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"'l'be US 8 S of 5)'71 tha tlc I'1.!l r:Or!C :-.nr1 Cub! c Doron Ni trice 

in · I r.c1'Jstry and T2chnolo£y" 

(Talk '(or At:1ericnn Phys iea 1 Socioty, l-:C"lreh 22, 1977) 
,,? 'J . J j J 

- I ( I !, . ! .A/.L"'" r~1 t~r-

A s yon (\ 11 kn m-!, 1 t 1 s nice '·.'~en nO '1 8.:10 then somc rroduc ts 

o~ the sclcntl~1c 1 nboratcry Are a c tually used for prncticn l 

p' ;rr('l~e s . '.:hc l:ni ~uc rrorert10. 3 nn0 r o lA. t.lve sCJ.Tci ty of d larr,oncl 

tl3 r;O 1 ts price hieh <:n::ml3r to ease l he t:\sl( of finding 0conor;icaJ ly 

L..CC " ta:-le t1~ hods for 1 0. rre- ... C'~11·~ }J:s.~OCuc;7. :!.cr:. of synthGsizcn din.:T.ond • 

) "'\' fi.n ~,d1it~or.al fnvo:- :1o ' C f<'l.ctor ""as tho discov '2ry thHt thE! cry~taJ. 

t1cr p!101ory ()f' t: j C c1i 3r:!o:-:d nffcC'ts l tz nJ~':'lity , a n (' th;1 t thi ::; mor~hology 

CC"l}(' CC preth,y 'I-.'1?11 cO!lt rol'ea c1llrin[, GrO':!tn. 

<0 ~~ "\ 
.. { For CXl1mpJ0, R let of c'lAr.on(' 1.Lr·! ~,lve i s "s r> d to rrincl c(":r'·"'Inte.c 
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ttU1rs t r:ll tlrrio"!>, A.~; c1 e pi('7oc1 tr~ ':-J r'l"f'! ). - 1; t}:~se ChI'! t(j G:~ ."1'(;.' \)5(>(5 

or dln;.:)!:d \(htch C(; ,,,,,, thJs j c l' thr:! test bC\s an :::PfC?<lr'J.r: . .:? ,.:hich a 

cr~ · sti11·- [:'ro·.:t::r or solid-stnte rl ysicj$ t. \ofOulr1 rcrar(l :; G terrH·la: 

j, t's 1'u] 1 of fts _ 'lre s and ave rcro\Jths :1.nd i1:CJ ns ions, i-1 ~; YO ' 1 C2.n 

~!?f": ir. Fifu~e 4-·2 . \ ..... '1:on s Heh c::::.' ;-', :('115 :lrc bon(l~0 l.nto ~n 2.lT-;sl\' ~~ 

'v;hcC'1) n!'.:'lUJ ~ y ty . cans o f a hiCh- :nl tinr reGi n or a lou·· rno 1 inG 

COr[d7 ic, ·tt-Ie TO"r;r: crystal 8111'fo.(, 8 8 he lp to h lc1 thc cryst:-. ]s in 

t. . ~ ',-!Ic c 1 i'..:; 't' G.,' cut on tr. ·2 1.lor1.(picce. 1.'f11en the cuttin[" ~dGe of a. 

~;,~'st11l"C?co ;~cs c11:11, th l? force:; on it increase . If the cr J·!;':,;.11 '.·mre 

s tronr., it ,,/o'!1d be torn &':'-orn tl-;t; -.-l rw(·.l ancl i~·.s u3(d'll l J j fa '.Io·,l l d be 

f'illJ. !;he cl. Put if t:!C cryst" l :s vlOt too s trone and is firr.lly h '.:-ld , 

tl-'8 01 .)1 C?(~fO j:orcions ,·,ilJ chiJl () i~f [\nd neH1y-'formon sh.:up e [~t(~s 

1 .. 1111 be fcrr:: .?c1 to ~ontin~ ,~ (.: n ttir~c:.:. <;' hus t he u~cfll.ln0.ss of th '~ 

