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This invention relates to dies and more particularly to 
such dies which are employed in high temperature high 
pressure apparatus, 

In a copending application of Francis P. Bundy, Serial 
No. 488,042, filed February 14, 1955, and assigned to 
the same assignee as the present application, an apparatus 
is described and claimed to effect and control reactions 
which occur at temperatures of the order of several 
thousand degrees Centigrade and pressures of 20,000 to 
-40,000 atmospheres for long time intervals. Such appa 
iratus comprises a reaction vessel which is positioned be 
tween a pair of opposed, recessed dies with annular lips 
to provide a specimen chamber to be subjected to tem 
peratures and pressures of the order mentioned. 

In previous apparatus, die stroke was limited by op 
posing die lips which were necessary to prevent lateral ex 
trusion of the reaction vessel. The problem was over 
come partially by a gasket assembly which increased the 
:size of the reaction vessel to produce a more effective die 
stroke. However, the invention of the present applica 
tion provides a novel die having additional stroke which 
(eliminates such a special gasket assembly. 

Accordingly, it is an object of my invention to provide 
a new and improved die. 

It is another object of the invention to provide an 
improved die for high pressure high temperature 
apparatus. 

It is another object of the invention to provide an 
improved die which produces higher pressures by increas 
ing the effective die stroke. 

It is a further object of the invention to provide an im 
proved die which operates as a two-stage die in a single 
stage press. . 

In carrying out my invention in one form, a hollow 
casing has an apertured die face at one end and a slidable 
force block within the other end to enclose a central 
core surrounded by a volumetric transitional material 
to provide a die. 
These and various other objects, features and advan 

tages of the invention will be better understood from the 
following description taken in connection with the ac 
companying drawing is which: 

Fig. 1 is a sectional view of a die which embodies my 
invention; and 

Fig. 2 is a partial sectional view of a high pressure high 
temperature apparatus which employs the die of Fig. 1. 

In Fig. 1 of the drawing, a die 10 is shown which com 
prises a generally hollow casing, such as, a cylinder 11 
with an integral closure 2 at one end. The outer face 
of closure 12 is tapered outwardly toward the longitudinal 
axes of the closure 12 and the cylinder 11 and then 
tapers inwardly toward aperture 14 thus forming an an 
nular lip 13 which surrounds a central aperture 14 in 

- closure 12. A core or pin 15, which has a flat face 16 and 
hemispherical face 17, is positioned partially within aper 
ture 14. Flat face 16 is positioned normally at the base 
of lip 13 within aperture 14. A washer 18 of volumetric 
transitional material is positioned between core 15 and 
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the inner wall of cylinder 11 to surround partially the 
core. A material of this type undergoes a phase transi 
tion which reduces its volume when the pressure reaches 
and exceeds its critical value. A force block or piston 
19 with a recess 20 on its inner surface slidably fits par 
tially within the open end of cylinder 11. Recess 20 seats 
face 17 of core 15 while a portion of block 19 projects 
beyond the outer edge of cylinder 11. 
When a force is applied to a die by a pressure source, 

Such as, a hydraulic press, the die will transmit this force 
against a specific object. If it is desired to increase the 
force which is applied against the object, it is necessary to 
increase proportionally the press load. However, I have 
found that the force can be increased without a similar 
increase in press load when a two-stage die is employed 
which has a washer of volumetric transitional material 
between its face and its force block. 

Volumetric transition contemplates or includes a sharp 
and distinct volume change of a material undergoing com 
pression. For the purpose of explanation, an exaggerated 
curve is shown, in Fig. 3, of a material which will not 
undergo such a transition. In Fig. 3, the curve for ma 
terial A undergoing compression, shows a generally pro 
portional reduction in volume for increases in pressure. 
In Fig. 4, there is shown a material B, which undergoes 
a volumetric transition. A curve for material B discloses 
a partial generally proportional reduction in volume from 
the points C to D. At the point D, however, an increase 
in pressure results in a sharp reduction in volume to the 
point E, and thereafter, an additional proportional volume 
reduction to the point F. The part of the curve repre 
sented by the points D and E is the volumetric transition 
as defined for the purposes of this invention. The process 
is generally reversible in that the material will also follow 
the curve from points F to C. 
A number of materials undergo volumetric transitions 

