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Cronologia

& Junio 2008: Adquisicion del equipo

B Septiembre — Octubre de 2008: recepcion de los componentes
& Octubre/noviembre/diciembre de 2008: instalacion eléctrica

® Diciembre 2008: instalacion sistema operativo

% Febrero 2009: LoadLeveler IBM

& Junio 2009: Adecuacion de la sala (aire acondicionado)
& Julio 2009: puesta en marcha “oficial’ del cluster de computacion MALTA

& Junio 2010: Instalacidon nuevos componentes (>50% calculo + 3Xespacio disco)

% Enero 2011
* tiempo de disponibilidad 100%
* nUmero de trabajos ejecutados ~150.000
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Amplaicion 2010

10 servidores IBM Blade HS22, cada uno con: 1 919Wid°r95d|5":'f t5||3ge Z'SCQZ CSDQC:M ) 00 G 4 1B cache
=2 procesadores Intel HexaCore 5650 a 2.66 Ghz / 12 MB caché / *1 procesador Intel Luad Lore az r4 cache /
1.233 MHz FSB / 95W 800 MHz FSB / 80W

=48 GB de RAM (12x4 GB)
=2 discos SAS Hot Swap de 300 GB / 10Krpm
=2 interfaces Gigabit y capacidad Concurrent KVM integrada

=12 GB de RAM (6 x 2 GB)
=2 discos SATA Hot Swap de 500 GB / 7200 rpm
=2 interfaces Gigabit y capacidad Concurrent KVM integrada

» 1 nuevo chasis BLADE Center (mismo modelo que
los 3 actualmente disponibles)

28+1 nodos 40+1 nodos

224 nucleos 360 nucleos

Reuniéon Miraflores 2011
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Especificaciones Técnicas
1.2TB RAM, 11TB (688GB RAM, 7TB)

Chasis 1 — control + calculo
% 10 Intel Hexa Core 5650 a 2.66 Ghz
% 1 Intel Quad Core 5504 a 3 Ghz + 2x5450
m 12/16/32/48 GB de RAM
® discos SAS de 146/300/500 GB

Chasis 2 — I/O Bounded (14 nodos)

& 2 procesador Intel QuadCore 5450 a 3 Ghz
% 16 (4x4) GB de RAM

B 2 discos SAS de 146 GB

® 2 interfaces Gigabit

Chasis 3 — CPU Bounded (14 nodos)

® 2 procesador Intel Quad Core 5450 a 3 Ghz
& 32 (8x4) GB de RAM

B 1 discos SAS de 146 GB

® 2 interfaces Gigabit
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Software
Compiladores

« gcc 4.1.2 (gfortran, g77, gcc, g++)

* Intel (ifort, icc) v11.081

e Python-2.4.3-24
Librerias matematicas
« BLACS

* CBLAS (BLAS Library for C)

« FBLAS (BLAS Library for FORTRAN)
e FFTW

e Intel mkl

* LAPACK

» ScaLAPACK

www. malta-consolider.com

Librerias de céalculo paraleo

 MPICH

* MPICH2

* OpenMPI
Programas

* abinit

 gnuplot

* Octave

* siesta

« VASP (4.7, 5.2)

» Wien2K

» Crystal06

» Gamess

e Quantum Espresso

* Programas “domeésticos”

Reuniéon Miraflores 2011
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Nivel de ocupacion Dedicacion de los nodos

Name Schedd Inf)  Act Startd Run Ldadwg Idle Arch OpSys

malta Avail 28 21 None A8 339 Inteled Linuxe ] ]
nodo16-1 Avail B B Busy .82 9939 Inteléd  Linux2 Wparalelo ®serie ®mixto
nodolé-168 Awall Idle A8 9999 Tnteled Linuxz

nodolé-11 Awvall Fun A5 9999 Tnteled Linuxz

nodol6-12 Awatil Idle B8 9999 Tnteled Linux2

nodolt-13 Awvall Idle A8 9999 Thtelod Linux2

nodole-14 Aviatl Idle A8 9999 Tnteled Linuxd

nodole-15 Avdl L Idle A8 9999 Inteled  Linuxz

nodole—2 Avdl L Idle A8 9999 Inteled Linuxz

nodole-3 Avdll Idle A8 9999 Inteled  Linuxz

nodolé—4 Avall Idle A3 9999 Inteled  LinuxZ

nodole-5 Avall Idle A8 9999 Inteled LinuxZ

nodolé-—6 Avall Eusy A8 9999 Inteled LinuxZ

nodola-"7 Avall Idle A8 9999 Tnteled LinuxZ

nodolé-8 Awall Idle A8 9999 Tnteled LinuxZ

nodolé-9 Awall Idle A8 9999 Tnteled LinuxZ

nodo32-"7 Awall Euisy Be 0 9999 Tnteled Linux2

nodo32-5 Aviatl Fun A8 9999 Inteled Linuxd

nodo3Z-9 Avdl L Run A1 9999 Inteled  Linuxz Mg JokCRL [TE——
nodods-1 Aviail Euzy 12.86 9999 Inteled Linuxs e AT A e ST A
nodods-18 Aviail EBuzy 12.88 9999 Inteled  Linuxs

nododE-2 Avall Run g.88 9999 Inteldd  LinuxZ undet inad Lhdet inad
nodogs-3 Avail Busy 12 12.88 9999 Intelod  Linux:z sexpress A2 AR - AR uhdef ined
nodods-4 l‘!'|"-"|:|'!.|. BUS}" 12 11.99 9999 Intelod L'!.I"ILIXZ piZSITII]H 1+8A AR AR uhdef ined
nodo4s-5 Avall Busy 12 1Z2.81 9999 Inteled  LinuxZ zzmal L 1.+AA - A8 168 undef ined
nododE-6 Avall Busy 12 1Z2.81 9999 Inteled  LinuxZ pzmal L 1+ AR : AR AR undet ined
nodods-"7 Avall Busy 12 1Z2.88 1968 Inteled  LinuxZ plZmedium 7 B8 : B8 1 58 undet ined
nododE-5 Avall Eusy 12 1Z2.868 9999 Inteldd LinuxZ amedium 7+ R : AR 1 A undef ined
nododE-9 Awvall Eusy 12 12.12 9999 Inteldd LinuxZ predium 7450 : AR : BA undef ined

plélarge 1941508 188 uhdef ined
Intel6d Linues 41 machines 28 jobs T8 running tosks s large 19,15 A6 :AA undef ined
Total Machines 41 machines 25 jobs 76 running task plarge 19415 'AA -AB uhdef ined
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The Central Manager iz defined on malta
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Perspectivas de futuro:

® Instalacion de nuevo software
* sugerencias usuarios

® Mantenimiento cluster
 renovacion de licencias
e actualizacién sistema operativo + gestor de colas
e actualizacién software cientifico

& Nuevo chasis de paralelizacion masiva
e cuarto chasis dedicado Unicamente a céalculo paralelo
* red de interconexion infiniband

® Directrices ultima anualidad
 unidad de almacenamiento
« acondicionamiento
 reponer, actualizar, reparar componentes, etc.

Reuniéon Miraflores 2011
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AL TA www.malta-consolider.com

Ano 2009
P Visitas 5] = |

B Trafico directo

1.404,00 (§1,42%)
_‘ B Motores de biisqueda
755,00 (33 16%)
M Sitios web de referencia
124,00 (5,42%)

-
O g g g, / —~. .-’-.—--.....—.—'-'-../ \.
o= g gt s gy, CEl L ot d

15 de mar- 21 de mar 3 de maw-9 de may 21 de jun - 27 de jun Q"?\.EQL. 15 de ago 27 de zep - 3 de oct 15 de nov- 21 de now

Uso del sitio

N 2,286 visitas 77,87% Porcentaje de rebote

Ano 2010
AN Visitas . =B

B Motores de biisqueda
1.785,00 (53,00%)
] . N
/ ~e . B Trafico directo

®, . =",
g g . 1.223,00 (36,31%)
/ e ...-.,‘. L) ,.\ ,'\ N . o * \. - .
¢ N /=7 N Nomeny oot S Voo, P N Ny Vo N B Sitios web de referencia
) -y L] ._‘._._._.-. ‘s el 360,00 (10,69%)
| de ane - 2 de ane 22 de feb - G de mar 2 de may- 8 de may 4 de jul- 10 de jul S de zep - 11 de zep T de nov- 12 de now
Uso del sitio
roenenM  3.368 Visitas 77,49% Porcentaje de rebote

Mejoras

® Actualizaciones periodicas
m Ofertas de empleo, Conferencias, charlas, seminarios, convocatorias, noticias, links

Reuniéon Miraflores 2011
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Introduccion

Cryovac S.L.

- Se fundio en 1996
- Especializa en criogenia, mecanizado y soldadura de precision.

- Es fabricante, instalador y reparador de aparatos a presion (FAP-147,
EIP-2-75y ERP-2-3)

- Tenia origenes industriales pero estd entrando cadavez mds en el mundo de
investigacion... sobre todo a altas presiones.

- Es el taller oficial del grupo MALTA

-Apoya al grupo MALTA suministrando principalmente (pero no exclusivamente)
celdas y equipos a presion.

- Tiene un centro de mecanizado subvencionado por MALTA. ; ;
- Ofrece precios especiales a investigadores MALTA.

- Tiene empleados muy guapos.

&C ryAQ\f@.ag
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Equipos

Laboratorio de vacio

Taller

@ Cryoyag:

Vacio, Criogenl
Equipos a Prestén n: FﬂPHT Ep-z-rs ER?-!—I

Laboratorio de control de calidad




Nuestros productos
Anevac CRYO

- Lineas de transferencia criogénica

- Dispositivos criogénicos aislados por vacio (valvulas,
separadores de fase etc.)

- Dewars a medida

- Criostatos

- Instalaciones criogénicas (recuperacion de He, resonancia
magnética, conservacion criogénica etc.)

Anevac VACUUM

- Camaras de vacio

- Componentes de vacio (bridas, reducciones, flexibles,
codos, colectores, pasamuros etc.)

- Equipos de vacio (bombas, valvulas, instrumentacion etc.)
- Sistemas portatiles de vacio

Anevac SPUTTERING

- Sistemas de deposicion de capas delgadas
- Fuentes magnetron
- Equipos axuiliares (precamaras, portasustratos etc.)

Vacia, Cr

& C ryoyac:

Equipos a Prestén n®: FAP AdT -

EI'P-HS
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Nuestros productos
Anevac PRESSURE

24
1

AR

- Instalaciones industriales a alta presion (oxicombustion,
envasado de gases, PSA, mezcladores etc.)

- Camaras de atmosfera controlada

- Recipientes y reactores a presion

- Presurizadores de alimentos
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Anevinco

Bacio::

Celdas de gran volumen

Celdas DAC

@ Cryoyag:
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Nuestros productos

- Control automatico de vacio

- Control de presion de gas

- Equipos para calibracion de presion

- Control automatico de temperatura

- Control de liquidos criogénicos

- Controladores programables (PLC) e interfaces

’ .F-..‘IFHHJ'HIIHIHH'L'I.'I-'I.".“‘-

Control de presion en celdas

Controlador para celda

de membrana

@C NYQYAC:

Vacio, Criogenl
Equipos a Prestén n™: FAP 111r ER?-!—I

Sistema automatizada




Nuevos proyectos

Acceso Oplico

_ Celda para difraccion
| maw € de neutrones €

Alinsamierio

Control de temperatura
- para celdas DAC >

Modificacion de celdas
DAC para uso a bajas
< temperaturas <

Herramienta para :|° , “|:
—> apretar tornillos =2

L W WL
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Haznos una propuesta

Simplemente rellena nuestra solicitud de pedido
disponible en...

http://www.malta-consolider.com

0 envia un email a...

tecnica@cryovac.es

¢Preguntas?

QUESTIONS

IGracias por escuchar!

SOLICITUD DE PEDIDO para & CTYQVAC

1 . Depa
Cliente: | "
ireceian:

lacidr Provi

T ¢ Ilf |

ail: Fax solici

na: ecto:

| Banda tarifaria:
iar A: O nyect O Iny O i t

orden ¢ 1o/ spociado pe:
as /e rellen te, adjuntar

DOC-G020

@ CryQvac:
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Detalles de contacto

Cryovac S.L. Telf. (+34) 91 606 54 63

Calle Arquimedes, 40 Fax. (+34) 91 697 70 97
28946 Fuenlabrada

Madrid (Spain) e-mail: info@cryovac.es

http://www.cryovac.es/

Horario de atencioén: L-V 8:30-17:30

M30 MADRID MADRID

M40

Avenida de la Hispanidad
FLJI_-NLABHH-DA@

—
Calle Arquimedes

@ Cryovac

FUEMNLABRALA

TOLEDO

@ Cryoyag:
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FORUM

DE TECHNOLOGIE
DES HAUTES PRESSIONS

LA PRESSION POURQUOI ?
LES NOUVEAUX ENJEUX.

Fritz (Pyrénée
Le Domaine de

.reseauhp

‘organisation :



Scientific goal (Il): Molecular systems. Physical
properties and chemical reactivity
b. Pressure-induced reactivity on N, O, C, H materials
Thearetical groups have beon involved in the devalopment of computasional tools for the analysis of
chamical bonding under prossure, dedivation of thermal EOS. and systematization of phase iransiion
Thair

1he essential character of the variable prossure in chomical
reactvity and phase transformations. where the access %o speciic goometrical canfigurations (modifying

bond distances and angles) plays role. This is In e p meacthity
awuw-mimmoo,}ammnumunndmnumd
the factors affecting high ver than ta

Me:hoaa‘ogucalﬂdmncef 2

Meodeling High Pressure Reactivity in Unsaturated es for Understanding Polymerization under
Systems: Application to Dimethylacetylene Pressure: The Practical Case of CO,
Theoretical Challenge Theoretical Chellenge
= Simple molecular solcs of light slements as CO, experiment critical bonding
ch i

» Newal chemical species can be formed

Dumetytscetyune DAL

L numlml?m-mv

Phase | o, putunts wih an eongaied ivamsivadar £-0 datance of 131 &
The cental o
el vl atracions i brown g
kone ey (sumounding Eots) and the anmuar bonds {aeeg the C-O
druchions). Mumbers n red (green) stand for populations |
Tvokames. &) C-0 cistancos. am dsslayed i black. A)
Computational strategy
Computational strate = The ELF topicgical study has i L the ¥ e
functions compuiod with the C N.Dlﬂ‘lﬂ
+ Monodeterminantal
i calculations. DFT/BILYP and MP2 mathods were perfamed + All.slaciron cacuiabons. harve been periomed undsr the OFT framewerk using G

+ GAMESS sute was omployed in MCSCF cakculations
+Complate actve space [CAS) and mulirdorence MPZ (MRMPZ) methods,

--nn-rmnpnlnﬂ
-cuwn.mm-
nmwnmmmmmdwmmm

and as pressure & increased, me-n-nlmnwllpn-ny
divided into new C-O bonds.

{ Conclusions
Conclusions RETS ¥ i
+The transformation path would involve a mixture of the throe of —w-mmnmamm
Mnmmnmcmwm « The nugture of Ibonds and tho creatian of new bends is|
at o onset of the reaction CarTied DUt In 2 SYPCheonous Mannes
nmmmwmmm»mnmn umnmuwmmmmm-um
12 ferm THA inlaresd to prodict high-pe
Immhamma St M. o Cham PIyCL 413, 068.02006). )0 Achesd Pdcu. Wasior Thasl. sroutitnd
71 R Johmacn, 8 Kenan, P Mon-Sinchez. J. Contrerms-Garca, A J. Coban, and W, Yarg. J Am. HlumumquamJnmmmsﬂ_iwmm
th‘” mmum 4 Tortaada, V.G Baonza. J, Comput. Chem. 30, 414 (2008) Y,
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FORUM

DE TECHNOLOGIE
DES HAUTES PRESSIONS

LA PRESSION POURQUOI ?
LES NOUVEAUX ENJEUX.

Résumeés

www.rescauhp.org
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PIERRICK ZERBINO Synchrotron Soleil
pierrick.zerbino@synchrotron-soleil.fr ~ SOLEIL
l'orme des merisiers
91192 St-Aubin

ANDREAS ZERR LPMTM
zerr@univ-paris13.fr CNRS
Université Paris Nord
99, av. J. B. Clément
93430 Villetancuse

Un grand merei également aux 6 « participants » de MALTA :

Bérengére Guignon: Instituto del Frio, Consejo Superior de Investigaciones
Cientificas, Madrid

Idoia Codina Torrella: Planta Tecnologia dels Aliments, Universidad Auténoma de

Barcelona

Alfonso Mufioz Gonzilez: Departamento de Fisica Fundamental vy Experimental,

Universidad de La Laguna

Jesus Antonio Gonzilez Gémez -DCITIMAC, Universidad de Cantabria

José Tortajada Pérez- Departamento de Quimica Fisica, Universidad Complutense de
Madrid

Oscar Rodriguez Montoro -Departamento de Quimica Fisica, Universidad

Complutense de Madrid
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and temperature

b. High pressure effects on aqueous solutions of
supramolecular aggregates and proteins

¢. Microbiology under extreme conditions of pressure

4

b. High pressure effects

Data on the physical properfies of food and
food components are siill scarce ail high pressure.
These data are needed fo develop and improve
food high pressure processes.

Pressure dependence of density, iscthermal

ibility, thermal ity, specific heat

amd theymal conductivity are required for

numevrical simulation of heat and mass transfers

and of the coupled microorganism inactivation

during Mgh pressure mmnr In this way,
can be

P\-as.surs effects on protein conformation and

on can be

and

of food
aqueous solution provide informalion about Mmr
behaviour with pressure in foods. Speed of sound
also allows for the determination of critical micelar
conceniration under pressure.

¢. Microbiology under extreme conditions of pressure and tempe

Pressure assisted thermal sterilisation (PATS)

The synergy bely and and the effect of
adiabatic heating can be used fo process solid food and even reach
the sterlity. An inlet temperature of 80 °C can go up fo nearly 120 °C
whanapmssumofﬁmMPa:sapmed The benefit of this adi; i

on agueous solutions of supramolecular aggregates and proteins

ethylene glycol and ethanol.
[} i were p
paste and sodium laurate aqueous solutions.

