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90 degrees to each other. This unit also operates on the principle of an ex-
truded compressible gasket, although preformed gaskets similarly have
been found to provide superior characteristics (see footnote® on page
1394).
Figure 1(f) constitutes a cross sectional schematic of the explosive
shock apparatus developed by the Stanford Research Institute (De Carli,
1962). A “‘shaped” explosive charge is detonated against a free piston so
as to direct a planar shock wave into a solid cylindrical specimen. Pres-
sures and temperatures, determined to be of the order of 400 to 500 kilo-
bars and 1000 to 1500° C., respectively, have been generated for intervals
of approximately one micro-second. Graphite has been successfully con-
verted directly to diamond with this device.

THERMODYNAMICS OF DisyoxD FORMATION

The chemical thermodynamics of the carbon-carbon system (hex-
agonal graphite-cubic diamond) have been studied in detail by Rossini
and Jessup (1938) and by Berman and Simon (1933). Although both
forms of carbon exist in nature, only graphite is truly stable. Diamond
may be classed as metastable, as its rate of reversion is imperceptible
under normal conditions, and measurable only at temperatures in the
vicinity of 1000° C.

The relationship,

Cgrnphi\e = Cd jamond

discussed in terms of free energy, yields
Fq — Fg = AF.
a negative value of the relative free energy,

It is common knowledge that
he above carbon-carbon reaction to

AF, signifies permissibility for t
proceed to the right. Under such conditions the diamond crystal structure

would be a stable one. Conversely, a positive value designates that left is
the only permissible direction of net change, thus specifying graphite as
the stable structure. A zero value of AF represents no net change, a per-
missible coexistence of both graphite and diamond, and therefore, a state
of equilibrium. The kinetics of change are not considered here. The latter
has been discussed by both A. Neuhaus (1934) and H. T. Hall (1956).
Additional work is to be done in this area of diamond synthesis.

Values of AF calculated from experimental data taken at normal pres-
sure are positive to approximately 1200° C. (Berman and Simon, 195353).
Graphite, consequently, is the phase which might be expected from any
formative process carried out under normal pressure. In order to establish
the permissibility for possible diamond formation, some environmental
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change must be imposed on the sys i
balance of energy. Tphe relationship}, e S
P
j:’ AVdP = AFtP — AF1°

will.x AY a function of both P and T, shows that AF can be made negati
by increasing pressure. A plot of AF=0 as a function of px'oassufea W;
}cl]]!?t'rillurc, as determined by Berman and Simon (1953), is incl z:in
in Figs. 9 and 10. The region of diamond stability (AF=n’e ati o 'ed
above the equilibrium line of AF=0. It can be seen that theg - e
I;ucd.high pressure as a requisite for diamond synthesis T}(x)lrly ?OStu'
c:V[)crxn1¢-11tation with the exception of the epitaxial oro“'rth .
Eversole (1962) has proven this prediction to be correc:. RRBER

GROWTH MECHANISMS
Direct conversion

[]fmw» th; n‘l‘eth.od -ltxsed b>f the Stanford group for diamond formation is
¢ m0.~t. C 1rcu', it will be discussed first. The apparatus used has alread

F)ccn reviewed in the section on instrumentation. Graphite is ple ‘:ire‘} :
n; a hollow right circular cylinder of stainless steel closed at EndeCZn:lth(;
f-)]:l%‘:::td“lfu(_.ih)f o_t hcr ~with a movable solid stainless steel piston. A pla‘:;r
u](,n: 8 'ifi<0>1f\ullla (lc.tfmatc_d S0 as to direct the resultant shock front
S”c; (]ur;ii(;noig a;;rgl:;;l;;?]j,mlder' assembl);j enclosing the graphite.
calculated to be between 400 to 50(;nll(§lr:bzslerzonl - Bt .
batic temperatures estimated at 50 ’°a Sy reSUI'tant ‘}dia'
cm]l;\'c:ion of graphite to diamon;(:glos lt)(;eilbggcogp’)lzilslieegmduable i
wcc(:i;f:l[‘):cllrrff\‘rfaphlc land Fommercial grades of graphite have been
o h;m("c(]_bv.t h.e :);mel:: %0 dlamon('i. Although rather large samples may
e Th.e gc wave techmq\{e, yields realized thus far generally
e foun(& e 1aln30z11fis cr).'stallxzed resemble meteoric carbonado,
T rl;hc‘ne )I 1_ssemmated clusters generally less than 10
gl fotee ‘.-.m : ;.rﬁco or is black. They are poorly crystallized, yield-
e L.h’;rz (l 1. .ra.ctlon pattern.-The material appears to possess
e St;.mi,;‘, clucilstflc of nzftural diamond. Figure 2 shows a view of
oL pmductcc,lp g of graphite and the resultant graphite+diamond

Two te ive ex i

) ,,]\\.‘:_\.;;:THT“}:: g:‘[zlf.t-n{a)tlons have been advanced on the mechanism of

e e dizl is ;sed upon the partial similarity in the arrange-
ekl T mond and the rhombohedral modification of graphite

amieson, 1960). In contrast to normal hexagonal graphite,
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