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mewmacr |
j‘a‘éfassasttaiti curvc;.m dbtainad in bending ai: temperatures up i:olﬁﬁe-}?c
are péesazitéd for large%rain gpecimens of polyerystaliine lithium |
fluoride, The @ount of;. plagtic strain obta'i‘ned bafora fracture is
f coﬁsi&er&bly greatet: ai; izighes: temperai:ures than at roon texperature,
The grain inaeractions an& dislocation moveiments invcivad are discugsed,

wita spacial mference eo the effects of the {ma} <Li:0> slip smtm
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IBTROLUCTION
As a result of considersble. regeaveh over the pest fow years, the -
mechanical behavior of single crystals ef‘ioaic-saiids, particular&y SN
' choue possessing the sodium chlorida tructuza, is naw fairly weil undeve

[

stood, It has been found that apecﬁnens of high putity and high aewree;
of mechanical perfecélon must be uaed to obtain useful: resul&e.- R

In trying to.extend the study af ionic materials to polycrystalllwe
. s§eeimens, ic,is.fcund that.conventional fabricatian;techniques. nﬁraduca
nof 6a1y grain Boundaries-hﬁt algo impurities aaé'porosityvin variabie :
' amounts, . Sy the use of special techniques it is possible to obtain fully
 -aenae specimsns of tha lover meltcing poxnt materiais of the same purz 2y
as single crystals, but some limitation on the available graia size ig
enfortunately involved, However, it is felt that more useful information

is to be obtained frow;ﬁpecimﬁas.ef,this type than from the wore conven=

- gionally fabricated matevials,

To be prasented st the British Ceramic Society, Basic Science
Section, MNecting on Mechanical Properties of Nouneiictallic Crystals and
Polycrystsle, Gctoba; 16~17, 1962, dastingsoﬁt. Leonards, Suasex, n@land.
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A mceni:‘ study by Scaét and Faski ?:m lax ge-g;-amcd polycrystailing
1ithive flsovide specmen« ag ’room i:em@emtme shawed that a small amount |
" of plastic defo*‘mation always preceded iractu"a, and ‘that come eceommdae
tion’ between deﬁamtion 0&. adjoining, ;g*‘aim was po sibie by meane of
fine Biip at tha grain boundarics.' In ozza case. the slip in s:he v:u:in:i.ﬁ.y
of the grain bounda.ry was proved tc bo cf ‘the t: Jpe <§.10> {100} ingtead
of the usuval Q10> {zm} » and this observation &uggasted that greater
T duetility might be achieved 1f mivement on. the: {10’0} planes could be
facilitated; W, G. .?ohnétong_ has observed thae siip om ti}é {100}

' planes in LiF at voom temperature has a critical resolved shest stiess
éppré;simét::éiy' 15 timep that on the {110} ‘p.iar‘;és; but Gilman® has shown'
" t.ha:ﬁ at about 400°C the critlcal rosolved shear stress on the { 00}
plaie is codzparabie wiéh that: on the {110} ' plane,

An inkeb ese:ing contrast to these ebmewaticns is provided by studies
of bicrysials of wae at room temp"'z'atuﬁ‘e by Stokes and I-,i;db They showed
that fracture occurred almosz as codn 08 slip ctar”ceé in one grain,
because no aecommc’.m:wn at the fvmm bwmy was gss:sib?.e and pi lemup

.Qf dislocations mzclem,ed a cleavaoe crack. &t toom tcmpammm in E%_,Q
{wiuh its high molting point of 2560°¢C ccmpared to 842"&3 for LiF} ne
sovement of dislocations on {mo} plazzes was observed by Hu isa, 6@.32@}, '
and Pask, > o . o

‘Jeiayi,m:6 tas pof.nteﬁ out that five iude*:md@m: sup modc must
opei-a e in each gmm of a po};ycz’ystaume aégreqas.e to m«.intain cmt:..c:. i

