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LIST OF FIJ•RIREj -

Fi.,ure 1. Onometary for Slpn in Spinel. Unlaxial Normal Stre•.q along
[1101. Upper and lower triangles each have two eqiivalent
operative slip systems with burgers vector' perpend'1., zJ.'
to each of the converging hiaeB. Front and back traingles
ranaive ooly normal stress; dielocatiuas on 'he are imoble
"nAlso looal aisor-entation or latera.l sthe- initiatos-
kinking. Four systems operative. U

t igure e. ueoery zfor b±Lp in Spinel, Uniaxial Normw1. Stress -1- -
[M11]. Three triangles converging at aple each have two
equivalent operative slip myetavan with Irgern vectors i
parallel to each of the converging sides. B3ottow triangle
receives only normal stress. Siy systems operative.

Frenre 5. Geometry for Blip in Spinel, Uniaxial Normal Stress along
[r0o]. All four triangles receive shear stress, and each
ham two equivalent operative slip sytemm. Eight systems

operative.

Figure 4. 3tress-Strain Diagrwnn for Single Crystal and Polycrystalline
Spinel. Specimens deformed in compression above 1550 0 C.

Figure 5. HIph Veaeuim, Hj.i Tempnrature Physical Testing Facility
(Tnstron-Brew).

Fp!_re 6. Tran merne Ponding of Po],-cryntallinn Spinol.
(a) Spscimen in position prior to test.
(b) Specimen bent at 17000 C to 5% tensile at a nominal
strain rate of 0.01 min-. Four-point molybdenum bending
jig, rear tantalum heating element are visible.

Figure 7. Stress-Strain Diagrams for Polycrystalline Spinel Deformed
in Transverse Bending above l450oC. Vertical marks denote
change in stra n ratp; numbers indicate applicable strain
rates (in. in-" min"--).

Figure 16. Logarithmic Strain Rate-Stress Plot for Pollycrystalline
Spinl Deformed in Bending (IMrB Series). Includes compara-
tire data for compressive flow in single crystal spiel
(after MoBrayer) and polyerystalline spinel (after Choi).



,igFi 9. 8exi-I4garithmic nlot of Strpin Rate a a FunUtj~on Of
Reciprocal Ah•ol•ht• T poraturo at Applied StroUse of
100. 20;1 4 ± fr ... ya..-T... i3pixl i;for~ed in
IBrnding. Midpoints reprmesnt nomadna valuej ujpper and
-!"or" poi-i• m,, treoe values based on highest
and lowest valvies of u.

Fi-Pmr 10. Micront ~okure of Polerystallie Spine1. Prior to Higb
Tpmqrwature Deformation. Ur-ahad4 ad raplication fraoto-
grah nspeoilmn fraotured ini bnudlrg at rcrko tca raturo.

"igurs 11. Microatruoture of Polycrystalline 8pinel Afuiar Information
at 157,00C. Trai~eorre aeotion near •tuoriam ffurface. -
Gr-ahadomed replication fraotograph; spe•oimn strained
approxinately 5%, then fractured at higher strt %n rate.
122M.

riPgurs 12. Miorostruoture of Tension 9urface of Polycrystalline Spi-eel
Beat at 1700"C.. (a) Blip bands developed in large grain;
(b) wavy slip developed in large grain with approximteoI
[111] orientation. Strain dirYection horlsontal. Cr-
shadowed replica of ground surface tharmally etched during
teat. =200.
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AT 1110H TEMPEAT1IRM

H~yne Falvatir ITI
Naex#Aroh Proteusor

Worth C two!! na State Uriivorzlty
at Ral1eIL& (U. S. C)

ABSTRACT

~'ridanacn obtained fro= higb puriLy, H&lO ceameico de n-zaad at

higft t__ -ratuiras9 are presenrted which con-fLrs th--oretAV.om-flY prrsdicter-

~ii1'~~n Iiilh1J l-p syrt~s, f nr mpli-1~, l t A~~i ki- ~±tt

Owta w IL• trepzdAvatio"i indicato that mol.Meip wdin imlf'-

__ 1%kIv ptirep does twett the Taylor'-durn H4immm criterion for renaoral-I

-sed plautic 0r ~o a polyery.9tii1i~nq neJt-d.
A

IYTE'oIICTION

A poper prowited lu the SpeouAl C4-aio~ ftpau t tk~n

Trmnt In jir l9 described N. G. State University's interest in

spinal. I'L plscmd special emphasia on variations in strength and

other mechanical properties of po].yerysta~lten signuin alwd~nete

wb,,.oh can be attributed to the o(a~oaition aud. hamogsiety of starting

uatarin.isg fabrication histery, and resailtant iniorostriotiaxr. M uch of

that prior paper ius, Iz. face, conierned with efforts to develop andj

oharacteriuo, 'ueU bebavedU poyraul~ apinei ceramics, so that
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under controlled conditionn. 8ioh otudles with pol] eytalhirm spinel,

