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ABSTRACT: High-temperature high-pressure apparatus com 
prising pair of opposed tapered pistons having truncated flat 
end surface, annular die member having straight cylindrical 
inner wall, said wall de?ning aperture into which said pistons 
converge, rigid hollow cylindrical body made of material hav 
ing relatively low compressibility coe?icient said body being 
coaxially placed in said aperture, reaction chamber formed by 
piston ends and inner wall of the body, gaskets placed upon 
the ends of said cylindrical body and sealing gaps between said 
pistons and die inner cylindrical wall, and means for electri 
cally heating reactant in said reaction chamber, the tempera 
ture and pressure caused in the reaction chamber being 
damped by said cylindrical body, thereby lowering the pres 
sure and temperature transmitted to said die member, said 
gaskets pressing the ends surface of the body whereby the 
body walls are prevented from rupturing at pressure higher 
than that induced by the material of the body itself charac 
terized in that the opposite ends of the rigid hollow cylindrical 
body is formed with tapered surface. 
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HIGH TEMPERATURE HIGH PRESSURE APPARATUS 
The present invention relates to improvements in or relating 

to high-temperature high-pressure apparatus, more particu 
larly a high-temperature high-pressure apparatus which has a 
rigid hollow cylindrical body and is used for the synthetic 
production of diamonds and for various high-temperature 
high-pressure experiments. 

Previously, I proposed ahigh-temperature high-pressure ap 
paratus having a pair of opposed tapered pistons or punches 
each having a truncated flat end surface, an annular die 
member having a substantially cylindrical wall of a diameter 
larger than that of each piston truncated end surface, a hollow 
cylindrical body made of low compressibility coefficient 
material and having an inner diameter substantially the same 
or slightly smaller than the diameter of said ?at end surface of 
each piston and positioned coaxially within the die cylindrical 
wall, and gaskets placed respectively at the ends of said cylin 
drical body, a reactant being compressed and heated within a 
reaction chamber within the hollow body, the pressure and 
temperature directed to the reactant being higher than that of 
the die by the interposed damping effect of the hollow body 
thereby preserving the die. " 
The features of the previous apparatus are a high-tempera 

ture high-pressure apparatus ‘comprising a pair of opposed 
tapered pistons respectively having a truncated flat end sur 
face, an annular die member having a straight cylindrical inner 
wall, said wall de?ning an aperture into which said pistons 
converge, a rigid hollow cylindrical body made of material 
having a relatively ‘low compressibility coefficient, said body 
being coaxially placed in said aperture, a reaction chamber 
formed by the piston ends‘ and the inner wall of the body, 
gaskets placed respectively upon the ends of said cylindrical 
body and sealing the gaps between said pistons and die inner 
cylindrical wall, and means for electrically heating a reactant 
in said reaction chamber, ,the temperature and pressure 
caused in the reaction chamber being damped by said cylindri 
cal body, thereby lowering the pressure and temperature 
transmitted to said die member, said gaskets pressing the end 
surfaces of the body whereby the body walls are presented 
from rupturing at a pressure higher than that induced by the 
material of the body per se. , . 
The inner shoulder of opposite ends of said hollow cylindri 

cal body in the previous apparatus is a right angle. When the 
pistons converge into the aperture which is defined by the wall 
of the annular die member, the inner shoulder of the hollow 
cylindrical body is often broken and there is a tendency for the 
shoulder of the truncated flat ends of the pistons to be broken. 
As a result, there are disadvantages in that the movement of 

the pistons also, unsmooth and the pressure generated 
becomes'unstable and the pressure gradient along the 
side surface of the punch is not uniform. These disad 
vantages cannot be overcome by using a gasket only. 

The present invention is to overcome the above disad 
vantages by modifying theforrn and construction of the rigid 
hollow cylindrical body. I 
According to the present invention, therefore, I provide a 

high-temperature high-pressure apparatus comprising a pair 
of opposed tapered pistonsre'spectively having a truncated flat 
end surface, and annular die member having a straight cylin 
drical inner wall, said wall defining an aperture into which said 
pistons converge, a rigid hollow cylindrical body made of 
material having a relatively low compressibility coefficient, 
said body being coaxially placed in said aperture, a reaction 
chamber formed by the piston ends and the inner wall of the 
body, gaskets placed respectively upon the ends of said cylin- . 
drical body and sealing the gaps between said pistons and die 
inner cylindrical wall, and‘means for electrically heating a 
reactant in said reaction chamber, the temperature and pres 
sure caused in the reaction chamber being clamped by said 
cylindrical body, thereby lowering the pressure and tempera 
ture transmitted to said die member, said gaskets pressing the 
end surfaces of the body whereby the body walls are 
prevented from rupturing at a pressure higher than that in 
duced by the material of the body per se, characterized in that 
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2 
the opposite ends of the rigid hollow cylindrical body is 
formed with a tapered surface. 
The present invention will be better understood from the 

following explanation of the preferred embodiments taken in 
connection with the accompanying drawings, in which: 

