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reactant plug and contact disk .. \ sectioned assembled unit is directly to 
the right, followed by a nylon sleeve which pro\'ides electrical il15ulation 
for I he portions of the high pressure pistons extending into the high 
pressure cylinder bore. The abon configuration has been found suitable 
for reaction studies because of its simplicity, and because reaction surfaces 
arc broad and essentially isothermal. ''"here reaction between the react­
ants under study and pyrophyllite occurs, either a chemically inert pro­
tecliye sleeve or the arrangement shown in the bottom series of the 

FIG. 4 . . \ cross-sectioned specimen recovered from a supported stepped piston-cylinder 
apparatus after being subjected to high pressure and high temperature. Synthetic diamond 
can be obsen'ed at the metal -graphite interface. \\"idth of the section is 12.5 mm. 

Figure is used. The graphite- pyrophyllite interface is non-reacti\-e. 
Contamination by diffusion through the graphite, howeyer, must be 
considered. Since the basic geometry illustrated both for reactants and 
passive constituents is uniyersally applicable to all present types of static 
pressure equipment, and is suitable for diamond growth, other more 
sophisticated techniques developed for special effects will not be de­
scribed. 

Figure -t shows a cross sectioned complete specimen reconred from the 
pressure vessel. The constituents from center top to bottom are: (a) un-
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rl.:d c·d iron ; (b) iron carbides l and diamond; (c) unreacted graphite. The 
:!Il rmal <: n\'ironmcnt is illustrated by the light gray elliptical zone sur­
r ,I :r ding the rca ctant~. Here pyrophyllite has been altered to coesite and 
:.. ~.Ini tc (Ciardini et al., 1961) . The pressure measuring circuit is shown at 

ld . 
I" i.:.: urc 5 proyides a yiew of a core recovered from an arrangement il­

lu-Ir.lll'd by the bottom row of Fig. 3. The reactants consisted of an iron 
f"cI plan ·d II'ithin a graphite tube. The latter "'ere both placed within a 
I hi n wa llt·d iron sleeye .. \rea (a) shows diamond crystals covered with 
llll rl·;! l·ted graphite. Intermixed and behind the diamond are iron 
l.trbidl· ~.1 Zone (b) constitutes a central core of iron silicate.2 The latter 
jOl rlm·d a ' a fc.'ult of silica diffu -ion from the outer pyrophyllite cylinder, 
;In d pro \'idc~ a graphic eXdmple of the surprising mobility generally 
l nl (lU n Il' r<:d in ~olid state reactions carried out at high pressures and 
tempL'ra t ures . 

. \ na lytical II'ork has been performed by the following techniques: (a) 
"ptil .I1 miLTo~copY, (b) electron microscopy, (c) emission spectroscopy, 
· ,: 01 d x- r,ly d ilTrac tion and fluorescence.3 

T hl'-C ~tu di c ;; ha\"e :;hol\"l1 that the mechanism of diamond synthesis 
lI" ,(l' r londitiOI1:' of static high pressure and high temperature involving 
! lI: li- ( UI11Pf)Il<:ll t ~y,..t<:1115, is one of solution of carboll in a suitable sol­
\, III II) ,I , Iak of ~ llp~ r ,.aturation. The thermodynamic instability of the 
~.l - lIl.lallt :~ (J luti o n ~e~uires decomposition, and yields subsequent crystal­
.1 :-.1 I IIJ n 0 1 the preclplta ted free carbon. ',"hether the latter crystallizes as 
dl.l mond or graphite appears primarily dependent upon the local pres­
~u n: -t <: ~l.pe~ature environment. Theoretical data on the diamond-graph­
IlL' l"quIlilma derived by Berman and Simon (1955) have been experi­
l1ll" nLLlly \'trified within specified limits of probable error (Figs. 9 and 
10) Tl .. · . 1<: mll1lmUm temperature for diamond growth at a given pressure 
111 . ;t.ny u:,a ble system is defined by its carbon saturation limit. Some 
Il1 I~l. l m lim \'a lues of pressure and temperature are given in Table 1. 

[ he beha vior of the metal carbon solvents listed above falls into two 
:': l' lll r:tl ca t<:go rie;;: tho;;e prone to form stoichiometric carbon compounds 
,.lrlJlc lc, l, a nd tho;;e which arc not. Examples of the former are Fe Mn 

Cr. an d Ta. Pt, Xi and Co exemplify solvents not prone to form carbides: 

I ( I m:w he of intere- t t t' h th h h' h . . • _: : 0 men Ion ere at t e 19 est carbon Iron carl)1(le observed 
, .... rIll ,hamond fo t' d •. . rma IOn correspon s to a chemical formula of FeC. The material 
~ • " ..... ':<"' a higher physical hardness and chemical stability than the common carbide of 
: -"n, Fe· C. 

, Characteriza tion is not . tit Th . h - f F .. \ '1' . ' )e comp e e. ewclg tratlOo e :Sllsapproximatelyl:l. 
, ':1 IIIna l da ta will be published later. Tn general, it resembles muscovite. 

• < accoml;anying article by] .. \ . Kohn and D. \\". Eckart. 


