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empe Uses of Synthetic Piarond and Cubic Doron Nitride
in Industry ané Tachnology"

(Talk for American Physical So¢ ty, March 22, 1977)
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As yon all know, i1t is nice when now and then some products
o? the scientific 1acoratcry are actually used for practical
PUTPOSES The vnique prorertiov ané relative scarcity of diamond
mace its price high enough to ease Lhe task of finding economically
aceoptatle methods for larre-scale procucticn of synthesized diamond.
An additicnal favorable factor was +hie discovery that the crystal
merpholopy of The diamond affects 1ts utility, and that this mornhology

conld be pretiy vell controlled during growtn

For example, a lot of diarond atirasive 1g nged to prind comranted
depicted in Fipnre L-] 4 these carvigdes nre usead

-

tunpsten carbides, as
vids yaristy of n‘wn-rvcﬂnﬁ1ﬁvntv tanis in industry. The ®ine

£oHyr A
of diamond wnich cdces this job the Yest has an appearahce wnich a
crystnl~rrower or solid-state physicist would repard as territle:

j4t'g full of fissures and overgrovths and inclusions, as yo! can

e

gee in Fifure L4-2. When such ¢rvotals are bonded into an abrasive
wheel, ucnally ty means of a high-melting resin or a low-melting
cerumic, the rounn CTY rstal surfaces help to hold the crystsls in
the wheel as ‘ﬂ‘V cut on the vorkpiece. hen the cutting edge of a
ervetnl becomes dull, the forces on it increase. If the crystal were
strong, it wonld be torn from the wheel and its usefnl life yould be

finished. Put 1if the erystal is not too stronp and 1is rirmly held,

S
+Re dnll edge rovt*cnu wilW chip off and newly=-formed sharp edges
ting, Thus the neofulness of the

dianond prain is increased, It is necessary to have a rrne cutting ‘
¢

tic- here beeanse the workplece material is ductile and streng in

will be formed to 0cnfaﬂn° cut

-
[N

can't be cra woved out very cas 11V AR the cutting

tensicn, and so 1
of plo9ing

edpe bencmes énll and entting actien 1s replaced 1y a2 sort
1ocally and the resniting

acticn, excecssive heating by friction occurs

24

higher tempera'ures ravor chemical attack or graphitif?tion of the

dismond. f%tﬂe
B
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" Another large use for ¢iamond abrasive is savring or grinding
stone, ccncrete, glacs, ceramics, ete, as shown in Figure L-3,
You mipht think tl:at the same principles abcut cutting action would
arriy toe this use as they did for cemented tungsten carbide. In tie
Yerinning you would be right. Figure |-}y shows some curly glass chips
¢nt from the surface of a nieroscore slide by the sharp edpes of
diamond grains. Fut the cutiing edres soon teccre anll and a kind of
ploving setion then occurs in which the workriece material fails in

tension near the advancing abrasive grain. If the grain 1s strongs

it can continue to plow for a long time with satisfactory results,
asically Ytecause the workplece material is weay in tenslon. Some
of the tonugh, strong diamond crystals neeful for cutting ceramics,

glass, rock, etc. are chown in Figure H-=0.

As Herb Strong rentioned, ihe sizes and erystal morpholiogy of
the synthesized djiaronds can be controlled by the conditions of grovth,
and so the manufac tur=d diamonds are tailored¢ to the end nscs, with
seVQrél Yinds of diarchd avnilakle in approprinte sizes. In this way
the most effective and economical use of éiamend is obtained, and

the average improvem:t'in the performahce of ¢iamcnd atrasive 1s

arlroximately a factor; of two from tne time when the synthesized
The bul‘l\'

diamonds first appeared on the market, abeut 20 years afoOe.
of atrasive diamend use 1is nov met by synthesized diamoné, hundrecs

of kilograms V€T year. In spite of tre improvemsntis in performance, the
price of diamond abrasive s remained about the sane, $2.79 per

carat or £6000 per pound.
!

Not all industrial Gismond is used as atrasive, howeveT.
Respectalle amounts are uced as single crystals, of gemstone size,

in srecial entting toolsy rock érills, .ire-draving ¢les, and tools for.

dressing grinding wneels. LHoweVeT, single cvrstal Giamond is easily

‘eleaved on planes parallel with the octahedral faces, anc this

characterisitic of é¢iamond generally acts to shorten the 11% of
tools mace from single crystals. come natural polycrystnlline lumps
of diamond Ynown as carbonado can te found 1n Erazil and vestern
Africa vhere the two continents were once Jjoined. Thece Jumps are

et




mich tougher than single crystals but the supply is limited and
the quality 1is uneven. For many vears a goal of diamond research was

to sinter swall- diamonds togetner into strong piecese.

Some formidable natural obstacles stand in the way tc this goal.

First of 211, glnelng the diaronds tofe +her with some sort of a2 bondine

agent is not a satisfactery soluticn mhe strength, melting point,
and thermal conductivity of diamené are so far atrove those of any
potentinl glue that the cownuv;te wonld have projertles more like
the glue than like diamond. Many investigators will agree on this
point, having worled over all the glues they comld think of. The
best glue is diarcnd jtself, that is, the erystals must be held together
by direct diamond-to-diamond bonds.

Second, the sintering process nas to be carried ont at some
temperature vhere the carbon atoms are somewhat mobile, which implles
a high pressure, otherwise the diamends will change to grarhite.
Getting a high prescure all around a diamond crystal 1s not so easy
in a mass of diamondc. If yon rut some @iamonds in a tox and squecze
on the sides, yocu ¢o not move the diamonds topether very much because
they are sc hard and strone. 'apy voids remain among the grains.