amck mroa op n"F3 Wit nig'Ary-Ot!Th, arn nc-iJ iwafiolent4y WcA'oud0

to pri~da -Uie bfim if I 4ile r"Port of ductility In fine grairted spiiiel

cermitis at tesqOraturel! abore &PProxinatetY 0.7 T

JIWORAT TON IN CFDAflICS

If structural integrity im to be preserved, grains writhin a glass-

free polycorystalline solid met be- able to undergo progressive changes

in shapa daring deformation. If trains cannot defers, then transla-

tioni, rotation and sep'aration of individual grains muot inevitably

occur- an Rtral~jn progresses. M~ost crystalline cerstsics cannot be per- z

aman-nnV deformed by grain boundar-7 cliding alone, even at high torn-4

peratures, without progressive grain boundary separation anid even~tual

gross fractare.~ The bullk volume must irr-r~ae jan mTrntl~m

fcu log heboiu- dariea, and of oorsj suy long~ rnrrom vold in a

boundary beecome mechanic ally equivalent to a propagatable, crack under

__ 3an appropriate applied stress.-'

Two quite different mechanisms nay be available at high tempera-

tare for accomiplishiing generalized changes of grain shape in crysikal-

line *aremies, thus preserving structural int~egrity. Ini the first ex-

ai~le, enahnced ionic =obility ait elevated temperatures leads to dif-

ffnsio pro'x-nef-gs c cp-eila oZ uchieving raso transport from regionsa

wund comprosion toward tansiou regions of the stress field. Such



%-' avl~~sform t~in bani~c of til)u .011 know4n Nat'.'rr-4lerri ,r~ q-PfC-o'~

6. 7

viscour procemn; It lrrln R lov nh troei. low 3tra~ii rat"'im. jftnd n __

ar strain ratde-atresm rolatl.iorv.lp. In creaxiea, wuoh eraop procesm.31

luenally occur at strain rates, .measured in very small fractions of

inches per inch per hour.'

Thn menond flrw provceo by which atr-L-,turd1 integrity can be pre-

nerved during deformation involr-e cryntallina plasticity. For pl.es-

ticity, mobility of dislocations in a first requirement, ans which can

__ be attained in most arystalline solids by sufficient thermal activa-

tiot. In single crystal form, anisotropic refractory oxides and @vwn

covalent-banded carbides can demonstrate considerable hW ith tow•rature

ductility in orientations favorable for slip of dislocations.

In a polycrystalline solid, hn~L-er, :onatraiaxta to P1 ip are

developed between neighborlng grains having randoaly dif~rprent oren-.

tatonor; high angai btund•-vi'ei baýwte~a ' ch Prains act as v-ry ff,,c-

tire barriers to oncoming dislocations. In such a gittation, ther-

-M-ally activated dislocation mobility alone Ia.P not sufficient for can-

a-tant volims plastic flow. but there also must be a nff icient n .mber

of indipendant dllp aysteas to achieve a ri-msiralz.ed and self -contain-

ad chauge In grain chapa. Thin l!hitting grc--ýtrio condition is vx-

pressed in the Taylor-Von hees criterion, which pifien

that at least five independent systems are requiried for polyorystal-

line plasticity. According to iroves and Kelly, Ufme of the cmeon

_-. ..__42



affrwa21 a tris)tm~ M'ý thin orj'tý[-Plo at 1cr(T I

11nn at t~p2u~u& as 1= G~. afi t hi-gh i t ~

onlky thoso oarabidaa ha~ng W&Ci ardu Caw~ xtruiot aor have uvul'i~ booraV
c~onsidered oa~ablch of ravaJloping ductilit.- I arm

Mang hgx 01-ivorb.3 vri mi~ tata oe~rsp -in plastics1Vj deformIng

oe-rau1.i tqolidas at siore high taap4ratu" om that artres-Arain rate

oonditttor whc-r- +,h-ý --. i OF 'txxzk had-- - to pUlpnu eif dialoca-

tions at slip Laujds, grain ho ind&Ttf and othier L!

