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Fig. I. Pints of stre,s \'s plastic strain producecJ hy IIIl.iaxial 
compression of \,acllllm-hot-pn'sscd i\lgO polycrystals \\ tthullt 
jackets. Tl'st pressures (ill i\ll'a) arc indil'ated by numerals 
ahu,"e CllfI'es. Vertit'allinl's for tl' sts at 1(I\\er pressures corre­
spond to simple l''iastic Ic,.ading follmn:d hy l:a t.astn:phk ~(~!; 
lapse. whereas tests at IlIghl'r pressllres exlll.l)lt~d pla~IJ(: 
deformatiun and gradual l'OlIapsr (the laller IIIdlcatcd by ar-

row.\' ). 

Figure 2 shows a progression of images photographed during the 
compre"ion of a specimen at a chambcr pressure of 1000 MPa. The 
progre,~ions observed for variou ~ spec imens changed with chamber 
pre~'lIre, hut the image, charactcri~tic of a given pre~sure can be 
repl csell ted by some of those ob~l'rvcd at 1000 MPa . 

At a cha mber pres~ure of 2(x) I\ll'a. speci mens ex hibiteu sma ll 
I.one~ of gray contras t on inclill.:d plane , (s imil ar to that show n ill 
fig . 1(..1) , upper right corner) at tlie max imum applied compre~~i\'e 
,tres~. 900 MPa. Inst antaneou, ly after that. the Inad dccrea~ed 
cata,tmphically. accompan ied hy a rapid black.ening of the image 
(as in Fig. 2(G» and cn llap ~c of the ~pec: il1len. 

Th.: nalUre of the C(lnt rast fo und ill thc~e images was slUdi..:d by 
de forming a ~pecimc n at high pre"ure unti I a contrast ~ i mi lar to that 
sho ..... n in Fig . 2(C) de\eloped. thc ll the t e~t was interrupted and the 
~p..:c imel1 removed. The portions of the speci l11cn that exhibited 
contra,t during the te, t were zo ne, of intergranular cracks, whereas 
the ponions rcm,lining transparent ',\'ere free of cracb. This be­
havior suggests that the contra,t wa~ Ihe re~lIlt or cra<.:k ing; ,imilar 
ohservalion, on every , pec illlen n:co\'cred frol11 direct ohserva tion 
te~h reinforced this ~ugge'ti()n . Othcr phcl1oll1ena may have caused 
the contrast in tran~l11illed li ght : ,urface relief, e .g. that found in 
cOl11pre\S ion tes t, (ln jacketed MgO singic c l)' ~tals at various 
pressures. I :! cou ld produce contrast when sllnicien tl y pronounced . 
Indeed , in the co ursc of the prese nt work. specimens witli surface 
relief re,ulting frolll irregularities in chel11 ical poli,h ing showcd 
faintl y oh,ervahk ... ·(lillrast. hilt sllch contrast \\ ' a~ di~tinguishl'd hy 
it> unllsual wavc· like "ppearancc and its pi-..;,encc prior to loading . 
No heavy surface relief res ulting from ·plastic dciilnllati(ln was 
round in any of the polycl),s tals of the present work. Another 
possible source of contrast would be inte rnal plast ic deformation, 
but such contrast requires the use of a polari7.ed li ght source, which 
had not been huilt into the opti cal ~ystell1 . Since none of these 
alternate models ca n explain the contrast in Fig. 2, it is concluded 
that the gray and black areas deve l()ped in the spel'il11cns dming 
te~ ting rL'sult fml1l the pre~cnce of interna l cracks . Such a conclu­
sion is consi~ t el ll with hi gh-tempera ture cOl11pre>sion te , t rcsults in 
which loss or transparency in MgO polycry~tals is attributcd to the 
separa tion of grain buulllhiries. II 

At a l'ha111ber prc ~' lIJ'e of .JOO MPa . the cracking progress ion was 
similar tll that at 200 ~ll'a. The fir~tl'l'aL'k apl'~ar~d at 1.110 I\II 'a. 
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Fig.2. Transmilletllight images ofpolycrystalline :\lgO taken 
during compression test at chamher pressure of I noo :\IPa. (.-1) 
First crack appean'd at 1 ... 50 i\IPa. and (II) Sl'cond crack dewl­
ops. (e) and (/) As nonlilll'ar loading occurs. cracks propagate 
past each other at "" 1520 I\II'a. (fo' )-(!!) As cunc t1l'ucases 
slightly and deHlops horizontally. the imagc hecomes opaquc. 

