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A number of the high pressure clamp cells that was made
from nonmagnetic TiZr zero alloy, hard Al and hard HNU
(NICrAl) alloys are presented.

All this is cells as for powder and single crystal as for
diffraction and inelastic neutron scattering studies possible
putting in the typical cryostats (on the dilution fridge insert)
and high magnetic fields cryostat up to 6-10T.

The a new nonmagnetic composite piston-cylinder type
cells was made from TiZr+HNU up to 4GPa.

Single crystal or powder NaCl (for a pressure calibration)
and Fluorinert (a pressure medium) were used in all
experiments on the neutron sources.



Geomerty of the High Pressure Cells
(Type of the High pressure Cells)

1. Piston-cylinder - (up to 60kbar)
2. Belt - (200 kbar)

3. Anvil - (3Mbar)
4. Toroid (Paris-Edinburg)- (250 kbar)

F




Nonmagnetic Materials for Neutron scattering
high pressure cells and it limits of the pressure

Alloys-Polycrystalline
1.Al-alloy (8kbar, with support up to 20 kbar)
2. CuBe-alloy (17-21 kbar)
3. TiZr-zero alloy (10-12 kbar, with support up to 29 kbar at LT)
4. NICrAl alloy ( with support up to 40 kbar at LT)

Ceramics-Polycrystalline
5. Alumina Al203( with support up to 27 kbar)
6. Sintering BNmet(anvils up t0o150 kbar-d=3mm)
/. Sintering diamonds (anvils up to ? kbar)

Single crystals:
1. Diamond (anvils up to 1000 kbar)
2. SIC- (anvils up to 200 kbar)myaccaHuT
3. Sapphire (anvils up to 90 kbar) Al203
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Hydrostatic limits of Fluorinert liquids used for
neutron and transport studies at high pressure,

V A Sidorov and R A Sadykov,
J. Phys.: Condens. Matter 17 (2005) S3005-S3008.

Fluorinert liquids are the analogues of hydrocarbons in
which hydrogen is substituted for fluorine. These liquids
are widely used for neutron studies at high pressure as a

pressure transmitting media, since they exhibit small
Incoherent scattering of neutrons.



* Fluorinerts - especially mixture (1:1) FC70-FC77 are used for
magnetic and transport studies up to 2 GPa in a piston-
cylinder cell and up to 8 GPa in a multianvil cubic pressure
cell.

e Shear stresses, developed in a liguid, when it solidifies at
high pressure - above the hydrostatic limit - may influence
strongly the properties of single crystal immersed in it. For
this reason the knowledge of hydrostatic limit of liquid in use
IS of practical importance for interpretation of the results of
measurements - sometimes very complicated and time
consuming ones.

* Inthe present study we determined the hydrostatic limits at
room temperature of a number of Fluorinert liquids: FC70,
FC75, FC77, FC84, FC87 and their mixtures and show how
the surpass of this limit produce pressure gradients in the
sample, which retains at low temperature. Maximum
hydrostatic limit (2.3 GPa) is found for (1:1) mixture of FC84-
FC87.



Typical experimental scans of vertical vs horizontal manganin pressure
sensor readings for FC75 n FC84-FC87 (1:1). Solidification of liquid
takes place in the point, where the the relation P,,=P,, is no more valid.
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Hydrostatic limits for Fluorinert FC70-FC77 and FC75-FC77
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Hydrostatic limits for Fluorinert FC84-FC87
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TemnepaTypHble 3aBUCUMOCTM 3NEKTPOCONPOTUBIIEHUS] CBUHLIOBOIO
obpasua B obnactn cBepxnpoBOAALLEro nepexona rnpu pasnmyHbIX
naeneHusax. Cpena, nepeparouwlas gasnenme — Fluorinert FC75.
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Neutron diffraction pattern of powder MnSi

at 14,2kbar and 1.5K.
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FC70/FC77 pressure medium,

half width peak (200) of
the single crystal NaCl,
T=300K.

