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My invention relates to high temperature high pres 
sure apparatus and speci?cally to such apparatus in which 
high temperatures and high pressures are maintained for 
prolonged periods of time. ' 
An apparatus which is capable of producing tempera 

tures of the order of several thousand degrees Centigrade 
and pressures of the order of 40,000 to 90,000 atmospheres 
for long time intervals is desirable to effect and control 
reactions occurring under such conditions. It is necessary 
to carefully design a vessel which is subjected to pressures 
of the above order to prevent explosive rupture of the 
device. The application of temperatures of the order men 
tioned greatly increases such design and construction 
problems. The invention of the present application pro 
vides an apparatus which produces concurrent high tem 
peratures and high pressures of such orders for sustained 
periods of time without rupturing of the device. 

Accordingly, it is an object of my invention to provide 
a new and improved high temperature high pressure ap 
paratus. 

It is another object of the invention to provide an im 
proved apparatus which produces concurrent high tem 
perature high pressure conditions for long time intervals. 

It is a further object of the invention to provide an 
improved high temperature high pressure apparatus which 
effects and controls reactions at temperatures of the order 
of several thousand degrees Centigrade and pressures of 
the order of 40,000 to 90,000 atmospheres. 

In carrying out my invention in one form, a reaction 
vessel is positioned within a member which is opposed by 
a die to provide a specimen chamber to be subjected to 
high temperature and high pressure conditions. 

These and various otherobjects, features and advan 
tages of the invention will be better understood from the 
following description taken in connection with the ac 
companying drawing in which: 

Fig. 1 is a front elevational view of a hydraulic press 
with a high temperature high pressure apparatus which 
embodies my invention; 

Fig. 2 is an enlarged sectional view of the high tempera 
ture high pressure apparatus which is shown in Fig. l; 
and 

Fig. 3 is a modi?ed high temperature high pressure 
apparatus. - 

In Fig. l of the drawing, a hydraulic press comprises 
a base 10 with a press bed 11 on which is mounted a 
plurality of vertical shafts 12 to support a carriage 13 
with a hydraulic shaft 14. A pair of opposed pistons 15 
and 16 on bed 11 and carriage 13 are recessed to partially 
position members 17 therein. A layer of electrical insula 
tion 18 is provided between at least one member 17 and 
its associated piston 15 to prevent conduction of electric 
current through the press. Upper member 17 comprises a 
central die 19 with one or more surrounding binding rings 
20 which is opposed to a lower member 17 having a cen 
tral block 21, an annular ring 22 thereon, and a plurality 
of binding rings 23. An electrical connection to each 
member 17 is provided by a conducting ring 24 with 
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connector 25, which ring is positioned around the periph 
ery of each outer binding ring to supply electric current 
from a source of power (not shown) through members 17 
to the high temperature high pressure reaction vessel 
which is described below. 
As is best shown in Fig. 2, die 19 of upper member 17 

is tapered outwardly toward its center to provide a ?at 
face. The upper face of block 21 of lower member 17 
is tapered towards its center to support an annular ring 22 
which tapers inwardly towards its center to provide a ta 
pered outer surface adjacent a central aperture 26 in axial 
alignment with die 19. A reaction vessel 27 which is lo 
cated within aperture 26 comprises a pair of spaced con 
ductive discs 28 with a_hollow conductive cylinder 29 
therebetween adapted to contain a specimen 30 to be 
subjected to high temperatue high pressure conditions. 
A disc assembly 31 is located between block 21 and its 
associated disc 28 to provide a heat insulating core 32 
with a surrounding outer conductive ring 33 in electrical 
contact with the block. A cylinder 34 of electrically in 
sulating material surrounds discs 28, conductive cylinder 
.29 and disc assembly 31 to complete the assembly of re 
action vessel 27. If it is desired, vessel 27 may be in the 
form of a hollow casing which is in electrical contact with 
block 21 but which is thermally insulated from annular 
ring 22. 

