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A high-prl'"snre high-tcmperaturc x-ray powder dilTraction apparatus has been uevclopeu hasl'd on a nwdillc:ltion 
of the belt apparatus. which is an internally heated compressible gasket device. The unique feature of this device 
is that thc die-support ring asscmbly is fabricated in two parts which mate along a plane normal to t he piston axis. 
The split-dic design pcrmits entry of the x-ray beam into the hi~h-prcssurc volume and egress of both the uilTracteJ 
rays and the und eviated beam through suitable grooves and fan-shaped slots ground in thc mating suriaces. The 
high-pressure x-ray windows arc either a beryllium ring ,,·ith a ,wdgc-shaped cross section or epoxy rc"in ,tops 
at the bore of the die. The high-pressure medium is "amorphous" boroJl. and the samplc is in (he form of a thin 
cylinder Irhich is coaxial with the pistons and nurmal to the x-ray beam. The compressible gaskets bet"'ccn the 
pistons and the die are made of pyrophyllite, as they are in com'entional devices, inasmuch as they are not part 
of the X-r:\" path. High sample temperatures are attained h~' re5istance hcaling of carhon rods adjacent to the 
sample. Prc~ent limitations on pressure and temperature are 100 kilobars and lOOO °C. High-intensity :-'10 K" 
radiation is employed. The apparatus is portable and may be positioned on a conventicmal x-ray source. 

INTRODUCTION 

OXE of the potentially most promising areas of high-
pressure research \yhich is relatively tmexplored is 

that of structural studies on cr)'stalline solids at pressures 
in excess of 20 kilobars at sllstained temperatures in excess 
of 300°C. Such studies could proyide basic data on the 
equation-of-state, nonquenchable phase transitions, order­
disorder phenomena, etc. of solids. 

At present there are three basic designs being used for 
high-pressure x-ray diffraction measurements. The dia­
mond cell'-3 consists of a pair of diamonds in the configura­
tion of Bridgman anvils and the x-ray beam is transmitted 
through the diamonds perpendicular to the anvil faces and 
the sample plane. Carbid e Bridgman anyils are used fOl-l- 6 

x-ray diffraction measurements with t.he x-ray beam 
transmitted parallel t.o and between the anvil faces. The 
third design utilizes the tetrahedral high-pressure appa­
ratus7 to generate pressure and the x-r<1y beam is trans­
mitted in and out of the high-pressure yolume through the 
compressible gaskets. For high-pressure studies at eleyated 
temperature the first two designs are restricted by the 
efIect of externa l heating on the properties of the carbide 
or diamond :J.mils (less than 500°C). The tetrahedral 
de"ice can be internally heated and is limited only by the 
combination of requirements fixed by the gasket material, 
i.e., low x-ray absorpt.ion, proper frictiOJl;].1 qualities to 
effect a high-pressure seal, and high-temperature stability. 
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The apparatus described in this article utilizes a hd l· 
type high-pressure cellS ,,·ith a split die for entrance and 
egress of x rays from the high-pressure region. Tht' 
essential fea.ture of this design is the separation oi lh l' 
x-ray beam path from the compressible gasket region in all 

internally heated high-pressure high-temperature clevi et·. 
This permits the use of standard gasketing materials, 5111h 

as pyrophyllite, to effect the pressure seal irrespective oi 
their x-ray absorption characteristics. This design ha, 
been used to 1000°C and 100 kilobars. 

APPARATUS 

The high pressure is generated III a modified hi~h­
compression belt of the t~-pe deYCloped by Bundy.9 Th t" 
high-pressure volume is 0.25 cm high by 0.5 cm in dianll'l cr, 
which is large enough for internal heating to over 1000°(", 
fifty tons of ram force applied to the pislons produces 0\'('[ 

100 kilobars internal pressure, so the whole assemhl~', 
SO-ton press, die, pistons, and binding rings, can 1 ... 
constructed with a tota l weight of less than 3-1: kg. '1"11, ' 
device, therefore, is portable and can be installed 011 all 

x-ray source. Figure 1 is a picture of the high-prL·"'llrt' 
apparatus aligned with the x-ray source, and Fig. 2 i ~ .1 

schematic representation of this assembl~·. 
To provide entry for the x-ray bea.m <1110 exit of bOlh I Itt 

diffracted rays and the undevia teel beam, t he die and t hi' 
support ring assembly of the hi~h-coJllpn:ssion belt Wl'l t 
fabricated in two halyes \\"hich m,llL' in a phne pcrp, II' 
dicular to the piston axis. The entmnce and exit pori,; .l ll· 
ground into the mating surfaces of the two h,tlYes (Fi~. 3 . 
The die halves (5 cm (]jam, 1.25 cm thick) a.re madl' tlf 
Carpenter- Hampton tool steel h,\rdent'd to 60- 62 R" ,11l ,1 

the binding rings (10 em o.d., 5 cm i.eI., 1.25 em thick ) arc 
made of \ 'ascojet 1000 hardened to SO Re. The die .II '! 

binding ring halves fit together with 1 ° t:lper and 0.02:-; l I . 