-<.3i~:;'! or1 c1 .. r11n is increa~e(1. IJl is :l~('es ~)u.ry to h'ive a trw: cUl.ttnL 

ncti.v" :1(;'::'~ bcc:Jl1::Jc the '~j~~r~ r i,~c,:; J"i1o.terhll is r1uctile ani~ ~trr.r:c L1 

tcnsiC'n, ll:l<3 so 1 1. cC\n't ht~ crn:::}cd out v e ry easily . If tl:c cntt.1.nr, 

~('(.:C:! h~ " ~('r'3C c1 1'.J.l a.nd Cl.ltti~ ;; actio;-. i:-; rep 'AC ec. loy ~ SOl': of p1o'-1in f.: 

~I cti('n . 87.cc~si.vc ht;(1tir.."· 1.:" f ictio~ OCC1.rs 10C':;' .ly ()r.r. tilG 'e[; l1l1 ini~ , b 

h.l.rh'~l' te r.1pern 1.1lI' ';$ favor chc:,:licD.l c" r-te. ck or i! J'c p ;·t1 tj'.M!i ("In of tl:o 

i .3 7 .>0 Ii ...Q'..ei":.. 'lI r.lr.onu • /'~ ~ 



Another Jaree use f or diamond abrasive is sn~in~ or ~r i ndin e 
stone, c onc rete , elaos, ceramics, etc , as s'>own ill Figure 4- 3. 
Y0U I:lirht th~r.}: t1.at the same pr i nci;:lc,' abcut cutting action \wnla 

aniy to this use as they di~ for ce:".entNl tunr.st&n carbide . In tre 

l'ecir.nine yon "10"ld be rich • Fleure 1,- i, sho'"s some curly glass chips 

0'1t. fro", the surface of a nlicl'osrOr e 5 H00 by the shar p eo ees of 
ciin:"ond ,rains. rut the cuttinr, ed res 500n teccme clnll and a kine of 

plO'.tir.~ ectio,-, then occurs in ..., ld.ch t:oe ',I0,'1<):1cce materinl fails in 

tension n8ar th~ ndvancin~ abra3 ive ~rain . If the rrain is strong, 
it can continue to plo',) for a long tine Hi tll satisfactory results, 

1 asica11 y hcause the ,-orl<piece "'3 teri n 1 is "ea1< in t.ension. 50me 

of the to"e
h

, stronr dialCond crystals 'lce fnl for cutting cerOl :'cs , 

e
1ass

, rock , etC. are rho~n in Figrre ~ - 5 · 

t.s Her St ronr. r.:cntioncd, the 51;;.:\')5 and c r~rr' t2.1 rr.o r p:"101of,Y 0 

the synthesized dia"oncs c an be control1od by the conoition
s 

of groHth, 

and sot he mo."n f nc tuna "i a".0;10 5 arc tailor e(' to the e,-,d " se s, ,·Ii t h 
-ion "f""""'op.,...i"t-o ~i"c~ 1",... th i 

co '.lay 
,J... ... -\ U I J. ' ''' ,J. I........... v " .. "'") . _. J. _,.J ,. 

the most effective and economi cal use of eiD~nnd is obt" i~A, and 

tile avcra,e imrrove!':~t in t01e re ~fort:l"r.ce of ('hr"cno a l" T'.sive is 

err roxir.a tely a factor: of t\<o fro!:! t~e timo wi' 0:1 the sy. the sized 
, 

d iamonos first arrea rea on the r.:ar1'e t, al'r:1t 2~ year sago . The b, Ix 
of abrasive dianon" lll? is no\'! :net by synthesi7.ee diar:on<', hll. dret's 

of 1<ilor.rams Ter "year . In spHa of He i lprovcr.:en ts in rerfor IT.once, 

price of diamond abrasive ~s re ma inet' about the sane , ·2.7~ per 

carat or t6000 per pound . 
I 

Not all inc9us trial d i2.!Tlona is used as a t.ra~ i ve , ho' .. 'cv~r . 

tr~ .. ~ 

Respecta Ue nlCounts arc used as sin,.l e c r ys tals , of eemstonc s ize, 
i n srecial cnttinr t<' ols, rocl<" orills , ·.:ir e-dra",inr <'ies , ann tools fo r . 