m~atc~hed hr t rato of rsoocvvry, i.", the ratoe. Yt i±zh dialwiationI

'dsbr-,.i can be disaip~itod at that t~emprat-are bar dLiffus.Lvm~ proc-

*z~fes. The earlier Weertwm1 anaO~vlm~i for creep iazvoked another dif -

funiona1 proceso, cllah -Af dislocations inxto unused alip planes, as Use

Fwn-tio creep~ In pyý~ olidn 1- ahz z-gtrized Ivy 5ý

logiix-th' i strain rate-.etreas slopes (genera~lly on te Lr~ %I ~

6), and by aim activ-ý.ion Pnergy higher than that for plastic fltm in a

si~ngle crystal. Ito magnitude is uwntally on the order of the active-.

tf'on eneroy for self-diffuieior, for the slow moving ionic or atomic

species. Undeir favorable tsev.sratiare-streas aonditionn, &train rateg

In the rf--aotlorid iarrh per inc per minute rangrj are t"-Ical for stnt

2ta-hl plaUotl flow. and for aetsalz, -%V be ons or mor. ord~is of

* ~magnitude h I-ztier.
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Tho opinal jatrsotii-e Is &JI.Aeat urn~ae m~ongg ceramic cir 7 att types

In that ItA diIaoatIot gxa ar• rr"&ed scy~at Uhe thce of a

centeremd obit ael'd. Its tantr is complex, but the (111) slip

planea am anlon olose-packe-d planes, and [1101 oxygM-oxgen direo-

ticar g:- &tlp d t~' (111)[110] alx - I-
t-- .rs 'a'llJJ t'0Zr&c -lOT ;m 1 !(;Adl iig AJ.orm [11 I
--ill], ad [100] in Fifiwauu 1, i, and respecively. '

In the [1101 oaf., two .iip plausas a+r equallyw o ria.J x- 06ive

shear stress, and teach has. tvo equally streused burgers vectors along

W-110h s1in ean escmir; tbomed twun planes C.Cnttan foux in"PepndAut. slipj

sy1stas•. The two rewaining planes are parallel to the load axis so I

that disB1cja&t;w lying in Lhaa are subject to nozial rather than

&I r "u .- nd ctm* should not gl.de. Thin orlLwnation does,

h h r, pý-as~aa a Olasbical oppor uulty !or a speial type of diulo-

L V.aSlbid LIrikin to occur.~

Won the load axit. coin-oldes with (I1)1, as In rigure 2, there

are three equally oriented planes fubject to shear, and each as tw o

"" eratlye Burgers vectors. In this caAe, el- independet systems are

ewidont.
-Fr- the [100] load directin (Fig. 3), -. e ,aly oriented (ill)

ple•ne are in @bear geometry, and each has two fa'vo--b! oriented

Esi-ge' rector d-4rectims, In this direction, eighat indsapndent sl~ipI
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f igu- 22. Geometry for Sl1p in Spin"l, U-sIJ~z.-M ru3 . Stress aloug
2f~lJ. Thre traiangles convergi-ng ait apex each hwe twvo

wqjaivalIut operati've alip eyvtome with arerms vactmre
pft-ansl to each of the converginig sides. bavym t~rianzgle
rwcelves only normal stress.* Six rystemB operative.
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Aew Indax dl action lu wpinal.* 3

f z3 f Single~

Spi1nal aryutal1 taniAxil~ly deformed about i in acmpression paral-

!*I 451a [1101J, fill], and [ICOl dirs-ations at. touperat~uiva above 1550t'G

wachb--p.% ThomerholU aterdef orx-tican is aevtixra ccniat.

ent with that wvdiated from thoem gemtrical considerations of 5114),

a-vej" to the coansistently observed broadening of the ho fac

i-vterpenstrating alip acid the concur-rent kintkinag visible on Lhe orthog-.

nn-I. (nin) face for orynt~aJs ýteee on ruol whiun misrientet-ions of

p ~present. I
SThing~ zryata1 atudloa &)-o hb~ing carrled ou~t In ou~r laboratory-

- ~~With _ tt-~ it frrnm ~In r 1AT4miie of an alxmiiia-rioh apixiel

**lid soutoitan (AI2i a-o3 Rg 2.9 ol). Spinei crysttals vith I. o2 stoichi-

oCetryr of a miss and quality, suitable fcT ruch deformation stazdiss

have Aut 'been wecoussfu41,f asyntnhsuizd. Consequent21y these def or-

m~tUon atodlib a~ en andm~ bv 1C (a~ihdat a

*X. Dmeglax M@Hrxgr, rrt4,nia1 Toio~ be -pSOibiwhed.
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rata O~f 5"0 l&a to avoi~d soxalution of kwhv t:o cLicýI

ahsa llod apid arolir o' tho tqmwo" mftt--nri cU~luton of a
tont do; Poot etirely eail1liaatf continutenfae riti I
remmntnt from jzI-nd-ing adiA iohn

