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The design of a new apparatus is discussed for the X-ray analysis of polycrystalline sub-
stances under hi gh pressures . 

'''e majority of effects which take place under 
,A pressures are reversible. X-ray diffraction 
:crns of crystalline solids under direct pressure 

•• 1( considerabl e interes t in finding out wh at 
us in solids under compression. Such investi

. ~ . ~n s provide direct information regarding the 
I ~' ges in crystal lattice parameters, the nature of 

"e transformations etc. etc. It also helps to 
':i fy our ideas regarding the mechanism of the 

1 'pressibility of solids and other mechanisms con
, • ted with the behaviour of a crystal lattice under 

·Isure. However, despite the considerable scien
t value of X-ray studies at high pressures only 
ioute number of works have been carried out in 
• field, due to experimental difficulties. 
Pa pers [1-7] describe a number of designs for 

I (~pressure equipment for X-ray analysis, but not 
r ! of them pretends to provide a complete sol ution 

th e problem of obtaining X-ray diffraction pat-
" a (rom any crystalline substance in a sufficiently 
• I f ·e range 0 pressures. 
:, the X-ray apparatus which we will here des

~e a beryllium high pressure vessel of original 
I • Ipe was used, and it was designed so that it 
I 11 d be rigidly fixed. There is also a special 

[
" Item of adjustment and a system for checking the 
"ttIy chamber [8] in the apparatus. The aperture 

1 : the beryllium chamber can be adjusted to differ
I '1\ sizes depending on the optimum depth of the 
, 'i t specimens. The design provides for rotation 

of the sp ecimen under pressure. The apparatus is 
comparatively simple in construction and it permits 
assessment of the pressure level inside the 
chamber in a comparatively narrow range of pres
sures; it is tran sportable an d the film can be re
charged wi thout reI ieving the pressure . 

General description of th.e apparatus. The 
general appearance and details of the apparatus 
are shown in Figs. I, 2 and 3. It consists of steel 
plates, I, 4 and 16, joined together hy three 
columns, 2. Between plates, 4 and 16 there are 
supports, 9 and 14, which are made of steel 
4SKh:'>l\1F A. Between these columns in its turn is 
the hi gh pressure chamber, 24, which is usually 
made of beryllium (the space between the supports 
in our experiments was 1.5- 2 mm). The compon
ents between plates, 4 and 16, are attached to one 
another by means of the upper screws of column, 
2. The magazine, 10, with X-ray film, 13, is at
tached to the conical surface of the lower support, 
9, to gether with ring, 20, which holds the film 
against the casing of the cassette and is also used 
for disposing the filters. The magazine is tapered 
to 6°. There are hollows with a taper of 30" in the 
supports for the beryllium chamber. Figs. 1 and 2 
show the arrangement of the collimator with 
diaphragm, trap, bushings with fluorescent screen 
and protective lead glass, which are usual for 
Debye cameras. 

f ---------------------------------

Dynamometer, 3, with watch-type indicator and 
graduations of 0.002 mm is placed between 
plates, ' 1 and 4. It is used to meas ure the force 
tran sm itted to the specimen through the system of 
upper nnd lower pistons and the medium between 
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72 X-ray analysis of substances under high pressUre 

thelil. The medium which transmits the pressure 
(lithium), 19, fills part of the channels of supports, 
9, and, 14, and the inside space of the beryllium 
chamber, 24. It is compressed by the pistons in the 
upper and lower supports by means of screw, 17, 
and also the lower screws in column~ 2. In th(s way 

FIG. 1. Diagram of high pressure X-ray chamber. 

the pressure created in the channels of the upper 
and lower supports is transmitted to beryllium 
chamber, 24, and specimen, 23. 