Cylinder 34 is provided with a peripheral recess 35 
adjacent the'open end of aperture 26 to support a hollow 
insulating sleeve 36 thereon. A pressure transmitting 
member 37, which is positioned within sleeve 36 between 
the face of die 19 and upper disc 28 of vessel 27, is tapered 
toward the center of its lower surface. A laminated coni 
cal gasket assembly 38 surrounds sleeve 36 and is mounted 
on the outer face of annular ring 22. Gasket assembly 
38 is shown as comprising a plurality of thermal and elec 
trical insulating and pressure resistant washers 39 with a 
metallic washer 40 between adjacent washers 39 to in 
crease the pressure surrounding member 37 during opera 
tion of the apparatus. Sleeve 36 aligns member 37 with 
the face of die 19 and upper disc 28 while it prevents 
short-circuiting the ?ow of current through annular ring 
22 of the press. Examples of suitable materials from 
which core 32, cylinder 34 and washers 39 may be made 
are pyrophyllite and catlinite. ' 

In the operation of the high temperature high pressure 
apparatus, each member 17 with associated conducting 
ring 24 and connector 25 is positioned partially within the 
recess of its respective piston in the press. Specimen 30 
which is to be subjected to a high temperature high pres 
sure environment is placed in conductive cylinder 29 be 
tween discs 28 and within cylinder 34. A disc assembly 
31 is located adjacent lower disc 28 after which reaction 
vessel 27 is positioned within aperture 26 of annular ring 
22. Insulating sleeve 36 is ?tted in recess 35 of cylinder 
34 to extend therefrom. Gasket assembly 38 surrounds 
sleeve 36 and is mounted on the outer face of annular 
ring 22.’ ' 

Pressure is applied to specimen 30 in cylinder 29 by 
member 37 which is positioned between die 19 and ves 
sel 27. At the same time, electric current is supplied 
from an electrical connector, such as upper connector 25, 
to upper conducting ring 24, binding rings 20, die 19, 
member 37 and disc 28 to generate heat in cylinder 29 of 
reaction vessel 27. The current path continues from 
cylinder 29 through lower disc 28, ring 33, block 21, 
binding rings 23, conducting ring 24, and connector 25 
to the electric source. Pressures in excess of 50,000 
atmospheres at temperatures higher than 2000° C. have 
been maintained in such apparatus for periods of hours. 
If it is desired, reaction vessel 27 may also be subjected 
to high pressures’alone. 
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In Fig. 3 of the drawing, a modi?ed high temperature 

high pressure apparatus is shown in. whichan insulating 
cylinder 41 is provided between conductive disc 28 and 
within insulating cylinder 34 of reaction vessel 27. A 
wire heating coil. 42' is‘ positioned around. the‘ periphery: 
of cylinder 41 andis in electrical'icont‘act‘with discs'123_ 
to generate heat in this cylinder.’ Coilvj42 provides a‘ 
heating element'with a relatively high resistance to pro 
duce temperatures in the region of 2000‘0 C. The opera 
tion‘of the apparatus in Fig. 3_is similar to apparatus in 
Fig. 2 as described above. "Accordingly, a'detailed'de 
scription is nott'again repeated for Fig.'3l.v - ' 
As will'be apparent to those skilled in the art, the 

objects of‘my invention are attained by the "use of a? 
reaction vessel which'is‘ positioned‘fwithin a member 
that is ‘opposed by‘ a- die to provide a specimen chamber1 
to be subjected to‘ hightemperature and 'high pressure 
conditions. ' " I ‘r ' i r" -' " 

While other modi?cations of this invention and varia 
tions of apparatus have not bee described,the invention 
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is intended to include all’ such as ‘may be embraced ~ 
within the following claims. 
What I claim as newand desire to secure by Letters 

Patent’ of the United States is: > ' e > " 