at elevated pressures whereby the material occupies a 
Smaller volume at and above this point. While it may 
be seen that numerous volumetric transitional materials 
may be employed in this invention, more satisfactory 
results are obtained from solids rather than liquids or 
gases. Examples of suitable materials which can be used 
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for washer 18 of the present invention are calcium car 
bonate (CaCO3), cuprous iodide (Cuala), potassium cya 
nide (KCN), lead iodide (Pb), ammonium formate 
(HCONH4), and urea (CHON). The diameter of 
washer 18 determines the press load which is necessary to 
cause the volumetric transition while the thickness of the 
washer determines the amount of additional stroke avail 
able. 
Die 10 is assembled by inserting core 15 into aperture 

14 of closure 12 so that core face 16 is positioned at the 
base of lip 13. A washer 18 of volumetric transitional 
material which has a central aperture is positioned around 
core 15 to fit against the inner wall of cylinder 11. Force 
block 19 is then positioned within the opposite end of 
cylinder 11 to seat core face 17 in recess 20. A portion 
of force block 19 projects beyond the outer edge of cylin 
der 11 to provide a member against which pressure is 
applied. When initial force is applied against block 19, 
this force is transmitted to closure 12 by washer 18 and to 
core 15 directly. After the transition point of washer 18 
has been reached, this material undergoes a volumetric 
decrease which permits block 19 to concentrate additional 
force against core 15. A longer pressure stroke is secured 
by this volume change since core 15 is pushed through 
aperture 14 in closure 12 to provide a second pressure 
stage against the object or specimen to be pressed. Thus, 
die 10 provides a two stage pressure action when it is 
actuated by only a single stage pressure source, such as, 
a hydraulic press. 
. In Fig. 2, die 10 is shown in a high temperature high 
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pressure apparatus such as that disclosed in the above 
mentioned application of Francis P. Bundy. Press bed 
30 of a hydraulic press (not shown) is recessed to have 
a platen 31 seated therein. A layer of electrical insula 
tion 32 is provided between platen 3i and bed 30 to pre 
vent conduction of electric current through the press. 
A ram 33, which is positioned in axial alignment with 
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platen 31, is actuated by an associated piston (not 
shown). Both platen 31 and ram 33 are recessed to par 
tially position members 34 therein each of which com 
prises a central die with surrounding binding rings 35. 
While die 0 is shown only in lower member 34, a pair 
of such dies can be employed in the apparatus. An an 
nular conducting ring 36 with a connector 37 is positioned 
around the periphery of each outer binding ring to supply 
electric current from a source of power (not shown) 
through rings 35 and the dies to a reaction vessel 38 
which is located between opposed faces of the dies. 

In the operation of the high temperature high pressure 
apparatus shown in Fig. 2, each member 34 with asso 
ciated conducting ring 36 and connector 37 is positioned 
partially within the recess of its associated platen 31 and 
ram 33 in the press. Reaction vessel 38 which is to be 
subjected to a high temperature high pressure environ 
ment is positioned between opposed die faces. Pressure 
which is supplied by a piston (not shown) through its 
associated ram 33 and member 34 is applied to reaction 
vessel 38 by the opposed dies. At the same time, electric 
current is supplied from one electrical connector, such 
as upper connector 37 to upper conducting ring 36, bind 
ingrings 35, and the die to generate heatin reaction vessel 
38. The current path continues from vessel 38 through 
die 10, binding rings 35, conducting ring 36, and con 
nector 37 to the electrical source. 
When force applied to the dies exceeds the transition 

point of washer 18 in lower die 10, this material under 
goes a volumetric change which reduces the volume it 
occupies. Block 19 concentrates additional force against 
core 15 to increase the force at its face 16 and provides 
a longer pressure stroke since core 15 is moved through 
aperture 14 against the object to be pressed. In other 
words, with respect to Fig. 2, it may be seen that move 
ment of the opposed dies proceeds until the annular lips 
substantially compress the vessel 38 to such a degree that 
no further movement of the die is obtainable. In this 
situation, there is no further increase in pressure without 
additional stroke. Therefore, in order to increase the 
pressure on the vessel 38, the material 18 is chosen to 
undergo volumetric transition at this pressure and conse 
quently force is transmitted to the core or pin 15 to move 
the pin 5 against the vessel 38 for additional force or 
pressure. If it is desired, reaction vessel 38 may also be 
subjected to high pressures alone. 
As will be apparent to those skilled in the art, the 

objects of my invention are attained by the use of a hollow 
casing with an apertured die face at one end and a slid 
able force block within the other end which encloses a 
central core surrounded by a volumetric transitional 
material to provide a die. 
While other modifications of this invention and varia 

tions of apparatus have not been described, the invention 
is intended to include all such as may be: embraced within 
the following claims. 
What I claim as new and desire to secure by Letters 