FIG. 1 is a diagrammatic view in section of the essential por 
tion of the apparatus according to the present invention; 

FIG. 2 shows another structure and position of the rigid hol 
low cylindrical body to be used for said apparatus; 

FIG. 3 shows further structure and position of the rigid hol 
low cylindrical body to be used for said apparatus; 

FIG. 4 shows yet another construction of the rigid hollow 
cylindrical body to be used for said apparatus. 

FIG. 5 shows an enlarged section of one structure and posi 
tion of the reaction chamber to be used for the apparatus of 
the present invention; , 

FIG. 6 shows an enlarged section of another structure and 
position of the reaction chamber for said apparatus. 

In FIG. 1, the piston may be a truncated conical configura 
tion as illustrated by 11. This is for the purpose of strengthen 
ing the piston by, adding mass at the outer portion thereof, for 
the purpose of preventing the shoulder of the die member 
from being broken, and for making the height or axial length 
of the cylindrical body larger. The angle of the tapered surface 
is preferably 45° to 20° and more preferably 40° to 25° relative 
to the axis of the piston vertical line with the- view of 
strengthening the piston by means of a supporting means. 
The material to be used for the piston is generally WC-C al 

loy, but alloy steel may be also used. When a relatively lower 
pressure is employed in the apparatus, alloy steel sufficiently 
hard in the inside thereof may be used. 
The annular die member has an inner cylindrical wall and 

connecting surfaces respectively opposedly tapered at an 
‘angle to said wall for thexpurpose as referred to above with 
respect to the piston. The wall is preferably vertical but there 
may be provided further intermediate tapered curved surfaces 
respectively connecting each of said strengthening tapered 
surfaces with the vertical wall de?ning a cylindrical chamber 
to snugly contain the hollow cylindrical body so that the 
shoulder may be minimized. Alternatively, the inner wall may 
be smoothly curved. The ratio of the diameter to that of the 
truncated flat end surface of the piston should be less than 0.8 
for the reasons to be referred to hereinafter. Said ratio is more 
preferably such that the square of the former to that of the 
latter is less than 0.5 in the case where the die member is to be 
made of WC-Co alloy. When it is of carbon steel or of alloy 
steel said ratio must be less than 0.4 and preferably is less than 
0.3. . - 

The height or axial length of‘the cylindrical wall of the an 
nular die member is generallyless than the dimension of the 
inner diameter of the annular die member. If the length is 
made longer the pressure resistibility of the die member is 
lowered because of the decrease of the amount of pressure ab 
sorption or damping effect of the hollow cylindrical body. 
The die member is preferably prestressed by a plurality of 

binding rings made of hardened steel so as to counteract the 
tensile stress which occurs in the die member. The tapered 
surfaces of the die member are provided in order to strengthen 
its’ use for so-called mass support by making the outward por 
tion thick, and'to prevent the shoulder portion from being 
broken. The strengthening angle may be further decreased if 
the portion to be stressed is positioned further inwardly or if 
the force to be applied to the die member is lowered. 
The hollow cylindrical body is located in the reaction 

chamber de?ned by the cylindrical wall of the die and serves 
to prevent the temperature and pressure in the reaction 
chamber from being directly applied to the cylindrical wall 
which may otherwise cause rupture of the die member. The 
opposite ends of the rigid hollow cylindrical body is formed 
with a tapered surface. The cylindrical body may be made of 
alumina, magnesia, zirconia, thoria, beryllia, titania or other 
oxides which are rigid and of relatively lower compressibility 
coefficient and which are preferably sintered sufficiently so 
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that the apparent speci?c gravity thereof comes close to the 
true speci?c gravity. Other refractory products comprising 
some constituent in addition to said oxide also may be used for 
that purpose but in such case the pressure damping effect is 
lowered to some extent. It is due to the fact that the cylindrical 
body is supported by the gaskets at the opposed ends thereof, 
which seal the gaps between the piston and die member, that 
the rupture of said cylindrical body due to expansion in the 
vertical direction may be prevented. The cylindrical body may 
thus be used under severe temperature and pressure condi 
tions which the body material per se could not normally 
withstand. The result, which corresponds to the so-called 
quasi-isotropic pressure realized in known high-pressure ap 
paratus, is established in said cylindrical body. 
The pressure resistibility of the cylindrical body is varied de 