A 4-PIQ0 Pic-*~ra F~or.i~ orý mirna mineln ny~Etmai Spcpimm

In ill-- K'ra VI fin Fnrca hQ m Y J.0i ot41 -go "a y 3 ad hI

raglmr up to ~%strain (note comprommed scale) in attributed to work

ha~rdenin". it was follawed by a aiteadyr state. ore~p region at mu tlow

atr*wsa of bG(W pal, mhiih iontimUred ri-til the wasi~. va J.~vied

after 5% strain. Iempoatura Ziluctuations ar-a reuporawiblb for ati-.ne

deviatloiQ iu the~ sloady sI~ate region.

A C ~arable istud of' himh twormrat.-n"~m.fo-.+n

ta.11iin spifriel ham also bean carrieid Outup and will1 I m the bamim of g

a subsequent paper. Careful microutructural ex~aminations b7 fracte-

grapbhy,' and, more recently, of thernally arid/or chasioa~Uy etched

spiAwnime deftrnmed under various condit ions, hare yielded conolunive

evidenvew ef truly psastie behravior in pol:cry'stal~ine spinal.

~~p~enn (dJ2O .\ ptI ir are rich with ex-

Al-ýp nf VaVW Nil" 1n#A1jged r-ccrystuliization, generation of grain

b~n~y i~oj&and M -Nehc cracks (traversing the bounds.-I

rise) in hsavilr worked regions. Figure h Iluutmrt~e this marked

*'Dong M. Choi, Doctoral Dinavert~atiam. To be pabliaha 1 d.

EELI
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%fif-Qstlt o.trig~ wogg LhrýMt po1y-tyUontaI1The d 0spi prei~oeu siem gbyý1

PY-Paln iarg ,. o1bty~alol pfem~ iAlaiiig p~~~j7BtItyqOP- LSPf 4i ju-arti,

Ama wc-rklng wo~el for the 'fIo puess in pollorysriallins spinel

a phxearmenological strain-rate equatilon is proposed whichb is analogous

to the Do 2creep rate. expression but with the ad~i~ioz of an ex- '
pression (d) to describe the affect of grain siLze

XIn :Lagvxjthmijo form, and with the dependent experimenatal va~riable -

l i' lzr:- strans) tran- Paoaad- to the left hand r--e-r the mimpleest

__R I
Sin6* Uwer Is a conaiderable likelihood of higher order effect.

~d P~~'.1A~I7 f intersactio". betwoii YbariAbUS(eg.

t~-~grtn ~i. n-eraztlan U~flusnaing flow stroew ung~it cam ab~jti

if gr#i u-&rgri hpei trod an a fxwr~tien cof the tset tea-

poratune) the M44n t.vq"Itur compression Oxpisrlnts 3ia~e been
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met-Wd u Jd n data x-,diA~ion by- m~~t~ cal t moJ thod~g

b i! .bIZ+ b81+13 b T- + b

-V31

f ; 1626k T SM7IY512 T
-3  f (Jznd) 0.5 d 200

If thip ta~lrlcieri~i of the quadratic anud Interactien terma xhaonid be

11i~i tý týn t~e oxlui- ~dei (T4-. 2) wci have been ahotn to

be valid, a~nd

-in I
1- -

b5 - -

thtf rrid~ing the quanititimee X, no Q, and wa whimh wini verve to

derar~ibe t4he kinetliec of thp proceroa. Hoveyaw should mny of the

qnsdiratie (aog. 2 neato term (fig.,112 prove to be

xtatisticaaly s14nlf Ixazit,, the sIVlest nodol cannot be juatifiably

&Wioysd, and it wUIL be necesainry to develop a more sophisticated

inter-retiktion of~ te f1ow prace5U.I
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T-%~ vmn ~~irgm~iixnz 9PIn~ P-If h" 1~---= WA

1 or=-id in raf-yVis bhonidtg a' tit=ýratnrs rafujing frcm ]1450C to0!
1700rC. Thocm tests were carried out in a vacuum furnac. operatng

at r2 10~ "r as vwrr the coomression studios already described.