Patent of the United States is: 
1. A multiple stage die comprising a hollow casing, a 

closure for one end of said casing, said closure having a 
central aperture therethrough, a core positioned within 
said aperture and said casing to be moved through said 
aperture to project from said closure, a washer of volu 
metric transitional material surrounding said core and 
engaging said core and said casing, and a force block 
slidably fitting in the opposite end of said casing against 
one end-of-said core and said washer to impose: a force 
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4 
on said closure and said core dependent upon the transi 
tion of said volumetric transitional material. 

2. A two stage die comprising a hollow casing, a clos 
ure for one end of said casing, said closure having a 
central aperture therethrough, the outer face of said 
closure tapering outwardly toward the longitudinal axes 
of said cylinder and said closure and thence inwardly 
toward said aperture to provide an annular lip surround 
ing said aperture, a core slidably positioned within said 
aperture and said casing to be moved through said aper 
ture to project from said closure, one face of said core 
positioned normally at the base of said lip, a washer of 
volumetric transitional material surrounding said core and 
engaging said core and said casing, and a force block 
slidably fitting in the opposite end of said casing against 
said core and said washer, said force block projecting 
beyond the outer edge of said casing to impose a force on 
said closure and said core dependent upon the transition 
of said volumetric transitional material. 

3. A two stage die comprising a hollow cylinder, a 
closure for one end of said cylinder, said closure having 
a central aperture therethrough, the outer face of said 
closure tapering outwardly toward the longitudinal axes 
of said cylinder and said closure and thence inwardly to 
ward said aperture to provide an annular lip surrounding 
said aperture, a core slidably positioned within said aper 
ture and said cylinder to be moved through said aperture 
to project from said closure, one face of said core posi 
tioned normally at the base of said lip, a washer of 
volumetric transitional material surrounding said core 
and engaging said core and said casing, said material 
fitting against the inner wall of said cylinder, and a force 
block slidably fitting in the opposite end of said cylinder 
against said washer, the inner face of said block having 
a recess, the other face of said core seated in said recess, 
said force block projecting beyond the outer edge of said 
cylinder to impose force on said closure and said core 
dependent upon the transition of said volumetric transi 
tional material. 

4. A two stage die comprising a hollow cylinder, a 
closure for one end of said cylinder, said closure having 
a central aperture therethrough, the outer face of said 
closure tapering outwardly toward the longitudinal axes 
of said cylinder and said closure and thence inwardly to 

45. ward said aperture to provide an annular lip surrounding said aperture, a core slidably positioned within said aper 
ture and said cylinder, said core having a flat face at 
one end and a hemispherical face at the opposite end, said 
flat face positioned normally at the base of said lip, a 
washer of volumetric transitional material surrounding 
said core, said material fitting against the inner wall of 
said cylinder, and a force blockslidably fitting in the 
opposite end of said cylinder against said washer, the 
inner face of said block having a recess, the hemispherical 
face of said core seated in said recess, said force block 
projecting beyond the cuter edge of said cylinder to 
impose force on said closure and said core dependent upon 
the transition of said volumetric transitional material. 

5. A multiple stage pressure die which comprises in 
combination, a cylinder member, a closure member clos 
ing the uppermost portion of said cylinder and having a 
coaxial aperture therethrough, an axially movable pin 
positioned in said aperture and extending into said cylin 
der, a volumetric transitional material in said cylinder 
Surrounding said pin and engaging said pin and said cylin 
der, a piston block in the open end of said cylinder, said 
block bearing against said pin and said volumetric transi 
tional material on one end thereof and projecting from 
said cylinder at the other-end, said die including two sub 
stantially successively acting pressure paths, one of said 
pressure paths being through said block, said volumetric 
transitional material and said closure, the other of said 

' pressure paths being through said block and said pin. . 
. (References on following: page) 
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