• aress i nr er i nCine "heels . Eo'·:ever , s inelc c yrsta l 61omonc i s easily 

c lcoved on planes parallel with the ortahefral fRces , .n~ t his 

c ha roc t.erisi ~ic of (' ia""n" gonor" 11; nrts to s},or ten the 11 ~e of 
tools !MC e from sin~le cryotals . Sw!e na turn I polycr:'stn 11ine I' "';O s 

of diamond }:no,m [.5 c arbona'; 0 can te found in Era1.i 1 ana '"'c oj ern 

Afr ica "here the t ... o c ontinents "He once joiner . Therf 111!"ps a " e 



rrotch tOl:pher than sinrlt.. Cl' "st:t ls bn t th~ su PlY 1~ 1il:-:i ted and 

th~ qU3li ty is une:VOI. For f':::U:y ?I'"' ;'l :r~ a eoa 1 of diamond research was 

to sinter S'M a. II , d iamonel s tOfct LlI} into s trone pieces . 

Sor.:e formidn ble nn turn l 0 '['5 ~ • .1.( ltJ:::: s tanc] in the way to thi s gonl. 

Fi rst of a ] I, ~1'10inr: tm dl l l~' l n(~!.; ~'o('c';-.he r '.:i th !.; T!!e sort of D. cndj,np, 

neen t j s not a ~a ti!3 fv. c tcry !,;ol1Jtio:1 . ~'h0 s trength , mel tine point, 

a n~ t h(~ r~~l concnctiv~,ty of dj~!ilC-~C ;'!re so far arove those of a r.y 

potenti;(l fluo thn. t thl} cornrll:-:i t.e ',:011 1 (~ have p oJ erties more like 

the rIlle ~han li1{'c diar::onr'! . :-::)ny invGstif:(ltors will aGree on this 

point, havlne 'l!o rJ(en over :::tIl t:1e r1 1,'(,s t ho ,: cO'l ld think of. The 

~est Glue is dinrrcnd itself, t hnt is, tho c rys t a l s must be held toeether 

ty direct dia~ond-to-diarnond boncls . 

S,p- cond , t he sinte rine prec es s h-ns i-O be carriec 01tt at some; 

to' r.1re rn t1.1re ",here t\ !8 ca rbon a toms are s ornO'.-,hn. t rnob i I e , i-I~:ich 1 , rlie s 

a hlr,h pres~'lre, othe r'.'lise the cJil':"onrs '",i11 C'hanf,e to grRrhlte. 

Gettinr; a hieh pres~.' ure nJ 1 a ro~m0 c. d 1a:,,'ond cryst.a J is not so c a.sy 

in a m;:J.Ss of di:lT:-:or.~:. If yo t rut ~or.:e fi~ ones jn' a tox and sO\lp"'ze 

on the s iees , yCl1 GO not n'ovc tl~':? cinT!1ono s tore 'her very m': ch f '? C[!USe 

t he w are ' sc hard ? n s t r onr' . ;: :~ ny volr. s rer:n in nli'Onf: t~!e [red ns . 
, ' 

If you s quee ze h[!rccr , the ('i;'!r.~ onds ~mrly jnc< cnt tho \-Tal is of the 

box. It is like t ryi r to cO~I' ess a ~~ss of ~ond insire a tox r ade 

o f mo (~linr clny. ',rnere t: 19 (~ir\L. (l1d rrnins t 01.1C ! e ac~ o the r, t .. e 

press'):,es a r "? Q,d "' p' hir.h , nne' ",:1;re the:.: don't t ... ·uc h , t:1e rrc~sures 

are ql11te low, a fev! a tr os, here s . I the !"'[lSS is r.entcc, , r arhi te 

ca n form \'.' ~: 8rc the rrcs':-llre oi s 10'.-/ . IYl ord e r t o chanGE! this erarhi te 

bpck into d1n r:1on6 , ::t h.:\ s to ce s l1bjcc ' ed to f airly hiCh pressures, 
, ' 

hut t \; e pres s l re ","'n't 1'e th~re 11111css the crFlins \'i~l ich nrc ~1lrrortlng 

th:'? c ompre ssive 10:3n defor m. E'1t bese r.rnins are th0 stronrest 

rnn ter ial knOh'TI . .. 