Th- fttrbomm in fitted on sr. Inutroa phynl'zal tesLing machine, am

N- -- m 1- Fi•-re 5., The combined amesmbly and its asoci.Ated inmtru-

stu mtion provide mstuireinnt, control, aM/nor pro_ , u• capu-bflity-

avar t.perature (to 25000C), strain rate (2 in. minxI and downward by

abomt five orders of m1pnitud) and load (nensitivity from 1 to 10,000

poa-ds full eaLe). Stabilized watar pressurn 19 prorIded to eltmi-

nate fluctuation. in mppiled mtrees attributable to li•e Lh chagma in

the vator-conl~ad TmAd robawn. uhcr i su~ Gxrlw 1 ahevn

&alal ali~ m~t, •ud it is at~o rcisarF to corramt tha Topd ýi%4h

s-;- tiw '- U-he pull of the vac'um on the upper coltma w•ch.o links the

- 'mple to the load coll. When these precautions have been taken, the

uncertainty in measuring applied load Is on the order of one pound or

liosN, and Is attributable principally to the frictional drag of O-ring

@@&ls throyugh which the load ouLumu must move.

Nodel 1064 vacuva furnace, a product of the Ptohard Brew Co.,
Conoord, W. H.

NNWdJ TTo T , a prodnat of Intrac -ginrering Corp., Canton,

Kann.

i%= ::
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lowt bariTcel, vhllih Jig a rtiiii-Lad r- an 'uzkl l.2 aud iok-

joinit in much vaWy that it can adjuet to ev.onl distribute load on

the krifr dgas by tiltiug alightly fox- and aft$ and even no" in tI

2 p~f.-t% p Ho-w-at vor, Rt is piru-iod A prohibit rotation by more

Vh- A -. d- 5-"es abcuht la"o ka-r. The upper push rod has a xpra

of 0.530", and ia fixed in the Kacbie in proper relationship with the

1mAer blrok by u•i 3f an aligning Jig. The 90g knife edges are rota-

ted 150 from the rertioal, and zre dressed to prowid a slight radius.

Tho speciat-nm used weore out from a single piece of hot preened= I
spinal1 uf >"~.95% purity. Itse average grain size was appoxim~tvJ-y

Ci k a i'L dfffi * W" 97Jý4% of theoretioa.. (boaad on - g/oo). I
Tho ird!-lid'la upeuizans were cut with a diamond m&w, :hsfn grmnd flat
&ad • arallel on the bems fMCeO tO within 0'. O.-::I* ThaiL nc nul iise

van o.09," x 0.360* x 1.30". Mna€•ner of 0.010' dia. •m•IYbdmm wire
were wnl1rmid k0 koep the a.pocimens in place on the te--ing Jig.

4After iameting the specin and puttirg the funace unde. vTamm-

VSTC wl0:Thdt~ k~e the ~ooimez~e in lace o th k)ndig ig

us, a small stress was *ppflied amtd "reyf~ m e~ orlt~ o~&i__

the point of seao stress, and to reference straln reiordin uinro-

moters at the point of contate. "he block *s then lowi-ed b an

mmmmt. anoffial-t to insaur that themiaJ expanalon of the moJlybdenum

1-c4u• oola ditd not put the "pae mom • n-tress prior to the otuasL

I _
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+Ae-~ ~~hi~. ~~~ r~tr e~t'Reat-Ing ut AproximatgLy 50 C/i w au gremmsd, using a -' i
*=Izm.iveIw at'- aOO~e, was used to r~cord and orAt-o:L at tho to"-

A. --ruture, anw-1 a d 4pA~gfilamnt opticiai pyrwtzi- ww.ly

ed fo;r chaaMesim~tsd oto

rpdar thge, citnditiona " conaidered to be reliable within + 10 0 C in

the absoohto moho. when sighting on a black body'; very emall change.s

in ~ ~ ~ -pi'trt(1C) in the relativ. sense can be dte~taod and

TL z~ ~ a&Az4r nwI-r.age irntandd to Pr~vido a

pa" t -uu ae '61"' u3'ighting spot. In this omperi~mnt persistently

di!ffn:c into tWhr A&),rbd*=,nn e;i a f airiy bright aalybdanum car-I

bidn ri~ae, ea that rittltctfirty froig tbe- hot1tar heating olwaent~q

via# not usxti~rv1y excluded. Hence the indica~ted tminpwatures mW hwe

~ so ~highevr L.hax the specimens actuafl.3y attained.

Figure 6b ilunstrates a specimen af ter approlliatel'y 5% ouiter

fiber t.eaile strains aecocplIshed at 17)M0 C t strain rates which

ranged from~ O.(0l2ý1 min to 0.01 Win The flow stress with the

latter xtraini rate was Abonat 2W0 pot., writ a veryr Blight upward trend

:I~dc~i-a ,4 cA-rk hardening. At thio conclusion of the test, the

-vz *~ ~a~~ itL every indication of full rei-ention of struc-

Tluralin ft4~grity.