The creation of pressure does not require very 

considerabl~ force. In our experiments a pressure 
of up to 10,000 kg/em> was easily created in the 
apparatus, which was on the supporting table of the 
X-ray tube. The position of the specimen inside the 
beryllium chamber was checked by means of the 
fluorescent screen. The maximum pressure created 
in the apparatus was 18,000 kg / em>. Piston, 8, 
and the piston in the upper chamber correspo nding to 
it were made of steel H 18 wi th subsequent quench
ing to rlockwell hardness of 62. Paraffin wax, 18, 
was used for packing, in the form of 2-3 mm high 
cylinders. 

High pressure vessel. The experiments showed 

that the degree of purity, grain size, previous de

formation and nature of the heat treatment of 
beryllium all affect the level of the working pres
sure in the apparatus, the quality of diffraction 

FIG. 2. General view of a high pressure apparatu~ 

patterns obtained and the life of the high pressur r 

vessel, i.e. the beryllium chamber. Home-produ r r 

beryllium was used for the high pressure vessel. 
We observed the followin g order in manufactur

ing the beryllium chamber. First of all the chaml· .. 
was made in the s hape indicated in Figs. 1 and \ 
he i gh t 12 mm, internal diameter 1 mm, external 
diameter 7 mm, internal taper 300. The optimum 
taper figu,re was found experimentally as a te su~' 
of a series of experiments wi th chambers of Jif· 

ferent geometrical dimensions. Then the inner 

and outer tapers were carefully ground, and tht 
cylindrical inside of the chamber. After this il 
was filled with lithium, placed in the aprnrotu~ 

and a pressure of 10-12,000 kg / em> was cre illr ! 

The pressure was raised and lowered 2-3 ti Jllt" 

Then the surface finish of the chamber WAS furl' 

improved and it \Vas given a heat treatmenl lO 

produce a coarse crystalline structu re in the br" 
lium . It was placed in zirconium crucibles in ,1 

quartz tube in which a vacuum of 2 x 10- 5 
mill • 
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FIG. 3. Upper and lower supports and beryllium chamber. 

~ ,_ cre ated. It was held at a temperature of 10500C 
I r 3 hr and cooled smoothly down to room tempera
I IIC in the course of 16 hr. 

\n X-ray diffraction pattern of the beryllium 
':Ilber after it had been aged under pressure is 
,wn in Fig. 4 (upper picture). The pattern taken 

,I"' r heat treatment is shown in the same figure. 
, chambe r produced in this way was repeatedly 
.r t! a t pressures up to 12,000 kg / em', with only 

- 1\ in l deformation. The beryllium grain remained 
" flua lly unaltered up to pressure of 1)-7,000 kg / em'. 

!'ressure calibration of the apparatus. The follow
,); measures were adopted to re duce friction in the 
,'paratus. The inner surface of the beryllium 
':amber and the channels of the supports were very 

-r l\ surface-finished. Pistons, 7 and 8, of the 
I • 'wer support and the corresponding pistons of the 

,-per one had a clearance of O.()I)..O.09 mm in the 
, lone Is. Paraffin wax was used as the packing 
' lerial. The packings here and in the tapers of 

' .. suppo rts (beryllium-support) worked very well 
;r iog tests up to 18,000 kg/cm l • 

\ 9 cnn be seen from Fig. 1, as regards the 
• ~te m of transmitting force to the centre of the 
. >Hllber, the apparatus is symmetrical around a 

IIle perpendicular to the drawing and passing 
- ~!) ugh the centre of the beryllium chamber and 
~ c collimator. It therefore made no difference to 
'~ I c h piston, 6, or the corresponding upper one, the 

fCe which was us ed to create the pressure in the 
: ' ~aratus was applied. This was checked experi
·~ tR\ly and it was found that the pressure diffe~ 
re at the top and bottom of the beryllium chamber 

• ' I~ the same with any force appJ ied to piston 6 or 
Il.. J' correspon 109 upper one. 

