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INTRODUCTION 

This project „as  lnltuted t0 study ^^^^ hardening    f ^ 

i-puruu. a„d ioni2ln8 radlatlon on alkau.hau<le ^^^^^ ^^^^ 

This report .eecribee „ork done o„ the ^eche-ica! stre„8th ot KC^pure, 

KCl:Ca. KClrSr anrf  irn   n-r and KClxBr1-x    8ingle cry8tals for ^ ^^ ^ ^ 
r\ni-nhiaf    1 QT1 October  1972. 

Microhareoess test, ^ ,lw 8tres8 maasurement9 ^ ^^^^^ ^^^ 

ussa to deterge  the „.ohsolcs! st.e„gth of s „aterisZ.    DsvlsSo„ .nd 

vau8ha„ a, h.ve sh<m that the 8l2e of the di8iocation   M ^^ 

around a »Urohardness tndentstion is a „sefu! and convenient test f„ 

deterni„ing ^chanical stre„8ths of ai„8la crystala slnce ^ ^ o£ £he 

rosette shooid he inverse!, proportions! to the «« stre.s and since this 

test csn be porr-orned at es.entisUy the ss™  ttm aa the mlcrohardneS8 

-..«««„.    croves and Pine   (2) a„d „avid^  („ hava uaed the roaette 

sirs to »asure the strength of Fa doped Mgo.    Davidge found that for 

heavM, doped „teri.i the rosette si« „s, inda.d inverse!, proportions! 

to th. «» .tr... i„ KC1.    4uhou8h h„iKlng ^^^^ ^^ ^   ^^ 

-tng the rosette .1M   (4) few int.rc^arison. hatwaen n- stress, .icro- 

h-rdness. snd rosette sire have been Mde on the «. mpU..    Kcl u an 

exc.!Unt naterlal f„ .„ lnve.tlgation ^ ^^ ^ ^^^^ 

»echanic.! strengths,  since !arg. pur. or doped singU Cryst.U ar. r..dlly 

svaiiabia and since considersb.e work on the »chanica! proparti.s of pur. 

•nd doped KC! hs. a!r..dy been done  »...„.    ^ WM 0( thi, pai>ar ^ 

to prassnt H« .tra.., vlc|<ar. ..„„,.,.„„„_ ^ <Jlilocatloo roaatta 

»Ize measurements  for  purified KTI   .I«„I- puritied KC1 single crystals, KCl:Ca, KCl:Sr, and 
KrlxBrl.x mlxed ■in8le crystals. 
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EXPERIMENTAL PROCEDURE 

The purified KC1 and the Ca and Sr doped KC1 sa 1 
aopea KC1 samples were obtained 

*™ c^u _„ crystal boules „hich ^^ ei6ht   ou 

--e, the r..ultl tt<m these ^^ ^ ^ ^ ^^ ^ ^ 

—. .»„ „ystals 8tnce _ ^^^^^^ ^ eht dopants 

i are tor the crystal boules 
and may differ somewhat fr™, *u    A 

ewnat trom the dopant levels in  fh~ ^ 
.     , V eiS in t:he tested samples. The 

« «"„ usln8 .„ Instron te8tlng ^^ at i     ^ ^^^ ^ o ^ 
«/.!-.    Ihl. correSpond8 to . 8traln r.te of approItlniitely ^    ., 

oraln the"- "r i-—- ^. i.«i«.. «„ £re.hl; 

*" '' "^•""^ehe l""" «"" —"«y to -ov. ft..h dl.loca. 

Tr *T«» "here  T    was  takm  »■« K    ^U 
„•M Mm to b. th. .tr.., V.IU. .t the toUrM.lt« 

•gr..«„t ..th tho.. „bt.lMd ..rller b)r am 
f    luiey   uu;, who measured T    for 

samples of C« and Sr doped KC1   fr«. »K r 

oped KC1  fro« the .a« boule. u.,d  for thl, Work 

A Lelt« Mlnlload te.t.r with . Vlcker. tvo. Ai^^  . 
vicicer. type diamond  Indenter was used 

for th. -icrohardn... .«, ro.,tte  { . 
^'    tMt«- I» oiJ?r to facilitate 

«.to««. ...h^ th. Mnwim „n ^ „ fr#t(>iy ciMMd (ioo! 