-r n19-- ~-ýt wt IChýo La Om Pa.
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Figur* 7 iMustratom satri feti~gi or th-ig, =~4 a I I

~~ ~ defartnod In b4-ndi~ng. Therii ifa arked tempeature andf 7
etrain rcat a ad g•m ,eirablo evid&.-s of wk harening at I

Thw~r ~ anid hieqter 0' &In FWPi u iw Lc

strsa " low ase 700 psi have been obervred at )L50&, btt only at I
very low strain rates. All Ptres•, ftrain, and strain rate data re-

ported from these bending xperimunts have been temperature corrected,

!.Q., adjunted for dimensional chanes in specinen and leading filture

Thdutcad by thitimal Knk~(i qý 5).

Kineticv of Deformation

Pio%- of in I as a furjtion of In q- for seven such banding exper-

L~~Pt Ou Ta~ 1 r n C a-arvn *1. WVIw gus8 n, f or

compsr~la, s, pre- litnary data frf o•r.i • ar'•iso of jilljj

On orintod Mingia orywtss• and fro Qioils comprersion t-sto on poly-

; r.stmllino spinal re included. All show a 'trong satra-ntraln rate

neo with 'he constant n always having values wall above 2,

with an average iwar 3.

In the bending eiper•.mintns, iA has been observed that n vairls

frci 4unt loon ths-n 2 to 5h~ ý ;'vr i-ndividuasl sauq-erces of thel plot

for a given viwoflwiy depending upon whether the strain rate was being

mqx Awiaztt, aiirain rate was nacma.L4 changed ab~i'tl.y tu' a faztor of

two, either halving or doubling, without unloading the apoecivon.

yi
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~t . ~ ~ ~ ir~ to~t~~c xt~~i ~AraiF1 rate ralo

tbo 3troov granar&M-Uw was removod.~ a)nruTh the ___en tn -t

a pfOoC awr~a1 jahintogs !;o ýsatir-g was raf d lat WO hi~gk~n

stxa 1 rate ranag.~ the slope would bo migitif! jgýat1 loiier thaiu nor I
utma.Ily over thire larrele r-ýf i wr~a~ma ~t~rain rato xp~nnirig &&at

h~alf Ja--e Fcr tbt b4ýidiig .e~riminto, the averaged 'value for n inI

2.7. Thereforo# at conetant ta1-p-r~tu--v%

8,T) xJ-() -i r (5)

WhorO = ouater ftbar tnemile stream 3 P a F

b h
.- nmter f 11..r tonalla str~ain ratps (aiu.za 1 ) h 72

a - x6mo1t J.Oflth 1 12 O.2506

P - 1oa~d (poonids) h Ltlight (in.)

b - ~Iujuaa (ini.) croarhead xt~rain rae. (in. win'

1+ aa ELI
then2  coz OZ c~a. factar for stra~inl

*L osffj~j.nt okf ltumar th~dia2l op~pansian f or apinal

7.9x -

t2 aooeffic lout of linew. zt%&'W. wr4A~xion for nolybdenwam

AT diffairwir bbjiip~ a,4w i4 1 roci terperstZJruDOa,

A plot. of la & as a fwL~ticn of fcr tkar** levelx tof flowr .treas in

beadjuj, at toompaaturre of 1550% C~ &*d in uhco.n in Figure 9.1

S7I
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plfor mo2l-erystallin. Spinal Dsfor_-ýd in Banding. Mid-.I -

pvhijmý tW.e-FenT, =01=1 TAIU53; uppor &r lhwr voihts
rm-re-sent extree valuen ba-sed i hi1ghe%ý v 1eni5 valuem
of



t~I~ flra o~-~A c' Pq r - U oýi ý' h

QrplalwyAbkotisia of thext. pre'laimnrwy data Pzavida auas pir-oa1 I
rato oaiautlon for M~ii~ of the. f Lwa

MM4in thisU experliniat

0 0375 x 1015 22.~7 (7I
±N# *Mir-Lttiwation wwlr Q, has a 'vah-is of approxim~atelj- 2114

Koo'amd the pr**e-onantWa, A', h" & value of approiately U.j(5 x
Thes .. k1uc air not liwnosixtezit with come therwally activated

Prooews involving jelf-diffmuion of a mlow moving ionic species. This

l ~ ~ Pesio onlyd ci differa in c'-c respect,. ths

i f t'-ra frew the. Wbmwl eut'A for a creep

rqu t roi 1& 7 oa o dutdt ermnfr yalyn a t)-pical 5

e~t~rMW~.L T.A*ef1 0-5 J 1 as a divisa or l'At, yedn

0.6g *x 201 .7 94 i1000o/gW (

for hien tesprsunro bin~lng in spin-l.

