materiales y Nanoestructuras (Créditos: 7)Dr. Luis Bobadilla BaladrgnDra.
Svetlana Ivanova

Técnicas de Caracterizacion de Materiales (Créditos: 8)Dra. Ana Morales RodrigugzDra.
AnnaDimitrovaPenkovg Dr. Joaquin Ramirez Ric®r. Juan Manuel Montes Martos (US)
Trabajo Fin de Master (Créditos: 10)| Dra. M. Dolorez Alcald Gonzal¢Dr. Francisco Javier
Aparicio Rebolld Dra. Regla Ayala EspinfarDr. Luis F. Bobadilla BaladrdnDr. Alfonso
Caballero Martinet Dr. José Mauel Cérdoba Gallegp Dra. M. Isabel Dominguez LdaDr.
Victorino Franco GarciaDr. Diego Gomez Garcip Dr. Felipe Gutiérrez Morg Dra. Svetlana
Ivanovg Dr. Victor Lopez Flore$ Dra. Cristina LOpez Pern[aDra. M. Carmen Lépez Santos
| Dra. Leidy Marcela Martinez TejafldDra. Rocio Moriche Tiradp Dr. Manuel Oliva Ramirez
| Dra. Esperanza Pavon GonzaleRra. Anna Dimitrova PenkoyaDr. Antonio Perejon Pazo
| Dr. Tomas Ramirez ReipaDr. Joaquin Ramirez Rig®ra. Francisca Romero Serr| Dr.
Pedro Enrique Sanchez Jiménez
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B OUTREACH AND TEACHING ACTIVITIES

| MASTERNTERUNIVERSITARIO ASER PLASMA Y TECNOLOGIA DE
SUPERFICIES

PR« El Master Interuniversitario Plasma, Laser y Tecnologias de
Plasma, Laser y Tecnologlas de Superficie Superficie es un master conjunto de la Universidad de
- Cérdoba y la Universidad Politécnica de Madrid, en el que
intervienen también investigadores del Instituto de Ciencia de
Materiales de Sevilla (Centro mixto CSIC 9 US) y del Instituto
de Ciencia de Materiales de Madrid (CSIC)

Fecha de Celebracion: Curso Académico 2®20

. TN Creditos necesarios: 60

D= Coict @ Dirigido a: Tituladosen Quimica, Fisica, asi como, los Titulados en
—— Ingenieria afines (Ingenieros Quimicos, de Materiales, etc.)
Especialidades: Materiales para la Energia y el Medio Ambiente.
Ingenieria de Superficies, Materiales Estinad¢s y Funcionales.
Mencion de Calidad
https://www.uco.es/organiza/departamentos/fisica/es/novedad
es/112-master-plasma-laser-y-tecnologias-de-superficie

Profesorado ICMS

Principios Basicos

Interaccion de particulas y radiacion con la materia. Laseres (Créditos: 4) | Dra.
Asuncion Fernandez Camacho

Materiales e Ingenieria de Superficies (Créditos: 4) | Dra.Ana Isabel Becerro NietoDr.
Alfonso Caballero MartindDr. Agustin R. Gonzalélipe|Dr. Francisco Yubero Valencia

Tecnologias

Plasmas yTecnologia de superficies (Créditos: 4) | Dr. Alberto Palmerd Dr. José Cotrino
Bautista

Tecnologias de lamina delgada(Créditos: 5) | Dra.Ana Isabel Borras Mart¢®r. Agustin
R. GonzéleElipe| Dra. Maria del Carmen Lopez Santos

Técnicas de caracterizacion de superficies y laminas delgadas (Créditos: 5) | Dra.T.
Cristina Rojas RujDr. Francisco Yubero Valencia

Aplicaciones

Nanotecnologia de superficies y sus aplicaciones(Créditos: 4) | Dr. AngelBarranco
Quero| Dr. Juan Ramén SanchéalencigUS)| Dr. Francisco dvierAparicioRebollo
Nuevos materiales para dispositivos (Créditos: 4) | Dra.Ana Isabel Borras Martos
Funcionalizacion de superficies (Créditos: 4) | Dr. Juan Carlos Sanchkapez| Dra. Maria
Carmen Lopez Santq®Dr. Francisco Yubero Valencia