I'hc apparatus was ca I i brat ed in th e usual kind 
I nl nchine with compression and tcnsion using a 

!crence dynu'llomcter type 1lS-3. From the for ces 
' term ined on reference dynamometer 1)5-3, wh ich 

was at the top of the apparatus, and dynamometer, 
3, the pressure round the top and bottom of the 
bery II ium cham ber was calculated. To calcul ate the 
pressure the areas had to be calculated from precise 
measurements of the diameters of the corresponding 
open ings in the supports. The press lire in the 
centre of the beryllium chamber was determined as 
half the sum of these pressures. Graduation was 
carried out separately for each chamber and for 
each substance tested. 

The accuracy of the pressure illeasurement in the 

apparatus was determined from a considerable 
number of experiments in calibration, and it was 

found to be 2 per cent of the measured pressure 
value (up to 10,ClOO kg / em'). Pressure changes of 
0.06 mm' could be observed on the indicator of 
dynamometer 3 as the pressure rose. 

X-ray diffraction camera. The X-ray diffraction 
camera was. very carefullr adjusted both in the 
course ormanufacture and in. assembly. The fol
lowing requirements had to be very carefully satis
fied. 

a) The interior surface of magazine, 10, should 
have the exact shape of a cylinder and the taper of 
the cassette should precisely correspond with that 
of support, 9. The axes of the cylindical surface 
and the taper of the magazine must coincide with 
the axis of both supports and the beryllium 
chamber, 24, (maximum permissible deviation is 
0.015 mm). 

b) The collimator nxis -must form an angle of 
900 to the axis of the cylindrical surface of the 
magazine and it must be in the centre of the split 
in ring, 20. 

An ordinary microscope with magnification 2S 
was used to adjust the X-ray camera Ilno to check 
its accuracy. Its focal length was 50 mm fUld the 
eyepiece wa~ fitted with a micrometer (gra(\ulitions 
of 0.05 mm). Adjustment was madp. by Oleanaof a 
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quart7. hair O.O~ mm thick and a Io>ire of metallic 
aluminium 0.23 m'n in diameter. !1esides the micro
scope adjustement of the camera, X-ray photographs 
were also macic of the aluminium wire. After the 
relevant parameters had been measured on the 
X-ra~' patterns the nec essary corrections were llJade 
to the adjustment of the camera or components were 
replaced as required. 

.\ further check was made on the camera by mak
ing X-ray patterns of the same wire, but made of 
alumin ium whose lattice cons Lant was known 
exactly. The lattice parameter of the aluminium was 
calculatt.:d from the X-ray pattern line with indices 

(333) for CuKa' and CuKa, radiation. The photo
graphy was carried out by the asymmetric method. 

To find the effrctive radius of the camera dif
fraction patterns were taken with the specben fixed 
but with the sections of the film moved first to the 
left and then to the right of the beam. The follow
ing was obtained for the aluminium lattice para
meter at 25°C: a = 4.04143 ± 0.00003 kX (this is in 
very good agreement with Tyevin'sh and Ozol's data 
[9), 4.04145 ± 0.00002 kX). 

In the diaphragm of the collimator there was a 
cylindrical aperture 0.3 mm in diameter. The dia
meter of the magazine was 68.4mo1. As the maga
zine, 10, is based on the taper of the lower support,. 
expansion of the support under pressure had to be 
checked. Tt was found that the diameter expanded ' 
by not more than 0.005 mm at a pressure of 11,000 
kg/ em' and for this reason, in operation the maga
zine was fixed to the support after the de§ired pres
sure had been reached. 

X-ray diffraction patterns obtained with and with
out rotation* of the test specimens under pressure 
are completely satisfactory. The results of experi
ments carried out on this apparatus are given in 
the next article. 

The writers are exceedingly grateful to 
A.S. Bobrov, Academician at the Institute of ".1etal 
Physics, Academy of Sciences U.S.S.R. and to 
V.P. Goryachev, laboratory assistant, for assist
ing in the work. 

Translated by V. Alford 

• In our apparatus the specimen was rotated under 
pressure by rotating the axis oC the apparatus through 
a small angle every Cew moments in time. In this way 
the position of the magazine in respect of the beam 
was kept unchanged. 
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FIG. 4. X-ray pattern of beryl1 ium chamber. 
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