S H. T. Hall, Rev. Sci. lnstrum. 31, 125 (1960). 
9 F. P. Bundy, ]. Chern. I'hys. 38, 631 (1963) . 
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s 1 in terference. The faces are ground parallel. The die is 
"dc of tool steel to facilitate the grinding operations 

" nibed below. A higher pressure range could probably 
', <, :tttained with the use of tungsten carbide. 

.\n entrance-exit groove is ground across the mating 
, Irf:u.:es of the two halves to a depth of 0.025 cm wit h a 
rinding wheel dressed to a 0.025 em radius. The groove is 
l lltcrcd on a diameter of the die and passes through the 
:i.' center to within ±0.001 cm. A fan-shaped slot for 
ll lTracted rays is ground into the assembly on each side of 
. lit' groove. The fan on one side of the groove covers the 
;'/ dilTracted angles 5 to 30° and the fan on the other side 
,,,\ws 20 angles 20 to -15°, This proyides a range of measur­
,hie "d" values with :\10 Ka rad iation from 8.1 to 0.93 A 

\\ il h overlap of the two slots from 1.37 to 2,0-1 A. The fans 
L.IH' a vertical taper of 2°, \\'hich, at a film dist ance of 
-;,.; 111m, gives an x-ray pattern 3 mm high .. -\n initial tlat 

; a bdl. • It :.:ion 0.025 cm deep is left in the fan for a distance oi 1.25 
ncr ,l ll. ! ' 11 from the bore center before the vertical taper is started. 
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Il lt· llat region aids in cffecting the pressure seal. The two 
,h'cs are placed together and aligned by placing a 0.05 (TIl 

drill rod in the entrance and exit groove. 
Two methods arc used to prevent extrusion of the pres­

'li re medium into the slots and grooves. The first method 
' Ill ploys epoxy resin to till the slots and groons to a 
,ji,tance of 0.5 cm from the periphery of the bore of the 
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I'll; , 1. Photograph of the high-prcs,urc apparatus ~htl\\"ing the 

, " frame and h~'dralllic ram. thl' positioni ng table, the x-ray luhe 
"I lidt) and the ( ;ei"~r tube for ali"llin" the prcss The 

:" 1,,\ c-- Sch~rrcr camera is ~ot in pusi tioll so lilat ~nc of thc sl~ts for 
,C,. ditTracted rays is shown, The scale is in centimeters. 
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FIG. 2. Schematic drawing of tbe bigh-pressure apparatus. _-\­
hydraulic 50-ton ram; B-WC pistons; C-die assembly; D-,,'ater 
cooling tubes; E-rubbcr shim to position die water-cooling tube; 
F-film cassette; G--x-ray film; H-insutated current lead; 1-
press positioning table; J-adjusting screws for vertical and bori­
zontal positioning. 

die. A clear epoxy loaded ""ith 50- 70% by weight of 
amorphous boron is suitable .. -\n excess of the mixture is 
applied and then lapped parallel to the die bce after curing. 
The epoxy- boron mixture has a linear absorption coeffi­
cient for JIo Ka x radiation of approximately 1.0 cm-I , 

which results in an attenuation of intensit\- for the de­
scribed configuration of 65%. When using the epoxy seal 
the intel11al temperature of the sample is limited to 500-
600°C, since the temperature of the bore is approximately 
one-third the internal temperature and the epoxy begins 
to soften above 200°C. 

The second method of scaling the pressure is by means 
of a beryllium ring with a wedge-shaped cross section. The 
bort.! is tapt.!n:d 'wh(:re the two die halycs JI1~ltC 50 that t.he 

FIG. 3. One-half of sp lit-die asscmbly showing matin,!: surfacc with 
groove fo r entrance of x-ray beam and egress of undeviatcu beam and 
fan-shapcd slots for cgrc~s of diJlracted rays. 