Lugar: Universidad de Cordoba, Universidad Politécnica de Madrid, Instituto de Ciencia de
Materiales de Madrjdnstituto de Ciencia de Materiales de ifav
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ACTIVIDADES DIVULGATIVAS Y FORMATIVAS I

Asimismgel personal del ICMS impartiocencia en titulaciones de Grado y doble Grado
de la Universidad de Sevilla. La docencia se desarrolla en diversos centros: Facultad de Fisica,
Facultad de Biologia, Facultad de Quimica, Facultad de Faynkaciaela Técnica Superior de
Ingenieria Infanatica

B CONFERENCIASINVITADAS IMPARTIDAS PORPERSONAL DEICMS
INVITEDC ONFERENCES BYPERSONNEL OF THECMS

31marzo | Designing CO, conversion catalysts for gas-phase processes
Invited Webinar

Tomas Ramirez Reina

Lugar: Loughborough UniversityK

23junio| Advanced catalysts for low-carbon energy applications

Invited Webinar

Tomas Ramirez Reina

Lugar: Energy & Bioproducts Research Institute (EBRI) Aston University, UK
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OUTREACH AND TEACHING ACTIVITIES

B DIVULGACION / DISSEMINATION

| PARTICIPACION ENEL. DiA INTERNACIONAL DE LAMUJER Y LANINA EN LA
CIENCIA/ INTERNATIONALWOMEN AND GIRLEE DAY IN SCIENCE

La ciencia y la igualdad de género son vitales para
alcanzar los Objetivos de Desarrollo Sostenible (ODS).
smmem=ine PO €ll0 y con el fin de lograr el acceso y la
2 participacién plena y equitativa en la ciencia para las
mujeres y las niflas, y ademas para logrgukddad de
CESSEEEESSS . género, la Asamblea General de las Naciones Unidas
Eon oW decidi6 proclamar en 2016 el 11 de febrero como el
\ wesmasi O miiieesw.  Dia Internacional de la Mujer y la Nifia en la Ciencia.
5 z * “ Para la celebracion de estéay con el objetivo de dar
as\ | FQL\ ( a conocer el papel de la mujen la ciencia y fomentar
las vocaciones cientificas en las nifias, se organizan en Espafia, a través de la plataforma 11F,
muchas actividades donde han participado cientificos/as y becarios/as del ICMS.

oOMujeres, Luz y Mater i adauraCalig ViBtoriREsttso Carr2a Cohlaas. Ponente
participacion de Elena Cabello Olmo, Maria Moran Pedroso, Clara Bujarance Aguilera, Thi Tuyen Ngo.

CHARLA-TALLER PRACTICO CIENTIFICO
11 02 febero wendris a iacstio kg &

\

"Nuevos Materiales, Luz y Color". CEIP Huerta del Carmen. Ponente: Elena Cabello Olmo

0Tall er descédéédbsusos$arojosod. CEIP Marie Curie. Ponent
OMujer, Ciencia y Nuevos Materialeso. I ES Pino Montano
OMujer, Ciencia de Materiales y Plasmaédé. | ES Federico

I CONCURSO DENANORELATOS

%g\ ko w4 Este concurso, a nivel de Andalucia, esta
organizado por el Instituto de Ciencia de
Materiales de Sevilla, dentro del marco del VII
Festival de la Nanociencia y la Nanotecnologia
PRt -t 4 T AARTEN 10alamenos9. El objetivo de este concurso es

nanomundo, que a pesar de su diminuto tamafio es muy diverso e interesante. Hay dos categorias,
una para estudiantes de 3y 4 de la ESO y otra para 1 y 2 athilotadas con premios de
200t vy dipl oma.

Ganador es: Mar2a Mart2nez Rosa, 40U ESO Col egio Sant
(Categoria A) Hjttps://youtu.be/k TUT7LZCIT4] y Alonso Yuste Rojas, 2° Bachillerato Colegio San

Al berto Magno, Mont equinto con Btps/yogdba/iXe0j 6La Nanomet
X1DM ]
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ACTIVIDADES DIVULGATIVAS Y FORMATIVAS I

| FesTIVAL DENANOCIENCIA Y NANOTECNOLOGIA 10 A LA MENOS 9/
NANOSCIENCE AND NANOTECHNOLOGY 10 A LA MENOS 9

) El VII Festival de Nanociencia, es un festival organizado a nivel
’ naci(_)nal que pretende, dg una forma amena, acercar a to_do_s los
publicos la est@nanométrica, sus efectos y como este conocimiento
va a cambiar nuestras vidas a través de innumerables aplicaciones y
productos.