1. A high pressure apparatus comprising a die, said 
die being tapered at one end to provide a ?at outer sur 
face, an opposed recessed member'facing said die, the 
recess in said member including a tapered outer surface 
adjacent a substantially cylindrical recess,~‘asubstantially 
cylindrical reaction vessel in the recess in said member, 
a pressure transmitting member, said pressure transmitting 
member having a substantially cylindrical base portion 
in contact with the outer face of said die, a face portion 
in contact with said reaction vessel, a gasket between the 
tapered outer‘ surface of said recessed member and the 
tapered surface of said die, and means to move said die 
toward said recessed member. ' 

2.‘ A high pressure apparatus comprising a die, said die 
being tapered at one end to provide‘a ?at outer surface, 
an opposed recessed member facing said die, said mem 
ber comprising a block tapering at its outer end to-pro 
vide a ?at outer surface, an annular ring de?ning the 
recess in said member, one side of said ring positioned 
on and conforming to’ the shape ofthe tapered portion 
of said block, the other side of said ring conforming to 
the shape of the tapered portion of said die, a; substan 
tially cylindrical reaction vessel in the recess in said mem 
ber, a pressure transmitting member, said pressure trans 
mitting, member having a substantially cylindrical base 
portion in contact with the outer face of said die, a face 
portion in contact with said reaction vessel, said face 
portion having a tapered adjacent outer surface, a thermal 
and electrically insulating gasket assembly on said die 
betweenthe tapered portion thereof and the said con 
forming sides of said ring, and means to move said 
dietoward said ring; 1 ' a > . 

3. A high pressure apparatus comprising a die, said die 
being tapered at one end-toprovideja ?at outer surface, 
an opposed recessed member facing said die-,3 said mem 
ber comprising a‘block tapering at-its outer end to pro 
vide a ?at outer surface, an annular ring de?ning the 
recess in said member, one side of said ring positioned on 
and conforming ‘to the shape of the tapered portion of 
said block, the other side of said'ring'conforming to 
the shape of the tapered portion_ of said die, a substan 
tially ‘cylindrical reaction vessel in the’ recess ‘inv said 
member, ‘a pressure transmitting member, said pressure 
transmitting member haVingaF substantially cylindrical 
base portion in contact with the outer face of said die, a 
face portion in contact with said reaction vessel, said face 
portion having an adjacenttapered outer surface, a coni 
cal gasket assembly surrounding said pressure transmit 
ting memben'and means to move said. die toward said 
recess. ' . ' ' . ' - 

4. High temperature high pressure apparatus compris~ 
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4 
ing a pair of opposed, recessed pistons, means for exert 
ing. pressure against .at least one of. said pistons, a pair 
of members, one of said members being positioned par 
tially within each of said recesses, a layer of insulation 
between one of said members and its associated piston, 
an electrical connection to each of said members, one 
of said members comprising a die, the other of said mem~ 
bers comprising a block, the outer face of said block 
tapering towards its center, an annular ring positioned 
on said block, said ring tapering. inwardly toward its 
center to provide a central aperture in axial. alignment 
with said die, a reaction vessel located within the aper 
ture of said annular ring, a pressure transmitting mem 
ber positioned between said die and said vessel, an a coni 
cal gasket assembly surrounding the aperture of said an 
nular ring, said gasket assembly comprising a plurality of 
insulating and pressure resisting washers, a metallic 
washer positioned between adjacent pressure resisting 
washers. " . v‘ 1 ' 

SJHi‘gh temperature high pressure apparatus compris 
ing a pair of opposed,- recessed pistons; means for exerting 
pressure against at least one ofsaid pistons, a pair of 
members, one. of said'members being positioned partially 
within'each of-said recessesya'layereof insulation between 
one of said‘ members and its‘associated piston, an elec 
trical connectionito each‘ of said members,‘one of said 
members comprising a‘ die, said die taper-ing outwardly 
towards its center, at'least one binding ring around said 
die, the other of said members comprising a block, the 
outer face of said block tapering towards its center, an 
annular ring pos‘itioned'on said block, said ring tapering ' 
inwardly towards itscenter to provide a central aperture 
in axial alignment with said die, the‘ inner face of said 
ring engaging the outer‘ face of said block, at least one 
binding ring surrounding said block. and said ring, a re 
action vessel located within the aperture'of said annular 
ring, said vesselicomprising a pair of spaced conductive 
discs, a hollow conductive cylinder adapted to contain a 
specimen toibe subjected to high temperature high pres 
sure conditions positioned between said discs, a pressure 
transmitting member positioned between said die and said 
vessel, and a conical gasket assembly. surrounding the 
aperture of said annular ring, said gasket assembly com 
prising a plurality .of ‘insulating and pressure resisting 
washers, a metallic washer positioned between adjacent 
pressure resisting washers. ' ' " ' 