. between grains whea ﬁhe aggreoate ig dﬂfomed é.lthcu h there are six e

independent modes in the <L10> {110} systen, the‘.:e are ce‘rta'iﬁ drientae

tions of stress (ouch as gension or compression along a <@ll> axis) for

Tt
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which Ieas ﬂhuu five mcdas have a non~zero resolved. shaar stress, and
thus it would be expected thaﬁ»only 1 mx*ed ductility would be observed

'uﬁtii further siip. modes. became avaliable. N

. s b
t i

i

Thasa ouservaticns suggested thas the eifact of temperature ou the

' mﬁchnnicﬁl behavzor of pol&ééyét&llime 11thinm fluoride wouldnbe partlcu-
3azlg_xngerest;uu aad thie paper is a progress repo;t on a study of, this
' effoct. AR T O BT

ys L v L . ) o 1 oW . N
. . L

 SPECIMENS ,

Pon@ered Li@ of appxoximatciy 99,9 parity Was fnrther purif’ad by

ki . i

. a oﬁevrefining tcchniquc {as UuPd by S"Qt and ﬁask; unt<E clear crygtala
- were obtaaned ﬁn&l]ula of the nyutuls shaued that the énly eignificant
-impuraeies were about 20 pwm of Eg and lesa tﬁan 10 vpm of ﬁl Ia hao
"been expermmanually demcnstrated %y Johmuton7 taaﬁ ﬁg is tha oniy impazity
in thig’ concentration range whirh exgni”icaﬁtly af;ec 2&0 mecnanical '
p*over;ie; of LiF, and &hae @t a concen&raaian of 75 ppa the yield atre
| at roow tamperature is affected by annealing, especiaily iﬂ the 200-16093
ranga. At a conceatration of 3 pam of Mg no amnnsling effec&*’ware -
ausmrved | | o |
o?ycrysaallina specimams were pi epa?ed by iawerxno 8 grapaite.
cr&cibla 378 in. by 2 im, by 2 in, contaiﬁiag molten gurz*ied Liw out of
&he hot zone of @ vacuunm farnaae at a rate of 36 iw. per haar Tﬁa |
reuulaiqw ingom was farmed of cryutals uhich nucleate& ag the bettam of
uh@ crucabie and eztended thrsuon the haig%t of the xngot. & spec&man '
- 3/8 in. by 1/8 in, by 1-1/2 zn. was cut off the bo;tcm of the ingot o
tha& graLns craversed its thzgkaess, thc averaga grain diameter being

about 1/8 in, After cutting, the specimen was held im 2 glass clamp and
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rotated in hot («&OOPC) 9hosphor£c acid for sevaral (~8) hours to polisb
off surface damage,

~ The specimans produced in this way wargjfreé from pozes, HNo aancale
ing was done a’fcer polishing because of tha visk of increasing the grai.a
gsize above its already larbe dimuaiowa » but the technique of growth in
vhich the apeciman ingOQs wvera furnaca~¢ooled ensured thae the traatment

over the critical annealing range vas tha game far ail,

MDASURIMERTS
Stressestrain ;urves we?e.obtained in foure=point ben&ing. 'mﬁ.:;.~
éecﬁnique enables a test to be carried to failuﬁe without destroying the
| specimen c_ompiatéiﬁ, and anowé simple specimen prepavration, A dis~
v' a’dizantage is that sweeping assumptions have to be mads in 'ordef to extract.
values of stress and strain from the observations,
A stainless steel fourepoint bend rig was uaed m conjtmction with .
’a. swall Instron testing machine, The support span was 3/4 in, aud the
- 1§ad 'spaxi 1/6 in, 7Zhe specimens had 12-16 gmins within the support span,
A small E’.anthalvwound fumace ‘surrounded the rig, and the tmerature |
vas meaoumd by weans’ of'a chroml-alumel dmrmocovple placed near the
specimen, Because of the sensitivicy of Li¥ to chemgl shoek,- heating
aud cooling rates of abéut- 200‘é peé.hour wre_umed." ‘the s}.awest‘: ’stvm.ix{
_ raée'avaiiable {0, 0% #m/min o ao.ai.s in, fmin) viaé ﬁsed. Studies of
single crystals have chown that' the mechanical vg.:x'opercies of LiF are
insensitive to strasin rate,. . | |
’ Tha data are exp?:essed as. mxt:ei' fiber atreés, téhich is calculated
from aﬁ_elasi:ic approximation but is directly proportional to the load