Festival de Nanoclencia
y Nanotecnologia

NANO - SEMINARIOS

OEl gran nanomundoé6é: Juan Ram-n S8nchez Val e
11 deMayo 2021) y presencial en la biblioteca municipal de San JeronideZ021)

VERMU DENANOCIENCIA
,_«"-*" Up-converting nanophosphormaterials based on rare earth
et BRI elements
#vermidenanosienci == Dra. Thi Tuyen Ngo
24 de Mayo 2021

M https://youtu.be/p20zVvKBJ80

Nanogeneradores: la dindmo para microdispositivos autbnomos
Dr. Francisco Javier Aparicio Rebollo

25 de Mayo 2021

https://youtu.be/Z5YcHBc7QQ

o
=
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B OUTREACH AND TEACHING ACTIVITIES

I VI ENCUENTRONACIONAL DE NANODIVULGACION . | ENCUENTRO
IBEROAMERICANO DENANODIVULGACION

En el marco del VIl Festival de la Nanociencia y Nanotecnologia, Ebigan una nueva
edicién del Encuentro Nacional e Iberoamericano de Nanodivulgadordasiepieigar el 4 de
noviembre. Este encuentn@unio a investigadores y comunicadores tanto del ambito de la
nanotecnologia como de la ciencia en genetiaklay dos sesiones de ponencias en las que se
mostraion interesantes iniciativas puestas en marchaferedtes lugares de Espafia y
Latinoamérica. El encuenttavo formato mixto presencial/virtual

Programa

15:0015:10 Presentacién/Apertura

15:1016:15. Sesion | Ponencias de 10 minutos (7 de charla y 3 depreguntas).

Modera: Dra. Rosalia Poyato Galan. @fea y miembro de la comisidn de divulgacion del
ICMS

16:1516.45 Charla invitad&rancisco R. Villatoro. Profesor de la Universidatdimga y
divulgador cientifico

16:4517:00. Pausaafé
17:0018:00. Sesion Il Ponencias de 10 minutos (7 de chartiepreguntas).
Modera: Dr. Juan Pedro Holgado. Cientifiamigmbro de la comision de divulgacion del ICMS

18.1318.20 Conclusiones y fin primera parte

18:2018:30 Pausaafé

18:30-:19:30 Consorcio 10alamenos9 Modera: Jordi BMarcos, UniversidadedBarcelona.
Divulgador cientifico
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ACTIVIDADES DIVULGATIVAS Y FORMATIVAS I

| FERIA DE LACIENCIA / FAIR OF SCIENCE

e1_9= o La 192 Feria de la Ciencia de Sevilla del 2021, 2° Feria Virtual (del 18
TR  al 21 de mayo de 2021), constituye un punto de encuentro donde se
R desarrollaractividades de divulgacion de la Ciencia y la Tecnologia,
{% realizando demostraciones y experimentos para facilitar la

comprension de contenidos cientificos.

En esta edicion virtual, en el stand del Instituto de Ciencia de
Materiales de Sevilla peesentaron: un video institucional, paneles
informativos con la investigacibn que se realiza en las distintas
uni dades del instituto y wumda ser
Experi mentaso6 con experimentos de

Video presentacion del ICM®eresa Cristina Rojas

Vi d e¥osnvestigop6: Carl os Romero, Cl ara
Cabello,Maria Morén, Javier Castillo, Xavier Garcia, Paula

Navascues, Encarnacion Arroyo, Antonio Marquez, An@dvitez,

Manuel Oliva, T. Cristina Rojas, Gerafdolon, Carmen Mufioz

Vi d eTalexperidentaso :

Fabricacion de una celda solar de colorante: Mauricio Calvo,
Laura Calio, Carlos Romero

Superficies Autolimpiables: M@ Carmen Hidalgo

The Fair of Science (18 to 21 May 2021, in Seville) constitutes a
meeting point where many activities for spreading of science and
technology were carried out. Demonstrations and experiments
where presented to facilitate the understanding of scientifiecsp