M~oreosroot'wral Ividek.es of Desarwation

Klorc mtrustural studies in pC1l'cryu~talline spinsal we fairly
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T mxhward~ by- at~ourmionE2. pol~haa 4-t~h ts hniqmos paA(ttbmwp

6taning asplhol in sulphurin Pi'iId eu 27000 IJ a. diffi~nait Md uakulem-.

ant W- ain!ýg, and also b@4"(j acrld workin of the surface durin~g

"loiablng uavally 14AL# to heavy eoratch t.rtiires on the etched

sptlom For mmV~ ~t;udO-e, It ham homer found that replicas of frac-

tw1ro( or Ifoa thermally etched Purfaoce. titian ochadoed with ehC~If

vapue, 1"dd tiAmomelves particularlJy wall to optical microscopy atI

waiffiations vp to *bout 10001I. All thoue illustrated here wer#
* 0

t~akenz of plaotio film replImax mhadowad with 2'00 - IhOt A aC Gr iwets-

at an incident anigle of approximately 450 and war photo2ap)hed o

P olereid P/5 55 film using a reflicttid light zioroseops With lariwitI

field illumination fron a sirconhim aer imoirre (with gren filter).

T)-e ~ ljo~ t axol d irt the i)-udln iA enrihantii wac

fln4 gain!d and rather unifors Ju teixture-, with a slightly blmodal I
grala muze distrlibution averagling 2 -3,o. The matrix was qu~ite fine

with a grain size on the order of 1 -2*V and grains whicoh had grown

1"girr vwe Vut about 5 tkmaxizm=. Figtir. lo illustrates the micro-

stiicture as revealed by fractuaring the material at roes temp~erature

0Nalisating Sol.ution, a prodmot of 1add Inuhutries, Inc.p

159 ihioc Ad-, RDOeIY Heigbta, UJ. I'. The solution is thimied with
soet=*e to opt ima f2.uidityj after drying the replica is peeled off

With tranparent tape. i
Model NO? 17avers*1 Microvcope, a product of Optiuche "Airke C.

ratubrt, Tisma&.
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fli ~zii~ o~~r~o±~thoPM~r FAI~snt (2 ) Lo no ~ted, &Rni

=Ain Wgroth oaarr at t*aL t.zawt~we aa jo ahI4I

Pigu~. 11, 1Oat-d from a Wpecivon d*ofoa.und to abkt

p6rtor to dealibra"t. fra"t.ars &,L high.? stratiA rates at 1550c. h

Jj~ ~ 4 ~ ~A~Cf J~)~iin ihi- jil4w*1"Me ' the tr.ese of tthe

-P!ib"~ face Of the bent gpwilen. The matrix grains vw,& OaIv sulit-hh

ly ar~r ta~ithove in unbsated spinol, bunt th6 larger Pgra-usd frao-

tton hadl grow. to ]a 2SA4 aiza, the ay s-1* c-,q being cmA of tho
largest obsez vd. TAg.. larger. grains fro"un~tiy showed eviAdvvtv of
1nt19r~mQ~t:Ln slip, ~hra~the finer m.atrix gradne dI,ý rOt, at 1.aat

-ithin the resolution o' the optical microscope. Aathough this region '
had boon sRibJ00t~d to cmai~iarable straln ('nor.aIL to tb. vioiura 1iU

be-undary- cracka. Ptnaily, i;& shcujA be Dci 4_z that fr&O*uz. was. a

Intorgrrszuiar. partly tra-argr&=Aulr.I

BsPli~.av taon from teier"SItty etch-cl to!"I" ArldI ~

facesg Ceanilr- U6e absenB* Of intArpa~inii ma-racnk, aftr exnAive

K 1AAW of tha 144-oe l&mi ahmard AWvji'i J

andI the 'Onset Of wanY- slip indioativv of plaatio deformation. TV
suek ezampe tLAn from the teurion surface faseie sauda

1706 C to an Ou~te~r f Ik-r tensile strair. of al'nnAt 0.05 lIn. inI arwe
*hfflm in Tighre 12.
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Fl.r 1-7 Mlzros~mcturs of Pol~ycrytalm onh1Afe oratAý 1$550G. TFrano'versa 'oction near t#,'ej~ij mvfao
Cr-shadowed repllcatiari fractograp*h; *up#,1wn stra1.nedI
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Fi~n-e12. Nrcstractujro of Tenaion tAuactao of Poojroystafliroe Spinal
Bent at 17000C. (a) Slip bands deve'loped in largi grain;
(b) -wavy slip develop-ad in large gI-ain with approximat~ely