applied, vs the product of crosshead movement and specimen thickaess,



3 o -5e 1 UCEL~10490

This latter product isfﬁyoporeional‘to ﬁhe'oucer'fi@éw‘a::a;n'a; low
s&rains.' The oﬁserﬁatiogs'aré thus préaented aé ﬁeaély as poséibla as
| obtained, and have only been adjusted to allow for the swall differences’
| in gpeczmﬁn dimansions. it has been aasumed that the specimen bent intoﬁ
a ;ifcular are, and's&rain values at fraecura have been computed on thisf
basis; Both the sttess and a:rain values becoma increaaingly unreliabxe‘
‘ :6,. .as absolute values at hinh straius, _ ‘ e e
The maximnm strain obtainable in a bend test is lﬁmztéd, because
| after bendinb through a eettain amoynt the apecimen teads to slip betwaen
'-Lhe support poiuts. ith ehe epecimens and bend rig used in chis work,
lthe maximum outer fiber 5train which 1& vag deamcd prudene to uge vas in '

the range 6-7%,

Figure 1 shows the strésssstrain curves obtained in ‘this work,

A amimrloh Rt

o together with a roomﬁtémﬁerétute curve taken from Scott and Pask, It A_;;_iu,*_m;_3
‘cgn,be seen’tﬁaﬁ‘Q? to 3S0P¢ the iiéld is foil&ﬁed'&y'é range of high - ﬂ%. ‘
_wotl-hardentas Before fracture sets’in after a strain vhieh tends to rise
with cempérature'vp’ho'S'QBsiﬁam'of'about 3%. ' The 400°C’end 500°C curves
‘ _éﬁhibit-& sharp yield and‘iGWEr'wcrk-hardening; and:éxﬁaﬂd to'over 6% 1f :; o
strain. ‘The éOGPc specimen had one ‘gather large grain occupying most af
the load span, and mngt of the deforma*ion tcok place in thia graiNu o
This condition po obably accounts for ahe fact that the laecer patc of
its stress-strain curve is'nearly hotizoncal, and Ear the fact thae the
tost hdd to be stopped. before fractura occurred.“"' ; Z f” ;L ;"*°”_' e

A test of reproducibilicy is provided by a aecond curva obcaincd as

EGOPC "1£ plotted, this curve wnu}d almost}eoinc;de with the one shown,
| . . N . | 4 a‘) -
o L S - . ‘ S

o et
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Fracture in this specimen occurrad at about 5500 pai outer fiber’ strasé
and 3, 2% outer fiber strain,
{42, & comparison figure to bear in mind, the'ci‘itical resolved

shear stress at room temperature for the <110 {110} . gystem was obe™::

B!

gerved by Scott and Pesk to be about 600 psi..)‘ SR - o " o \

'. Figufe 2 shows thé Y‘S.ald.--'étre*séséa a8 a function of ﬁemetature,ﬂ :
togetheas: with a bar representing t:he zenge of values obcatned at room

temparatura by Scott and Pask,' ‘i:m.s spread is such as. t:o ‘cast’ dou.b: on

the valz.dity of the slight‘ rise of yi.ewvanreaa;obaetvadv in t.he~ 3OOWG

"xan@e, and: it way be that the £all ta about one-chird of the toom tem-
. <”

perature value is fouowad by a8 mnge of approximataly wnscanc yield

' :st:ras.s. A smilar rise has been obsetveé& by I«an an& Kro:x‘berga in ain,_,la}