'York-hardening began just after image (II). 

before the ultimate ~,(ress Dr I3HO MPa. l3 y the timc thl' ultimate 
stress was reached , thin cracks had propagated acros~ the specimen 
on "= -l5° planes . Coi ncidc nt with the rapid decrease in IDad . the 
specimen blad.ened. ami during the re ka ~e of pre s~ure. the black 
portion SlI'e lkd sli ght ly and co llapsed in spite of the ab~encc of any 
appl ied uni ax ial compre~s i ve stress . 

The general progression of images seen in a 600-I\IPa test dif­
fered sli ght ly frnm those at I ll\\'e I' pressurL's. T)pically th~ Ii rst crack 
appcared ,It 1200 to ISOO I\IPa in the linear portion (11 the ~tress­
~ train CUlye. As the nll nlincar part developed. the nack continued 
sl(1w prllpaga tion along a -l5° plane until. at the peak stress of 1500 
to 16(X) I\lPa. the crack was halfway across the specimen. A rapid 
decrea~e inl uad then occurred, accompanied by the rapid ~preading 
ll f hlack cDntra, t aCl'o,s· ~ I: , of the specimen kngth. A ftel' that. the 
CIllllpressi ve ~t re~s di mi n ished at J re tat i vc I Y sloll' rate tll I-lSO 1\1 Pa, 
coinciding \\'it h a halt in the ~pread of the bla ck. C(1I1t ra~1. "nlCll the 
load continued to del'J'ea,e at n ~Io~er rate, and the black contrast 
~ Io w l y continued ~ rreading . 

At HOO MPa chamher pre s~ ure. the images were ~ imilar to those 
at 600 ~IPa (and tllthn~e in Fig. 2(,1) to 2(V». wit h the fiN crack 
appearing during the linear behavior at a uniaxiall ll.ld of 1520 I\IPa , 
However. an apparent upper yie ld point (lccu rred alte r that, and 
a~ th..: load decreased, the ~p..:cimen tumed black b} a progression of 
in ~ tanta nellus , di~crete steps in band~ at -lSo tll th..: loadi ng ax is. 
Oncc the opac it y had spread th rough the entire length, the ~tress 
,tllned to inlTea~e . reaching a maximum of = 1650 fo.1Pa. fllllllwed 
hy a gradua l d..:cline. as shown in Fig. I. At 1000 MPa chall1ber 
pressure. the progression of images was ~imilar (of CO llr~e , identical 
wi th the images in fig . 2). but the slow blackening of the specimen 
coin(ided with either very ~l11all del:reascs in now ,tress or mere 
inlkctions of the original linear ela~tic curve s (~ee fi g. I) . 

Thc,e olN! rvat i()n, dClIl0nstrate that crack ing played a major role 
in hoth ea rl y and late stages of the deforl11ation process. Also, 
increased pres~ur..: led tll changes in the dcl'or1l1atilln behavior 
as,()c iated \\ ith the variuus l110des of craL·k.i ng . At <; -lOO I\ll'a. the 
rat..: ofnal'i-. pn;pagation intlie linear loading range \\'a, , Iuw and. 
in the fin al , tage, catastrophic: but at hi gher pres~ lIre~. cata,trophic 
cracking did not occ ur. suggesting that il)crca,cd pressure ca u,es a 
transi tion in 1I1echani ca l hchavior by affec ting crack pmpagation 
rates. There appears to he a dirference in the type of cracks prop­
agating in various type, of stre,s-strai n curve~. as see n in the light 
and opaque contra~ t s correspllnding tll dilTerellt pa lh of th..: stress ­
, train curvc~ . Tu deter1l1ine the nature of crack ing In each stage or 
the curves, the spec il11L'n s whi ch were rec()\aed fwm bllt h inter· 
rupted and completed te,ts were examined wi th llpt ica lllli croscopy 
and SEM . 

(3) Morphology oj' J)(:/ (J rlll(,(/ Spec;/II(' /I .\· 

The sPL'L'illlc ns llhtailll'd fflll11 atnll),phaic l'lllllpre~~ion test s 
werc ,plit lungi tud inafly by intCl'granular cracb int ll ,l'Vl'I'al frag-