pending on the material used for constructing said body. The 
maximum pressure resistibility can be attained when alumina 
is used, while in the case where thoria, zirconia, magnesia or 
the like is used the pressure resistibility is not as high. 
The inner diameter of the hollow cylindrical body may be 

that of the diameter of the truncated end surface of the piston 
or slightly smaller than the diameter of the piston free end, de 
pending on the axial length of the reactant to be ?lled in said 
cylindrical body. The axial length or the height of the cylindri 
cal.body should be somewhat smaller than that of the inner 
cylindrical wall of the die member since the gaskets must be 
placed at the opposite ends of said cylindrical body. 
on each end of the cylindrical body and in the adjacent gap 

between a piston and the die member is placed a substantial 
annular gasket, which may be made of a refractory material 
comprising an agalmatolite stonelike material having a rela 
tively higher porosity which is preferably sintered slightly. The 
refractory material is preferably wrapped or sandwiched with 
well-tempered copper or iron foil. Other similar stony refrac 
tory materials such as natural agalmatolite, stealite and the 
like, various fibers, as well as plastics such as polypropylene 
may be used for this purpose. 
The gaskets serve to seal the pressure produced in the reac 

tion chamber and insulate the die member from electric cur 
rent ?owing from one of the pistons to the other through the 
reactant contained in the cylindrical body in order to produce 
the high temperature necessary for the reaction. Thus the 
gasket used in the present invention is utterly different in con 
?guration, location, and function from the usual gasket used 
in the known high-temperature high-pressure apparatuses. 

In FIG. 1, reference numeral 11 designates a tapered piston 
made of an WC-Co alloy. The strengthening wall of said piston 
is tapered by an angle, 30°. The piston is surrounded by a bind 
ing ring 12 made of hardened steel which serves to strengthen 
th'episton by prestressing. A plurality of such rings may be 
mounted by well known methods in order to avoid rupture of 
thelpiston due to high pressure and high temperature. A piston 
11'- having a strengthening ring 12' is provided in confronting 
relation to piston 11. 
A substantially annular die member 13 is oriented in such a 

way that the inner cylindrical wall thereof is coaxially posi 
tion'ed between said two opposed pistons 11 and 11’. As seen 
FIG. 1, the die member is defined in section by line segments 
y-x, x-x’ and x’-y’. The segment x-x’ constitutes the inner wall 
of the die member which is made ?at and substantially verti 
cal. The segments X-y and x’—y' constitute strengthening 
walls. In this embodiment the die member is made of WC-Co 
alloy. The die member 13 is also surrounded by a plurality of 
binding rings, one of which is illustrated at 14 in FIG. 1, and is 
made of hardened steel which serves to prestress the die 
member to prevent rupture thereof. A ring (not shown) made 
of mild steel is provided to overlie ring 14 to remove the 
danger from ?ying bits of metal should explosion of the ap 
paratus or the die memberoccur. 
‘Mark a designates a hollow cylindrical body having tapered 

surfaces s and s’ made of alumina sintered at a temperature 
above l,500° C. such that the apparent specific gravity comes 
close to the true one. The outer surface thereof is abraded so 
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that it may be snugly inserted in the aperture of the die 
member. The opposite ends of the cylindrical body are also 
subjected to grinding so that the end surfaces thereof are 
smooth. This cylindrical body serves, as stated above, to dam 
pen the high pressure and high temperature caused by the 
movement of the pistons toward one another so that the die 
member may not be subjected directly to such severe condi 
tions. It can serve also to thermally and electrically insulate 
the die member since it is made of'the hereinbefore mentioned 
oxide of refractory product. ' Y- Y , 

Although'the die member is insulated by means of said 
cylindrical body from high temperatures in the reaction 
chamber and from electrical current, it-is preferable to pro 
vide a further thermal and electrical insulator. In the embodi 
ment as illustrated in FIG. 1, there is provided a cylindrical 
member 15 made of sintered agalmatolite which forms a reac 
tant vessel together with two discs 18 and 18', respectively 
made of steel. Between the receptacle assembly, consisting of 
the cylindrical members 15 and discs 18 and 18' and the end 
surface of the pistons 11, and 11’ a pair of discs 16 and 16' are 
inserted respectively. Each disc 16 and 16’ is made of sintered 
agalmatolite or the like, around the periphery of which a ring 
17 made of steel is provided which forms an electric current 
path together with the disc 18, 18’, also made of steel. In the 
vessel a specimen or reactant 19 is contained. 
Numerals 20 and 20’ designate gaskets which are'made of 