From t he fore go ln ~ .. cr.':=t rv.s one mjrht conc1nde thnt s ~ n tercd 

c1in rr:opo r.lnsses <=Ire 3.._)!1or. t i r.:; f'<..~-sj 1(; to rral:e ';;=-:-C'3pt 'at pressures 

and te mI:eru turc" l i '!'e those l1SCo. 1/ cl1ndy t o trans forr.' r:r~pili to into 

~ia nond, s a y 130 Yr.a r un~ 30)OoC. If nnturnl carbo~acocs for~cc in ' 

this \.fay, one r:m C' t re fnrc the::: 0 C) very spec iS1.1 visi tors to the Zllf fncc 

of the earth, becau~c 130 k ' nr s ccrreSfcnrr, to a dcrth in the eorth 

-- .- -- - _ ... - .-~ . - ' - - .. - - ~ - - . - - . __ . 



of about ~OO ~m or 250 miles. 

Tracy ERll found that 1 }0 lrl)ar \vas not nccc<?d to make sor:ething 

useful out of di amond pOi/eel'. l:e usee 7') l<b~ r or so and controlled 

the ti '7"e anc teJ"'1pera tllrc .so U'a onl Y sr.lall an:ollnts of craphi te formed 

while tte diar.;cn(ls .. .Jere hot cnol1r,1l to stick toe;ether where they 

t01)ch eacl-: other. You mirht call this a pure: ph::sics approach 

to the problem. 

}.;canuhile/1Y\ onr lab at G.E. He thonrht \o/e'(1 try a little 

c her--:is -ry, too, if yo~;ll rarl10:1 the tllOurht, ard ':10 foune a Hay to 

r;nke sinterec eliarond r.l'tsses \-I11ich are extrerrely thoro1lghly bonded 

by diaMnnd-to- ~ia~on~ bones, ~itt no eraphite and only a IJttle metal 

in the mass. The rT'oln fault of such 11r.!PS apJ:cars to 1:'e that tLcy 

are so stronG and hnrd that the:' tn!':8 aJmost forever to sli[tpe a.:-.c 
po] ish, 8':e. on a (H amonn la p . ;:le:!Y <He:! no r :-anllfactur(~d i~ s(~' .. era l 

shu.}:es, some of i-/;,ich are s: o'::n in Fif'ur~ It-6 . Figure 4-7 sr,ovrs 

the poJish<:r s'lrfc: ('~ of sllch a -dia l~:c nd r.ass ane' reveal" the exter·sivE: 

~ia~on~ -to-d i~monf bondinr . 

The . !ir'?-~ r~:n'in;~ dip.:> r.;.:-J·c Hi "ch the!)e lurrrs have ':lor l:e<1 out 

q i te vIe 1] bccrlu::-;e they d on I t l our st ens ily and the Y '-/Cn r imiforr:ly 

and slo-,.,ly: 100 ,O~)) mile!) of c01 !,er 1:tirc is not 'I.m:usu!1l for sl1ch 

a ~ie tefore it need r reto' chi~ ~ Q 7he tool!) are eyceJlent for cut ting 

hard abrasive . ~aterials li~c ccrnr.:ics, rock, fiber-reinforced 

rpa terials, anc( c e r td n alJ oys 111:e the si11con-altmin 1m 1l s ec f or 

autor.;otiv~ enr1ne ristons. But don't. try thel:" on steel or nicl~el-l 'asec5 

alloys . !!ere once mcr~ cr,emj ~try rears its benntiful head; ttese 

metals when hot have a ~eva~t~tine effect on dinffionel. 

LucIdly na ttJrc hns prov1dec' 1.1S ' .. lith serne sm.'lll a toms on either 

side of carbon , np.r.:e ly boron nn(l ni troecn , ane' boron ni trice t EN, 

bear S r.lp.ny re r.e mb luncQ s to C::l rbon . I,ive er~ phi te, 1 t can cx~ ~t as 

a soft, sliPT cry solid. And ~ t hi ,f! pre s s :re !) and te r::J::er _ tl~rn s 11 J~e 

those usee' for syntl s1:.:'n[; di:t'7lflr.d frem r:r;; rl1i tc, the sof t 1 ~~ c ~n be 

transformed into a 'hnrd , di;;mond-lih~ cubic for::1. !he cn tnlJst!: for 

thi s trnnsforr3. tien are not iron, nic 1':0.1, and 1:110. 1 "!.l;:c ; in~ tend t.he 

best catal:.' ~ts are fou'·.d to 'he ni t ""'idcs, f2.rticularJ.y the svlt-lilcc 

nitrides such as those of li t hium-or mrl[;nc!;iun. 
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Cubic B?: has alrr:ost a£ m'\Jc:'i bonc..li nr, cnercy per cu'bic cm ns 

