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PRESSURE CELLS AND A HYDRAULIC PRESS WORKING DOWN TO lo mK , 

M. Ribault and A. Benoit 

Laboratoire de Physique des Solides, Universite' de Paris Sud, Centre dfOrsay 
92405 Orsay (France) 

RQsum6.- Nous dQcrivons d'une part des cellules haute pression permettant de thermaliser 1 8 mK 
des 6chantillons radioactifs soumis 1 des pressions allant jusqu'8 20 kbar, d'autre part une 
presse hydraulique d'un diamGtre ext6rieur de 50 mm, permettant, 1 150 mK, d'exercer des charges 
allant jusqu'a 1.2 x lo3 kg. 

Abstract.- We have developed high pressure techniques connected with dilution refrigerators down 
to 8 mK. We present here two complementary aspectsof this work : i/ pressure cells able to main- 
tain, on solids, pressures up to 20 kbar in an experimental diameter of 3 mm, for an over all 
diameter down to 10 mm ; ii/ a hydraulic press used down to 10 mK developin? loads up to 1.2 
x lo3  kg and having an external diameter of 50 mm. 

High pressure experiments in the ten milli- 

kelvin temperature range face problems connected 

with both thermalization and the applying of pressure. 

Benoit and al. /I/ report nuclear orientation expe- 

riments (N.O.) down to 16 mK with an applied load 

corresponding to 10 kbar, G. Fujii and a1 /2/ des- 

cribed resistivity measurements performed down to 

30 mK at pressures up to 40 kbar, A.W. Webb and a1 

/3/ have used a diamond anvil cell of 0.5 mm diame- 

ter, developing loads corresponding to 100 kbar, 

down to 30 mK. We have developed techniques con- 

nected with N.O. in order to apply pressures up to 

20 kbar on samples of 3 nun diameter down to 8 mK. 

This constitutes the first part of this report and 

we then describe a hydraulic press to vary pressure 

in the same range, without reheating samples higher 

than 200 mK. 

1- PRESSURE CELLS.- The main problem is connected 

with the thermalization of the sample : in N.O. /4/ 

we study the polarization of the y emission of a 

radioactive probe dissolved in a metallic matrix, 
2 

the energy dissipated in the sample ranges from 10- 

to lo-' erg and with some samples up to 1 erg. With- 

out special arrangements, in a copper beryllium 

cell, the temperature gradient between the sample 

and the cold point can exceed 50 mK. In the geome- 

try we-describe, the temperature gradient is much 

less than 0.5 mK. 

For pressures lower than 8.5 kbar, we use the 

system described in figure 1.a. The length of the 

copper rod (A) is of the order of 50 mm and the 

diameter 3 mm, so the temperature gradient is of 

Pig. 1 : Pressure cells, except as noted all parts 
are made of Be-Cu hardened by treatement at 310°C; 
fig.1.a. system used to 8.5 kbar; 1.b. a system 
used up to 20 kbar; 1.c. a detailed vue of the G 
part. 
A- copper connection to the cold point. a. copper 
rod, b. copper foil ; B- temporary support. a. ma- 
raging steel, b. mild steel; C- body; D- locking 
screw; E- strain gauge; F- piston, maraging steel 
for high pressure; G- pressure cell; H- ring ad- 
just on A; I- double tube; M- gasket; N- tin mano- 
meter; 0- nuclear orientation thermometer; 
P- annealed copper powder; R- sample; S- copper 
rod, its length can be reduced to zero. 

the order of 0.2 mK for a power dissipation of 

0.1 erg. Pressure is applied by a standard hydrau- 

lic press ; the system is then supported by (B); 

the deformation of the body (C) exceeds 5/100 mm 

at the higher load, which is enough to maintain 

pressure when the screw (D) is tightened. The load 

is controlled by the strain gauge (E) /5/ the va- 

riation, versus load, of the strain gauge is the 

same at 300 K and at 4.2 K. To connect the system 

to the cryostat (B) in removed and (A) is screwed 

to the cold point. The details of the cell are 
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shnown on figure 1.c; a small amount of annealed 

copper powder (P) allows good thermal contact and a 

fairly good hydrostaticity (determined by the yield 

strength of annealed copper). The value of the pres- 

sure at low temperature is determined by the varia- 

tion of the superconducting transition of tin (N) 

1 6 1 .  The experimental chamber in G is drilled out 
and not polished further; in these conditions the 

variation of the pressure measured by the tin mano- 

meter versus load is not linear at pressures higher 

than 7 kbar; we think this is connected with fric- 

tionnal forces. This system has been sucessfully 

used in an adiabatique demagnetization cryostat 171. 