In this year, a virtual edition was done, were the ICMS presented
several videos and panels.
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B OUTREACH AND TEACHING ACTIVITIES

I PARTICIPACION EN LANOCHE EUROPEA EUROPEANRESEARCHERENIGHT

LA NOCHE EUROPEA La Noche Europea de los Investigadores,
DEE L@S INVESTIGADOR@S || celebrada el Sevilla 2éptiembre de 2021, es un

MUJERES Y HOMBRES QUE HACEN CIENCIA PARA TI proyecto de divulgacion cientifica enmarcado en

Hori zonte 2020, baj o [-Guse. Sapriodipal ob@getvo éd acercaelosSk g od ows k
investigadores a los ciudadanos para que conozcan su trabajo, los beneficios gneadaorta

sociedad y su repercusion en la vida cotidiana. Se celebra simultaneamente en 371 ciudades

europeas desde 2005.

El ICMS ha participado con las siguientes actividades:

Charla:
Nanogeneradores. Captando energia de nuestros pasos para alimsgginos dispositivos
inteligentes portatiles. Francisco Javier Aparicio Rebollo

Talleres:
Hidrofobicidad o como evitar que tus gafas se empafien por culpa de la mascarilla. Grupo de
Nanotecnologia de superficies y plasma

Triboelectricidad, o como aproveahla energia del rozamiento. Grupo de Nanotecnologia de
superficies y plasma

Charlas-talleres:
Plasma, la tecnologia ecolégica. Gmez, Manuel Oliva

Diamante, grafito y grafeno, ¢ Son famiRa%ah Poyato

| PARTICIPACION EN ELSALON DELESTUDIAN'E DE GRADO Y POSTGRDO Y
FERISPOR2021

10 al 14 de Mayo 2021. El ICMS ha participado en un stand virtual dando a conocer su
investigacion mediante una serie de videos realizados por miembros de distintos grupos de
investigacion

Maria Moran Pedrosd/i deo Di vul gati vo 0 Mi i nvestigaci - -nbo
Carl os Romero P®rez. Video Divulgativo 0 Mi i nv
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ACTIVIDADES DIVULGATIVAS Y FORMATIVAS I

| SEMANA DE LACIENCIA Y LA TECNOLOGIA / SCIENCE AND TECHNOLOGY
WEEK

La semana de la Ciencia (celebrada del 8 al 11 de noviembre de 2021) es un everdotde car
europeo disefiado para demostrar como la ciencia y la techologia nos afectan y como éstas pueden
ser utilizadas para mejorar nuestras vidas y el mundo que nos rodea.

Café con Ciencia

El café con Ciencia acerca de forma original y atractorerleia y

sus protagonistas. Esta actividad de divulgacién genera un punto de
contacto entre profesionales de la ciencia y alumnos de secundaria,
promoviendo la reflexién sobre diversos asuntos en un entorno
cercano y participativo.

Cafécon

Ciencian En esta edicion se comapio un desayuno virtual con estudiantes de
bachillerato para dialogar sobre temas concretos de sus estudios y
sobre sus respectivas trayectorias profesionales. Esta actividad
cumple el triple objetivo de comunicar la ciencia a través de sus
propios protayonistas, promover la cultura cientifica y fomentar
vocaciones investigadoras.

Las mesas de encuentro tienen una hora de duracion, y se desarrollan con grupos reducidos de
guince alumnos.

Mesa. Nanogeneradores. Captando energia de nuestros pasos pardalimiestros dispositivos
inteligentes portatiles. Francisco Javier Aparicio Rebollo

| MATERLAND MATERLAND

Participantes

El Dr. Mauricio Calvo participé en el grupo de trabajo de divulgacion del

proyecto Materland bttp://materland.sociemat.€sEl grupo de trabajo es

un grupo multidisciplinar formado por 100 personas que cubren diferentes
! l ambitos de la Ciencia e Ingenieria de Materiales y con titulaciones en fisica,

MATERLAND quimi@, biologia, ingenieria de materiales, mecénica, industrial, arquitectura,

etc. de centros de investigacion, universidades e institutos de secundaria
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