HERBERT M. STRONG
1165 PHOENIX AVENUE
SCHENECTADY, NEW YORK 12308

Janwary 3/, 1977

Dear Tracy,

Attached are my remanks and slides | planned for
the cenemonies in San Diego on Marnch 22. Your
comments ane welcome. / /zap’é';”’zﬁ'{uﬁmlz with yourn
preceding presenitation properly. [welve on thirteen
minutes time allowance doesn't give much noom

fon elabonation.

Again congratulations on neceiving this well
e;;’am::d award. We are Looking forwarnd o seeing
you there. We expect to be flying in from
Honotulu as we will be visiting ourn Hawaii based
son in lanch. We Leave here Februarny 25.

Sincernely,

/n case you want to neach me in Hawaii, ihe address

Dr. Steven R, Strong
Kaiser Lahaine Clinjc

Lahaina-Maui-HI 96761
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(HE GROWIH AND PROPERTIES OF DIAWOND W /w

Al Strong

liy nemarks are directed 2o the shaded pontion of the Zemperature-
pressune phase diagram of carbon. [his is the pressure temperature
negion that was available fon experimentation in eawly 195%. flere
neproducible diamond synthesis was accomplished Laten in the sane
yean. flene also are the conditions forn synihesizing industrial: . -
abrasive diamond.

In the early experiments on diamond synthesis, the finst disappoini- |
ment was the finding that at the available pressures and temperatures,
graphite would not transform to diamond, no mattern how hard, hot on
prolonged the squeeze applied. Initially, it didn't seem that graphite
shoutd have been much inconvenienced o pucker its flat hexagonal
carbon nets a Little and then neonden its Layen stacking a bit. lhe
The applied pressure favoned this neadjusiment since the volume of
diamond is but 2/3nds that of graphite. Evidently graphite cnystals
would have o be taken apart and neassembled mone to oun Liking.

Some hints about this came from the neal wordd of one aimosphere.

For example, certain carbon compounds can, by appropriate chemistiny,
be persuaded 2o release free carbon. Also, therne are solvents which can
Zake canbon from one place and put it doun in anothen with the help
of a temperature gradient on by electrolysis, if the carbon is ion-

" iged. ALl of these neactions yield graphite at one atmosphere, but
unden a pressune thenmodynamically agreeable to diamond, carbon is
definitely obligated 2o form diamond when tunned Loose, on so it
seemed. But canbon had not heard about this so it followed ite pre-
ditection to form graphite in all cases,save Zwo. [he neaction of
nickel neleasing Lithium from Lithium carbide produced a product

that gave an elusive hint of diamond in the form of weak x-nay diamond
ditfraction Lines, but diamond crystals were not seen.
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The neaction between graphite and molien irnon unden pressure gave a
momentous and excepitional nesult because secable, feelable cryestals
formed having the capability of scratching evenything in sight.
Verny convincing. But the interval between the finst synthesis and
its proof of neproducibility had ite full share of suspense fon the
experumenterns.

(he experiment is quite simple. Alternating pieces of graphite and
any fewwus metal, on many of thein alloys, are stacked in the
pressure cell. A cuvent is passed through the pressuriized stack 2o
heat it 2o about /1400°C whereupon the metal graphite system melts
togethen at the interfaces fomming diamond spontaneously and napidly
beneat a thin film of molten metal. |his pictune of a nickel piece
with the Lumpy surfaces shows the diamonds cotlected at the interfaces
beneath a ihin skin of nickel. A Little acid soon brings the newly
bonn crystals out into the Light of day. ~lhey may Look Like some of
these, thein sizes nanging from a few microns 1o | mm, just night fon
abrasive use. lheirn sizes, colon and shapes are controlled by the
pressure, temperatune, time, and nature of the solveni-catalysts em-
ployed to bring about the neaction. A wide range of crystal
characterisitics is thus available.

lhe tem catalyst associated with solvent is appropriate because the
fewwus metals and many of thein alloys are unique amony solvents in
ability to yield diamond from dissolved graphite. Curiously, copper
which is neither solvent non catalyst becomes a catalyst and an
extremely weak solvent with the addition of about 2w nickel. Diamonds
Lonm sunprisingly easily in the 2k nickel alloy. Electrolysis experiments
indicate that canbon may be a positive ion in Liquid femrous metal
solutions, unlike most othen solutions of carbon wherein the carbon

is eithen neutral on negative. The fommation of positive carbon ions

may be a precondition for diamond formation.
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Solid ferrous metals are noit diamond catalysts. ALL carbon pre-
cipitating from solid metal becomes graphitic. Likewise, the metal
canbides, irnon carbide, ru.cfee,l carbide, etc. may be decomposed unden
pressure by heating, but the separating carbon is always graphite.