If you squéeze harder, the fiaronds gimply indent the walls of the

Yox. It is like tryins to compress & mass of cand insicde a box rade

of moceling clay. ‘here the dinrmond grains touch each other, the
pressures ars quite high, and whiare thev don't touch, the pressures
are qnite low, a few atrospheres. If the rass is reated, grarphite

can form where the rressure is low. In order to change this graphite

back into diamond, 3% hqg to bte srbjected to fairly niph rressure

but the pressure wen't be there unless the g1 rains wnich are vurrcrtiﬂb

th= compressive load deform. 3nut these grains are the strongest

material knowne. . . it

From the foregoing rerarks one might conclude that sintered
diamend masses are o1 most impcecsitle to meke except at pressures
and to*xe ratures lite those used ty Enndy to transforrm graphite into
dianond, say 130 krar and 3030°C. If natural carboracoes formed in
this way, one mist repard them as very special visitors to the surface

of the earth, becauce 130 ktars ccrrespends to a depth in the earth
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of about 400 ¥m OT 250 miles.

Tracy Hall found that 130 ¥kbar was not needed to make something

d powder. lLie used¢ 77 kbar or SO and controlled

so that only small amounts of graphite formed
etick together where they

useful out of diamon
the tire anc temperature
while the diamecnds were not enongh to
tonch each other. vou might call this a purejphysics approach

4o the problem.

Meanwhile,in our 1ab at G.E. ve thonght we'd try a little

i chemistry, too, 1f yon'll parcon the thought, and we found a way to

rake sintered diarond mAasses which are extremely thoronghly bonded
by dianhnd-to-diarcnd bonés, with no graphite and only @ 1ittle metal
The rain fault of such lumps appears tc e that they

nd hard that thel tale almost forever to shape and

=

in the mass.
are SO strong &
a dlamond lap. They are nowv ~anufactured in several

polish, even cn
Figure b-7 shows

shapes, some of which are shown in Fipure h-6.

the polished gurface of such a2 diamond mass andé reveals the extersive

dianonﬁ-to-diamonf tonding.
The ‘rire-craving dies macde with these lum
1+ turst easily and they wear aniformly

s have worked out

quite vell because they don
and slowly: 100,009 miles of coyreT vire is not unpsual for snch
de retonching. The tools are evcellent for cutting

a dle refore it nee
fibor—reinforced

hard abrasive. raterials lile coramics, rock,
1ive the silicon-aluninum nseé¢ for

materials, and certrin allors
on steel orT nickel-tased

automotive engine ristense. 2ut don't try therw

alloys. llere once more chemistiry rears its beantiful heady these
v b ]

metals when hot have a devastating effect on diamond.

Luckily natvre has provided us with some small atoms on elther

namely beron and nitrogen, ané boron nitride, DN,

side of carbon,
bon. Live grarhite, 1t can cxist as

bears meny recenblances to car
g 2t high pressures and tenperatures 1ilke

a soft, sliprery solid. An
the soft IN can be

trose usec for synthsizing diamond frem rraphite,
rd, diamond-1lile cublc form. The catalysts for

transformed into a ha
inctead the

this transforraticn are not iron, nickel, and the likej
pest catalysts are fourd to e nitrides, particularly the salt-1ike

nitrides such as those of 1ithium-or magnesium- Py
Sab gy f'?,
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Cubic BN has almost as much bonding enerry per cutic cm as
dismond, and soO it is alrost as hard. Flpure 4-3 shows tie structure
of Cutic EN, and Figure hJ?'ShOWS seme crystals of 1t. Cubic EN
415 more inert than than dlarcnd toward attack by oxygen or hot iron
or nickel, and therefore has fourd wide uce as an abrasive for hard

steels and niclel-rasad alloys. A cubic boron nitride atrasive wheel

wears very slowly and is extremely ngafnl where close tolerances must
be maintained on the workpiece, as 1n tocls with many teeth such as
broaches OT milling cutters, OT shere many parts must be made to exact

sizes, such as Yearingse.

Cubic BX éXrains may also 'te torded and sintered torether
into hard, strong Masses which make evcellent cutting tools for
nard steels and niclel-tased alloys, ané chilled cast iron. Flgure
L4-f9 shows such a tool, nd Fignre 4=1d shows one peeling off a |
red-hot chip froma plece of jet-enpine allov. Lere the tool is sO
strong and refractory that it can be operated at temreratures above

those at which the workpiece mnaterial softens.

So we see that adiarmond and cublc EN form a complerentary pair,
with one taking up vhere the othet 1eaves off. As far as we can tell,
they édon't seem to te soluble in each other to any creat extent.
Neither does sormething harder than diarrond scem tc e availlable frem

such a certination.

Sometires people ack us why, with all +his hipnh=pressure equipment,
we con't make cometi:ing harder than diarend. We always rerly that we
would te glad to, rut what showld we make it ont of? It is difficnlt
to iaprove on carbon, with 1ts small effective atemic radius and four
strong chemical bpinds Ter atom. We really noed some mere elemerts in
trhe first row cf the yeriodic table, and as you 211 know, making new
elements is not gasy, even for a physicist. _ 1

W2 hope that you nave enjoyeéd onr talk on just the three
elements that have been SO interesting to us: boron, n trogen, and

carbone. Thank yon.
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Figure 3 Automanted Cut Off Machine
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L-A COMPAX diamond tool blanks |
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