300 400 500 600 TOO
piMPa e
Critical micolar concentration vs. pressune of sockum

rature

Effect of

mswuimwmwwmmmmw
studied on E. coli inoculated into several matrices. The

of treatment was malrx depenﬁambmmen'cases the slowest
comprassion rates caused the lowest lethaiity, while the fastest

and release rates

heating is that it is
Important reduction on nwcrubdartoad of crab sticks can be achieved
by applying pressures above 400 MPa, but the combination of 600
MPa and inflial termperature of 90 °C produced a stenle product able
to withstand at least one month at room temperature.

was the least effecti

Specific volume and isothermal compressibility were
determined for a wide vanety of iquid foods and pressure
fransmitting fluids: pure waler, fomato pasle, orange juice,
whole and skim milk, sodium caseinate aqueous solutions,
vegetable oils, siicone oil, castor ail, propylene glycol,

in fomato

laurate solutions as determined from speed of sound copaEy Fom ot vy
measurements al 208 15 K. .,"""....":,".m...._",""'
B S MALTA Team —a= Erun st s, 1978 A m—. ford
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== MATTER AT HIGH PRESSURE (MALTA)

Scientific goal (1l): Molecular systems. Physical

properties and chemical reactivity
www.malia consolider com | @ Pressure as a probe on unsaturated systems of N, O, C, H
u * 0(3,,____: » Modelling Chemical Reactivity at High Pressure

> Raman Characterization of Carbon-based Materials
under Pressure

Modelling Chemical Reactivity at High Pressure

METHODOLOGY QMMM + MD RESULTS

5 1o obkain sbong e D 11 o e MM gy o s

Wire A%
Liiiniil

Raman Characterization of Carbon-based Materials under Pressure &

PRESSURE CFLL DETAILS PRESSURE UHIAXIAL PROFLE SPECTRA RAMAN OF DIFFERENT ANVIL TYPES
STATIC 7
¥s.
UNIAXIAL r T T T T .
| 8 — Gaphite
-’_l al o mond |
= Moissanite
LK Fr Sapphi -
/ \ & - 4
\.
> AL, A
i3 WA, (N
1500 2000 2500 3000
/ \ Rarmen Shift(om')
- = . - DWCNT FILLED WITH AMORPHLS ELEMENTS
GRAPHITE UNDER UNIAXIAL PRESSURE DOULLE WALL CARBON MANOTULES . | AR
{DWCNT) LIMDER UMIAXIAL PRESSURE UNDER HYDROS TATIC PRESSURE
e = =l -~ s ——
) e e 0o HRTEMand TEM " e I
e 1
e ——] "
e |

CHEADED BTIEES
CLMERATES DEFVLE TS
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o MATTER AT HIGH PRESSURE (MALTA)

Infrastructures and Facilities acquired

Technological goals

www.malla-consolider.com| | b - Z
»  Scientific goal (I): Water and life-
u ez @ related systems

“ (4] m @ a. Synthesis, properties and stability of gas clathrates ‘ \
=~ sl CSIC

Infrastructures and Facilities for All Scientific Goals acquired for MALTA )

EAUAY FFRAC TION ECUIMENT,
Aeadibus A Systers

TN SPEC TROBCOMEC SYSTEM,
Brucher Model FE- 1258

Technological Goals N
» Development of new high pressure cells: anvil and large volume devices.
» Development of new optically active jals as pr and temperature
» Design of a novel laser heating system for diamond anvil cells.
ke » Implementation of diagnostic devices in high pressure industrial equipments.

Scientific goal (I): a.Synthesis, spectroscopic properties, PTX diagrams of Gas Clathrates
Clathrate crystallization from saline cryomagmas in planetary conditions

INTRODUCTION Metallic Core Ice Covering EXPERIMENTAL APPARATUS

+ EURCPA. SATELLITE: Assuming & « Stainkess sloel high pressuse chamber coupled
salty ocean (hydraled salts delecied o o Raman speciromeler lo make the analysis
uced)
- [— Jormation « Clatheate formabion has been performed from
ity of gas caeales e Europa aqueous sakilion of MGSO, (5%, 10%, 17% in
- [ weight) ol sx different pressures: 18, 20, 25,
Dissociabon of clatheabes can be an N 0, 50 anct 6% b
explanation of Mo posence of Be | Changes in e pissune amply he
defocted gases in the surfice and ocky intear | Ligued Ocaan Under loe (rooveesa) of -
w0 peckogical fealures. M0 Loyer L}
H_}-Nlil.'l'.‘;
COMPARISON
H,0+Mg50,; 25°C, 31 bar

- A\

Fole in The ncthty of the oy moons.

_______ Acknowledgements Hm - [ 55 Eeme.
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ra Scientific goal (Ill): Structure, stability and reactivity
‘/ * of minerals
_ METASTABILITY OF WURTZITE AND ROCK-SALT
v malta-consolider.com | pHASES IN Zn,,Co,0 NANOPARTICLES INVESTIGATED
| BY OPTICAL ABSORPTION AND RAMAN
SPECTROSCOPY UNDER PRESSURE

INTRODUCTION SYNTHESIS AND CHARACTERIZATION ‘
> Colloidal nanocrystals of wurtzite Zn, ,Co,0 have been prepared using hydrolysis X RAY DIAGRAMS CRYSTAL STRUCTURES
and condensation of acetates solution in DMSO [1]. T Hexagonal Wurtzite (W)  Cubic Rock-salt (RS)

» XRD patterns indicate a good crystallization in the wurtzite structure.

£

TEM IMAGES

>TEM images show spherical nanoparticles with an average diameter of ca. 4 nm. o
» =
» We report an investigation of their optical and lattice-dynamical properties under
i n i XRD pattern of the Zn, ,Co,0
high pre r means of optical rption and Raman i . %
igh pressure by means of optical absorption and Raman spectroscopy. nanocrystalline samples. Waitzite
hexagonal pattern is also shown.
Sphencal nanoparticles
4 nm in size

OPTICAL PROPERTIES

Zn,,Co,0 ABSORPTION SPECTRA NON-REVERSIBLE W — RS PHASE TRANSITION Zn,,Co,0 RAMAN SPECTROSCOPY
Asinthn fims, absorpton spectra of Zn, Co,0 nanopartices UNDER HIGH PRESSURE UNDER HIGH PRESSURE
show three main differances with respect ta pure W-2nO [2); ‘The non-reversible transition to the RS phase is = The pressure dependence of the zone-center phonons (E, Ay, and E,)
= The energy of the fundamental band-to-band absorption edge is observed in the three absorption features [3]. was measured for the w-ZnO: 5%Co2* up to the hexagonal-cubic transition
shifted. The fundamental edge shifts to much higher photon near 14 GPa.
A broad band related to charge-transfer transition appears at energies in both ZnO and ZnO :5%Co?* ., and changes from Above the transition pressure no active Raman modes were observed
energies just below (and overlapping) the band-to-band edge. direct to indirect gap at P=14 GPa. = Inthe pressure down-stroke, Raman measurements also indicate that the
= Well defined absorption bands related to d-d transitons of < The charge-transfer band virtually msapneavs (or overlaps studied nanoparticles remain in the RS phase at ambient pressure.
tetrahedral Co?* are observed. the direct transition of the RS phas:

E, |
Metastability | o 180

Bulk Thin-film Nanoparticles
P/GPa us 3 us 3 us s
(W-t0-RS) | (RS-to-W) | (W-to-RS) | (RS-to-W) | (W-to-RS) | (RS-to-W)
0 9 3 9 3 1516
70,000 Sl | 31k | 1516

3w a8 ey b s 3 ey 4

1N 20 22 24 me oAb
gy o

o 4 W i @
Fice

= The d-d Co? absorption band around 2 eV decreases its intensity by a factor of 10 and shifts to higher energies (2.5
V) as a consequence of the modification from a tetrahedral to an octahedral coordination symmetry.
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1] D.A. Schwartz, N.S. Norberg, Q.P. Nguyen, J M. Parker, D. R. Gamelin, J. Am. Chem. Soc. 125, 13205 (2003).
2] A Sans, A Segura, J. F. Sanchez-Royo, Ch. Ferrer-Roca, and E. Guillotel, Phys. Status Soldi (b) 244, 407 (2007). /

[3] F. Decremps, J. Pelicer-Porres, F. Datchi, J. P. ié , A. Polian, F. Baudelet, J. Z. Jiang, Appl. Phys. Lett. 81, 4820 (2002).
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Scientific goal (lll): Structure, stability and reactivity
of minerals
Pressure-Temperature-Composition (PTx) diagrams
www.malta-consolider.com and physical properties of: ABO; (AO-BO,), ABO,
B ¥ oQ‘:;: (AO,-BO,) and AB,0O, (AO-B,0,) oxides

-

INTRODUCTION

Pressure-induced transition of ABO, compounds have been recently reviewed on the light of the most recent experimental and
theoretical advantages.

Here we present some recent studies of different compounds where we combine experimental results, from the differents MALTA
facilities and other experiemental facilities, with ab initio methods. Combining the experimental studies with the theoretical first
principles simulations we can clarify the complex behaviour of some system under extreme conditions and also it provide some new
predictions of novel high pressure phases coming from the ab initio simulations.

Experimental techniques:

X-ray diffraction experiments : MALTA Xcalibur diffractometer, ESRF, DIAMOND and APS sources.

Raman experiments: University of Cantabria MALTA, and University of Valencia (MALTA)

DAC experiments, with different transmision media (see refererences).

Theoretical details.

Ab initio total-energy and lattice-dynamics calculations in the framework of the density functional theory, DFT , and the
pseudopotential method. MALTA Univ. Oviedo Cluster, MALTA Univ. La Laguna cluster and RES supercomputers.
Projector-augmented wave pseudopotentials, PAW, different exchange correlations functionals, LDA, GGA

Highly converged calculations, structures fully relaxed and forces well cconverged in order to have the phonon spectra at Gamma
point using the direct method to obtain the dynamical matrix. Full phonon dispersion and phonon DOS can be obtained.

Some recent examples:

ABX, compounds have many technological applications. Knowledge of the HP
structural behavior of orthophosphates is relevant for mineral physics and chemistry.
(The APO, compounds depending on the ionic radio crystallize on zircon or monazite
structures) . In recent years, there have been many studies dealing with their
pressure-driven phase transition.

#In ambient conditions, ThPO4
crystallizes in the tetragonal zircon
structure (14,/amd, Z=4)

#® In this structure, the Tb and P
cations are coordinated by 8 and 4

O anions, respectively.

iy o o

: .": .;\:.l

Monazite structure The SrUO,-type structure

o zcon 8 237 4 Good agreement between experiments and theory.  Theoretical

105 momazie 81 Iy " o | calculations help to identify the first pressure transition from Zircon to

= ite. X-ray diffractions confirms the monazite struture and Raman

= = = 208 seee  © = * '™ | results are in good agreemnet. A secon phase transition predicted from
I &= = 71 swo, 9 224 3 165

theory to a new SrUO, phase, where P has six-fold coordination.

CuWOQ, crystallizes in a triclinic structure, with both cations octahedrally coordinated by O atoms.

= Good agreement, the
theoretical results
confirm the proposed
FRLEE high pressure phase.

References: T =
J. L6pez-Solano et al. Phys. Rev. B 81, 144126 (2010)
J. Ruiz-Fuertes et al Phys. Rev. B 81, 224115 (2010) )

Acknowledgements mﬁ m 2010 [ ﬁiﬁﬁ?‘“‘

Spanish Ministry of Science & Innovation for project

MALTA-Consolider Ingenio 2010 (CSD2007-00045) \/\/\\/\/\/. 111 alta-consolider.com

P —
S c—




AIRAPT & EHPRG Miraflores, enero 2011

_ www.ehprg.org
www.airapt.org

@ The European High Pressure Research Group

;. Welcome to the homepage of the European High Pressure Research Group (EHPRG)!
FHomne pag I 2 p( )

o meet ofl n assmal basis

ference fees and the fiendly relationships between the attendants have

History

Scope
eetings

Committee

Award

Directory




Conferencias AIRAPT (& EHPRG) Miraflores, enero 2011




Conferencias AIRAPT (& EHPRG) Miraflores, enero 2011

[ L




Conferencias AIRAPT (& EHPRG) Miraflores, enero 2011

[ L

[ e Mumbai 2011 | R
r' + 1™ s - |i -1 I/I



Conferencias AIRAPT (& EHPRG) Miraflores, enero 2011

oy g

 Seattle 2013 L
; '-!’_;L o y

* Mumbai 2011

=



Conferencias AIRAPT-25 & EHPRG-53 Miraflores, enero 2011

r"_ —* Madrld 2015

s .r._.



Conferencia AIRAPT-25 & EHPRG-53 Miraflores, enero 2011

MADRID 20




horth e - Europa
America | M
AFAIN
Atantic .
CQLean
Africa
Soiith
America
E"!.l.!rl!._ Indian
=) Ocean Australia
LT )
a g
e - Moripeds
3 i T mt San Q Touousa 2
A ~:;—"-l n“ a Eniantihn Pau Rl
- . -]
e sl b
Jrve o Firoer
f iy Blbad - iR Carcassanne =D
Sanh mpkona
8-, <t Ry Whons - Gasteir § 3 '; s -
Faonteveda o @ Legraha g
5 Ouerss Buroa °
70 : ¥
wialadosd Zaragora kil
5 e a L Barcelona
(=]
Forip O P Salwmancs Tarragena .
a
" | o
H:I"'d"dc Blcal de
fHerares
BToksn
yal Walencs i
e ettt \ Espans =]
Vil J
L Bacel
L g"'.-'F.I Franea . Badajoz i o
Sirtra g 10 Kia
Lisboa Rl an
-]
a ladn S Murcia
5 =]
Sevilla i e a
Humta g G =T
o Loule gl 2 e ol el
w17 PAalEgn " ';' Ager
iz - B o
Walapa el alaall 2
Chi RisL

Complutense University of Madrid
Madrid
SPAIN

Conference Site
Ramon y Cajal Auditorium (800 people)




Complutense University of Madrid
Madrid
SPAIN

Additional Rooms
For
Parallel Sessions
(150-200 people)

Halls for
Poster Sessions
and
Exhibitors




<>

‘3,_ '.3»‘!3.1 \

'ra:.Fu Bellas Artes

UNED |
Darecha

CC. Politicas
¥ Socakigras

A;qu-lec:um
E.U. Arguilacios
CIHCOS

”Ep-ﬂm Edificia

" Facidi
m:_urﬁluw

P

R
LED:

Fac. de Geografia

o Hisloria
- ufm
”'I_-?E(_!_ﬂ.'{'
Eac, Filciogia
E75h Chmieos) | (Ef D

- Cortles ‘l

¥ -,P-_nq_p:l 1"

=

. . \ de Fitosofia
\ il A

IiEdlr

Fac_ e Filologia
Fa.:.\du CC. de ﬂ? -
La Informaciin
e Ofcing Bance
fgréatder

1w
4 = i
Cama e — S0

Biologicas
oo Alumnos

>

EU. do

Enfatmcia - T

(AT
Cloncias
Amblontales

Hospia Clineo

Arcoel Tants Univarstario
de San Carlas

wf’ﬁ' il
L','\“
.%LN\-"U‘

[Ty < Ve

Fag.

b

i |
ELULT
Fomstalos

CONFERENCE
SITE

agure Contro PET.
¢ Warsl B I

o
=T = L7

¥ }smum
Universitario
Fluridisciplinar

=
ot
Merdndar
Palaye

Fac. de CC.

Faculc GC.
Matematicas

\ | L
@ Fac.deFarmacia ;f""‘"'“m Fac. do Guolbalian, .
= L3

LUMED E-T.58
[T

Informatica

C.Lx Tena Mot

al 4 I|
i, f&[;;. TR
FB_E-""" _‘i_E.T;LT}f!lLEmm
quﬁf’ ™ - ol |

-l'
L =

i -

. d# CC. Quimicas

-
-

.
ET§1 Monius




Complutense University of Madrid
Madrid
SPAIN

Estimated dates: 20-24 July, 2015
Registration: 750 euro (including lunch & city transportation pass)

Links:

www.ucm.es (host institution)

www.madrid.es (city)

www.esmadrid.com/en/portal.do (traveling, hotels, culture, ...)
www.malta-consolider.com (updates & general info)

Contact: vgbaonza@quim.ucm.es
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Conferences

AIRAPT sponsors a conference periodically, usually every two yvears, at a site chosen by the Executive Committee. Proposals to organize a conference are submitted
invalved with high-pressure research and have attended several AIRAPT conferences. Presentation of a proposal is made at the meeting of the Executive Committes
AIRAPT conference. In addition to the fact that people submitting a proposal should be active members of the high-pressure community, other important consideratic
process are the expected cost of registration, travel, local hotels and the availability lodging for students. Based primarily on these presentations, the Executive Con
future site or sites. Attendance at AIRAPT conferences generally varies from 300 to 500.

[20110124] Dynamic Phenomena under Extremes, Austin, TX (USA), January 24-28, 2011

[20110306] 26th International Conference on Interaction of Intense Energy Fluxes with Matter, Kabardino, Russia, March 1-6, 2011
[20110502] 5th CCM international conference on pressure metrology (Berlin, Germany, May 2-5, 2011)

[20110520] 3rd International Conference on High Energy Density Physics 2011. Lisbon, Portugal, May 2011

[20110828] EHPRG-49, Budapest, Hungary, 28.08-02-09.2011

[20110925] AIRAPT-23, Mumbai, India, 2011

[20120000] 50th EHPRG Mesting, Thessaloniki, Greece, 2012

[20130000] 51st EHPRG Meeting, London, UK, 2013

[20130000] AIRAPT-24 & APS-SCCM, Seattle, USA, 2013

[20150000] Joint AIRAPT-25 and EHPRG-53 , Madrid, Spain, 2015 <«

Past Conferences

[20110124] Dynamic Phenomena under Extremes, Au




Home

Scope History Awards ExC Conferences Executive Committee

AIRAPT

Home

AIRAPT Executive Committee (since 2009)

Officers

Conferences R. Boehler, USA, President
P. Loubeyre, France, Vice President

AIRAPT sponsors a conference periodically, usually every two years, at a site chosen by the Executive Committee. Proposals to or 1. Silvera, USA, Vice President
involved with high-pressure research and have attended several AIRAPT conferences. Presentation of a proposal is made at the
AIRAPT conference. In addition to the fact that people submitting a proposal should be active members of the high-pressure comi
process are the expected cost of registration, travel, local hotels and the availability lodging for students. Based primarily on thes
future site or sites. Attendance at AIRAPT conferences generally varies from 300 to 500.

1. S. Schilling, USA, Treasurer
G. G. M. Angilella, Italy, Secretary

Members
[20110124] Dynamic Phenomena under Extremes, Austin, TX (USA), January 24-28, 2011 K. Aoki, Japan
[20110308] 26th International Conference on Interaction of Intense Energy Fluxes with Matter, Kabardino, Russia, Marcl R. Ahuja, Sweden
[20110502] 5th CCM international conference on pressure metrology (Berlin, Germany, May 2-5, 2011) V. Brazhkin, Russia
[20110520] 3rd International Conference on High Energy Density Physics 2011. Lisbon, Portugal, May 2011 T. Cui, China
[20110828] EHPRG-49, Budapest, Hungary, 28.08-02-09.2011 F. Datchi, France
[20110925] AIRAPT-23, Mumbai, India, 2011 1. Grzegory, Poland
[20120000] 50th EHPRG Meeting, Thessaloniki, Greece, 2012 T. Irifune, Japan

[20130000] 51st EHPRG Meeting, London, UK, 2013
[20130000] AIRAPT-24 & APS-SCCM, Seattle, USA, 2013
[20150000] Joint AIRAPT-25 and EHPRG-53 , Madrid, Spain, 2015 -«

1. Kamarad, Czech Republic

G. I. Kanel, Russia

1. Loveday, UK

Past Conferences F. Rodriguez, Spain B

[20110124] Dynat B. Winkler, Germany r

C.-5. Yoo, USA

Ex-officio members

W. Nellis, USA, Past President

S. Klotz, France, Editor of High Pressure Research

0. Klug, Canada, Chairman of Gordon Conference



The European High Pressure Research Group

FHome High Pressure links

= The EHPEG website and the High Pressure Directory at EHPRG are mamtained by Giuse

%teﬂy Until 2002, the EHPRG website used to be hosted by the University of L euven, Belgium, and main

Scholarly Societies

» International Aszociation for the Advancement of High Pressure Science and Technology (AIRAFT)

» European Phyeical Society

« COMPEES, COnsertium for Matenials Properties Research i Earth Sciences

« International Orpamzation for Crystal Growth

« International Umon of Croystallosraphy (TUCE)

ﬂwwd. High Pressure Research Laboratories

In alphabetical order per country. Please, contact the webmaster if your laboratory 1= not in the list.