agalmatolite system refractory material which has been 
slightly sintered at a temperature such that the porosity comes 
to 10 percent to 30 percent. ‘ 
The apparatus is mounted in an hydraulic press so as to 

move the punches respectively into the- die aperture to 
produce high pressure between the truncated end thereof. 
Since this area is surrounded by the die member 13 and gaps 
between the die member and pistons or punches 11 and 11’ 
are sealed with gaskets 20 and 20', the pressure in the reaction 
chamber containing reactant 19 may be raised up to about 
50,000 atmosphere. As stated this high pressure will not be 
transmitted directly to the wall of the die member owing to the 
presence of the interposed cylindrical body a. From an elec 
tric source, not shown, electrical current is applied to the 
punch llv which flows through the ring 17, disc 18, the reac 
tant 19 and through the corresponding members on the other 
side in reverse direction to the punch 11', or vice versa, so as 
to cause a temperature of 1,200°—1,600° C. The reactant, 
which is prepared by admixing particles of nickel and chromi—' 
um carbide and adding thereto graphite, it thus synthesized to 
form diamond. This apparatus has endured several thousands 
of operations. 

Various con?gurations and constructions of the hollow 
cylindrical body having a tapered surface are illustrated in 
FIGS. 2,3 and 4.. 

In FIG. 2, the hollow cylindrical body may be constructed 
with a hollow cylindrical member a‘, ring members b and b’ 
having a trapezoidal section and ring members 0 and 0’ having 
a triangular section. - 

In FIG. 3, the hollow cylindrical body may be constructed 
with a hollow cylindrical member a2 and ring members 50 and 
51 each having a triangular section. 

In FIG. 4, the hollow cylindrical body may be constructed 
with pair of hollow cylindrical members 60 and 61, a pair of 
ring members 70 and 71 each having a trapezoidal section and 
ring members 80 and 81 each having a triangular section. 
The above hollow cylindrical member is made of material 

which is rigid and of relatively low compressibility coefficient, 
and the ring member having a trapezoidal section or a triangu 
lar section is made of material which is rigid and of relatively 
low compressibility coe?icient or of refractory materials or 
metals, which are of less compressibility coef?cient than the 
above material. The refractory materials are for example mag 
nesia, agalomatolite, porous alumina and the like, The metals 
are for example iron, aluminum alloy, copper and the like. 
A modi?cation of the electric current path in the reaction 

chamber is illustrated in FIGS. 5 and 6. 
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In FIG. 5, the reaction chamber is constructed by circular 
discs 21 and 21’, rings 22 and 22’, hollow discs 23 and 23', 
rings 24 and 24', discs 25 and 25', circular thick discs 26 and 
26’, rings 27 and 27 ', ring 28 and cylindrical tube 29. The cir 
cular discs 21 and 21', rings 22 and 22’, hollow discs 23 and 
23’, rings 24 and 24’ and discs 25 and 25' are made of an elec 
tric conducting materials such as iron, nickel and the like. The 
circular thick discs 26 and 26', rings 27 and 27’, ring 28 and 
cylindrical tube 29 are made of for example agalomatolite, 
magnesia. porous alumina and the like. A reactant 30 is 
charged in the reaction chamber. 

Electric current applied to the punch flows through disc 21, 
ring 22, hollow disc 23, ring 24, the reactant 30 and through 
the corresponding members on the other side in a reverse 
direction to the other punch, or vice versa. 

In FIG. 6, the reaction chamber is constructed by ring 31, 
disc 32, disc 33, cylindrical ring 34, hollow disc 35, cylindrical 
ring 36, disc 37, disc 38, cylindrical 31, 39, hollow disc 40, 
disc 41, cylindrical tube 42 and cylindrical tube 43. The ring 
32, disc 32, disc 33, cylindrical ring 34, hollow disc 35, cylin 
drical ring 36 and disc 37 are made of an electric conducting 
materials such as iron, nickel and the like. The disc 38, cylin 
drical tube 39, hollow disc 40, disc 41, cylindrical tube 42 and 
cylindrical tube 43 are made of for example, agalomatolite 
magnesia, porous alumina and the like, A reactant 44 is 
charged in the reaction chamber. 

Electric current applied to the punch flows through ring 3], 
disc 32, reactant 44, disc 33, cylindrical ring 34, hollow disc 
35, cylindrical ring 36, to the other punch, or vice versa. 
According to the improvements in the high-temperature 

high-pressure apparatus of the present invention, the follow 
ing advantages can be attained. ' 

l. Since the opposite ends of the rigid hollow cylindrical 
body are formed with tapered surfaces, the rupture of the 
inner shoulder of the rigid hollow cylindrical body does 
not occur. 