*1 [l11] orientation. Strain direction horizontal. Cr-
phack;ý;r!nin or -'vnmd surface thermall1y etohed during
tnt.xxoa



aO-aiemIIng wab~abnien iu bendiag of spinal above 15WO op thes p'ou4

.trAing and "ooasv a viseous intress-strain rate dep-A4sw (n 1)

was net observed. Jabszro4Urrtng A~i~~. s ^I" ccassd-

*red quIL-. valikeJv an the groar that the obeervv i st~rain-rate-

str*u oosff Isient was mob highe2r than vunityp a~nd also beocav. strala

rate. employ" IA tkoss banding said compression xpirimuirts ezzcdwsd

thes wiml4 ~~ar~o a~ c~a~1etoaper.%tures w dariffmicm'

7.-r*" in oerasimis 15 at lsact two orders of -tngit~e

Strows-strain riplationshw m In-n--n aa-' t"

kineti. ainiasjs., provided wtrosig support far a plasint 1. 4f oration

stat. flow being gweV.4I by- as~ 6 teracting 'Aawsma1y &-tivatod

4cerwry proee.. 7b*s pr..1±inary' data. obt~izied from a relatively

mfall nu~r of speelmAss c- rkot amaildero4 adeqUat farewxnat quas-

ti*.toi"' deterw~wdaw1a of Uhs value, of a or Q. The raises rapooted

awe adequate ts ezowatraet plawtinity, but a AA acauid~r~d jres"at21y

to Ue seinnhat too 1ev, aod Q caawhat ift high. Choi's compressive

-4 Us..d on KW~ Opecalm"O indeate that Uth nominal viln of a

for p.]eimywUlimne simal mwj be aq hi&h am ar 5,and that Q mq' be

Aw 1M as )h3 "al.

4a"es.~ is bUl imiei was obearv~d9 in fast, density was

_ 717 L-- -



Othe vdA"r~gAphs have indic~ated Poss ible oLtaicr l-

gOaia&4ima M~xr ra~ii bovmjiwre 'in me" V7PJ i Igl
comwetaion, auoh ebservatioun are cocmidervid to pr*Zwrenoe

to the W~ertaan co=Wet a~f disloccatioii clia as the rate-coutrolliag

~eoaneufor plastic flow in vpinel, althaug the kinstic data nm

&-wa13able are. nutL umpletae .ia to permit !-.i d. 4h

ti= of +11e exat mah~aiiiA.

CONWVLBIIG

5!pin.1. af n1V2 plrit~ Sflm fine p l' a FIA. a~ emdti2 crm

at h~j~ It ft4

F p]~;AVa atr.Iin rate *~a~~tarain hardcil.&ý, reaotfrk, ibJ-

ty, and other plastic. trait. xw~ uormsl3jr aaueicatems with a faees ocv

tared vrwal. Under the". so"Iditmo. it in not brittla in bsmdinh ~us-

1..n tVe atrwid rate is high, well In excem of 0.01 minQ Nowvvu,1

the oneet of pasatidity in the al45 0OC t pratve rawg rnefeve usel, I

gtren&* .jta relAtively low level, rAt beesaev *f frasture, bat be-

um~wsof rpi ae". AA f actor uhouIA ýbe taken into acount in W

wagimacring application of pore fins paimed spimel at the.. tangra-

.-A "

The evaIlzkhd3ty of a reamsaiably ftctl. pO2I7Owy.Pehnin ear-inic



Im

x~itmt~ p-tm&biiltiafew futar in s.Uttam.t~ Ono can Pw%-

dl.t 4wtb roal cent-9nt- ti~t ~ist~w wiU eout~l to be at~tz"'U as

1 -Zr raUmexfl UtuO,)AU oczcnd~ wit hiw wokng"

Rappert of tL~ue reswerch by the U.. S. AzrW Reesearih Offine,

Varham, X. C. inga p-al~ully ackmitwJedgd. Plzr;; hzac ijb.

ut*d significantly to the prevent Ia~vel of of fort and rm~orstanding

with this material. Technical azeistanmu by X. L. Ruiokabee, C. R.

Ma~nir 4  D). C. Witr and Ralph f. Ch-so-;e ha been most hWlpfl In

thtyiu xs~ar.es. Wy oofleagm., W. W, Xri~gel, and doctoral students

Dong P. Mhal and At. flougla. Nc~rayor have provided infarmetIotz,

as"At and invaivable adv ice.

__-&A~ for txw..ye U~b . S.~ AxLwj lmxarch Office and frcm

tt -- .. P-mdto =, ___~ bi W attund=* . thsmtn nmW pesotiomof he pper
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