» Hirh pressure equipment at Institut Lave-Langevin, Grenoble, France

= The Bayerisches Geomnstitut, Bayreuth, Germany

» Hirh Prezsure Eesearch Center, Warsaw, Poland

E # E » Institute for High Pressure Physics, Russian Academy of Science, Troitsk (Moscow Begion), Russia

= Centre for Science at Extreme Conditions, Edinburgh, UK

= Liverpool High Pressure Laboratory, Liverpool, UK




The European High Pressure Research Group

FHome The European High Pressure Research Group
%tm fgium, and maint

EHPRG Committee Members

5 c e Since the Joint ATRAPT and EHPR.G International Conference in Uppsala, 2010:
z ; . L . _ blomy (ATRAPT)
« G. G.N. Angilella, University of Catania, Italy, Chairman

« 5. Klotz, Universite Pierre et Marie Curie, Paris, France Secrefary

M g e #&t é;s « K.V. Kamenev, The University of Edinburgh, UK., Treqsurer

¢ 0. Andersson, Umea University, Umed, Sweden

R. Ahuja, Uppsala University, Uppsala, Sweden

E. Boldvreva, Novosibirsk State University, Russia

D. Christofilos, Aristotle University of Thessalonild, Greece

F. Decremps, Universite Pierre et Marie Curie, Paris, France

« L. S. Dubrovinsky, Bayerisches Geoinstitut, Bayreuth, Germany

« E. M. Dumay, Universite Montpellier 2, Montpellier, France
Award 3

g
%.

+ V. Garcia-Baonza, Universidad Comphitense de Madrid, Madrid, Spain
+ M. Hanfland. ESRF. Grenoble, France in the hist.
+ P. Lazor, Uppsala University, Uppsala, Sweden

¢ I Loa, CSEC, University of Edinburgh, Edinburgh, UK

s A. Mathys, Nestlé Research Center, Lansanne, Switzerland
9 ¢ A Muiioz, Universidad L.a Laguna, Tenerife, Spain

+ P. Postorino, Universita di Roma La Sapienza, Roma, Iialy
+ R. Pucci, Universita di Catania, Catania, Ttaly
« A. San Miguel, Université Lyon 1, Lyvon, France

’ ; Region), Russia
Lm&; s+ Ex-officio members:

R. Bihler, Max-Planck Institt fiir Chemie, Mainz, Germany, President of the AIRAPT
+ E.P. O'Reilly, Tyndall National Institite (NMEC), Cork, Treland, Chairman of the Condensed Matrer




International Conference on High
Pressure Science and Technology

Soope of the Conference

Important Dates

AIRAPT-23

25" September [Sunday)
to
30" September (Friday) 2011

Venue:
Bhabha Atomic Research Centre
Pumbai, India

Supported by:
International Association for the
Ldvancement of High Prassure
Science and Technobogy (AIRART]
Department of Atomic Energy, India
Defence Research & Development
drganization
rdaterials Research Society of India

Thiz will b= ar irterdizcipinary corference on
high pressure science and technology. The
program will include invited plemary and topical
lectures, parallel s=ssiors, poster sessions, ard
eihibits of eguipment and products.
Topics of the conference:

Theory, modeling and simulations

Structure,  equation of  stabe,

trarsitors and konetics

Optical, acoustic, electricel ard magnetc

propEries

Thermophyzical properties

few developments using nevtron  and

TyTCroIron sources

alecular and organic solids

Liquids and armonohous materials

Wirter ard ices

Supercritical froids

Geophysical, marine znd planetzry stenos

Chemical Rezction ard kinetics

Synthesiz of new materials

Superkard materialz

Sugerconducting and nove! materials

Mzterizl response unider Shock wanses

fecharical properties

Biozreinoe and food technolony

Hot and oold isostatic pressing proosss

High pressure instrumesntation

Spectroscopy &t stetic and dyramic pressune

Hyper velocity frpact phencmena

heiting at static and dynamic high presures

High pressure chemistry

Effect of static and dynamac pressures on

baczerz

phase

Abstrac: Due
Early Registration
Corfersrce Start
Manuzoript Due

30 Apr? 1011
30 May 2011
25 September 2011
30 September 2011

Registration fee

Delerates from Forefzn Courtries Evnp 450
Student delegates from foreign countries  Euro 225
Indian delezztes Rz 4000
Indizn Student delegabes A=z 2000
ACCOmidarying person Eura 100/Rs. 2000
(&) registered delegztes will receive conference
kitsz. Delegates and accomparying persons ane
wecome to visit the eshibitions and cultura
programme, and invited to refreshments, lunches
and dinrers on the confersnce darys.|

Exhibitions

Space wil be available for exhibitors at the
corfersnce 5ite

Contact Address

Dr. Zztizh L. Gupta.

Chairman, Organizing Commitbes
Hezd, Applied Phiyzics Division,
Bhabha Atomic Research Cartre,
Tromiay, Mumbai 40005, Irdia

Ernzil: asiraptiill@barcgow.in
airaptl3iEEmad oom;
Webisite:
Fhone: =91 23 25585475
Fax Moo +891 22 25505151 and 451 22 25519513
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Infraestructura Espectrometro Raman
Informe de Gestion
Jesus Gonzalez
Fernando Rodriguez
CITIMAC, UC
Reunion Malta Consolider

Miraflores de la Sierra (Madrid) 23-27 de
Enero 2011

E waw.malta-consolider.com | ;i
Grupo de Altas Pre_smnes y r 1 2010
Espectroscopia U'TA
http://grupos.unican.es/apye A\
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Grupo de Altas Presiones y Espectroscopia
Raman T-64000
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Raman Intensity (A.U)

Grupo de Altas Presiones y Espectroscopia
Susana Gomez y Fernando Rodriguez
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UNIVERSIDAD DE CANTABRIA

Servicios Cientifico-Técnicos de Investigacicn

UNIVERSIDAD DE CANTABRIA NISSAN MOTOR IBERICA SA.

e e
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Caracterizacion de tensiones

Inereided Raman iua)

Dresplazamienta Raman jem |

residuales y analisis

Figura 3.6: Espectroe Raman en primer onden de dispersidn de los muestras de
grafite laminar, tracelonado g sin traceionar, ¥ grafito HOPG,

microestructural en fundicién w i
mediante espectroscopia e I A
Raman ;
por i
Borja Estandia Coterdn :
Master en Ciencia de Materiales N

Desplazamients Ramaniem )

SANTANDER
Cretubre de 2010

Figura 3.7 Espectros Raman de la bande & de las muestms de grafito laminar,
tmecionade ¥ sn tmacionar, ¥ grafite HOPG,

Tutores:

D. Jesis A, Gonzalez Gémez
D Jose A, Alvarez Laso

Presiones y

CIENCIAS

UNIVERSIDAD DE CANTABRIA NISSAN MOTOR IBERICA SA.

aquellas que presentan un desplazamiento a frecuencias mayores, como es
el casa, ¥ Tensiones de Traccion las que propician un desplazamiento a
frecuencias mencres, Estos ientos s= cuantifican como 5em = par
Gigapascal (GPa) de presicn [3][4][5).

% — Bem=! GPa~! «= 1GPa-! = 10kbar

En la Tabla 3.1 se recogen los valores obtenidos de la medelizackin de
las bandas correspondientes con la dispersidn Raman de primer arden de los
espectro representados en las figums 3.4 v 35,

Tabla 3.1: Principales valores de las diferentes estructuras Raman en Gmfits Lam-
inar caleulados eon Origin 700

Asignacidn  Pesicidn - FWHM Intensidad

Musstis g vonde Biem™) w(em™))  J(wa) 2%
) ) D e 36,12 106,72
Sin Tmceeionar P 158067 20,43 250,00 0,79
) D 35,53 35,10 142,53
Traccionado [= 583,06 21,50 s 0

Préximos estudios:

Una vez confirmado el uso de grafite como
sensor de presién se pretende validar
cuantitativamente los resultados obtenidos en
este estudio mediante una modelizacion de
elementos finitos sobre probetas de disefio
propio evaluandolas simultdneamente mediante
espectroscopia Raman.
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Universidad de Valencia

Daniel Errandoneay Javier Ruiz- Fuertes

MgWO4 (polvo+parafina hasta 30 GPa), monocristal+methanol-ethanol hasta 20 GPa
MnWO4, medidas bajo presion en monocristales

Figure 1 (color online). Schematic view of the wolframite
structure with a detail of both octahedra (left) and of the P1
triclinic structure (right).

18 e . I: : : 4 4 4 & a as
e Pl : L b sl ‘: MgWO,
e+ = * 2 M 2 L A & Ass T WOs
gt 38 % : A a4 ass 1020 | octahedra
3 14 |~ . ; s asd T; internal mode -
g . st FEE I S 8 woop
YT R EERNS T |
& y s as $
10;; R : i:iitg E bl *
A 4 & - s40 |
B e oos et $ 221 asa 920 -
gme b P 0t RN ” [ m " ] 5
0 10 20 30 40 50 Pressure (GPa)
P (GPa)
Figure 3. MgWO4 peaks evolution with pressure. Circles:
wolframite, squares: triclinic phase, triangles: second HP phase.
The vertical lines indicate transition pressures.
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Raman characterization of carbon materials under non-hydrostatic conditions

E. del Corro, M. Taravillo, V.G. Baonza

1 MALTA-Consolider Team, Departamento de Quimica Fisica |, Facultad de
Ciencias Quimicas, Universidad Complutense de Madrid, Plaza de Ciencias 3,
28040-Madrid,SPAIN

(a) Non-hydrostatic (b) Hydrostatic
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Fig. 4 — (a, ¢c) Measured Raman spectra of two graphite samples (black lines) by using
moissanite (left) and sapphire (right) anvils. Both samples were first compressed to effective
stresses above 10 GPa and the stress was released down to room pressure. The spectra
shown in the figure are those measured around 3 GPa. In both figures the background
contribution from the anvils is shown as ared line. (b, d) Background-corrected Raman
spectra of the two HOPG samples.

 CONSOLIDER |
Espectroscopia T
http://grupos.unican.es/apye L A

FACULTAD DE CIENCIAS Matter at High Pressure

Grupo de Altas Presiones y I:'"‘I' consol{der. com




ad de Valencia
Almonacid (Estudiante de Doctorado)
xdas de ZnO, dopadas con Co, Mny Ga

LU

g, I o 0
2 £ |
g .
7* T (opt) = 1A1 + 2B1 + 1E1 + 2E2.

2spondence between the Brillouin
of ZB and Wurtzite crystal along the
direction

-

HHEE

FEEFTRF
5887 ¢

HHdREESS

ago(nm)

H www.malta-consolider.com
Altas Presiones y . =y 5010

2ctroscopia
pos.unican.es/apye

D DE CIENCIAS Matter at High Pressure




Phonon softening on the specific heat of nanocrystalline metals

D P Rojas, L Fernandez Barquin, J Rodriguez Fernandez, L Rodriguez Fernandez
Grupo de Magnetismo del CITIMAC, Universidad de Cantabria
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Figure 4. Temperature dependence of the specific heat of nc-Fe with a mean particle
size of 20 nm. The solid line is a fitting using equations (1) and (2). Partial phonon
contributions from the core and surface of the particles are also presented.
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Figure 2. TEMimage of nc LaAl2 showing nanoparticles with a mean size of 12
nm. In the insets, details of the distribution of the particle sizes (aboveright)
and high resolution TEM images of a particle (below right) are given. The
interatomic distance between lattice planes inside a particle is around 0.5 nm.

Raman Intensity (Arb. un.)

wavenumber (cm™)

Figure 5. Raman spectrum of nc-Fe (20 nm) at 300 K showing overtones of acoustic
phonons (TA1 and TA2) in the —N direction and LA in the —P ones. The solid lines are
the result of the fitting of the peaks with Lorentzian functions.
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Colaboracion Internacional: Professeur Nadine Théze, Biologie cellulaire et Développement
Université V. Segalen Bordeaux 2

Characterisation and in vivo ecotoxicity evaluation of double-wall carbon
nanotubes in larvae of the amphibian Xenopus laevis

Light photomicrographs of Xenopus larvae exposed 12
days to 10 mg L-1 of CNTs compared to the control group:
general observation of entire larvae,
binocular observation and histology of intestine. NC:
negative control. On Fig (a and b), plain white arrows
indicate traps and dotted white arrows show the intestine.
Plain white arrows on Fig. (d) show the distended aspect
of the intestine in larvae exposed to CNTs, as compared to
the intestine of non-exposed larvae (Fig. (c)).

Black arrows in Fig. (f) indicate the presence of black
fibrous structures in the intestine lumen of CNT-exposed
larvae. Sections shown in Fig. (e) and (f) were
stained with methylene blue.
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Measurements of ignition properties at lab scale under oil well conditions: Pressure-Temperature
(hexammine cobalt nitrate)Nano-Explo
B. Chaudret (LCC, UPS, Toulouse), J.M. Broto (LNCMI,CNRS, Toulouse), E. Flahaut (CIRIMAT, Toulouse)
Ignition by Heating at P=0
Rayonnement acoustique de la combustion d'un matériau (hexammine cobalt nitrate)
energétique: (hexammine cobalt nitrate)

Rayonnement dans I'air : test 1
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. Microphone 2
dépdt du 2
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Raman Scattering Under Pressure Ry conclusions:
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. . No phase transitions of (hexammine cobalt
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Colaboracion Internacional con el LNCMI (CNRS-Toulouse)- Universidad de Toulouse
Profesor Jean Marc Broto y Jean Marie Poumirol (Estudiante de Doctorado)
Visita de 1 semana al laboratorio. (22/03/2010)
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Proyectos:

- Concepcion de celdas para difraccion de neutrones en altas presiones
con gran volumen de muestra, CDTI- Cryovac (Madrid), Noviembre 2010

- Determinacion de la micro-estructura en diferentes tipos de hierro fundido por
medio de la Espectroscopia Raman, Saint Gobain (SODERCAN) Diciembre 2010

En colaboracion con SCTI-Servicios Cientifico-Técnicos de Investigacion
Universidad de Cantabria.

- Optimizacion del proceso de coladay mejora de la calidad de los
componentes mediante la técnica de analisis termico y espectroscopia

Raman, Nissan (SODERCAN) Noviembre 2009, en colaboracién con SCTI-
Servicios Cientifico-Técnicos de Investigacion Universidad de Cantabria.

- Caracterizacion de materiales nanocompuestos, Centro Tecnologico de
Componentes (CTC-SODERCAN) Septiembre 2009
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Publicaciones 2010

- Kyle W. Galloway, Stephen A. Moggach, Pascal Parois, Alistair R. Lennie, John E. Warren, Euan K. Brechin, Robert D. Peacock, Rafael Valiente, Jesus
Gonzalez,,Fernando Rodriguez, Simon Parsons and Mark Murrie,

Pressure-induced switching in a copper(ll) citrate dimer

CrystEngComm, 12, 2516-2519 (2010)

- Marius Millot, Jean-Marc Broto, Jesus Gonzalez, and Fernando Rodriguez

Trigonal field acting at the Cr3+ 2E states in ruby from magneto-optical measurements under high pressure

Phys. Rev. B 81, 075120, (2010)

- Edgar Belandria, Marius Millot, Jean-Marc Broto, Emmanuel Flahaut,Fernando Rodriguez , Rafael Valiente , Jesus Gonzalez
Pressure dependence of Raman modes in double wall carbon nanotubes filled with 1D Tellurium

Carbon, 48, 2566 (2010)

- Marius Millot, Jean-Marc Broto, Sylvie George, Jesus Gonzalez, and Alfredo Segura

Electronic structure of indium selenide probed by magnetoabsorption spectroscopy under high pressure

Phys. Rev. B 81, 205211, (2010)

- Ch. Power, I. Molina, L. Chacon y J. Gonzalez

Absorcion optica a altas presiones del TLGaSe2

Revista Mexicana de Fisica, 56, 217 (2010)

- Sebastien Nanot, MariusMillot, BertrandRaquet, Jean-MarcBroto, Arnaud Magrez, Jesis Gonzalez

Doping dependence of the G-band Raman spectra of an individual multiwall carbon nanotube

Physica E, 42, 2466 (2010)

- J. Ruiz-Fuertes, M. N. Sanz-Ortiz, J. Gonzalez, F. Rodriguez, A. Segura and D. Errandonea

Optical absorption and Raman spectroscopy of CuWwO4

Journal of Physics: Conference Series, 215, 012048 (2010)

-J. Ruiz-Fuertes, S. Lopez-Moreno, D. Errandonea,J. Pellicer-Porres, R. Lacomba-Perales, A. Segura, P. Rodriguez-Hernandez, A. Mufioz, A. H. Romero,
and J. Gonzélez

High-pressure phase transitions and compressibility of wolframite-type tungstates

J. Appl. Phys. 107, 083506 (2010)

-J. Ruiz-Fuertes, D. Errandonea, R. Lacomba-Perales, A. Segura, J. Gonzalez, F. Rodriguez, F. J. Manjon, S. Ray, P. Rodriguez-Hernandez, A. Mufioz, Zh. Zhu,
and C.Y. Tu

High-pressure structural phase transitions in CuwO4

Phys. Rev. B 81, 224115, (2010)

- Marius Millot, Ramon Tena-Zaera, Vicente Munoz-Sanjose, Jean-Marc Broto, and Jesus Gonzalez

Anharmonic effects in ZnO optical phonons probed by Raman spectroscopy

Appl. Phys. Lett. 96, 152103 (2010)

-D. P. Rojas, L. Fernandez Barquin, J. Rodriguez Fernandez,L. Rodriguez Fernandez and J. Gonzalez

Phonon softening on the specific heat of nanocrystalline metals

Nanotechnology, 21, 445702 (2010)

-E. del Corro, M. Taravillo, J. Gonzalez, V.G. Baonza

Raman characterization of carbon materials under non-hydrostatic conditions

Carbon, 49, 973 (2011)
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Quantronix - 20 W — Nd:YLF — TEM;, - 1053 nm

Power Instability: 1%
Beam Diameter : 1.5mm at output coupler
Beam Pointing Stability: 50urad

Beam Divergence: 3.5mrad
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Equipamiento montado:

Calentamiento laser en DAC + Raman in situ
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e Calentamiento dentro y fuera DAC

« Ahora P <60 GPa, T <2500 K

 Mediada de presion (RT) y temperatura in situ

e Adquisicion temperatura, necesita ser automatizado

e Sistema de calibracion y caracterizacion

* Principal inconveniente: Manpower

Journal of Physics and Chemistry of Solids 70 2009) 1117 =120

Contents lists available at ScienceDirect

Journal of Physics and Chemistry of Solids

journal homepage: www. elsevier.com/locate/jpcs

Observation of chemical reactions between alkaline-earth oxides and
tungsten at high pressure and high temperature

Daniel Emandonea

MALTA Consolider Team, Deparmamento de Frsio Aplicada- CMUY, Fundaddn Genenal de la Unhversidod de Valenda, G0 Modiner 50, 46 100
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- Capacidades de la vasija de 50-500 L
* Presiones maximas de trabajo aprox. 600 MPa

 Temperaturas de trabajo de refrigeracion (4-10 °C) a
moderadas (30-40 °C)

* Ciclos de trabajo entre 3-10 min.
* Intensificadores dobles (altas velocidades de presurizacion)

o Sistemas de carga y descarga optimizados
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Spain

3

Portugal
1

Germany
1

France

Canada

1

USA
19

Australia
.I
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Fuente: NC Hyperbaric, 2010
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% del numero total de maquinas % del volumen total de maguinas

Meat products
40%

Meat products

Vegetable products 259

34%

Vegetable products
30%

Seaflood and fish
14%

Seafood and fish
12%

Juices and heverages . i
17% Others products Juices and beverages thers products

7% 12% 6%

Fuente: NC Hyperbaric, 2010
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« Alargar la vida comercial,
manteniéndose el frescor

e |nactivacion enzimatica

* Se conservan propiedades
funcionales

— Antioxidantes
— Antimutagénicas
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« Alargar la vida comercial,
manteniéndose el frescor

e |nactivacion enzimatica

e Se conservan propiedades
funcionales

— Antioxidantes
— Antimutagénicas
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o Alargar la vida comercial

* Higienizacion de loncheados y
post-envasados

 Reestructurado y texturizaciones
 Tenderizaciones
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Obertura de ostras y reduccion
de la carga microbiana

Recuperacion de carne de
crustaceos (255 MPa/90 s)

Bacalao desalado

Re-estructuracion (merluza v
salmon)
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EQUIPAMIENTO ALTAS PRESIONES)
« Equipo 500 MPa de 2 L (ACB)

» Equipo 900 MPa de 0,3 L (SFP)

« Equipo 800 MPa de 5 L (SFP)

EQUIPAMIENTO COMPLEMENTARIO (relevante)

» Sistemas de Refrigeracion y Calentamiento

 Compresores y bafos térmicos
« Tanque y armario de N, liquido
« Sistemas de Envasado

» Envasado al vacio y en atmosfera
» Envasado aséptico (Tetra Brick Slim 250 mL)
» Envasado higiénico (Tetra Recart)
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SFP 800 MPa 5 L

Modelo FPG11500
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e MEDIDAS CAMARA INTERIOR = @110 mm x 550 mm (aprox. 5 L)

« MAXIMA PRESION TRABAJO = 800 MPa

« MAXIMA TEMPERATURA DEL PROCESO 130 °C

« MAXIMA TEMPERATURA DE PRECALENTAMIENTO 110 °C

e MIMIMA TEMPERATURA DEL PROCESO -20°C

« TERMOPARES REMPLAZABLES Y POSICIONABLES 3

« CONTROLY PROGRAMACION DEL PROCESO AUTOMATIZADO

« RECOGIDA CONTINUA DE DATOS DEL PROCESO

« PREACONDICIONAMIENTO MUESTRAS EN BANO (110 °C / -20°C)
e APERTURA RAPIDAY SENCILLA

e VALVULAS DE DESCOMPRESION POR ETAPAS RAPIDAS Y MANUAL

« ACONDICIONAMIENTO TERMICO INDEPENDIENTE

— Camara del Cilindro
— Pre-llenado y linea de llenado de alta presion
— Pre-acondicionamiento de las muestras
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SFP 800 MPa 5L

Panel de Control con Pantalla Tactil
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Saturn - FPG11500.5AT - Page-1

Help

PJ Current Ramp Rate
Current Hold Target

Target Dwellt

NO ..} [NO..]