2. The movement of the pistons is very smooth and so the 
pressure generated is very stable and the pressure 
generated is very uniform. 

3. The life of pistons is very long, for example several 
thousands of operations. 

4. The operation of the apparatus is very easy. 
5. The working for the production of the apparatus is very 

simple. 
6. A large-sized high-temperature high-pressure apparatus 

can be produced and also, as the material of the die 
member, alloy steel can be used. 

7. Since the electric current path in the reaction chamber is 
improved as described hereinbefore, the current capacity 
can be decreased and heating due to the electric re 
sistance is concentrated in the neighbourhood of the 
reaction chamber. Therefore, the temperature increase of 
punches can be inhibited and the life of punches can be 
increased. 

. Since the indirect heating of the reactant can be effected, 
the temperature gradient in the reaction chamber is very 
uniform and thus a uniform reaction can be carried out to 
obtain a good product. 

lclaim: 
l. A high-temperature high-pressure apparatus comprising 

a pair of opposed tapered pistons respectively having a trun 
cated ?at end surface, an annular die member having- a 
straight cylindrical inner wall, said straight cylindrical inner 
wall de?ning an aperture into which said pistons converge, a 
rigid hollow cylindrical body coaxially placed in said aperture 
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6 
and having an outer wall engageable with said straight cylin 
drical inner wall of said annular die and an inner wall, a reac 
tion chamber formed by the piston ends and the inner wall of 
the body, gaskets placed respectively upon the ends of said 
cylindrical body for sealing a space between said pistons and 
said straight cylindrical inner wall of said annular die member, 
and means for electrically heating a reactant in said reaction 
chamber, the tem erature and pressure caused in the reaction 
chamber being amped by said cylindrical body, thereby 
lowering the pressure and temperature transmitted to said die 
member, said gaskets pressing the end surface of the body 
whereby the body walls are prevented from rupturing at a 
pressure higher than that induced by the material of the body, 
characterized in that the opposite ends of the rigid hollow 
cylindrical body is formed with a tapered surface that is entire 
ly within the con?nes of said straight cylindrical inner wall of 
said annular die member. 

2. An apparatus according to claim 1, wherein the means 
for electrically heating a reactant in the reaction chamber in 
cludes means to effect a direct electric resistance heating and 
also effect an indirect electric resistance heating. 

3. The invention of claim 2 wherein said means for electri 
cally heating said reactant additionally includes an electrically 
nonconductive tube in which said reactant is positioned, a 
conductive disc extending over each end of said nonconduc 
tive tube, an electrically conductive means extending from 
said conductive disc inwardly along the exterior surface of 
said conductive tube for a distance less that the axial extent of 
said conductive tube having an end termination medially of 
said nonconductive tube, and hollow disc means engaging said 
end termination of said conductive means extending along the 
external surface of said tube, a hollow conductive ring engag 
ing said hollow disc means and extending from said hollow 
disc means towards one of said tapered pistons and means 
providing electrical communication between said tapered 
pistons and said ring means contacting said hollow disc means 
for providing both direct and indirect heat to said reactant. 

4. The invention of claim 2 wherein said means for electri 
cally heating said reactant additionally includes electrical con 
ductor means associated with each of said tapered pistons and 
contacting said reactant and nonconducting separator ring 
means separating the conductor means associated with the 
respective pistons whereby voltage applied across said pistons 
results in current ?ow which is substantially entirely directed 
through said reactant to provide for the direct heating thereof. 

5. The invention of claim 4 additionally including electrical 
conductors in said electrical conductor means associated with 
each piston extending in enclosing relationship about a sub 
stantial portion of said reactant to provide for indirect heating 
of said reactant. 

6. The invention of claim 2 wherein said rigid hollow cylin 
drical body is formed of sintered alumina sintered at a tem 
perature in the range of 1 ,200°-— l ,600° C. 

7. An apparatus according to claim 1, wherein the hollow 
cylindrical body is constructed with a hollow cylindrical 
member, pairs of ring members having a trapezoidal section 
and pairs of ring members having a triangular section. 

8. An apparatus according to claim 1, wherein the hollow 
‘cylindrical body is constructed with a hollow cylindrical 
member‘ and pairs of ring members having a triangular section. 

9. An apparatus according to claim 1, wherein the hollow 
cylindrical body is constructed with pairs of cylindrical mem 
bers, having a trapezoidal section and pair of ring members 
having a triangular section. 