HMI-E4(2002)




Quantum melting in magnetic metals ( CeRh2Si2 )

Mew electronic
states emerge
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Quantum melting in magnetic metals
MJ Bull (ISIS), SS Saxena (University of Cambridge),
RA Sadykov (Institute for High Pressure Physics, Troitsk, Russia),
CD Frost (ISIS)
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piston cell mounted on the dilution fridge insert.

The cell can accept a crystal up to 4,7mm in
diameter and operates at pressures up to
2.5GPa at low temperature.



Magnetization distribution under pressure in the pressure

Induced superconductor CePd,SlI,.
N. Kernavanois, R. Sadykov, E. Ressouche, S. Raymond, P. Lejay and J. Flouquet,
ILL Annual Report 2004/highlights/.

Photographs of the P=40kbar non-magnetic clamp cell designed at the Institute for High
Pressure Physics RAS and used in the 10T cryomagnet on the polarized neutron
diffractometer D3.



HPC40-ILL-D3(2004)

TiZr-zero alloy

NiCrAl-nonmagnetic alloy

WC6(Co6%)




Magnetic form factors Ce measured in the CePd2Si2
The Spin Polarised Hot Neutron Beam Facility D3(ILL)

paramagnetic states:

above 10K at P=0 kbar (blue
circles) and at the lowest
accessible
temperature(1.4 K) at p =
30 kbar (red circles).
Preliminary refinements
within the dipolar
approximation are shown
as dotted lines.
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A new single-crystal pressure cell for TriCS up to 3 GPa.

R. Sadykov, D. Sheptyakov, O. Zaharko, Th. Strassle and J. Schefer.

PSI, Scientific Report 2001 Volume Il Condensed Matter Research with Neutrons, ISSN 1423-
7326 March 2002, p.111 WWW-Version: FUN.WEB.PSI.CH

1Vereshchagin High-Pressure Physics Institute RAS, 142092 Troitsk,Moscow region, Russia
2Laboratory for Neutron Scattering, ETH Zurich & PSI Villigen, CH-5232, Switzerland
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Bragg peaks and magnetic satellites from the sample
measured with the 2D detector at p=3GPa, T=17K
(scans in omega presented as a sequence of 1D
projection onto one of the detector axes).

(sample from: R.Sadykov et al., Sov.Phys.Solid State
23, 1865 (1981)
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Hot neutron three-axis spectrometer IN1 - TAS/LAGRANGE
(Large Area GRaphite ANalyser for Genuine Excitations)
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Inelastic scattering at p = 32.9 kbatr,
where temperature-dependent spin

PRT (T:300K):30_5kbar fluctuation scattering is expected.
P +(T=1,5K) =32.9kbar



Magnetic structure in CsCuClI3 at high pressures

HMI, Date(s) of Experiment 15.4.-23.4.2005*
Principal Proposer:Norbert SttlRer, HMIExperimental Team:Ravil Sadykov, Inst. of high
pressure physics,RAS Russia,Andreas Hoser, FZ Julich/RWTH Aachen
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The turning angle of adjacent spins along ¢ changes from 5.1° at zero pressure to 8.5°at
2.3 GPa.



High pressure apparatus for neutron diffraction investigation of
the Strongly compressible substances (H,, D, , Ar)

High Pressure Research,
1995,\ol.14,pp199-202.

Y . a supply; S-directing nut; 6-HPA piston of WC6; 7-alloy steel support of
1 4~ thecell(8) (HRc=50); 8-HPA cell of TiZr alloy; 9,10-alloy steel washer

- L]

: and nut (HRc=50); 11-lower press slab; 12-thermo-insulating column;
W 13-WC6 piston; 14-compression of piston-fungus type; 15-nut for capil-
' lary compression; 16-copper diaphragm; 17- capillary for gus or liquid

supply into HPA cell,




Neutron diffraction pattern (TOF) of soild D, under pressure P=24kbar(T=40K) and P=0kbar
(T=4.2K).
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High pressure cells for inelastic neutron
scattering studies

Hard Al, Steel and hard HNU (NiCrAl)
alloys



High Pressure Cell (HPC15-Al) up to 15kbar(T=2-
300K, V=1.6cm3) for inelastic scattering neutrons
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Hydrostatic Pressure Cell (HPC15-Al) :P £ 1.5 GPa

piston-cvlinder clamp cell made of hardened aluminum
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S(Q,E) (arb. units)
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Energy transfer (meV)

INS spectra of a-
MnHO0.07 measured at
T =1.5 K and different
pressures using the
CNCS spectrometer
with Ei =12meV; the
background from the
high-pressure cell and
the cryostat has been
subtracted from the
data.