Hyst  Dwell

Repeat Cycles
Current Cycle

Current Dwell Units
Current Dwell Time
Current Setpoint
Current Hyst - -

Target Dwell t

Hyst  Dwell

Setpoint

Target Dwell t

Hyst

Dwell

Target Dwellt

Hyst  Dwell

NO D...

Setpaint

Setpoint

Elapsed Dwell mins. Secs. t Run Time mins. Secs.

Ready S Mo ser [z1j01j2008 [14:05:23 [Software by Hexatec

Bistart| | @ ™ G 2 G ) Installed ta be so... | ] 7 NTYDM EXE -| & saturn - FPGIL... | % FPG11500_IMI S A DO BE s B % Ll Mon 21 140523
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SFP 800 MPa 5L

Bomba de baja presidon
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Pressure(MPa)

SFP 800 MPa 5L
Rapida SUBIDA y Rapida BAJADA
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Teoria y Simulaciones

Termodinamica de las transiciones de fase solido-solido J. M.
Recio, M. Florez (UO)

Mecanismos de las transiciones de fase solido-solido
M. Florez, J. M. Recio (UO)

Simulaciones computacionales (I)

J. Junquera, P. Aguado (UC)

Simulaciones computacionales (11)

A. Mufioz, P. Rodriguez (ULL)

Simulacion de reactividad quimica

J. Contreras-Garcia, L. Gracia, A. Beltran, ]. Andrés (U]I)
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Técnicas Experimentales

Técnicas de alta presion

V. Garcia Baonza (UCM)

Fundamentos de la dispersion Raman

J. Gonzalez (UC)

Espectroscopia optica

F. Rodriguez (UC)

Técnicas de radiacion sincrotron

A. Segura, J. Pellicer, D. Errandonea (UV)
Funcion dieléctrica y propiedades opticas
A. Segura (UV)

Propiedades de transporte y magnetismo
D. Errandonea (UV)
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Aplicaciones especificas

Sintesis de materiales inorganicos
M. A. Alario (UCM)

Estados localizados en solidos: defectos e impurezas
F. Rodriguez (UC)

Tecnologia de alimentos
B. Guignon (IF-CSIC)

Microorganismos en condiciones extremas
J. Saldo (UAB)

Nanomateriales
J. Gonzalez (UC)

Clatratos y otros materiales de interés planetario
O. Prieto (IAB-CSIC)

Transiciones de fase en el manto terrestre
F. Aguado (UC)

>
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Resumen

e Introduccion + 18 capitulos. 440 paginas
e (Co-edicion entre la U, de Oviedo y la U, de Cantabria

e Servicio de publicaciones: Coste cero. Difusion
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Trabajo por hacer

Los autores deberian preocuparse de pedir los permisos
necesarios (Copyright) sobre las figuras sobre las que no
tienen derechos de autor. Mejora de figuras

Revision del texto

Concurso de ideas para la portada del libro (abierto a todos
los miembros de MALLTA)

Disponibilidad para la V Escuela de Alta Presion.
Consejo Editorial (mediados de febrero).



VENCUENTRO DE ALTA PRESION

Dedicado al Prof. Dr. Manuel Cardona
Max Planck Institut Stuttgart.

LL Universidad
de La Laguna

Umvers:dad de La Laguna
4. SIE  Tenerife, Junio 2011 4. SI1E

BISTEMAS INFORMATICOS EUROPEQS, S.L. BISTEMAS INFORMATICOS EUROPEODS, S.L.



Preinscripcion: veap2011@ull.es

Objetivos del Encuentro

Este serd un encuentro interdisciplinar de grupos espaiioles dedicados a la aplicacién de técnicas de Alta Presién
en diferentes campos de la Ciencia y la Tecnologia. Por tanto, este Encuentro no sélo estd dirigido a investigadores,
estudiantes de doctorado y licenciados, sino también a profesionales de la empresa privada interesados en conocer
las potenciales aplicaciones de las Altas Presiones en procesos industriales. Se impartiran conferencias a cargo de
especialistas del campo y habrd una sesién de poster para presentar resultados cientificos.

En el V Encuentro de Altas Presiones se dard una visiéon actual sobre esta técnica en diferentes campos de la
Geologia, la Fisica o la Quimica como

- Propiedades fisico-quimicas del manto o del nucleo de la Tierra.

- Sintesis de nuevos materiales.

- Reacciones quimicas bajo condiciones extremas.

- Nanomateriales y nanotecnologia.

- Estudio de la materia en grandes instalaciones de radiacion sincrotrén o de neutrones.

- Correlacion este estructura y propiedades épticas, eléctricas o magnéticas en materiales.

- Simulacién computacional de materiales bajo condiciones extremas.

- Altas presiones en tecnologia de alimentos.

- Astrobilogia. Agua Yy clatratos.

Como complemento se llevardn a cabo algunas sesiones prdcticas de empleo de las celdas de yunque de

diamante en el estudio de propiedades épticas de sélidos luminiscentes a alta presién y de simulacién con
ordenador de estructuras sélidas. RECONOCIDO CON 3 CREDITOS DE LIBRE ELECCION POR LA FAC. FISICA (ULL)

Comité Cientifico Comité Organizador ULL
Dr. Alfredo Segura (U. Valencia) Dr. Alfonso Muioz Gonzadlez
Dr. Alfonso Mufioz (ULL) Dr. Victor Lavin della Ventura
Dr. Valentin Garcia Baonza (UCM) Dra. Pldcida Rodriguez Herndndez

Dr. Fernando Rodriguez (UCAN) D . p
r. Ulises Rodriguez Mendoza
Dr. José Manuel Recio (U. Oviedo) g

Dr. Buenaventura Guamis (UAB) Dr. Javier L.OPez ?‘:’Iano’ .
Dr. Pedro Sanz (CSIC) Lcdo. Sergio Fabian Leon Luis
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| LUNES MARTES MIERCOLES | JUEVES VIERNES

MANANA MANANA EXCURSION MANANA MONOGRAFCO
| 4 charlas 4 charlas TEIDE 4 charlas ALIMENTOS
45 min 45 min 45 min

: TARDE TARDE EXCURSION TARDE DESPEDIDA
Practicas Practicas TEIDE Practicas
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High Pressure FTIR spectroscopy setup
and future development in new FTIR
spectrometer
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Vinod Panchal
Universidad De Valencia



plan of Talk

Issues to be discussed

¢ High pressure FTIR Setup
¢ Preliminary results

¢ Over view of new FTIR system (IFS 125HR )
and plans of future developments



TEO 400 FTIR MODULE

*** Interferometer : Michelson Type

¢ Spectral range :400-4000 cm™

“* Resolution : 4cm™ (0.5 cmt option) G A
Lo

** Beam Spliter : KBr

¢ Reference Laser : He-Ne 633nm

¢ Source : Globar (SiC, 1200 °C)



Optical Layout of HP-FTIR Setup

ETIR Module Reflection Configuration MCT Detector

| ..IJ ala i
T 111 sf: |

S1 — -

Optical lay out of high pressure FTIR setup




Glebar+ FTIR Michelson

interferometer

HP-FTIR Setup

Photograph of actual high pressure FTIR setup
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100
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Peak-to-peak noise for three different apertures




Experiments

“* Phonon Absorption

¢ Free Carrier Absorption
“ LO-TO Structure

* Plasma Reflection

+» Refractive index



Wurzite to Rocksalt transition in ZnO

—
T

0.8F

Transmittance (arb. units)

0 v
¥ 500 550 600 650 700
O L L L L L L
500 1000 1500 2000 2500 3000 3500 4000
Wavenumber (crn 1)

Wurtzite ZnO crystallizes in P6;mc Transmission spectra of Wurtzite ZnO in

space group (C4, point group) Z=2 parallel and perpendicular polarisation.
The red line corresponds to A,(LO) mode
— and blue line represents E, (LO) mode
I.,=A, +2B,+E, +2E, p (LO)
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Pressure dependance of IR modes. Blue filled
circles indicates E,(LO) mode and square
indicates A,;(LO) modes in single crystal
sample. Open star indicates LO mode of
powder sample




Results

s The wurtzite to roclsalt transition occours in ZnO at 7. 5 Gpa which is
consistent with earlier reported values.

*» The phonon wave number for wurzite and rocksalt phase is given below,

Wurtzite phase : A((LO) : 572.4 +4.17P  E,(LO) : 585.6 + 3.87P
Rocksalt phase : LO : 568.7 + 2.83P
(where frequency measured in cmt and pressure in GPa)

* On release of pressure the wurzite phase is recovered below 4 GPa



Topological insulator Bi,Se, under
pressure

Transmittance (arb. units)

8.9 GPa

8.2 GPa
5.1 GPa

3.7 GPa

2.1 GPa

(]\MMNWW\M 0.9 GPa
m 1 bar

1000 2000 1 3000 4000
Frequency (cm™)

A ' |
o0 @ ©
()
°® B
() —
) —
o ;
* | | | |
0 2 4 6 8 10
Pressure (GPa)
1380 cm! —— 0.171 eV
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Energy (2V)
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Ban_d Structure of Trigonal Band Structure of Orthorhombic
Bi,Se; E;=0.175eV Bi,Se;, E,=1.1¢eV

Ref : Y. Sharma, AIP Conf. Proc. Vol 1249, PP 183-187, 2010 12



Results

“ The energy gap in the topological insulator Bi,Se, increases linearly till
5.1 GPa with dE /dP =0.05 eV/GPa. Beyond this pressure the energy gap
saturates indicating structural changes in Bi,Se;.

s Band structural calculatins suggests trigonal to orthorohmbic transition
at 4 GPa and 500 °C with incrase in band gap from 0.175eVto 1.1 eV.

“*However, at 8.9 Gpa Bi,Se; becomes fully abosrbing. This is might be due
to generation of defects in new high pressure phase and enhance free
carrier absorption.



IFS 125 HR Spectrometer
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Spectral Region

Frequency

(cm™)

Source Type

Detector

FIR

20-1000

Mercury lamp

Si-Bolometer
or
DLATGS

MIR

600-6000

Globar (SiC)

MCT
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Interferometer chamber with the
extended mirror arm




Interferometer Chamber
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Optical lay out
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Sample Chamber
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Prof. Alfredo Segura
Dr. Julio Pellicer
Technician : David Miguel
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Diego Gomez
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At the moment, the diffractometer is mainly devoted to:
() Room pressure single-crystal and powder experiments
(i) High-pressure powder experiments

Usual tools

Sample centering:
e visually
« X-rays (macro)

Powder calibration vs single-crystal
* Powder standard

(LaBg, Csl, etc...)
« Single-crystal standard (YLID)

Mechanical gasket drilling
* stainless steel

Limitations

Instrumental resolution (broad peaks)
Complicated diffraction patterns when:
e Low symmetry structures

 Large lattice parameters

P >20GPa

Space
» Other type of cells

DACs
» Aperture:

HP single-crystal measurements
» Material



Procedure

 Fill the form and send it to me
(dsantamaria@quim.ucm.es)

* If the expertise is available, the DACs
should be loaded by the respective
groups

* |If not, the cells could be loaded in the
UCM.

*The form, the manual of the
diffractometer (to plan experiments) and
the software (to analise the results) are
posted in the intranet of the MALTA
webpage.



Facility rules

» Groups with experimental expertise

Send: - Application form
- New DACs loaded
- Some extra gaskets preindebted and drilled
- Small amount of sample

» Groups without experimental expertise

Send: - Application form
- Small amount of sample

The DAC will be loaded in Madrid



- 8 MALTA-groups
- A total of 28 application forms received

« UCM: Graphite, Rb,S, BaSO,, SiO,, Li,(Co,Mn)SiO,

« ULL2: TbPO,, HJWO,, (Mg,Cd,Mn)In,S,

e UJI:  TiysZr,sPbO,, BaSO,, SbPO,

« UCAN: Nanoparticles CdS and ZnO, HOMnO,

«UV:  TbPO,, HJWO,, (Pb,Cd)MoO,, (Zr,Hf)TiO,, (Nd,Ce)VO,,
BaSO,

e ULL1: Eu,(M0O,),

« UPV: TbPO,, HQWO,, (Mg,Cd,Mn)In,S,, (Cd,Hg)(Al,Ga),(S,Se),

« INTA: FeCO,, CaCO,

« Otros: Pr,Ru,0-,, CdCr,0,, INVO,



Experiments

- 8 MALTA-groups

Experiments carried out with Xcalibur

10

| | | |
UPV UV UCM ULL2 UCAN UJI Otros INTA ULL1 UOVI UAB
MALTA Groups
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FHYSICAL REVIEW B 81, 144126 (2010

Theoretical and experimental study of the structural stability of ThPO  at high pressores

I. Lipez-Solano,1* P. Rodrignez-Herndndez,! A, Muficz,! O, Gomis.? D. Santamaria-Perez,? D Errandonea® F. 1. Manjdn,’
R. 5. Kumar.® E. Stavrou,” and C. Raptis’

el o o s i 2 T S acoa (T s

Matenals Research Bulletin

- T T - = TR O T e P AT LR -1

Mew high-pressure phase of HiTiO4 and ZrTi04 ceramics

Daniel Erandonea®*, David Santamaria-Perez™", Tatiana Bondarenko©, Oleg Khyzhun =

PHYSICAL REVIEW B 82, 035212 (2010
High-pressure structural and lattice dynamical study of HgWO,

F. I. Manjén,'* J. Ldpez-Solano.” 5. Ray, " O. Gomis.® D. Santamaria-Pérez.? M. Mollar.! V. Panchal.” D. Errandonea,”
P Rodriguez-Hemdndez.” and A. Munoz®



JOURNAL OF APPLIED PHYSICS 108, 073518 (2010)

High-pressure x-ray diffraction study of bulk and nanocrystalline PbMoO,

D. Errandonea,

D. Santamaria-Perez,” V. Grover.® S. N. Achary,” and A. K. Tyagi®

Actz Crystallographica Section B
Structural

Science

IS5N O108-7681

Editor: Carolyn P. Brock

High-pressure experimental study on Rb2S: Antifluorite to Ni2In-type
phase transitions.

David Santamaria-Perez*, Angel Vegas, Claus Muehle and Martin Jansen

High-pressure X-ray diffraction study of CdMoO, and EuMoO,

D. Errandoneall, D. Santamaria-Perez?, S. N. Achary?, A. K. Tyagié, P. Gall*, and P. Gougeon*

Journal of Applied Physics. Accepted



Maintenance costs

- X-ray tube replacement: ~ 4000 E
(every 1.5 years)

- Total care package ~ 7000 Elyear
(Oxford Diffraction)



Final Remarks

 Fully operational equipment (Proposals are welcome).

« Xcalibur as previous step to apply for synchrotron beamtime.

* HP single-crystal measurements to be developed.
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“Desarrollo en celdas de alta presion para

medidas de propiedades magneticas”
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Esquema

e Instrumentacion

e Diseno de celdas y Simulaciones

e Celdas de alta presion para medidas de propiedades magneticas:
- long symmetric cell para materiales magnéticamente debiles;
- electric plug cell para medir presion /n situ,
- microcell para medidas de hasta 2.2 GPa,;

e Celda de diamantes para medida de transporte a bajas temperaturas

M QUIM4APRES
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Instrumentacidon en CSEC

Maquinaria especializada:

 Honing machine

* Precision cut-off and polishing machines
e Gun drilling machine

e Laser drilling, cutting and welding centre
» High-speed CNC lathe

» Diamond polishing and faceting machine
* Low current welding system

* Programmable coil winding machine
* Rockwell hardness tester




Herramientas de diseno y simulacion

Software 3D CAD: Solid Edge

Ensamblado 3D Dibujos técnicos (2D)
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Herramientas de diseno y simulacion

Finite Element Analysis: ANSYS

Deformacion Stress Axial
Visualizacion de codmo un

coche se deforma en un :
choque asimétrico. I

Max: 5.7352+008
Min; -1,227e+009

MALTA — CONSOL | DER Desarrg(ljl_%en é:eldaso!:daltja presion para g;
Miraflores 2011 medidas de propiedades magnet|,ca5 AR
Javier Sdnchez-Benitez cCsIC
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Celdas de alta presion: propiedades magnéticas

Magnetic Property Measurement System
(MPMS) Quantum Design, USA

MPMS es un magnetometro que
utiliza tecnologia Superconducting
Quantum Interference Device (SQUID)

para medir susceptibilidad magnética

acyde: M=y, H

1.8-800 K ; 7 T magnet

Desarrolloen celdasde altapresion para  $ej |
medidas de propiedades magnéticas OF
Javier Sanchez-Benitez csIC

MALTA —CONSOLIDER
Miraflores 2011
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Celdas de alta presion: seleccion de materiales

—

-High Strength
-Non magnetic
-Commercial availability

-Machinable

Heat treatment increases the strength of the materials

To e

MALTA — CONSOLIDER Desarrg(l;_%ené:eldasq:daltja preaon,p_ara g &
Miraflores 2011 medidas de propiedades magneticas  £¥s
Javier Sanchez-Benitez csiC
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Celdas de alta presion: seleccion de materiales

10 F | | H
E o
. MP35N 2.3 GPa
2, .
iy i .
ok, |1 <«—> Yield Strength < NICrAl 2 GPa
= : CuBe 1.5 GPa
_ ....\AA/—A/\ MP35N . —
E:“-" A&AAAAQ n
§ 10° . L;\A&QA&& AW
e B NiCrAl -
= :EI]IIDI:DF!:DDDI_I..IIEDDEDDJDD]DWI’DIIZII‘II—#—
10° 5 = - \
o i CuBe: muestras magnéticamente débiles
‘OoO CuBe
-OQDCDOOGOCOOOOCC-OOOC-OOODOOOO_ 1 z iA
o | | | R CuBe+NIiCrAl: mas alta presion
50 100 150 200 250 300
T (K) K /
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Celdas de alta presion: propiedades magnéticas

Celdas de Piston-cilindro para MPMS (D

)

1 1{2 13 14 5 @
T

|l IHH | H|‘| |'\1H|l\ll\ \H l
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Celdas de alta presion: propiedades magnéticas

t :
- Long symmetric pressure cell (1 GPa)

Adecuado para materiales magnéticamente débiles

4 p
D|-¢) 133 8y} jo Apog

2 pasal

apUljA

seals

J

o
& mushroom

‘]\ teflon puck




Celdas de alta presion: propiedades magneticas

Long symmetric pressure cell

Cell deformation

L Animation

10 e
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Celdas de alta presion: propiedades magnéticas

Long symmetric pressure cell:
medida de la presion — diametro

De la ecuacion de Lamé dF _ E| b'la’—1) CuBe — dP/dd = 0.62 kbar/um

se puede derivar que: dd — 2b(2—m] Perfecto acuerdo entre la simulacion
FEAY los datos experimentales.