01~:-:'ond , anc so it is alr-ost a:: h!lrd. Fif~ure 4-g s ho\.'s tte structure 

of Curic :C~~, and Fi r-nre 11-"1 si1mTs S0n e crys tals of it. Cubic EN 

1s more i nert than thnn dia r.:cn 1 to"'Tard a t~ . ucl': by o;:Yf,en or hot iron 

or nic}-e1, ana therefcre has fOllPd Hi('e u:e as an abrasi re for hard 

stenls and ntc~ " nl-ra~0(l al]o~;s. It. cuhlc boron nitride al'r8s i ve '''heel 

\vcars very s]ov!1y nn(! is extre .:ely "S0[111 \1here close tolerances m 1st 

be r.~(1intr.inen on the Hor:cpiecc, (1£ in toc,ls ,,11 th roany teeth S' lC~ as 

broaches or milling clltters or t.d1ere :Tany parts must be mace to e "act 

sizes, such as tearincs. 

Cubic B~J r:Xrains may al£o ' be bondeo and slntered to[,:cther 

into har(l, strone m"'sses \ .... hicll make e,"celJent cutting tools for 

ha 1:'cl s tee Is and nicl~e 1-1 a se(\ ~lloys, ane chi J I ::0 cas t iron. Figure 

4-/9 shO\o/s s'lch a tool, nn~ Fie' lI'e 4-1b shrl\vS one JJ~elinr off a 

r c>r. - Lot chip fr('~ ' a I,icce of je t-e ~'1p;ine a lloy. Here the tool is so 

strong Rnd refractory that it can be ope rated at tcmreratur~s above 

those at -,lhi ch the worl<picce In terial s oftens . 

SO W~ ~ee thnt dia~ond and cubic EN form a comple~entary patr, 

wi th one taking u? \"her e the Oth01' leOlve ~ off. A s far D.s V.'e can tell, 

they don't se~M to te soluhle in each other to any rreat extent. 

ric i ther aoes sorr:e thinL: hRrcer than (liar.nnd scem tc tc L'l.vailnblc fr0m 

S11Ch a c c~l"' lTlation. 

~oTJ1ct l"'~s people nsk us ~'.'hy, ',;'ith all this hir:h-pr8s)nrc e'1'1ipl'!lent, 

\ -le con't mn}:c som~t];inr, h.:lrd.er thnn 0ia"cmd. p~ n]',10YS rerl," that W~ 

would t 'E; tJ'e.(1 to, l,:t ',!hnt s 1'.o 'l>\'1(1 \'re rr.~lw it opt of? It 1s clffic1l1t 

tc i:i1;r(·ve on carbon, ',!i th 1 t s StiD 11 e f fec ti ve a tCI:'1ic radius and four 

stror.G ch8mical b~ncs re r ntom. vIe r OR ] ly n ')ed some me re eleP.18r.ts in 

t he first row cf t he reriodic ta le, and as you Rll know, rnRkine new 

elemCl ts is n9t ea.sy, even for n p:~/s lcist. 

\th popP tTl? t yon i1aV(~ cnjoyed anr tnlk on j'lst the three 

eleml?!nt s that have been so interesting to 1)S: boron, r.itroren, and 

carbon. 
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COM PAX diamond tool blan l~s 

@ Oeg""'ed "ademmk of ohe Gf~,af [Iff"" Campo"y. " 'A 
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'" Figure,7 Diamond compact. sin\crcd f' lf (J) 5 nlln , (b) bO mill ( JI. '::00) . 
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Figure.I , l; i llisll~J UIlIai.lln ':111111':1(1 alld 1I1I,lh,.ldel. 
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