Pressure effect on hydrogen tunneling and vibrational spectrum in a-Mn.
A. I. Kolesnikov, A. Podlesnyak, R. A. Sadykov, V. E. Antonov, M. A. Kuzovnikov,
G. Ehlers, and G. E. Granroth. Physical Review B 94, 134301-5, (2016)
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N3ydeHo BiIUsAHUE JABJICHUS HA PEKUM TYHHEIUPOBAHUS U KOJIEOATEIbHBIE CIICKTPHI
Bogopo/a B anbha-MnHO0.07 meTogom Heymnpyroro paccesHus HeUTpoHoB. [IpuMeneHue
TUJPOCTAaTUYECKOTro AaBiieHus 10 30 kOap mokaszaiao CIABUI KaK ONTHYECKONM MOJIbI
BOJOPO/A TaK U MUKA TYHHEJIUPOBAHUS JJIs1 00Jie€ BHICOKMX dHEpruid. [lepBOMPUHIIMITHBIX
pacyeThl TOKa3bIBAIOT, UTO MOTEHIIMAJ JIJIs1 BOJIOPO/ia B ajdb(a-Mn cTaHOBUTCS B LIEJIOM
0oJiee KpyTOil ¢ poCTOM AaBiieHUs. B To ke BpeMsi, BbICOTa Oapbepa U €ro NpOoTSKEHHOCTh
B HAIIPABJICHUW YMEHBIIICHUS TYHHEJIIbHOW W PACYETHI MPEICKA3BIBAIOT, 3HAUUTEIIBHBIE
M3MEHEHUS TUHAMUKHU BoJiopoaa B a-Mn nipu 100 kOap, Korzia OlieHEHHOE TYHHEJbHOE
pacillerieHue OCHOBHOT'O COCTOSIHUSI BOJIOPO/Ia MPEBBIIIAET BHICOTY Oapbepa [1].



A Compact Hvdraulic Press to Use with
High-Pressure Devices for Neutron Scattering Studies
5. M. Stishow®- 2, Y, A, Sadlkovw?

! Vereshchagin Institute of High-pressure Physics, Russian Academy of Science, Troitsk, Moscow oblasé, 142190 Russia
c-mail; sergei @ hppi froftsiru
2 Los Alameos National Laboratory
Beceived November 25, 2001
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Fig. 1. The compact hydranlic press with a 200t force: (1) power cylinder; (2) ram; (3) O-shaped mobber sealing ting; () supporting
frame; ( ¥) supporting block; (&) high-pressure cell; (7) threaded ping; (£) a nenfron-beam entrance aperfure for experiments in the
axial geometry; and (9) hydraolic liquid feed inlet.



Fig, 1, Press with cryostat: 1) cylinder;
2) coupling; 3) outer tubey 4) part joining
to Vine  Dress tocryostat; 3) lock; 6) high-pressure
chamber; 7) disk spring; 8) shaft of high-
| pressure chamber; 9) inner tube of press;
| ; 10) dark; 11) sleeves; 12) vacuum~rubber gas-

| g kets; 13) vessel for liquid nitrogen; 14)
| i bellows; 15) attachment points for thermos

Hd |l couple junctions,




Nonmagnetic high pressure cell for magnetic remanence measurements up to 1.5

GPain a superconducting quantum interference device magnetometer",
Rev. Sci. Instrum. 79, 115102 (2008);

Ravil A. Sadykov, Natalia S. Bezaeva, Alexander |. Kharkovskiy, Pierre Rochette, Jerome
Gattacceca, and Vladimir I. Trukhin.
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Schema of the cell. Parts in grey are made of Ti-rich alloy and parts in blue are made of
NiCrAl alloy (so-called Russian alloy)
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