— — T T 1

10 dP/dd = 0.62 Kbar/um —

ol 168

. | O Pressureat T_of Pb o]

" | O Pressureat 300 K @ -
—_ | o 1 o
5 O - 469 o
2 * 8
= | ' o
Ay gl —

' -7.0 E

Al

r 17.1

0]

Cell diameter change, d (um)



Celdas de alta presion: propiedades magnéticas

Long symmetric pressure cell: medida de la presion - longitud

Accuracy: 1 um Length-difference meter

16_' B Diameter: 1.61 um/kbar 100

141 o Length: 9.91 pmvkbar 180
g 12} |
101 {eo &
_
2 gl ] £
£ | lag B
8 6f g
2 1 <
< 4 120

21

0 N 1 N 1 N 1 N 1 N 0

0 2 4 6 8 10

Pressure (kbar)




Celda de alta presion para monitorizar presion in-situ

Plug pressure cell (1 GPa)

B Copper wires
Zlf] ;1
A Plug

q@ Manganin coil
Cell body
= Sample
i Mushroom
Piston
Locking screw
e Pusher




Celda de alta presion para monitorizar presion in-situ

Sellado de hilos de Cu — Stycast 2850 FT

r==
Stycast 2850 FT

._ &:
Animation

Plug + manganin coil + connector




Celda de alta presion para monitorizar presion in-situ

Prensa para aplicar presion

Presion in situ a RT




Celda de alta presion para monitorizar presion in-situ
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Celdas de alta presion: propiedades magnéticas

Microcelda para MPMS

Pusher
2.2 GPa
Susceptibilidad magnética DC y AC
Locking Nut
Zirconia. pistons ;
[ Cell|body;
'-_ é Copperjrings
Outer Cylinder (CuBe =
_Capsulc - .
Inner Cylinder (NiCrAl 5 ;
~_ Ifocking{screws
Capsule PTFE
Zirconia pistons E
Bistonibackups
Bottom Nut




Celdas de alta presion: propiedades magnéticas
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Celdas de alta presion: propiedades magnéticas

Microcelda para MPMS: medida de presion

Capsula de Teflon: - Muestra
- Aceite (Daphne)
- Medidor de presion (Ph, Sn)

qoomQWO'J
0.0000 | /
o
= | Pb
5-0.0007- —
2 ]
)
I I é
90
-0.0014 |aznsnd®es o’
66 68 70 72 74
Temperature (K)

AT/AP = 0.365 K/GPa



Celdas de alta presion: transporte

Physical Property Measurement System (PPMS) Quantum Design, USA

PPMS es un instrumento de facil
manejo y versatil basado en un
Iman superconductor.

OT, 1.8-400 K

Liquid nitrogen _ B
jacket

High-T_magnet leads e

Liquid helium reservoir

Prysical Property Measuremen



Celdas de alta presion: transporte

3He Celda de alta presion para PPMS

Resistividad con presion hasta 0.5 K

Guiding pins (x3
g pins (x3) Conical hole

1 Grub-screws (x3)

Threaded hole _——" @

Bolts (x3) —m — Hole for the

3He probe

Printed circuit | centering pin

board with /v
pins . .




Celdas de alta presion: transporte
3He Celda de alta presion para PPMS

£“" Illllll I]IIllrlllllll IL\I ll\ll\lk\l\\ F“,f‘!:\‘\_T\A\A\_gm\““g\“\“‘f\\\‘

Hilos de Cu MgO M uestra
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AL B .A

Estacion experimental de altas
presiones en el sincrotron Alba

Inma Peral
ALBA
http://www.cells.es
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History:

1990: 1* attempts (bottom up) to get an accelerator and SL source in Spain

1994: Generalitat (Commissié Promotora in 1992) appoints staff for the preparation of a
conceptual design report for a SL source

1996: LLS (as an IFAE subgroup and funded by Generalitat and OCYT) started to detail
the Conceptual Design Report and Scientific Case.

1998: Conceptual design report handed to relevant authorities

2000: Creation of the LLS Consortium between DURSI and UAB to promote SR Lab.

2002: Approval of the project by the Spanish and the Catalan Government.

2003: Creation of a Consortium for the Construction, Equipping and Exploitation of the
SL Laboratory as well as the governing Commissions: "Rectora” and™ Ejecutiva”.

2003: Appointment of the Chairman of the Executive Commission and the Director

2003: Announcement of the positions for the Heads of the 5 Divisions

October 2003: Meeting in Mahon to present the project
February 2004: Meeting in Malaga to start defining scientific cases
for future beamlines
February 2005: beamlines presentation in the "Scientific Advisory Committee” (SAC)



R e
PARAMETROS RELEVANTES DE ALBA:

x - 2o 2 CIRcE | EU62 |
Y oo
E=3.0GeV N S ol
*:-/ ;
Circunferencia= 268.8 m Ui | \ =T
| IVU-21 | XALOC | i \ ) ! \
] \ i \
4 fold DBA lattice N | |\
IVU-21 | NCD @\ . / I /
L g :
8 = 376 nmrad | Bending | MI & é;\- » ’@| Dlean. | Bendna ‘
(emitanCi a.) N @;_/_/,/< = ¢ ® Diagn. | Bending |
SCW-30 | MSPD Ivzs_tz 1
3 different straight sections:
1) 4 x8m: 3 son utiles paralineas
2) 12 x 4.3 m: 12 son utiles paralineas

Bi 8 xX2.6 m: 2 son Utiles paralineas



Lineas de la fase T

1.- Non Crystalline Diffraction (NCD)

2.- Macromolecular crystallography (XALOC)

3.- Photoemission Spectroscopy and Microscopy (CIRCE)
4.- High Resolution Powder diffraction and high pressure
5.- X-ray Absorption Spectroscopy

6.- Circular Dichroism and Resonant Scattering

7.- X- ray microscopy (MISTRAL)

http://www.cells.es/Beamlines
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Lineas de la fase IT

MIRAS "An infrared microspectroscopy beam line for Alba

LOREA "Low energy ultra-high resolution angular photoemision
for complex materials”

Microfocus Beamline for Macromolecular Crystallography
Microfocus beamline in Alba
High resolution and micro-focus X-ray Diffraction beamline

AIBA: Alba imaging and Biomedical applications

http://www.cells.es/Beamlines



AL BAa

Plan (fechas de inicio)

- Edificio preparado: Junio 08

* Infrastructura de las lineas: Junio 08

» Instalacidn de los componentes opticos de las lineas: Marzo 2010
* Puesta a punto del Booster: septiembre 2010

* Puesta a punto del storage ring : marzo 2011

* Instalacidn de los Insertion Devices : junio de 2011

* Puesta a punto ... a finales 2011



21 December 2004

Proposal of

High-Resolution Powder Diffraction and Microfocus
Beamline

at ALBA

for Structural Crystallography and Hard Condensed Matter
Studies.
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Scientific case

Experiments using the high-angular resolution of the powder diffractometer
Determination of crystal structures

Structural studies on correlated materials showing phase transitions
Microstructural studies

Experiments using the high flux of the powder diffraction station

In situ diffraction studies of catalysts under operating conditions

Kinetic studies of chemical reactions and dynamic studies of phase transitions
Quantitative diffractometry

Residual stress measurements

Experiments using the microfocusing capability

[icrocnstalchiffsaoe : -

Powder diffraction studies at high pressures

6
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Tipos de experimentos en celdas de
yunque de diamante con luz
sincrotron:

: P Estructura
Difraccion de rayos-a Ecuaciones de estado P-V-T

Espectroscopia Estructura local
Scattering ineldstico tipo de enlace quimico

Radiografia de rayos-x
Infrarrojo

Informacion sobre luz sincrotron
http://www.lightsources.org

AL B.A




Contribuciones de la difraccion de rayos-x a altas
presiones

Identificacion de la estructura del N, polimérico

Se han resuelto largas controversias respecto al diagrama
de fases del S.

Se han investigado el efecto de presion en sistemas que
son metales a presion ambiental que se espera que sufran
transiciones que rompen la simetria,

p.e. Li -> Li molecular parecido al H,

Ha sido instrumento para comprender nuevas reacciones y
fases sélidas.

Referencias completas en
Hemley et. al, Journal of Synchrotron radiation, 2005

AL B.A




A
MSPD application and scientific case

Scientific case / Application:

Meet the needs of the Spanish user community in:
- Diffraction on polycrystalline samples
- High Resolution Powder Diffraction
- Powder Diffraction at High pressure

Structure Solution
Structure Refinement
Real structure analysis
In-situ diffraction

Etc. ..

Technical requirements:

Maximum Energy range: 7 - B0keV Distance to source:

Main Energy range: 20 -30keV FE wall: 17.5m

Energy Resolution: 2104 Collimating Mirror:  21m

Focusing Option DCM: 25.7m

Maximum beam: H: 400urad, V: 125urad KB System: 29.9/30.3m
HP Station: 31m

Two End stations: ( I: High Pressure PD (Diamond @s) PD station: 35m

High resolution PD
Flexible layout Maximum available:  42m

Maximum available BL length 42m



Optical layout

Top = o F i\ — T =
view HP PD |
| | | | | | | | | |
0m 245 298 303 31 Om 21 245 32 35
ID DCM Multilayer Multilayer HP ID Coll. DCM HP PD
Mono KBV KBH Mirror Mono
Configuration 1: Configuration 2:

Un-mirrored mode with optional KB mirror

- CVD-diamond heat absorber

- Double Crystal Monochromator DCM (cryo-cooled)
- Multilayer KB mirror (optional)

- 20 - 50 keV

Mutianalyser
Detector

KB mirrors

High Pressure
Station

Quad
XBPM

HRPD
Station

‘EDiagnosTics l
N

Mirrored mode:

- Collimating Mirror with Pt, Rh, Si coating
- DCM cryo-cooled, Si111

-7 -40 keV

Fluor. Screen _
Variable

filter ag» 1D SCW30

Diamond filter
Collimating

DCM mirror



1E14—:
=
8
2 1E134 — DD L
& 1 | —0.3+0.1mm CVD Window
E ——— 1.0mm Absorber
—— Rh Mirror
—— Pt Mirror
——— Si Mirror
1E12 —
10000
Energy [eV]
Superconducting Wiggler SCW30 from Flux through HxV 200x125 prad
Budker Institute of Nuclear Physics @ Max K=6.08, 400 mA
Variable K, max 6.08
Maximum total Power: 18.75 kKW
Power density on axis: 44.2 kW/rad?
E. max: 12.9 keV
Magnetic Length 1.76 m
Period length 30.16 mm
Number of Periods: 58.5

Max. Field

216 T



Optics Hutch Installation

Task Completion
Lead hutch installed
Infrastructure January 2011
Main Optics March 2010
End Stations Spring 2011

Safety shutter

|
1 )|

Vacuum Trigger unit

CVD-filter/Window combinatior
Attenuator

T Collimating mirror (Cinel/Winlight)
T MMA white beam slits (FMB)

White beam FSM (FMB-Oxford, not shown)
Monochromator (Bruker)

||

= 3

Diagnostic stack: Slits/XBPM/FSM

Lead hutch by Innospec



Optics Hutch Installation

Task Completion
Lead hutch installed
Infrastructure January 2011
Main Optics March 2010
End Stations Spring 2011

KB Mirror + Beam condiotioning

Granite table for DAC and CCD detector

Re | = [t | L A
_'I"= " L - —
" ) | 2 ’ __T_—..f:--'"'" T
|

Simplified schematics




Focusing optics for High Pressure
KB Mirror System

KB- Mirror in Experimental hutch for focusing on HP

ESRF bender design licensed to IRELEC
Mirror size 300 x 40 mm

Optical size 240 x 10 mm

Aperture 12x 12 mm

Energy range 20 — 50 keV

Multilayer mirror (from AXO Dresden)

KBV: KBH:
Distance p 29.9m 30.3m
Distance q 1.1m 0.7m
M 27 43
Substrate flat flat
Orientation [100] [100]
S-Roughness RMS  0.15nm 0.15nm
Slope err. in bender  1urad 1.5urad
Coating W/Si W/Si
Layer pairs 110 150
Nominal thickness 3.0nm 2.6nm
Lateral gradient 0.41nm / 300mm 0.57nm / 300mm
Interface rough. RMS 0.3nm 0.3nm
Reflectivity @30keV  85% 83%

Acpt. height @30keV 1.7mm 2mm



Cabinas experimentales
dedicadas a experimentos de altas presiones

4]

= [
B

S -

- Detector de ,
. area

ID-B, APS
http://www.aps.anl.gov

ID27 ESRF
http://www.esrf.eu






AL B .A
Diseo detallado

de la estacion experimental para altas presiones

Caracteristicas de la linea
- Tamano de haz 30 ym - 1 mm

- Diffraccion de polvo en celdas de

yunque de diamante.
Detector de area

Rayonix 165 mm Espejos focalizadores

Difractometro
Huber stages
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The MSPD beamline will serve the scientific needs of the Spanish user
community in the field of powder diffraction at high pressures.

We are preparing the users laboratories and finalizing the design details of
the high pressure endstation. The installation and first comissioning will take
place during the second half of this year.

.. and we are waiting for the resolution of the research grant to equip the
endstation with a laser heating set-up [Proyectos de infraestructuras
cientifico-tecnoldgica cofinanciadas con el FEDER]

We are open for discussion, your comments will be welcomed!
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Indice

v Caracteristicas de |las prensas PE
v Uso en grandes instalaciones

v Laprensa PE de Valencia
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Vi1 VE Vi Va W

Platon &80 Pistan @92 Pision @114 Piston @114 Pisson B150
501 1504 250 1 250 | 450 1
16 kg 30 kg 50 kg 50 kg 100 kg
T— 100K T == 100K T — 130K T — 130K T = 100K

Wixd V2 ; : Va4
Plsion @50  Piston @50 Piston @42 i Piston @114 Piston @114
B0t 501 1801 290 1 2501
16 kg 16 kg 30 ko B0 kg 60 kg

T=3K
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"" Caracteristicas de las prensas PE
Configuracion 2 yunques @\

5.3 mm

LI

Yunque CW,

e,

S

I

W P ~12GPa
V3 (50 kg) T~ 2000 K

MALTA

VNIVERSITATG D VALENCIA



Configuracion multiyunqgues (T-Cup)

F__ =45MN 1: yunques primarios L ,2
2: yungues secundarios :

3: anillo de sujecion

4. canaes para X-ray 6=

5: rebge pararendijas

V7 (100 kg)

VNIVERSITATG D VALENCIA



Uso en grandes instalaciones

Difraccion de neutrones
Dispersion de energia

Neutron powder diffraction at pressures beyond 25 GPa
Klotz et al. Appl. Phys. Lett. 66 (14), 3 April 1995

\ed 7.

T T I ) T T T T T
06 08 10 12 14 16 18 20 22 24 8

d-spacing(A)

Dispersion angular

Intensity (arb units)

©® 6 6

)

Structure of Dense Liquid Water by Neutron Scattering

to 6.5 GPa and 670 K
Striissle er al PRL 96, 067801 (20006)

TIK) oo . ] :

E J.tc—um 1 — —————
E 02 6.5 GPa /670 K e . . 2 . 4 . 0 sep ¥ -100 -120
£ il 6 8 Angle-dispersive neutron diffraction
= P (GPa) .
& 0.0 under high pressure to 10 GPa

014 Klotz ef al. Appl. Phys. Lett. 86, 031917 (2005)
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Uso en grandes instalaciones

Difraccion derayosX dlagramasp -T

Dispersion de energia

1600
¢ GaSbll melting
14000 .
‘ Ct+*
1200 . | 58GPa
P
i I I S -1
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S 800@& \‘* B C c ‘
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* i
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& Gabl 4 - Gapll £
F 7 2 \»‘Q\
250t 1 *. L el
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Pressure (GPa)

X-Ray Diffraction M easurement

in GaSb under High Pressure and Temper ature
Martinez-Garciaet a. phys. stat. sol. (b) 211, 475 (1999)

| 6.0GPa; 1280 K |
[~ 6.0 GPa; 980 K N

6.0 GPa; T00 K
r 6.0GPa; 550K B

6.0 GPa; 300 K

I bar; 300 K

10
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I EED
ALTA
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_ﬁ.{]GPa; 1580 K _ 3

Dispersion angular
Experimental and theoretical
investigation of the stability
of the monoclinic BaWO,-I1

phase at high pressure and
high temperature

LACOMBA-PERALES et al.
PHYSICAL REVIEW B 81, 144117 (2010)
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Uso en grandes instalaciones
Difraccion derayos X: sintesis

SR In situ studies of boron nitride crystallization from BN
solutions in supercritical N—H fluid at high pressures

and temperatures V.L. Solozhenko et al.
Phvs. Chem. Chem. Phys.. BgN? 111 e
Pb Ka . . _
Quenched f
2002, 4, 5386-5393 ISV T W8 4 WYY NN
1973 K A | 30 min
¢BN (311) et A B
19?3'{ || I|I 3 min
AT N __.Hrudllﬁ. A
1923 K
/M 1450 K Nl T
40 60 80 100 50 700K ek, 7.5 GPa
Energy / keV
1763 K -
" . . . . . . Y Y e L T
Portable multi-anvil device for in situ angle-dispersive e« N
synchrotron diffraction measurements at high pressure |~ i
and temperature pa K B-BN JI
Y. Le Godec, G. Hamel, V.L. Solozhenko, D. Martinez-Garcia, . -*"""'*’—"“‘“'---"I'*-'* —
J. Philippe, T. Hammouda, M. Mezouar, W. A. Crichton, 2 4 6 8 10 12

20 (3 = 0.3738 A)

G. Morard and S. Klotz
J. Synchrotron Rad. (2009). 16, 513-523 E—-EL VNIVERSITATS B VALENCIA




|||| Uso en grandes instalaciones
Difraccion y absorcion de rayosX Iqu|dos

Structure of eutectic Fe—FeS melts to pressures
up to 17 GPa: Implications for planetary cores

G. Morard et al. IR
EPSL 263, 128 (2007) |
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Otras medidas

X-ray tomography
In situ viscometry of high-pressure melts in the
Paris—Edinburgh cell: application to liquid FeS

Jean-Philippe Perrillat*T, Mohamed Mezouar,
Gaston Garbarino and Stany Bauchau
High Pressure Research Vol. 30, 415-423,2010

(1) Sample, (2) CW sphere,

(3) single-crystal diamond capsule,
~ (4) boron nitride,

~ (5) high-resistivity graphite furnace,
ms (6) boron-epoxy gasket.

