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[57] ABSTRACT 

A device for arti?cially producing diamonds or other articles 
of substantial hardness by utilization of heat and pressure over 
an instantaneous time period. The device, which is designed to 
achieve the requisite heat and pressure by detonation in an im 
plosive manner, consists of two mating hemispheric bodies 
having a centrally interior cavity of spherical con?guration. 
The two bodies are adapted to be a?ixed to one another in a 
positive manner, such as by internal screw threads. The hollow 
hemispherical bodies, which may be of bronze or other rela 
tively soft material, are suspended such as by nylon string, 
within a hollow plastic shell. An explosive material is posi 
tioned about the exterior surface of the shell in an even and 

, uniform manner with a plurality of detonators operatively 
connected to the explosive at appropriately spaced positions. 
An ignition harness is connected to the detonators so that they 
may all be actuated in a simultaneous manner. The material 
which is to be transformed, such as graphite or other car 
bonaceous matter, is disposed in the cavity of the bodies and 
upon detonation of the explosive there is created extreme in 
wardly directed pressures and temperatures which transform 
the carbonaceous material into stable diamond. 

2 Claims, 2 Drawing Figures 
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DIAMOND IMPLOSION APPARATUS 
This application is a continuation of my prior pending appli 

cation Ser. No. 708,331, ?led Feb. 26, 1968 now US. Pat. No. 
5,499,732. 
This invention relates to a method and means of explosively 

forming solid bodies from a powered material. More particu 
larly, it relates to compaction of powdered materials to a 
dense condition by using the energy generated by the detona 
tion of a high explosive charge. 

Until recently, powder metallurgy was primarily a technique 
used when a given metal could not be fused by simple applica 
tion of heat. Presently, powder metallurgy is utilized to 
produce materials that cannot easily be made by other 
methods and also to produce materials less expensively and 
easier than by other known methods. Powder metallurgists, 
for a substantial period of time, used primarily techniques 
known as sintering, that is the heating of loose or compacted 
powders to a temperature where inherent bonding or ad 
herence occurs between the powder crystals. There are 
presently, however, many other known powder-working 
processes, including rolling, forging, and extrusion. One of the 
more recent developments in the ?eld of powder metallurgy 
processing is explosive compaction, that is the generation of 
heat and pressure on a designated powder substance by means 
of the detonation of an explosive charge, such as in the subject 
invention. Although there are a number of ways in which com 
paction by explosives may be accomplished, the present in 
vention is directed to a device in which the explosive is 
detonated at a distance from the powder, compaction occur 
ring by reason of the explosive force which drives a metal 
sphere inwardly to compress the powder. The device may 
have application in the pressure wave compacting of nu 
merous powder materials, such as, for example, tungsten or 
graphite. Numerous other materials of the carbonaceous fami 
ly such as graphitic carbons, petroleum coke, coal cokes, and 
lamp black may be used. The following description of the in 
vention utilizes such carbonaceous material as graphite for ex 
emplary purposes in demonstrating the structure and condi 
tions under which the production of stable diamonds may be 
accomplished by an implosive reaction. 
Numerous features and advantages of the invention will 

become apparent upon a reading of the following detailed 
description and claims, when read in conjunction with the ac 
companying drawings, wherein: 

FIG. 1 is a cross-section view of the improved structure of 
the invention. 

FIG. 2 discloses a phase diagram for carbon indicating 
thereon the relative transition conditions of carbon-diamond. 

Reference is now made to FIGS. 1 and 2 which are shown 
for the purpose of assisting in an understanding of this inven 
tion. With particular reference to FIG. 1, there is shown hemi 
spherical bodies 5 and 7, de?ning a unitary elemental piece. 
Each of the bodies have an internal mating hemispherical 
cavity 9, 11, respectively. The hemispherical cavities 9, 11 
de?ne a spherical hollow in which is disposed the powdered 
material such as graphite 3. The hemispherical body 7 is 
characterized by the internal male thread ridge 13 having an 
internal surface 15 of semi-spherical con?guration so as to 
mate evenly with the hemispherical cavity 9 of body 5. The 
hemispherical body 5 similarly has internally thereof a female 
thread ridge 17 for receiving the male thread ridge 13 of body 
7. Both of the thread ridges 13 and 17 are radially displaced 
from the center 19 of the graphite and would preferably ex~ 
tend entirely about the interior of both bodies 5 and 7. It will 
be recognized, however, that the threaded ridges may extend 
interiorally about portions of the body if same is desired. 
Similarly, it will be recognized that other lock type means may 
be used in place of the threaded ridges 13, 17 so long as the 
conditions of operation described hereinafter are ful?lled. 
Each of the hemispherical bodies are further characterized by 
a planar surface 21, 23 which is radially oriented and 
machined to a relatively high degree of surface smoothness. 
Such accuracy is necessary in order to accomplish the exact 
ing mating required for the uniform transmission of shock 