6. High temperature .high pressure apparatus com 
prising a pair of opposed, recessed pistons,‘ means for 
exerting pressure against at least one of said pistons, a 
pair of members, one of said members being positioned 
partially within each of said recesses, a layer of insulation 
between one of said members and its associated piston, an 
electrical connection to each- of said members, one of 
said members comprising a die, said .die tapering towards 
its center,~at least one binding ring around said die, the 
other of said memberslcomprising a block, the outer face 
of said block taper-ing towards its center, an annular‘ ring 
positioned on said block, ‘said ring tapering inwardly to 
wards its center to providea central aperture in axial 
alignment with said die, the inner face of said ring engag 
ing the outer face. of said block, at least one binding ring 
surrounding said block and said ring, a reactionyessel 
located within the aperture of said annular ring, said ves 
sel comprising a pair-‘of spaced conductive. discs, a hollow 
conductive cylinder adapted to contain a specimen to be 
subjected‘to high temperature high pressure conditions 
positioned between said-discs, aninsulating .cylinder sur 
rounding said conductive- cylinder and discs, said insulat 
ing cylinder'provided with a peripheral recess. adjacent 
the open end of said aperture, a hollowinsulating sleeve 
positioned in said recess and extending therefrom, a pres 
sure transmitting member positioned within said sleeve 
between said die and said vessel, and a conical gasket as 
sembly surrounding said sleeve and mounted on the outer 
face of the annular ring of said second member, said 
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gasket assembly comprising a plurality of insulating and 
pressure resisting washers, a metallic washer positioned 
between adjacent pressure resisting washers. 

7. High temperature high pressure apparatus compris 
ing a pair of opposed, recessed pistons, means for exerting 
pressure against at least one of said pistons, a pair of 
members, one of said members being positioned partially 
Within each of said recesses, a layer of insulation between 
one of said members and its associated piston, an elec 
trical connection to each of said members, one of said 
members comprising a die, said die tapering towards its 
center, at least one binding ring around said die, the other 
of said members comprising a block, the outer face of 
said block tapering towards its center, an annular ring 
positioned on said block, said ring tapering inwardly to 
wards its center to provide a central aperture in axial 
alignment with said die, the inner face of said ring engag 
ing the outer face of said block, at least one binding ring 
surrounding said block and said ring, a reaction vessel 
located within the aperture of said annular ring, said 
vessel comprising a pair of spaced conductive discs, a hol 
low insulating cylinder adapted to contain a specimen to 
be subjected to high temperature high pressure conditions 
positioned between said discs, a heating coil positioned 
around said cylinder, said coil being in electrical contact 
with said discs, a third disc assembly positioned between 
said block and its associated disc, said third disc assembly 
comprising a heat insulating core and an outer conductive 
ring in electrical contact with said block, a second insulat 
ing cylinder surrounding said ?rst insulating cylinder and 
discs, said second insulating cylinder provided with a 
peripheral recess adjacent the open end of said aperture, 
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an insulating sleeve positioned in said recess and extend 
ing therefrom, a pressure transmitting member located 
within said sleeve in electrical contact with said die and 
said reaction vessel, and a conical gasket assembly sur 
rounding said sleeve and mounted on the outer face of 
the annular ring of said second member, said gasket as 
sembly comprising a plurality of insulating and pressure 
resisting washers, a metallic washer positioned between 
adjacent pressure resisting washers. 
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