~0.7GPa—1550K "

1“ ms

A portable high-pressure stress cell

based on the V7 Paris—Edinburgh
apparatus

Sample Sintered Al,O, spacer

Au foil strain
marker
=
Foil before
deformation

G. D. Bromiley?*+, S, A.T. Redfern®,
Y. Le Godec®, G, Hamel® and Stefan Klotz®

Angle

rotation

High Pressure Research

Vol. 29, No. 2, June 2009, 306-316 Pyrophyllite gasket Sintered Al,O, spacer Foil after

deformation
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La prensa PE de Valencia

Posibilidades
En laboratorio

» Resistencia electrica (p,T)

» Analisistérmico diferencial (DTA) (?)

» SntessHP-HT + caracterizacion ex situ:
Difraccion de rayos X
Raman
Microscopia electronica
Medidas opticas (?)

En grandesinstalaciones

» Difraccion derayos X (in situ): ESRF, SOLEIL, ALBA
» Absorcion derayos X (in situ): ESRF
» Difraccion de neutrones: |ILL, XTREMED

VNIVERSITATH B VALENCIA



:GRACIAS
POR VUESTRA
ATENCION!




X-ray diffraction and electroresistance
measurement under high pressure and
temperature using a large-volume cell
E. Principi., M. Minicucci, A. Di Cicco®

Journal of Physics: Conference Series 121 (2008) 042010
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Calibration of the pressure dependence of the R, ruby
fluorescence line to 195 kbar

G. J. Piermarini, S. Block, J. D. Barnett”and R. A. Forman

Institute for Materials Research, National Bureau of Standards, Washington, D. C. 20234
(Received 29 January 1975)

The pressure dependence of the R, ruby fluorescence line has been calibrated at 25°C against the
compression of NaCl. Pressures are determined using the Decker equation of state for NaCl. The
dependence is linear to 195 kbar following the equation P ,,=2.746(AA), where P is in kbar and

AX in A. The uncertainty in the value of the slope, dp/d A, expressed in terms of a 95% confidence
interval is 2.746+0.014 kbar A~'. The coefficient of the quadratic term (AX)® is not significantly
different from zero; and the quadratic term makes indeed a negligible contribution to the fit. Taking
into account the reported uncertainty associated with the Decker equation of state for NaCl, the
value of the slope is 2.740+0.016 kbar A-" within a 95% confidence interval.

PACS numbers: 78.60.D, 71.70.E, 62.50., 06.20.H

Journal of Applied Physics, Vol. 46, No. 6, June 1975 Copyright © 1975 American Institute of Physics
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High Pressure Research Taylor & Francis
Vol. 28, No. 2, June 2008, 75-126

Taglar & Francis Group

Ruby under pressure

K. Syassen*

Muax-Planck-Institut fiir Festkdrperforschung, Stuttgart, Germany
(Received 17 March 2008; final version received 19 May 2008

The ruby luminescence method is widely vsed for pressure measurement in the diamond anvil cell and
other optically transparent pressure cells. With this application in mind, we briefly review the ground-
state physical properties of corundum (g-Al; 0.) with some emphasis on its behavior under high pressure,
survey the effects of temperature and stress on the R-line luminescence of ruby (Cr-doped corundum ), and

address the recent efforts towards an improved calibration of the R-line shift under hydrostatic pressures
beyond the 50 GPa mark.

Kevwords: corundum; ruby: luminescence;, high pressure: ruby pressure scale
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TRANSLATING
DIAMOND
MOUNT PLATE

DIAMOND ANVILS
BELLEVILLE
SPRING
WASHERS

Matter at High Pressure TILTING

CIAMOND
MOUNT
HEMISPHERE

REMOVABLE
HEATER

EXTENDED
PISTON

PRESSURE

PLATE PRESSURE PLATE BEARING

SCALE: lﬁm—f

F16. 3. Cut-away cross section drawing of the Waspaloy pressure
cell showing improved alignment design, heater assembly, and spring
washer configuration.
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" I -I-A Appareillage pour Etudes Radiocristallographiques sous Pression et 2 Température Variable

. Par ROGER FOURME
Matter at High Pressure s "
Laboratoire de Chimie Physique de la Faculté des Sciences de Paris, 91 Orsay, France

(Recu le 15 novembre 1967)

A diamond-anvil high-pressure cell especially designed for a standard precession camera and its opera-
tion are described. The applied force is generated by means of a pneumatic device. Single crystals grown
by Van Valkenburg’s technique are maintained under high pressure (1-30000 bars) at adjustable tem-
perature (20-220°C). A stee!l goniometer head provides facility of centring and orienting the crystal.
Some results are given, including crystal growth, optical observation of the phase transition in cyclo-
hexane and crystal structure of chloroform at ~ 7000 bars. Conditions for gathering precise intensity
data are discussed.

ROGER FOURME

3. Schéma de la cellule haute pression. 1 piston annulaire; 2 admission d’azote comprimé; 3 fourreau; 4 dispositif de chauf-
ge; 5 anneau amovible; 6 diamant; 7 porte-diamant (en beryllium, ou, avec une forme différente, en acier): 8 piston: 9 vis
réglage; 10 fils d’alimentation électrique et du thermocouple.

Fig.5. Chambre & précession Nonius équipée de la cellule haute pression.
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Melting of Helium at Room Temperature and High Pressure

Author(s): J. M. Besson and J. P. Pinceaux
Source: Science, New Series, Vol. 206, No. 4422 (Nov. 30, 1979), pp. 1073-1075

Abstract. Helium has been solidified at room temperature. The melting pressure at
24°C is 115 kilobars, in complete agreement with the Simon equation. An original
apparatus was developed for this experiment, which allows loading of the cell at
room temperature. Applications to various areas of research are suggested.

Fig. 1. Sketch of the diamond cell (dark lines)
inside the low-pressure vessel (light lines): a,
diamond cell (maraging steel); b, low-pressure
bomb (5 kbar) (maraging steel, 52RC); c,
stainless steel gas-loading capillary; d, mov-
ing piston; e, stainless steel capillary feeding
the pressure control fluid (helium in this ex-
periment); and f, piston seal.
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Simple double diaphragm press for diamond anvil cells
at low temperatures

W. B. Daniels®

Max Planck Institut fiir Fe

korperforschung, Heisenberg 1. Stuttgart, Federal Republic of Germany

M. G. Ryschkewitsch

Department of Physics. University of Delaware, Newark, Delaware 19711
(Received 23 March 1982; pted for publication 1 September 1982)

A very simple welded double diaphragm press has been constructed and tested. It is suitable for
providing the forces and displacements for operation of a diamond anvil cell and requires only a
small capillary connecting a helium gas pressure source and the diamond anvil cell.

Rev. Sci. Instrum. 54(1), Jan. 1983 0034-6748/83/010115-02$01.30 © 1983 American Institute of Physics

| cm

L

FiG. 1. Cross section of press and diamond anvil cell. {A) Ring of 8,
1/4-28 (6.3 mm) hardened steel socket head screws on 58-mm bolt circle.
(B}, (C), and (D) Stainless-steel plates of press. (E) Double diaphragm.
(F) Relief for weld bead around edge of double diaphragm. (G) 0.8-mm-
o.d. X 0.15-mm-i.d. capillary leading to gas pressure regulator. (H) Body
of modified Bassett diamond anvil cell (Ref. 4). (J) Machme screws of
gas loading clamp (Ref. 5).
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High Pressure Research, 1988, Vol. 1, pp. 77-90 © 1988 Gordon and Breach Science Pubishers, S.A.
Reprints available directly from the publisher Printed in the United Kingdom
Photocopying permitted by license only

THE MEMBRANE DIAMOND ANVIL CELL: A
NEW DEVICE FOR GENERATING CONTINUOUS
PRESSURE AND TEMPERATURE VARIATIONS

R.LETOULLEC, J. P.PINCEAUX and P. LOUBEYRE

Laboratoire de Physique des Milieux Condensés™, T13 E4, Université Paris 6,
4 place Jussieu, 75252 Paris, France

A new design for a diamond anvil cell is described. Its main originality is that the force on the piston is
generated by pressurized helium, which pushes an annular membrane. It specially permits fine control and
adjustment of the force applied to the anvils, spatial stability of the sample under varying pressure, axial
thrust and large optical aperture on both sides of the cell. Selected applications are presented.

KEY WORDS: New device, membrane diamond anvil cell, refractive index, optical measurements.

1. INTRODUCTION

The diamond anvil cell (DAC) is a fine quantitative tool, now extensively used for
modern high-pressure physics. Its different designs with their specific
characteristics have been reviewed by Jayaraman'?,

The main improvement of the diamond anvil cell over other high-pressure
apparatuses comes from the fact that diamond is optically transparent over a wide
wavelength domain and is still the hardest and strongest known material. This
explains why DAC studies are essentially based on optical investigations, from the
direct observation of phenomena to light-scattering techniques such as Raman,
Brillouin, and infra-red or X-ray measurements; however, these had to be adapted
to the study of the microvolumes available in the gasket hole (10~* mm?), which is a
common limitation of all DAC.

THE MEMBRANE DIAMOND ANVIL CELL 79

X—-—=pmm 9vIa O~o0m P

Figure 1 The design of the membrane diamond anvil cell is shown in Figure 1{a). Figure 1(b) is a
photograph showing its different parts: (A) retaining nut; (B) the support on which the membrane is
soldered; (C) push-piece to transmit the force to piston (D); (E and J) half-sphere seats of the diamonds;
(G) the gasket; (H) cell body; (I and F) copper pieces in which the diamond anvils are inserted; (K and L}
supports of the fixed anvil seat; (M, p and r) screws; (g) a stop.
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I I A Micro-Raman at variable low-temperature and very high pressure

i J. C. Chervin, B. Canny, M. Gauthier, and Ph. Pruzan
Matter at High Pressure Physique des Milieux Condensés (CNRS, URA 0782), Université P. & M. Curie, B 77, T 13, E 4, 4, place
Jussieu, F-75252 Paris Cedex 05, France

(Received 20 May 1992; accepted for publiéatib.n 14 September 1992)

A setup for micro-Raman investigation at low temperature in a membrane diamond anvil cell is
described. This setup allows investigations at variable temperature from room temperature down
to 10 K. For a given temperature the system permits a continuous variation in pressure,
Performance of the system is illustrated with investigations on benzene and deuterated ice which
required pressure cycling (at low temperature) or temperature cycling (at high pressure).

hl LT

e —
o -~

|

e S

o,

/,

4

Miraflores 24 - 27 enero 2011




waw.malta-consolider.com
iy [consocoen L2010
£ I ﬂ

Matter at High Pressure

FIG. 1. The helium flow cryostat containing the MDAC and the me-
chanical coupling between the outer wall and the optical system. (1)
MDAC (membrane chamber side); (2) flexible tubing connecting the
membrane chamber and the gas source; (3) objective 25x; (4) glass
window; (5} bellows; (6) X, ¥, Z, § micropositioners; (7) copper sleeve;
(8) thermal exchanger; (9} radiation shield; (10) thin-walled stainless-
steel tube; (11) outer jacket; (12) cryostat connection; (13) flexible line;
(14) glass window.
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I I A diamond anvil cell with resistive heating for high pressure and high
temperature x-ray diffraction and absorption studies

Sebastien Pastemak Giuliana Aqwlantl Sakura Pascarelh Roberta Polor'1i_.1'E
]
Bernard Canny, Marie-Vanessa Coulet,* and Lin Zhang
Ewnp::m Svnchrotron Radiation Faci & rue Jules Horowi 8043 Grenoble, Cedex, France
‘bm:ru.r d: Ciencia de Materials de Barcelona (CSIC), Campus de la U
na Spain
90 versité Paris VI, 140 rue de Lourme 5 Paris, France

>

Université Paul Cezanne Campus de 5t me, 13397 Marseille

REVIEW OF SCIENTIFIC INSTRUMENTS 79, 085103 (2008)

Matter at High Pressure

France

(Received 23 April 2008; accepted 17 July 2008; published online 13 August 2008)

In this paper we describe a prototype of a diamond anvil cell (DAC) for high pressure/high
temperature studies. This DAC combines the use of a resistive oven of 250 W power in a very small
vnlume. a ted with sp nical seats for Boehler-type diamond anvils in order to have a

m:ltmt_: curve 01 sermanium at hl.la_h pressure (up to 20 GP ig perature (up to 1200
-ray. difﬂ'a and y absorption spectroscopy American  Institute

FIG. 2. (Color online) (a) High power resistive oven on its plug. (b) Radia-
tion screen.

FIG. L. {Color online) Section view of the high pressurehigh tempera- Miraflores 24 - 27 enero 2011
ture DAC., Section view of the anvil seats. (c) Section view of the
diamond anvils.
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Spectroscopia

Pascal M unsch?, Hélene

El estudio in situ de los fluidos geol ¢ ecesitan la utilizacion de CYD,
gue permite adaptarse alas condiciones dos ( desde algunas centenas de M Pa
hasta 10 GPay idealmente a la temperatura ' C). Con €l fin de cuantificar |as trasferencias quimicas des
elementos entre | os fluidos geol 6gicos ( fluidos acuosos, melts silicatos, fluidos supercriticos) por rayos X,
espectroscopia Raman o espectroscopia Infrarroja, nosotros hemos desarrollados una nueva célula de yunques de
diamante (CYD).
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Transformation of benzene to a polymer after static pressurization
to 30 GPa

Ph. Pruzan, J. C. Chervin, M. M. Thiéry, J. P. Itié, and J. M. Besson
Physique des Milieux Condensés (CNRS-UA 782), T13 E4, Université Pierre et Marie Curie, 75252 Paris
Cedex 05, France

J. P. Forgerit and M. Revault
LASIR (CNRS, LP2641) 2, rue Henri Dunant, 94230 Thiais, France

(Received 24 October 1989; accepted 31 January 1990)

After pressurization to 30 GPa, in a diamond anvil cell, benzene transforms, at room
temperature, to a white solid which is stable at ambient pressure. We report here the infrared
spectroscopy analysis performed under pressure and at ambient conditions. These
preliminary results show that the transformation involves an opening of the benzene rings
leading to a highly cross-linked polymer.

6910 J. Chem. Phys. 82 (11), 1 June 1980 0021-9606/90/116910-06$03.00 © 1290 American Institute of Physics

Chemical and phase transformations of thiophene at high pressures

Ph. Pruzan and J. C. Chervin L ' _
Physique des Milieux Condensés (CNRS, UA D782), T 13, E 4, B77, Université Pierre et Marie Curie,

F-75252 Paris Cedex 05, France

J. P. Forgerit
LASIR (CNRS, LP 2641) 2, rue H. Dunant, F-94230 Thiais, France

(Received 5 August 1991; accepted 23 September 1991)

Phase transformations of thiophene (C,H,S) and deuterated thiophene (C,D,S) were
studied by visual observations and Fourier-transform infrared spectroscopy up to 30 .QPa. At
room temperature, thiophene freezes at 0.4 GPa and undergoes a solid-to-solid tran§1t10n
around 6 GPa and probably another one at 20 GPa. It is shown that an irreversible incomplete
transition occurs at 16 GPa. The product of the reaction, a white solid, can be recovered at
atmospheric pressure. The infrared analysis of the recovered product gives evidence of a
polymer formed by coupling between rings derived from thiophene, but with saturated bonds.
Physicochemical arguments suggest the formation of a fibrous compound.

J. Chem. Phys. 96 (1), 1 January 1992 0021-9606/92/010761-07$06.00 © 1991 American Institute of Physics
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I I A J. C. Chervin, B. Canny, J. M. Besson, and Ph. Pruzan

Physique des Milieux Condensés, CNRS-URA 782, Université Pierre et Marie Curie, B 77, 4, place Jussieu,
Matter at High Fressure F-75252 PARIS Cedex 05, France

(Received 27 October 1994; accepted for publication 30 November 1994)
A large optical-aperture membrane diamond anvil cell designed for infrared spectroscopy is
described. The cell offers definite advantages compared to existing systems. Other possibilities

concerning x-ray diffraction analyses with the cells are mentioned. © 1995 American Institute of
Physics.

Rev. Scl. Instrum. 66 (3), March 1995 0034-6748/95/66(3)/2595/4/$6.00 © 1995 American Institute of Physics 2595
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LIGHT PATH ‘
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FIG. 1. The membrane diamond anvil cell designed for infrared microspec-
troscopy. (a) The cell: (1) cap with membrane chamber (1 m) and gas inlet
. (1i) of the ram, (2) piston, (3) lower body, (4) WC diamond seats, (5) anvils.
Miraflores 24 - 27 enero 2011 (b) Schematic diagram of on-axis Cassegrain optics used with the diamond
anvil cell for infrared microspectroscopy: C1 and C2 Cassegrain mirrors.

The scale is given by the cell’s dimensions.
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FIG. 1. The membrane diamond anvil cell designed for Infrared microspec

troscopy. (a) The cell: (1) cap with membrane chamber (1 m) and gas inle
(1[) of the ram, (2) piston, (3} lower body, (4) WC diamond seats, (5) anvils
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Toward fully fledged high-pressure macromolecular
crystallography

Eric Girard,™ Anne-Claire Dhaussy,” Bernard Couzinet,® Jean-Claude Chervin,©
Mohamed Mezouar, Richard Kahn,® Isabella Ascone® and Roger Fourme®

*Synchrotron SOLEIL, BP 48, Saint Aubin, 91192 Gif-sur-Yvette Cedex, France, bCRISMAT
ENSICAEN, Boulevard Maréchal Juin, 14000 Caen, France, “PMD, IMPMC, Université Pierre et
Marie Curie — CNRS UMR7590, 140 rue de Lourmel, 75015 Paris, France, l’F_SF{F, BP 220, 38027
Grenoble Cedex, France, and “Institut de Biologie Structurale, UMR 5075, 41 rue Jules Horowitz,
38027 Grenoble Cedex, France. Correspondence e-mail: eric.girard@synchrotron-soleil.fr

Pressure allows one to explore the energy landscape and the various
conformations of macromolecules. This might be one of the most interesting
prospects of combining macromolecular crystallography (MX) with pressure
perturbation. This paper presents innovations in high-pressure macromolecular
crystallography (HPMX). A new-generation diamond anvil cell extends the
technical feasibility of HPMX experiments up to about 2.5 GPa (depending on
the sample). Thanks to the large useful aperture (82°) provided by this cell and
special loading techniques (use of splinter and/or multiple samples), HPMX can
now be more readily applied to crystals with very anisotropic habits and/or low-
symmetry space groups, as demonstrated by analysis of diffraction data collected
at 140 MPa from orthorhombic urate oxidase crystals. The behaviour of
hexagonal crystals of an octanucleotide was investigated up to 2 GPa.
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J. Synchrotron Rad. (1998). 5, 992-994

Two recent developments in XMCD

F. Baudelet,® J. M. Dubuisson,” C. Hébert,”

C. Créoff,? L. Pointal,” R. Andouard,” S. Odin,®

E. Dartyge,? G. Krill,? C. Giorgetti,” J. C. Chervin,?
J. P. Itie,? A. Polian,” A. Fontaine,® S. Pizzini® and
J. P. Kappler?