10 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

75 

2 
waves to the graphite 3 center. The bodies 5 and 7 should be 
made or machined from a heavy, comparatively soft malleable 
material. Among the acceptable metals, lead or brass may be 
stated for exemplary purposes or an alloy such as bronze may 
be used. The material from whichthe bodies are constructed 
must in any event be capable of ?owing rather than fracturing 
at high pressures and temperatures, and must be suf?ciently 
thick to withstand no more than moderate fracture upon 
detonation. Although the relative size of the bodies, 5, 7 will 
vary in accordance with the particular intended application 
and desired quantity of the resulting mass, they may, in the 
present case of graphite compaction, be approximately 5 
inches in diameter with the central cavity 3 having a diameter 
of 1 inch or less. The walls would therefore be about 2 inches 
in thickness. The size of the threads and the size of the 
threaded connection may similarly vary in accordance with 
whatever is necessary to resist the explosive shearing forces of 
the bodies upon detonation. It will thus be recognized that not 
only the size of the threads but the particular position of the 
threads within the bodies may be changed in accordance with 
the size of the bodies and the forces expected. 
The apparatus further comprises suspension means 31 

which may consist of nylon cords af?xed to the exterior sur 
faces of the assembled bodies so as to support them in a spatial 
manner within the hemispherical shell 33. There is thus 
created between shell 33 and bodies 5, 7 an atmospheric 
medium 35 which tends to markedly accelerate the implosive 
shock waves upon detonation. It is found that without the at 
mospheric medium in surrounding relation to the bodies 5, 7, 
both the magnitude of the shock wave transmission and the 
quality of its radial concentration upon center 19 is substan 
tially reduced. Radial spacing of the charge in this manner also 
permits application of more explosive because of the greater 
circumference above the bodies. As a consequence, the trans 
formation of graphite to diamond is incomplete, there result 
ing an imperfect porous diamond mass of little value. The 
speci?c radial dimension of the atmospheric medium 35 will 
be dependent upon numerous factors such as the dimensions 
of the bodies 5, 7, cavity 3, and the magnitude of the initial im 
plosive charge. The plastic shell 33 of spherical con?guration 
may be provided with any conventional means for tying the 
suspension cords 31 thereto. In order to statically support the 
bodies 5, 7 within the shell, six of the cords 31 may be con 
nected to the body in the three mutually perpendicular (verti 
cal, lateral, and horizontal) planes. 
Compactly disposed in surrounding relationship to the shell 

33 is an appropriately shaped implosive charge 31 which may 
be of standard variety such as trinitrotoluene (CI-13cm, 
(NO,);,). Other conventional explosives such as 
trinitrobenzene, trinitroglycerin, or RDX 
(trinitrotrimethylenetriamene) may be used. In any event, the 
amount of explosive charge needed shall be determined in ac 
cordance with the pressures required for transformation of 
graphite to diamond as explained hereinafter. An appropriate 
ignition harness 43 should be uniformly connected as at 45 
over the total surface of the spherically shaped explosive 
charge. The harness is operatively connected at its terminal 
end to battery or other detonating source and a conventional 
switch means may be provided for actuation of the electrical 
charge. It should be noted that all detonator leads that make 
up the ignition harness are exactly the same length so that 
when powered from a common source ignition is simultane 
ous. 