Pressures exceeding 9 kbar are not usually 

maintained in such and arrangement : the copper rod 

(A) is extruded till an equilibrium pressure ranging 

from 8.5 to 9.5 kbar is reached. Then we use the 

arrangement of figure 1.b. The 2/10 mm copper foil 

(A.b.) is a rapidly as possible connected either by 

soldering or by clamping to thicker pieces of copper. 

The estimation of the temperature gradient is not so 

easy as in 1.a. and we use to place in the cell a 

N.O. thermometer (figure 1.c. 0) such as EMn or 

PdCo 141. With a double tube (I) of 50 mm we measure, - 
with the tin manometer pressures up to 13.5 kbar; the 

pressure loss is less than 2 kbar. With maraging 

steel used for the piston and the cell, we applied 

loads corresponding to 20 kbar 181; in this case 

pressures were not tested by the tin manometer. This 

system was used on dilution refrigerators down to 

8 mK 181 (temperatures measured in the cell). The 

procedure for using 1.b. is : i/ clamp the copper 

foil (A) with a load exceeding that needed by the 

pressure to be established, ii/ establish the pres- 

sure as with 1.a the system being supported by the 

screwed ring (B), iii/ unscrew (B) and connect to the 

cold point by (A). 

2- THE HYDRAULIC PRESS.- This device (figure 2) was 

designed totecoupled with a dilution refrigerator to 

allow N.O. The bellow (C) is pressurized by admitting 

'He into the chamber (M) through a 0.2x0.6 m copper 

nickel tube. The liquid is condensed from high purity 

'He cylinder through a pressure reducing valve. 

From 4.2  t to 10 mK the lengths of the 0.2 x 0.6 

tube were calculated to avoid a reduction of the ul- 

timate performances of the refrigerator : 1 m from 

4.2 K to 1.5 K, 1 m from 1.5 K to 0.9 K, Im from 

0.9 K to 0.2 K, 0.5 m from 0.2 K to 50 mK and sui- 

table length from 50 mK to the press. The press is 

Fig. 2 : Hydraulic press, from A to D all pieces 
are stain less steel and from E to K they are made 
of Be- Cu hardened at 310°C ; 
A- outside cylinder; B- driver plate; C- stop buf- 
fer; D- mounting plate ; E- stain less steel bellow; 
F- adjusting nut; G- support cylinder with four 
ports at 90"; H- mounting plate of the levers with 
four ports at 90': I- four fulcrums at 90'; 
K- piston; L- split ring in duralumin; M- chamber. 

screwed to a system like 1 b., the double tube (I) 

being replaced by a low deformation transmeter. 

When the copper foil (figure I.b.,A) is connected 

to the annular mixing chamber of the refrigerator, 

temperatures down to 1 1  mK are measured by the N.O. 

thermometer. The variation of the strain gauge ver- 

sus the ext'ernal pressure was verified down to 0.15 

K; down to 77 K, the variation was compared with 

that given by a standard hydraulic press, in these 

conditions loads higher than lo3 kg can be used 
with copper beryllium levers (figu~e 2, J) and 

1.3 kg with maraging steel levers. At high pressu- 

res the variation AP as measured by the tin manome- 

ter is much smaller than the value estimated from 

the variation of the load : we think that friction- 

nal forces, proportionnal to the load, can explain 

our results. 

This press connected with systems avoiding 

frictionnal forces such as Bridgman anvils or dia- 

mond anvils can, in a small diameter, give way to 

the 10-100 kbar pressure range without reheating 

samples higher than 100 mK, work to obtain pressu- 

res higher than 20 kbar on 3 mm diameter, with pis- 

ton cells of 1 b. type is in progress. 
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