Diamond forms in two component systems, carbon and fewwous metal.
Thein binany phase diagrams for one atmosphere are well knoun.

Unden pressures nean 55 kbars, the diagrams are similar, but melting
temperatures are highern and compositions altered slightly. Also,
the melting eutectics neflect the presence of iwo phases of carbon.
In the nickel canbon system at 5% kb, the nickel graphite eutectic
Lies a Litile below the nickel diamond eutectic and at a bit highen
canbon concenination because grnaphite is now the unstable phase. [he
omall solubility difference is where the drive Zo fowm diamond is
wltimately felt. Diamond may be fonmed night at the graphite nickel
eutectic, but the cruystals are black, of poor crystal quality

and Lacking the usual nickel skin. Diamonds are noxmally fommed

weld above ithe diamond eutectic. A complication develops because
nickel is slightly soluble in graphite. Unaphite in this system is
then stightly mone stable in nespect 1o diamond than pure graphiie.
[his Lowens the diamond stable temperature at 54kb by about 12°degrees.

/n the ian—ca/zbc.m oystem at 57 kb, stable iron carnbide intwduces a
thind eutectic, inon-iron carbide which 4ies above those of diamond
and graphite. At Zemperatures below the carbide eutectic, iron
consumes both diamond and graphite forming inon carbide. Diamonds
Lorm only at temperatures above the canbide decomposition temperatune.
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So far in this Zath only small diamonds have been made. Why not Larnge
ones? lhe principal facton Limiting growth in ihe system described

io the Lange volume shrinkage occuwing when graphite becomes

diamond. 1he apparatus does not closely follow ihis volume decrease,
hence the pressure falls neducing the drive fon diamond growth to gzero.
This problem is solved by using diamond as a carbon sounce in the
pressure cell. Small abrasive diamonds are used as the nutrnient
carbon which ies dissolved in a pool of molten fenrwous metal at a

high Zemperature and allowed Zo swim down to a coolen zone where the
solution becomes supersaturated with carbon that precipitates out

on a seed diamond. [hrough careful contrnol of the supernsaturation
nate, a nice gem quality cnystal can be grown 2o 6 2o 7 mm size in
about a week.

These make nice expensive gems. Stinange that such a bit of thewmodynamically
unstable matten should have become the symbol of even enduring Love.
lhese crystals afford the oppontunity to study diamond properties in
tewms of controlled additions of impurnities, particularly substitutional
boron accepton atoms and substitutional niinogen donon atoms. Pure |
diamond is colordess and, except forn weak carbon bands at % microns,

it is inansparent from the band gap at 2250 A o at Least | mm.

Nitrnogen and boron introduce charactenistic visible and infraned
absonption bands which impant yellow and blue colonations nespectively.
Bonon doped diamond is a p-iype semiconducton, but with nitrogen the
donon Level is % ev deep and no nvom itemperature conduction is ob-

 serwved.

The extremely rigid, Light atom Lattice of diamond imparts some un-
wsual properities to diamond: exceptionally high Debye Zemperature,
Low specilic heat, nemarkably high thenmal conductivity and thenmal
diffusivity, and Lastly great sirength. /mpurities do detract from
these properties some, but diamond nemains exireme in ite properties.
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Diamond's great strnength and transparency has Led to its wide use
for anvils in miniature pressure devices capable of generating
nealy | megabarn pressurnes.
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) /s trnansparency and high thenmal conductivity find use fon high
k powen Lasern beam windows. [2s high thenmal conductivity is much
\M : nequined in electwnics fon keeping tiny power diodes cool. [here

, r___mm,_ll , are many other uses fon diamond.

Bob Wentonf wilk next tell you about synthesizing diamond's next of
kin, cubic bonon nitride, on boragon, and how this and diamond are
being used. |
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