For increased implosive force and improved pressure-heat 
holding time, the invention further contemplates a subsequent 
hollow spherical plastic shell or jacket 47, itself being 
suspended within a radially spaced secondary plastic shell 51. 
There thus exists between jacket 47 and plastic shell 51 a 
secondary atmospheric or gaseous medium 53 for accelerating 
in a radial direction the implosive force generated by a secon 
dary explosive ring 55 which may be of the same materials as 
the inert explosive ring 41. An outer plastic cover 57 is 
disposed in an enclosing manner over the explosive ring 55 
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and an ignition harness 59 operatively connected to detonator 
61 on the ring 55 is connected to the ignition harness 43. Inner 
plastic shell 51 may be suspended within the outer ring 55 by a 
plurality of cords 71 connected in the same manner as cords 
31. It should be readily visualized that upon ignition of the ou 
termost explosive ring, there will occur an implosive shock 
wave causing ignition of the next innermost ring and a con 
sequent reinforcement of the magnitude of the radially, in 
wardly directed implosive force. To further enhance the mag 
nitude of the implosive force, a millisecond delay switch 65 
may be provided between adjacent explosive rings so that the 
outermost ring could be detonated at the appropriate instan~ 
taneous moment before the intermost ring. The time lag 
would, of course, be dependent upon a number of factors such 
as the size of the rings and the individual explosive magnitude. 
Although aspects of the subject invention may be carried 

out with but a single explosive ring 41 and adjacent ambient 
medium 35, it will be recognized that more than two explosive 
rings and respective adjacent mediums may be utilized to in 
crease the total “holding time" of the pressure upon the car 
bonaceous center. In doing this, there is created a summing ef 
fect of the inwardly directed radially oriented forces, this 
being a consequence of not only the physical con?guration of 
the charges and adjacent alternate ambient mediums, but also 
the radial con?guration of their inwardly directed forces 
‘which culminate at center 19 to effectively transform the gra 
phite to diamond by generation thereat of the necessary tem 
peratures and pressures. 
With reference to FIG. 2, there is shown a projected phase 

diagram of carbon transition characteristics. By using a mix 
ture of graphite and diamond trace, the latter for its catalytic 
effect on diamond formation, transformation may occur in ac 
cordance with the temperatures and pressures indicated. For 
example, it is shown that at a temperature of approximately 
,4,000° Kelvin, there occurs a relatively rapid graphite trans 
formation to diamond at pressures of 140 kilobars and above. 
At pressures below 4,000°, there is required an increasingly 
higher magnitude of pressure in order to cause transformation 
of graphite to the diamond state. As shown by the dashed line, 
graphite and metastable diamond will transform to diamond 
and metastable graphite up until approximately 4,000” Kelvin 
and 145 kilobars. By projection of the transformation line, it 
may be predicted that graphite would spontaneously trans— 
form to diamond at room temperatures with a pressure of ap— 
proximately 400 to 450 kilobars. Although such a fact 
presents an interesting possibility, there is at the present time 
no known static pressure apparatus capable of achieving such 
force. in order to accomplish such transition therefore, an 
elevated temperature reaction is necessary and the most effec 
tive way of accomplishing the predetermined temperature and 
pressure parameters is with the controlled implosion 
described hereinabove. Although a reaction time of approxi 
mately 2 to 3 milliseconds may be sufficient to transform gra 
phite, the required holding time may be varied in accordance 
with the teachings disclosed by the subject invention. 

In operation of the invention, the body 7 is ?lled with the 
graphite powder and piled into a central peak or triangular 
con?guration. After the body has been loaded, the hemispher 
ical body 5 is screwed tightly thereon. it may be noted that the 
screw threads of both bodies should be relatively coarse so as 
to allow air to pass from the cavity to the outside of the sphere. 
There may, in substitution for the coarse type threads, be pro 
vided a minute passageway 71 communicating with the cavity 
3 and the exterior ambient atmosphere about the sphere. 
When the bodies 5 and 7 are assembled, they are placed in a 
vacuum chamber and the chamber evacuated so as to thereby 
create a vacuum within the cavity of the bodies. While the as 
sembled bodies are within the chamber, they should be addi 
tionally tightened. This may be accomplished in any number 
of ways, such as by a remotely controlled manual tool 
operated from without the chamber, or by a pair of ?exible 
arm enclosures which enable manual manipulation of the 
bodies by an operator while the chamber is at reduced pres 
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4 
sure. When the chamber has been evacuated and the bodies 
securely tightened, a welding apparatus should be actuated 
within the chamber in order to securely fuse one body to 
another, thereby hermetically sealing the interior chamber 3 
from impurities in the ambient atmosphere. In this manner, 
the color of the resulting diamond and the overall quality is 
substantially enhanced. Similarly, in order to effect enhance 
ment of the resulting diamond, various known inert gasses 
may be introduced into the chamber for purposes of effecting 
diamond color and quality, this of course taking place prior to 
detonation of the implosive charge. it will be readily recog 
nized that welding of the bodies may take place without con 
cem for differential contraction or expansion of the bodies 
and the consequent loss of vacuum within the cavity, since 
both bodies will be welded while entirely within the vacuum to 
begin with. 
The successful synthesis of diamond from'graphite or other 