4] URE, Bétiment 209d, 91405 Orsay CEDEX, France,
5] aboratoire de Physique des Milieux Condensés, Paris VI,
4 Place Jussieu BP 77, 75252 Paris CEDEX 05, France,
®Laboratoire de Magnétisme Louis Néel, Avenue des
t Martyrs, 38042 Grenoble CEDEX 9, France, and YInstitut de
Physique et Chimie de la Matiére Condensée, 23 Rue du

~0G"¥

JM Loess, 67037 Strasbourg, France.
w E-mail: baudelet@lure.u-psud.fr
o
(Received 4 August 1997; accepted 26 January 1998)
5| PLATEAU 71 | CARBURE314
<L| 1/2 SPHERE Tl | CARBURE314 This paper reports on two new technical developments concerning
3| PISTON 7L | cu.be sample environments for X-ray magnetic circular dichroism
=| CORPS 71 | cu.be (XMCD). The first measurements under high pressures of up to
7| capot 1| cu.be 30 GPa are described. The difficulties of combining the techniques
Rep| Designation Nb |Matiere Ind of high pressure and XMCD are commented on. The second
ECHELLE| Dessine par development involves the use of a fast-switching magnetic field. A
2.5/1 DICHRO TEMPERATURE ]IJ‘: ;";:;96 new superconducting device is used to perform XMCD measure-
— A = ments on paramagnetic compounds in magnetic fields of up to 6 T.
HYSIQUE MILIEUX CONDENSES The small amplitude of the XMCD signal imposes, for a given
signal-to-noise ratio, a noise less than a few 107°. The signal-to-

noise ratio is improved by the use of a series of acquisitions,
switching the magnetic field between each acquisition. A very fast
switching mechanism has been built based on mechanical rotation
of a superconducting coil, with the sample kept in place inside the
coil. The XMCD signals at the Ly j;-edges of paramagnetic rare-
earth compounds have been measured at 4.5 K in fields of up to
6 T with a switching time of 11 s.
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GEOPHYSICAL RESEARCH LETTERS, VOL. 29, NO. 10, 10.1029/2001GL014227, 2002

Novel high pressure magnetic measurements with application
to magnetite

Stuart A. Gilder,' Maxime LeGoff,' Jean Peyronneau,” and Jean-Claude Chervin®

v Received 24 October 2001; revised 17 January 2002; accepted 18 January 2002; published 22 May 2002.
) "~ Unstitut de Physique du Globe, Laboratoire de Paléomagnétisme, Paris,
& 2 ™ Cedex 05, France.
8 Is} “Institut de Physique du Globe, Laboratoire de Géomateriaux, Paris,
™ * AN 77 o Cedex 05, France.
f e N SUniversité Pierre et Marie Curie, Physique des Milieux Condensés,
- [ | Paris, Cedex 05, France.
— Te}
n \\‘fr\\\\\\\\l l\\\\\ m
2/ 6 \@ :
Sample region
&3| Plateau 1/2 sphére 7l | Saphir & .
=)/ Plateau 71| Saphir Inducmg coil
~.| 1/2 sphére 7 | CuBe
3| Piston 71 | CuBe
= Corps L [ Cukie Pick-up coils
1 | Capot 71 | CuBe
Rep Designation Nb [Matiere Ind

ECHELLE] Dessine par

a1 P AULA 1 [

Le:27/02/98

Bronze-Be

E—@- Physique des milieux condensés

Diamond

gasket

Figure 1. Simplified illustration of ac susceptibility system.
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High Pressure Research _ Taylor & Francs
Vol. 28, No, 4, December 2008, 627-631 Taylor & Francis Group

New diamond anvil cell for optical and transport measurements
under high magnetic fields up to 60 T

Marius Millot?, Sylvie George?, Jean-Marc Broto®*, Bernard Couzinet®, Jean-Claude Chervin®,
Alain Polian®, Chrystian Power® and Jesus Gonzilez®¢

4 Laboratoire National des Champs Magnétiques Pulsés, Université de Toulouse, Toulouse, France;

b Institut de Minéralogie et de Physique des Milieux Condensés, CNRS, Université Pierre et Marie Curie
Paris 6, Paris, France; “Centro de Estudios de Semiconductores, Facultad de Ciencias, Universidad de los
Andes, Mérida, Venezuela; * DCITIMAC — Malta Consolider Team, Universidad de Cantabria,
Santander, Spain

(Received 25 August 2008, final version received 29 September 2008 )

‘We present here a new diamond anvil cell designed to combine high hydrostatic pressure up to 10 GPa, non-
destructive, pulsed magnetic fields up to 60 T and low temperature as low as 2 K. Both optical and transport
measurements are now achievable, Magneto-photoluminescence set-up under pressure is described in
great detail. We report photoluminescence experiments on oriented ruby single crystals exhibiting direct
observation of the intrinsic Zeeman splitting of excited states under pressure.
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High pressure x-ray absorption spectroscopy at lower
energy in the dispersive mode: application to Ce and
FePOy

J P Itiél, F Bandelet*, A Congeduti', B Couzinet!, F Farges® and
A Polian!

1 Fhysique des Milizux Condznsds, CHEES UME 7200, Universiid Feree ot Mare Curie,

145 roe de Lowmzl, 75015, Faris, France

2 Synchroiron Soleil LOme des Merisizrs, BP48-Zain- Aubin, F-21190, Gif sur Y veie, Franos
¥ Lahoramire des Geéomatsriun, Universi® de Marne 11 Valle, F-77454 Marme 11 Valle

oedex 2, Franos

Received 12 January 2005
Publizhed 4 March 2005
Ciline af stacks . joporg/ TPhysCMTTISEED

Ahstract

Xeray abscaption spectroscopy (XAS) uzing a diamond aovil cell has been
extended to lower eneqgies (bedow & ke ) thanks o smaller diamond acvils and
b @ D Do Usition set-up on the eneigy dispeisive x-my absodplion beamline
of LURE. The valence change of Ce with pressure iz followed at the Lo edge
of cerium up to 8 GPa togather with the bond length variotion ducing the same
experiment. The pressure induced coordination changs around the Fe atam in
FePOy is determined at the Fe K edge through the pre-edge feature behavicor,
the XAMES modification and the Fe—0 bond length increasa.

(Some fgures in this aticle are in colous cnly in the electronic version)

Miraflores 24 - 27 enero 2011




waw.malta-consolider.com

CONSOLIDER

Matter at High Pressure

APPLIED PHYSICS LETTERS 89, 231904 (2006)

Local environment of a diluted element under high pressure: Zn,_,Mn,O
probed by fluorescence x-ray absorption spectroscopy

J. Pellicer-Porres,® A. Segura, J. F. Sanchez-Royo, and J. A. Sans
ICMUYV, Universidad de Valencia, ¢/Dr. Moliner 50, 46100 Burjassot, Valencia, Spain

J. P. ltié, A. M. Flank, and P. Lagarde
Synchrotron SOLEIL, L’ Orme des Merisiers, Saint-Aubin - BP 48, 91192 Gif-sur-Yvette Cedex, France

A. Polian
Physique des Milieux Denses, IMPMC, CNRS, Université Pierre et Marie Curie-Paris 6,
140 rue de Lourmel, 75015 Paris, France

(Received 27 July 2006; accepted 23 October 2006; published online 4 December 2006)

The authors report on x-ray absorption measurements performed on Zn;_ Mn,O (x=0.05,0.25) at
the Mn K edge (6539 eV) under high pressure. Mn is found to substitute for Zn both in the low
pressure wurtzite phase and in the high pressure rocksalt phase. The Mn-O bond length is
determined to be 2.02+0.01 A at ambient conditions, with a compressibility similar to that of Zn-O
in pure ZnO, being dictated by the ZnO crystalline environment. The phase transition is reversible
in Zng g5Mng 050, but not in Zng 75Mn ;50. The authors demonstrate that fluorescence detected x-ray
absorption under high pressure can be used to characterize structural changes around minority
elements. © 2006 American Institute of Physics. [DOL: 10.1063/1.2400109]
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Prototipo de celda de tipo panor
(colaboracion IMPMC-CNRS-UPMC
(JC Chervin) y la Universidad Lyon 1
(H. Feret et A. San Miguel)).

3804 J. Phys. Chem. B 2010, 114, 3804-3808

Role of Non-Hydrogen-Bonded Molecules in the Oxygen K-Edge Spectrum of Ice : i i

Tuomas Pylkkinen,*™* Valentina M. Giordano,* Jean-Claude Chervin,® Arto Sakko,’
Mikko Hakala, J. Aleksi Soininen,’ Keijo Hamilidinen," Giulio Monaco,’ and Simo Huotari*
Department of Physics, P.O. Box 64, FI-00014, University of Helsinki, Finland, European Synchrotron

Radiation Facility, B.P. 220, F-38043 Grenoble, France, and Physique des Milieux Condensés, IMPMC,
CNRS-UMR 7590 Université Pierre et Marie Curie, F-75015 Paris, France

Received: December 28, 2009; Revised Manuscript Received: February 5, 2010

We report the oxygen K-edge spectra of ices Ih, VI, VIL, and VIII measured with X-ray Raman scattering.
The pre-edge and main-edge contributions increase strongly with density, even though the hydrogen bond
arrangements arc very similar in these phases. While the near-edge spectral features in water and ice have
often been linked to hydrogen bonding, we show that the spectral changes in the phases studied here can be
quantitatively related to structural changes in the second coordination shell. Density-functional theory
calculations reproduce the experimental results and support the conclusion. Our results suggest that non-
hydrogen-bonded neighbors can have a significant effect also in the liquid water spectrum. We discuss the
implications of the results for the actively debated interpretation of the liquid water spectrum in terms of
local structure.
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Se ha disefnado una nueva celda llamada FluoX.
Esta celda permite medir |la sefial de
fluorescencia X de trazas de elementos en un
fluido acuoso a90° del haz incidentein Situ a
altapresiony altatemperatura ( leer latesisde
Petitgirard Sylvain, post-doc en lalineal D 27
del ESRF)
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FIG. 1 a Top view of the assemblage: The sample (black) is prepared by
transforming the olivine or enstatite (stippled) between the tungsten leads
(W). b, Schematic view of the apparatus; D, diamonds; W, tungsten leads;
T, thermocouple; H, heater; E, electrometer.

Electrical conductivity of the
Earth’s lower mantle

J. Peyronneau & J. P. Poirier

Département des Géomatériaux, institut de Physique du Globe de Paris,
4 place Jussieu, 75252 Paris Cedex 05, France

ELECTRICAL conductivity is an important physical property of
the Earth’s mantle because it controls the transmission of geomag-
netic signals from the core to the surface. The lower mantle, from
a depth of 670 km down to the core-mantle boundary (2,990 km),
is probably compesed of (Mg, Fe)SiO; perovskite and mag-
nesiowiistite, (Mg,Fe)O. Analysis of the tramsient and secular
variations of the geomagnetic field yields values of the lower-
mantle conductivity of the order of 1 S m™' at a depth of 1,000 km,
increasing to ~100 S m™' at the core~mantle boundary™> Infer-
mation about the physical mechanism of the conductivity and its
dependence on temperature and pressure would help to constrain
the temperature profile in the Earth. In the only study published
so far, Li and Jeanloz™* reported values of the conductivity of the
silicate perovskite and of a mixture of perovskite and magnesio-
wiistite lower than 10> S m ™" and concluded that the lower mantle
is an insulator, thus casting doubt on the geomagnetic resuits. We
report here the results of measurements of the d.c. electrical

NATURE - VOL 342 - 30 NOVEMBER 1989 537
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Diépartment des Mowtes Pressions, Fnlverntd Plevre or Marke Curig, 73 230 Pawie Chdéx, Fromee
|Receiwad | July 1985; nocepted for |;||,:|I:||.'i|:a.l1'|:|r.| 16 Seplember 19835]

A faur-probe technigque for elecinical and photeslecirical measurements in a gasketed diamond
anvil cell is presented. The special anvil profile and the method for the gasket preparation used in
these experiments afe described. Insalation and continuity of the electrical beads are shown to be
satisfactory af least apio 18 GiPa. As an example we report photocond uetivity megsurements in
GaAs beyond crossover, under pressare, between direst and indirect band-gap confipurations.

106 Rev. Sci. Instrum. 57 (1) ; January 1986

Fia. [, ja) Top view of sampde and
wrangement of the Jaads (k)
Cutaway view of gasket and pawil
profle.  Asgls 8, =115,
By = 25|10 Al cul ey, | X metal-
li geskes, (¥ aluming layer, |4
prooves, (3] sample.
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Yunqgues implantados

osible de lamuestray
protegidas por el propio yungque.

|mplantar sensores de y de
|mplantar electrodos para medidas de
| mplantar de calentamiento.
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REVIEW OF SCIENTIFIC INSTRUMENTS 80, 073902 (2009)

Liquid mercury sound velocity measurements under high pressure and
high temperature by picosecond acoustics in a diamond anvils cell

F. Decremps, ' L. Belliard,? B. Couzinet," S. Vincent,? P. Munsch,' G. Le Marchand,’
and B. Perrin

Unstitut de Minéralogie et Physique des Milieux Condensés, Université Pierre et Marie Curie-Paris 6,
CNRS UMR 7590, 140 rue de Lourmel, 75015 Paris, France

YInstitut des NanoSciences de Paris, Université Pierre et Marie Curie-Paris 6, CNRS UMR 7588,

140 rue de Lourmel, 75015 Paris, France

(Received 28 April 2009; accepted 5 June 2009; published online 8 July 2009)

Recent improvements to measure ultrasonic sound velocities of liquids under extreme conditions are
described. Principle and feasibility of picosecond acoustics in liquids embedded in a diamond anvils
cell are given. To illustrate the capability of these advances in the sound velocity measurement
technique, original high pressure and high temperature results on the sound velocity of liquid
mercury up to 5 GPa and 575 K are given. This high pressure technique will certainly be useful in
several fundamental and applied problems in physics and many other fields such as geophysics,
nonlinear acoustics, underwater sound, petrology or physical acoustics. © 2009 American Institute
of Physics. [DOL: 10.1063/1.3160104]
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Biochimica et Biophysica Acta 1764 (2006) 434442

hitp:/iwww.elsevier.com/locate/bba

Development of a low-pressure diamond anvil cell and analytical tools to
monitor microbial activities in situ under controlled P and T

Phil M. Oger *, Isabelle Daniel, Aude Picard

Laboraioire de Sciences de la Terve, UMR 5370 CNRS-ENSL-UCBL, 46 allée o Italie, F-69364 Lyon Cedex 07, France

Received 31 August 2003; received in revised form 31 October 2005; accepted 14 November 2005
Available online 19 December 2005

Abstract

We have designed a new low-pressure Diamond Anvil Cell (DAC), calibrated two novel pressure calibrants and validated the use of semi-
quantitative Raman and X-ray spectroscopies to monitor the fate of microbes, their metabolism or their cellular components under controlled
pressures and temperatures in the 0).1-1.4 GPa and 20-300 °C P,T range. The low-pressure DAC has a 250- lo 600-pm-thick observation diamond
window to allow for lower delection limits and improved microscopic imaging. This new design allows the determination of cellular growth
parameters from automated image analysis, which can be correlated with the sp pic data oblained on metabolism, ensuring high quality

data collection on microbial activity under pressure. The novel pressure sensors offer the ease of use of the well-known ruby scale, while being
more sensitive and reacting to pressure variations instantaneously.
© 2005 Elsevier B.V. All rights reserved.
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Taylor & Francis
Taylor & Frandis Group

High Pressure Research
Vol. 24, No. 1, March 2004, pp. 25-31

COUPLING STATIC AND DYNAMIC COMPRESSIONS:
FIRST MEASUREMENTS IN DENSE HYDROGEN

P. LOUBEYRE®**, P. M. CELLIERS®, D. G. HICKS®, E. HENRY', A. DEWAELE®,
1. PASLEY®, J. EGGERT®, M. KOENIG®, F. OCCELLI®, K. M. LEE?,
R. JEANLOZ® D. NEELY®, A. BENUZZI-MOUNAIX®, D. BRADLEY",
M. BASTEA®, STEVE MOON® and G. W. COLLINS®

“Département de Physique Theanque et Applicati CEA, C iat & I'Energie A
91680 Bruyéres-le-Chitel, France; ®*Lawrence Livermore National Laboratory, PO. Box 808,
Livermore, CA 94551, USA; “LULI Ecole Polytechnique, 91128 Palai. France;
"Deparrmem of Earth and Planetary Science, University of Ca:’:fomta Berkeley, CA 94720-4767,
USA; “Central Laser Facility CLRC Rutherford Appleton Laboratory, Chilton, Didcot
OX11 00X, UK; "Dipartimento di Fisica, Universita di Milano-Biocca, 20126 Milan, Ttaly

(Received 14 August 2003; Revised 27 August 2003; In final form 28 August 2003)

anvil cell. The

We demonstrate here a laser-driven shock wave in a ydrogen sample, ps in a di
compression factors of the dynamic and static tech are multiplied. This h allows access to a family of
Hugoniot curves which span the P-T phase diagram of fluid hydrogen to high density. In this first-of-its-kind
experiment, two hydrogen Hugoniot curves have been partially followed starting from pre-compression at
pressures of 0.7GPa and 1.2GPa. Optical reflectance probing at two wavelengths reveals the onset of the
conducting fluid state. The boundary line to conducting fluid hydrogen is suggested.
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Hydrostatic limits of 11 pressure
transmitting media
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S Klotz, J-C Chervin, P Munsch, and G Le Marchand

IMPMC, Université P&M Curie, 140 Rue Lourmel, 75015 Paris, France

E-mail: Stefan. Klotz@ impmc.jussieu. fr

_ Received 23 December 2008, in final form 10 February 2009
Published 13 March 2009

1.2 4 - . Online at stacks.iop.org/JPhysD/42/075413

1 Freezing pressuras ,u" / Abstract
1.0 at300K N; I.'I . We present a systematic and comparative study of the pressure-induced solidification of 11

] . ."I Ar frequently used pressure transmitting fluids using the ruby fluorescence technique in a

Ar: 1.4 GPa / diamond anvil cell. These fluids are 1:1 and 5: 1 iso-n pentane. 4 : | deuterated
0.8 4 N,: 24 GPa E)’EI‘ - methanol-ethanol, 16: 3 : 1 deuterated methanol—-ethanol-water, 1: 1 FC84-FC87 Fluorinert,
Daphne 7474, silicone oil, as well as nitrogen. neon, argon and helium. The data provide

practical guidelines for the use of these fluids in high pressure experiments up to 50 GPa.

Ne: 48 GPa /
He :12.1 GPa a/

Standard deviation O (GPa)
=
(=]
1

Average pressure (GPa)

Figure 8. Comparison of pressure dependences of the standard
deviation o of N3, Ar, Ne and He. The inset gives freezing pressures
at 300 K cited in [26,27, 28, 29] for Ar, N,, Ne and He, respectively.

