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90 decrrees to each other. This unit also operates on the pri~~ip~e of an e~-
truded compressible gasket, a,llhough pref~r;led(:::\~~t~I~:~~a~~ ~:~: 
been found to proyide supenor characten s ICS -

1391), , I I tic of the explosiye 
Figure l(f) constitutes a crosS sectlOna s~ lem~ In tit ute (De Carli, 

shock apparatus deyeloped by the St~nford Re:>earcO' inst a free iston so 
1962) , A "shaped" explosiye charge IS detona ted, aoa, ' P P _ 

k . t a solid cylindncal speCimen. res 
as to direct a planar shoc ' way: 111 0 d f 100 to 500 kilo-
sures and temperatures, determll1ed to be of the or er 0 intervals 

b 
d 1000 to 1500° C. respectiYely, haye been generated for 

ars an , G I' h been successfully con-
of approximately one micro-~econ~, ra? lite as 
yerted directly to diamond With this deVice. 

TIlER~lOD1:-\,uncs OF Dl.UlO:-\D FOR~f..\TlO:\ 
, f I bon carbon system (hex-

The chemical thermodynamICS 0 t le car d' -d' d tail b)T Rossini 
, b' d' d) I aye been stu Ie \11 e 

agonal graphlte-eu IC lamon 1 d S' (1955) \Ithoucrh both 
and Jessup (1938) and by Berman an I~O~ _ trul ' ~t~ble, Diamond 
form s of carbon exist in nature, only graphite b ,) ' ' .' ' ceptible 

bl 't - rate of reyerqon I::> Imper 
ma)' be c1a~"cd as metasta e, as I, ' t - 'n the 

, d ble onl)' at tempera ure" I 
under normal conditions, an measura ' 

yicinity of 1000° C, 
The relationship, 

Cil':'Iphite ~ Cd b.roond 

discussed in terms of free energy, yields 

Fd - F. = ~F. 
, I of the relative free energy, 

1l is common knowledge that a negat\\'e va ue b b reaction to 
, 'bTt f r the abo\'e car on-car on 

t::. F, signifies permissl I I yo , . h diamond crystal structure 
proceed to the right. CndersuchcondltlO.n~: e, I ede 'ianatesthatleftis 
would be a stable one, Conversely, a POSIl!\ e 'Va u ",0 , hite as 
the only permissible direction of net change, thus speClfY\l1~ gr:

p 
er

the stable structure, .\ zero \'alue of ~F re?resent - no nel ~ anoe, as~ate 
' __ 'ble coexistence of both gra phite and dla mond, and t hercfore, a 

mb,,1 ' 'd d here The latter 
f 'I'b' 11 TIle kinetics of chanae are not conSI ere ' -

o eqUlI nUl, _ 0 - and H, T, Hall (19.)6) , 
has been discus-cd by both A. ~ euhaus (19.)1) . 

, 'h'- f diamond syntheSIS. \dditional \\'ork IS to be done l\l t I area 0 I _ 
. Yalues' of ~F calculated from experimental data taken at ~orma 19P::")-

. I 1?00° C (Berman and SlfllOn, .).). 
Sure are positi\'e to approximate y -' d f 

I' h 'ht be cxpeete rom any 
Graphite consequently, is the phase \\' lIC mig, bl' h 

, . d I e""ure In orde r to est a IS 
formati\'e proces;; carned out un er norma pr .. , . t 1 

, d' d f ation some en\'lronmen a 
the permissibility for pOSSible lamon orm , 
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ch,lnge mu;;t be imposed on the system in order to create a favorable 
ha Ia nee of energy, The relationship, 

f~P ~VdP = IlFTP-IlFTO 

with ~\' a function of both P and T, shows that t::.F can be made negative 
by innea~ing pres- ure, .'\ plot of t::.F=O as a function of pressure and 
l\:mpera ture, as determined by Berman and Simon (1955), is included 
in Figs, 9 and 10, The region of diamond stability (t::.F=negative) lies 
above the equilibrium line of t::.F=O, It can be seen that theory postu
lated high pre~sure as a requisite for diamond synthesis, Thus far all 
expl'rimtlltation with the exception of the epitaxial growth process of 
E\'l' r~oll' (1962) has proven this prediction to be correct. 

GROWTH l\1ECHA)1ISMS 

Dir/'{{ colH'crsioll 

Since the mtlhod used by the Stanford group for diamond formation is 
the most direct, it will be discussed first. The apparatus used has already 
bel' ll n:\'itwed in the sec tion on instrumentation, Graphite is placed with
in a hollow right circu lar cylinder of stainless steel closed at one end and 
plugged at the other with a movable solid stainless steel piston, A planar 
(harge of expJo, .. i\'e is detonated so as to direct the resultant shock front 
a long t he a xi ~ of t he piston-cylinder assembly enclosing the graphite. 
Stre..;~ duration is approximately 1 micro-second, At pressure intensities 
calculat ed to be between -tOO to 500 kilobars, along with resultant adia
batic temperatures estimated at 1000 to 1500° c., a reproducible direct 
cun\'e r:,ion of graphite to diamond has been accomplished. 

Both spectrographic and commercial grades of graphite have been 
,ucce~"fully transformed to diamond, Although rather large samples may 
be handled by the shock \\'ave technique, yields realized thus far generally 
rUIl btlow 5('(, The diamonds crystallized resemble meteoric carbonado, 
alld are found as finely disseminated clusters generally less than 10 
'ninons in ~ ize, Their color is black, They are poorly crystallized, yield
ing a difTu:,e x-ray diffraction pattern, The material appears to possess 
I he hardllc:,s characteristic of natural diamond, Figure 2 sho\\'s a view of 
,I typical ~tarting plug of graphite and the resultant graphite+diamond 
: l'J.ction product. 1 

Two t('ntati\'e explanations have been advanced on the mechanism of 
to JIH'e r"iOIl, The first is based upon the partial similarity in the arrange
'11ellt of atoms in diamond and the rhombohedral modification of graphite 
De Carli and Jamieson, 1960). In contrast to normal hexagonal graphite, 

I ).faterial pro\;ded by Dr. p, De Carli of Stanford Research Institute, 