carbonaceous materials appears to reside within the parame 
ters dictated by the shock wave, the de?nition of shock wave 
including factors of pressure, temperature and duration of 
peak pressure. All must be within a known range, permitting 
fonnation of diamond particles. An ancillary requirement, 
however, is that the condition immediately after the shock 
must be such as to permit recovery of the diamond formed 
thereby. Should the shock temperature be too high, the 
diamond fonned by the shock will be converted to graphite 
after the shock has passed. Although diamond is not the ther 
modynamically stable fonn of carbon at 1 atmosphere pres 
sure, the transition of diamond to graphite does not take place 
at measurable rates at temperatures below 950° C. As pointed 
out hereinabove, the transition can be quite fast at speci?ed 
temperatures. By utilization of the successive rings teachings 
herein, it may be visualized that the “holding time“ can be 
varied in accordance with whatever may be required for suc 
cessful transformation of the graphite to diamond. Experi 
ments heretofore have indicated that the holding time may 
vary from approximately 0.4 to 10.0 microseconds. The 
?gures 0.4 to 10.0 microseconds holding times are for non-im 
plosive explosions. The spherical implosion will increase the 
pressure/heat holding time. The concentric explosive rings 
and interim air spaces will further increase the pressure hold 
ing times. It will be recognized that the device could be buried 
underground or perhaps in water to enhance pressure/heat 
holding times also. Such times are stated here for exemplary 
purposes, however. 

in accordance with the teachings of the present invention, 
graphite or other carbonaceous materials are converted to 
diamond by the application of a sufficient shock wave intensi~ 
ty to meet the requirements of carbonaceous transformation 
to thermodynamic stability of diamond. Although a single ex 
plosive ring or a plurality of explosive rings are disclosed for 
generating the shock waves and applying them to the graphite 
specimen, those skilled in the explosives arts will be readily 
able to employ the skill and knowledge necessary to modify 
the speci?c teachings herein for purposes of obtaining dif 
ferent sizes of diamonds. Therefore, it is to be understood that 
the arrangements and structure shown are of an exemplary na 
ture and should not in any event be construed as a limitation 
upon the invention. Thus, various changes in the shape, size 
and arrangement of the parts may be resorted to without de~ 
parting from the spirit of the invention or the scope of the 
claims appended hereto. 

Therefore, what is claimed and desired to be secured by 
United States Letters Patent is: 

1. An apparatus for compacting powders, by detonation of 
implosive forces, so as to form a dense body of extreme hard 
ness, comprising a plurality of heat and pressure transmitting 
bodies having cooperating mating surfaces which are adapted 
to ?xidly engage one another, said bodies being of substan 
tially uniform thickness so as to equally transmit the forces of 
compaction, each said body having a substantially semi~hemi 
spherically shaped cavity disposed at an inner surface thereof 
and 



5 
means on said bodies for af?xing them to one another so as 

to form a unitary elemental piece having an inner central 
spherical cavity therein for receiving’ the powder to be 
compacted, 

wherein a ?rst hollow spherical shell having interior and ex 
terior surfaces is disposed about said unitary elemental 
piece, 

suspension means affixed to said shell and to said elemental 
piece for maintaining the latter within the former and in 
spaced relation thereto, and 

an explosive charge uniformly disposed on the exterior sur 
face of said shell so that upon detonation thereof the im 
plosive shock wave is transmitted ?rst through said space 
and then into said elemental piece. 
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2. The apparatus of claim 1 wherein there is provided a 
second hollow spherical shell having interior and exterior sur 
faces, disposed about said ?rst hollow spherical shell, said 
second shell being larger than said ?rst shell so as to create a 
uniform space thereabout, 

suspension means a?'rxed to said second shell and to said 
?rst shell so as to maintain the latter within the former 
while said elemental piece is disposed in said ?rst shell, 
and 

an explosive charge unifonnly disposed on the exterior sur 
face of said shell so that upon detonation thereof the im 
plosive shock wave reinforces the implosive shock wave 
from said ?rst shell. 
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