Figure 1. Pictures of DAC loaded with ruby spheres immersed in
various pressure transmitting media: (a) 1: 1 FC84-FC87
Fluorinert, (k) helium, (c) nitrogen, (d) Daphne 7474. Scales in

(c)and (d): 1division = 5 pm.
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Vol. 23, No. 4, December 2003, pp. 409-415 i

OPTICALLY MONITORED HIGH-PRESSURE
GAS LOADING APPARATUS FOR DIAMOND
ANVIL CELLS

BERNARD COUZINET**, NOEL DAHAN®, GERARD HAMEL® and
JEAN-CLAUDE CHERVIN®

*Laboratoire de Physique des Miliewx Condensés, CNRS - UMR 7602, Université Pierre et Marie
Curie, B 77, 4 Place Jussieu, 75252 Paris CEDEX 05, France; *Laboratoire de Mécanique et
Technologie, ENS Cachan -CNRS - Université Pierre et Marie Curie, 61 Avenue du Président

Wilson - 94235 Cachan CEDEX, France

We describe a high-pressure system built to load rare gases (He, Ar, Ne) in various types of diamond anvil cells, at
toom temperature, These gases are used as pressure transmitting media to obtain the best hydrostatic compression
conditions in high-pressure experiments. Optical windows allow control of the loading process. The loading
success rate is close to 100% and the initial pressures in the diamond anvil cell are in between 0.2 and 1GPa.
This system can easily be adapted for loading of various gaseous samples, including gas mixtures, which
generally cannot be loaded by cryogenic methods.

Zoom
aptical

system 50 mm

Gas in

i (D) — Packing
|
|
D @ WP 100C6—-62 HRc
T ! 2 hrass
! ! teflon
| B W CuBe-42 HRc
e e i
E~—"] -

i \ (I) - Packing

G CuBe—42 HRc

H Teflon Nylon

[ =" i | (1] I} CuBe—-42 HRc
/ = : T S

D i

J — |

Light

FIGURE 2 Cross-section of the loading apparatus. Insets show the sealing packings.
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¢de qué os quiero hablar (y convencer)?

Uso de la modelizacién matematica y la simulacién numérica

La simulacion es la representacion de un proceso o fenémeno
mediante otro mas simple, que permite analizar sus caracteristicas.
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modelos matematicos: representacion abstracta de los procesos
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modelos matematicos: representacion abstracta de los procesos

Dichos modelos suelen venir dados por sistemas de ecuaciones
(algebraicas, diferenciales ordinarias, en derivadas parciales, etc.)
cuyas soluciones nos determinan el comportamiento del proceso que
se quiere estudiar
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se quiere estudiar

Modelos bien planteados (en el sentido de Hadamard): existencia y
unicidad de soluciones y dependencia continua respecto a los datos
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Dichos modelos suelen venir dados por sistemas de ecuaciones
(algebraicas, diferenciales ordinarias, en derivadas parciales, etc.)
cuyas soluciones nos determinan el comportamiento del proceso que
se quiere estudiar

Modelos bien planteados (en el sentido de Hadamard): existencia y
unicidad de soluciones y dependencia continua respecto a los datos

La resolucién analitica de las ecuaciones es en general imposible,
pero gracias a la potencia de célculo de las computadoras actuales,
muchos de estos modelos se pueden resolver de forma aproximada,
mediante técnicas y algoritmos numéricos (Elementos Finitos, etc.)
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modelos matematicos: representacion abstracta de los procesos

Dichos modelos suelen venir dados por sistemas de ecuaciones
(algebraicas, diferenciales ordinarias, en derivadas parciales, etc.)
cuyas soluciones nos determinan el comportamiento del proceso que
se quiere estudiar

Modelos bien planteados (en el sentido de Hadamard): existencia y
unicidad de soluciones y dependencia continua respecto a los datos

La resolucién analitica de las ecuaciones es en general imposible,
pero gracias a la potencia de célculo de las computadoras actuales,
muchos de estos modelos se pueden resolver de forma aproximada,
mediante técnicas y algoritmos numéricos (Elementos Finitos, etc.)

Implementando los algoritmos anteriores en el ordenador se obtienen
paquetes informaticos que simulan los procesos, evitando hacer
numerosos experimentos — ahorro de tiempo .... y de dinero.
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¢cuales son los pasos a seguir?

Separacién de variables
Resoluci6n analitica: Transformada de Laplace
efe

I

e [ el
1

Métodos de Diferencias

|Aproximacién Finitas
numeérica Meétodos de Elementos
Finitos
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Problema Real

1 _Errores
tuales
Modelizacion Ecuaciones,
Matematica simplificaciones
l Erroresde
Discretizacion
Aproximacion Discretizacion
numérica (Elementos Finitos, etc.
algoritmos (solvers)

;Solucion precisa del

modelo matematico?
4
Jcoherenciacon la

fisica del problema?
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Tipos de Procesos a Alta Presién que son objeto de estudio en
MALTA:

@ Procesos en células de pequeiio tamaro (tipo DACs) y altisimas
presiones — nuestro grupo no ha trabajado (todavia...) en la
modelizacién de estos procesos.

© Procesos en equipos de altas presiones con vasijas mayores
(Ingenieria de alimentos, etc.)
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Esteban Espuna S.A. (Spain), 2005, 600 MPa, NC Hyperbaric
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Modelling HP-T on microorganisms and enzymes

Model for enzymatic inactivation

Definition
Inactivation: Reduction of undesired biological activity, such as
enzymatic catalysis and microbial contamination.

The enzymatic activity of a particular enzyme can usually be described by the
first-order kinetic model

dA(tdtTP> = —w(T.P)A(; T, P)

A(0; T,P)=Ag

Miraflores de la Sierra, 25-1-11
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Modelling HP-T on microorganisms and enzymes

Model for enzymatic inactivation

Definition
Inactivation: Reduction of undesired biological activity, such as
enzymatic catalysis and microbial contamination.

The enzymatic activity of a particular enzyme can usually be described by the
first-order kinetic model

dA(t; T, P
(dt) =—x(T,P)A(t; T,P)
A(0; T,P) = Ao
A(t; T, P): enzymatic activity at time t, when the food sample follows a process at
temperature T and pressure P; Ay: initial enzy. act.; : inactivation rate
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The enzymatic activity of a particular enzyme can usually be described by the
first-order kinetic model
dA(t; T,P
AL T, P) i .P) =—x(T,P)A(t; T,P)
A(0; T,P) = Ay
A(t; T, P): enzymatic activity at time t, when the food sample follows a process at
temperature T and pressure P; Ay: initial enzy. act.; : inactivation rate

= A(t; T,P) = Apexp (— /Ot k(T(s), P(s))ds)
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Modelling HP-T on microorganisms and enzymes

Model for enzymatic inactivation

Definition
Inactivation: Reduction of undesired biological activity, such as
enzymatic catalysis and microbial contamination.

The enzymatic activity of a particular enzyme can usually be described by the
first-order kinetic model
dA(t; T,P
AL T, P) i .P) =—x(T,P)A(t; T,P)
A(0; T,P) = Ay
A(t; T, P): enzymatic activity at time t, when the food sample follows a process at
temperature T and pressure P; Ay: initial enzy. act.; : inactivation rate

= A(t; T,P) = Apexp (— /Ot k(T(s), P(s))ds)

Identification of x(T, P) (Inverse problem). Different  for different enzymes
... solved by using experimental data and regression techniques
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Modelling HP-T on microorganisms and enzymes

Model for microbial population

To describe the evolution of a microbial population, we can use the
following model:

dN(t; T, P) In(10) . .
dt :_D(T,P)N(t’ T.P)
N(O; T, P) = Ny
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Modelling HP-T on microorganisms and enzymes

Model for microbial population

To describe the evolution of a microbial population, we can use the
following model:

dN(t; T, P) In(10) . .
dt :_D(T,P)N(t’ T.P)
N(O; T, P) = Ny

D(T, P): decimal reduction time, or time required for a 1-log-cycle reduction in the
microbial population.
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To describe the evolution of a microbial population, we can use the
following model:

dN(t; T, P) In(10) . .
dt :_D(T,P)N(t’ T.P)
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D(T, P): decimal reduction time, or time required for a 1-log-cycle reduction in the
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Modelling HP-T on microorganisms and enzymes

Model for microbial population

To describe the evolution of a microbial population, we can use the
following model:

dN(t; T, P) In(10) . .
dt :_D(T,P)N(t’ T.P)
N(O; T, P) = Ny

D(T, P): decimal reduction time, or time required for a 1-log-cycle reduction in the
microbial population.

— N(t; T, P) = N 10~ Jo o079 Py s

Identification of function D(T, P) (Inverse problem). Different D for different microbes
... solved by using experimental data and regression techniques
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@ We have a model able to simulate enzimatic inactivation (or
microbial population) for HP—T processes:

t
A(t: T, P) = Agexp (— /0 w(T(s), P(s))ds),

N(t; T, P) = No 10 Jo o175 7
with (T, P) and D(T, P) suitably chosen.
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@ We have a model able to simulate enzimatic inactivation (or
microbial population) for HP—T processes:

t
A(t: T, P) = Agexp (— /0 w(T(s), P(s))ds),

N(t; T,P) = No 10~ o o P e

with (T, P) and D(T, P) suitably chosen.

@ You choose curves for T and P and you get A(t; T, P) and
N(t; T, P).
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Puede que los resultados de este modelo no sean buenos.
Entonces tenemos que corregir el modelo. ¢ qué falta?
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@ El modelo de inactividad anterior necesita como input: Ty P.
Pero...
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Puede que los resultados de este modelo no sean buenos.
Entonces tenemos que corregir el modelo. ¢ qué falta?

@ El modelo de inactividad anterior necesita como input: Ty P.
Pero...

@ ....latemperatura T no se puede elegir arbitrariamente.
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Puede que los resultados de este modelo no sean buenos.
Entonces tenemos que corregir el modelo. ¢ qué falta?

@ El modelo de inactividad anterior necesita como input: Ty P.
Pero...

@ ....latemperatura T no se puede elegir arbitrariamente.

@ Hay generacion de calor adiabatico por efecto del cambio de
presion, lo que cambia la temperatura durante el proceso. —
Necesitamos un modelo de transferencia de calor para predecir la
temperatura T.
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Typical pressure/temperature profile
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Models with ODEs or PDEs. Example:

Heat transfer by conduction and convection:

( pcp%?_v (KVT) + pCou - VT = 577 en O » (0, 1),
p(?;; —V-n(Vu + vut) +2p(u -V)u
=-Vp-— §V(nV u) —pg en Qi x (0, k),
@+v.(pu) =0 en Q; x (0, f).

\ Ot
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Models with ODEs or PDEs. Example:

Heat transfer by conduction and convection:

( pcp%? V. (KVT) + pCou - VT = 5fT en Q* x (0, 1),
p?;; —V-n(Vu + vut) +2p(u -V)u
=-Vp-— §V(17V u) —pg en Qi x (0, k),
@+v.(pu) =0 en Q; x (0, f).

\ Ot

The choice of the heat transfer model depends on the case we are
dealing with
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Problem: ldentification of thermophysical properties and other
parameters involved, for arbitrary temperatures and pressures.
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Problem: ldentification of thermophysical properties and other
parameters involved, for arbitrary temperatures and pressures.

what can we do?
Atmospheric pressure/arbitrary temperature:
parameters known for many food similes and fluids
Arbitrary pressure/temperature:
parameters known only for water and some simple food similes

_ Angel Manuel Ramos (UCM) http://www.mat.ucm.es/momat Miraflores de la Sierra, 25-1-11 14/35




Problem: ldentification of thermophysical properties and other
parameters involved, for arbitrary temperatures and pressures.

what can we do?
Atmospheric pressure/arbitrary temperature:
parameters known for many food similes and fluids
Arbitrary pressure/temperature:
parameters known only for water and some simple food similes

Possible solutions:
@ Special formulas in literature for simple food similes: agar, tylose,
etc. (see works by P. Sanz and collaborators)

@ Inverse problems (use available experimental data to identify
mathematically the unknown parameters).

Angel Manuel Ramos (UCM) http://www.mat.ucm.es/momat Miraflores de la Sierra, 25-1-11 14/35



Summary

@ We choose a curve for P (limits of our equipment)
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Summary

@ We choose a curve for P (limits of our equipment)

@ With a suitable Heat Transfer model (probably after solving some
inverse problems) we simulate the temperature profile T
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Summary

@ We choose a curve for P (limits of our equipment)

@ With a suitable Heat Transfer model (probably after solving some
inverse problems) we simulate the temperature profile T

© Once we have P and T we get the enzymatic activity:

t
A T.P) = Aoexp(~ [ K(T(s), P())ds)
0
and/or the microbial population

N(t; T,P) = No 10~ o a7 e

with (T, P) and D(T, P) suitably chosen.
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Simulando procesos reales
Descripcién del equipo de altas presiones considerado

Equipo en Instituto de Ciencia y Tecnologia de
Alimentos y Nutricion - CSIC - ACB GEC Alstom

EQUIFO DE ALTAS FRESIONES 500 Mfa y 2 fitros

L Pl 2 S

L ¢ »
2
. 4 N —
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Simulating real processes

Graphical description of the HP Equipment to be considered

| —~Isolated coil

= .
. Pressure medium

[ Sample

)/
—

HIGH-PRESSURE TEMPERATURAS

VESSEL u—
THERMOREGULATING . T2
SYSTEM T
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Simulating real processes

Graphical description of the HP Equipment to be considered

| | —~Isolated coil

= =
. Pressure medium

[ Sample
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——

A M
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Simulating real processes

Simplified model (via axial symmetry)

2D model (r,z) - Computational domain (big and small food sample)

T I T
g A b
2
06 s
=
g Pressure
0s k- & medium
| § Holder
04 F 2
= 3
E ®
—0af g
02 F 5
B
|5
o
01 F 3
E
=]
]
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Simulating real processes

/

Equations governing the process

pCpaT _v. (va) = Q%T en QF x (Ovtf)7
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Simulating real processes

/

Equations governing the process

,onaT—V (kVT)+ pCpu - VT_aZPT en Q* x (0, ),

81‘ —V -n(Vup + Vup) + p(up - V)up

2
=-Vp— §V(77V Up) prg en Q;; X (0, tf),

Y

gf;+v.(pup) — 0 en Q5 x (0,4).
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Simulating real processes

Equations governing the process

( pcpaT ~ V- (kVT)+ pCpu - VT = an;T en Q* x (0, &),
pa(;‘tF — V- 0(VUg + VUg) + p(u - V)ur
=-Vp-— gV(nV -Ur) — pg en Qp x (0, %),
at —V-n(Vup + Vub) + p(up - V)up
=-Vp-— gV(nV up) — pg en Qp x (0, %),
% + V- (pug) =0 en Qf x (0, t),
gt + V- (pup) =0 en Qp x (0, f).
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Simulating real processes

Initial and boundary conditions
(T=T,en I x(0,t),

87- * rup
k% = h(Tamb — T) en T, x (0, %), H
oT
k% =0 en M\(FrFUly,) x (0, %), oA,
T =Ty en Q° x {0}, QQc QLA
F—u | I
up =0 en I'§x (0, ), B,— ™| "
up =0 en Qf x {0}, Q.| B,
up =0 en Iy x (0,%),
Q
up =0 en Q; x {0}, °
0 L

p=10% en Ay x (0,%),
p=10° en Ay x (0, k).
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Simulating real processes

Example of the choice and validation of the models
L. Otero, A.M. Ramos, C. de Elvira and P. Sanz (2007)

First model (Heat transfer by conduction). Big agar sample; 350 MPa;
To = 20 °C. (=) experimental data; (...) predicted values only with
conduction; (- - -) predicted values including free convection

30

[
h

Inner location

20F

Surface

TEMPERATURE [°C)

20 40 60 80 100 120 140 160 180
TIME (min)
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Simulating real processes

Example of the choice and validation of the models
L. Otero, A.M. Ramos, C. de Elvira and P. Sanz (2007)

Second model (Heat transfer by conduction and convection). Small
agar sample; 350 MPa; T, = 20 °C. () experimental data; (...)
predicted values only with conduction; (- - -) predicted values including

free convection
a0

25

201

Center

TEMPERATURE (°C)

L . . . . . . . .
10 20 30 40 50 [=i1] 70 a0 o0 100
TIME (rnin)
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También se puede trabajar en 3D:

Time=1800 Surface: te_mperature (M) Max: -14.5
' . -14.5
80
60 -14.6
40
-14.7
20
0 -14.8
-20
-14.9
-40
-60 -15
-80
-15.1
-100-L
50 Min: -15.1
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Simulating real processes

Discretization of the enzyme activity

Solid cases:

A(x, 1) = A(x, 0) exp <_ /0 e(P(s). T(x.9)) ds>

i—1
A(x, ;) =~ A(x,0) exp (; . <nj(x) + Kjt1 (x))) ,i=1,2,...,n.

J

Il
o

where
ki(x) = k(P(t), T(x, 1))
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Simulating real processes

Discretization of the enzyme activity

Liquid cases:

i—1
A(X, t,') ~ A(Xo, exp ( %Z (R](X —I—K,/_H(X))) i=1,2,...,n.

j=0

sj(X)=r(P(t), T(X;, t)), X; ~ X(t;) and X is the trajectory ending at X.

The values of X; are defined by using the implicit algorithm

Xn=x
X,'ZX,'_H —TUF()(,',t,'), i=n—1,n-2,...,0.
We take X; as the solution of

min |[Xi1 —y — 7ur(y, )] -
YEQF
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Simulating real processes

Final Enzyme Activity (LOX)

_ o

45 85

80

40 -

Solid food 70

35
65
—|

' ‘ 86
' 38

37 84

Liquid food % 82
35

‘ 34 80

Process P1  Process P2
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Simulating real processes

Numerical results for HP Process: 12°C — 20°C / 350 Mpa / Tylose

100 f

29

98

97

Enzymatic Activity (%)

=15

25

o4

o 100 200 300 400 s00 600 Foo S00 200
Time (s)

el Manuel Ramos (UCM) http://www.mat.ucm.es/momat Miraflores de la Sierra, 25-1-11 30/35



Simulating real processes

Numerical results for HP Process: 22°C — 44°C / 600 Mpa / Tylose

100

20

20

7O

Enzymatic Activity (%)

=]

50

40 =

4 L 1 L L L L
o 100 200 300 400 s00 BO0 Foo S00 200
Time (s)
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Simulating real processes

Numerical results for HP Process: 40°C — 56°C / 600 Mpa / Tylose

100

20

80

70

[=u]

50

40

Enzymatic Activity (%)

30

20

10

L 1 L L L
o 100 200 300 400 s00 BO0 Foo S00 200
Time (s)
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Modelling freezing processes with High pressure.

HPSF processes

Ponencia de Nadia Smith

a), A5 ) 5)

LIQUID WATER

TEMPERATUREFC)
TEMPERATURE(CE)

25 ICEI
TFSE 25 ICE| -
= 100 150 200 250 300 350 400 -0 : ] y o ESE
o & 0 100 am 300 400 500
PRESSURE (MP) PRESSURE (MPa)

We are developing a heat transfer model for HPSF processes with
rapid (left) or slow (right) expansions. For rapid expansion the phase
transition occurs at atmospheric pressure conditions and for slow
expansions under pressure.
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Molecular modeling

New line of research (with J.M. Bello): Modeling of protein structures
(folding and unfolding processes) depending on temperature-pressure
conditions.

With the help of A. Rey and his collaborators.
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Conclusiones finales

@ La modelizacién matematica es una herramienta muy Util para el
disefio de equipos, la optimizacién de procesos, etc. que evita la
realizacién de muchos experimentos ... permitiendo ahorrar dinero
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Conclusiones finales

@ La modelizacién matematica es una herramienta muy Util para el
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