crystals of Ei,ﬁ and attributed t:o an imputtty effect, but F’s’xillips

obsezved a slight decfaasa in critic&i resolvad shea: etress in aingle L ;.’ |

"‘he imcmm obsewed ia tha 100"0 and 250‘03 spécimans was af the
'“type see:n by .,scot::; and ?amk, iaa. » pri.ncipauy o£ cha cleavage type buc
initiated by a t‘egi.on of g:ai.n bcundary f:aczura aasoeiaced wi:h a thmao
'gmin junctiou. Xn th@ 300"@ and 3.:0‘*6 apeci.mena ::ha f:acture lengtha

vere. abom: equally dividad bemen grain bwngary a.mi cleavage, whetaaa

 the 500“0 failute appeared r.o be completely oi grain boun&ary type. In o

b 'a&d@tion it was uoz:ed tha.:: che fmcture showed more tendency to be . f CER

assocws:ed wich ona of tha 1oad poitu:s as ehe eampetamte roac and the

A c‘ v *,,x,_'.‘ Cnn ;:.s*, 8

' 'speczmene i‘secam more plastie.
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DISCUSSION. .. . .,
The éhange in ¢ha chéraqter of the Yiald,-;ogéthag'with the increased
 daé§i1ity which 9c§u: bétwean'35096.andnéoo’Q,Qmuat almost certaiuly‘be-;
actributed to' the greateér activity of the <110>- {}od} 8lip system in_
this tamperaﬁﬁré renéeg» Gllman'és maasurcmanca,yobtained in toréiog
tests,‘show‘that it?is préci@ely in thisutemperature-range thae;thaa
eritical resolvad ehear‘attess on. .this system falls by a factor of about
:l‘five to approximate to’that on the <110> {}16} systen, abservational
| evidence in favor of this éxplanaziqn is that wavy slip ttaces;wmra obe
served on the faces of the specimens tested at 400°C and SO@Péai'This
_waviness indicates that slip is no longer restricted to one set of parallel
' glanes.‘ It would thus seem that mot until both systems of . elip (making a
'total of 12 passzbla alip ‘modes in the crystal) can act at about the same
:esolved shea; stress,” ¢ an the grains accommcdate conveniently to the
s&zains occurrxng in ehext'neighbozswin aceordance with xaylor's c0nditidm“

(&)

Tha increasing teudancy to fail at gwaln boundaries as cha temperature

i v

is raised way be due to aithen or both of two causase> (1) deczeased graxn -

‘boundary streabth, and (2) decreased ease of wlaavagegf L - ' ':Q; ;r
Aithauoh the poasibiix&y of the first of thesa cannoc be entirely

negavc&ed, it ia though that the second is fat mare likelyz The incraaged S

‘ avaxlability of siip syseems wmeans’ that atreas concentrations ac crack

tips are mora. easily ﬂiasxpated and crack propagacion 1s made more dtfficule

806 th&m cleavage becomes Iass evidcnt.v As an expetimsneal fact ic is known
zat crystulu of the naﬁl struccure cleava mbre raadily at low cemparaCutes.‘

with the tewdancy to lcave &hus reﬂace&, failure occura at tagicna of hiah

stiess concentratisn, and chese are’ 1£kaly ¢o ba grain béundatiea, where

3}
¢ BRALSRPLAN L :
: 4 .‘-'. LA ¥
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adjustment of neighboring grains is =un1'ike1yi to be perfect, .aud areas
near load points where local stress concentratioﬁa maé be considerable,
The observed £ailure at grain boundaries scan thus be explained withouc ‘.
%ostulat:ing that gmin boundazies are inherently waak, :.: ... i

Work' is contim.ing, and it is hoped. 'to obtain more information about
the processes ';akiag ‘place tn the deformation and :fracture of polycrystale
| iina Lﬁ?. It is also hoped to extend the work to ismallexr-grained specimens,

i
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