'«.. i.. „„, b0. „ ^ ^ .bioliie€ h(_i(iity ^ ^^ ^ ^ 

/ 



TABLE I 

RESOLVED FLOW STRESS, T^ VICKERS HARDNESS, HV; AND WING SIZE, W 
o 

Material Dopant (ppm) Tr(kg/inm
2) Tr(p8l) HV(kg/mm2) Wo(|Jjn) 

KC1-P-1 Purified 0.11 160 9.2 91 

KC1-P-2 Purified 0.15 220 9.0 91 

KCl-Ca-1 100 Ca 0.20 290 11.2 77 

KCl-Ca-2 540 Ca 0.55 800 16.7 41 

KCl-Sr-1 50-150 Sr 0.23 330 13.0 77 

KCl-Sr-2 470 Sr 0.57 830 16.9 41 

KCl-Sr-3 138 Sr 0.38 540 14.9 60 

KC1 337. - KBr 67% 0.89 1300 21.2 24 

KC1 757. - KBr 25% 0.96 1400 19.8 24 

hardne« numbers (Tabla I) were obtained from an average of at least five 

indentatlone for loads of 5 g, 10 g, 15 g. and 25 g; these hardness numbers 

were found to be essentially Independent of load for loads of 5 g to 50 g. 

The diklocatlon rosettes (Pig. 1) «round the Indentations were re- 

vealed by etching the sample momentarily (1 • to 3 s), rinsing It In 

acetone, and then blotting it dry. Glacial acetic acid was found to ba 

the best etchant for the pure materials while a saturated solution of 

BaBr2 in absolut« methanol was more effective for the doped samples. The 

rosatu« ais«, or wing length, W, was taken «s the length from the c«nt«r 

of the Indentation to Che wing tip along a <110> direction. 



RESULTS AND DISCUSSION 

The relationship betwepn t-hu u,-,.i 
etween the Viekers hardness number, HV. and the 

resolved H» stress. ^. neasured on ,„. same saapie ^ ^ ^ ^ 

afferent erystais inoIudin8 a pure KBr erysta! is portrayed ln Flgure 2 

It is not SurPrisi„8 that „V is „„t directly proportlonal ,„   ^ ^ 

indenter activates both the nrimarv  ^nn^  J primary <110> and secondary <100> slip systems 

while the resolved flov stress measures only the stress n. 
^"j-y cne stress necessary to move 

dlaloeations aiong the pr^ry siip systen.  The hardness nu.hers and 

flo» atrea, „aiuea for the purified and doped KC1 are in substantial 

ngreemant »Ith those reported by chin et al. (U). 

Figure 3 indicates that the disloeatlon rosette siae. „, is directly 

proportional to the load on the indenter.  Section of the figure 

"88est, that there shcold be a finite wing aiae. „o. for aero indenter 

load. This result can be qualitatively underatood .hen the nature of the 

-icroherdneaa teat is conaidered. l„ this teat, a dead-veight loaded 

pyramidal di^ond Indenter i. .u^d to .l»ly contact the aurface of the 

cry.t.1. The indenting diamond generate, a string of fre.h di.locatlon. 

The ft», of cheae dl.loc.tion. i. forced out by .„ceding one. to a 

«•«no. for which the applied .„..a on the „ring Ju.t .„unl. th. 

minimuni itrcss needed to move dialauMM. .1 
move dteiocatioM «long the primary .Up direction. 

V n™. the greeter rri the ^n.r  „. «, ^^ atregi ^ ^ 

cry.t.1 occur, .t the Inet.nt the indenter contect. the .«pi. ^  the 

dl.loc.tlon. ü-edUfly M out . dl.tence Wo. .loc, the dl.loc.tion 

vloclty 1. very «cb gre.ter th.n the Indenter velocity (5). Thl. con- 

Jecture 1. further .ub.t.ntl.t.d by the re.ult. of E. A.rt. Ä ^ a2) 

•ho. while .trying the «*iiity of di,loc.tlon. ln x.lrr^Jed ^ 

..t.bll.hed that th. win, .iM u independent of the orlant.tlon of the 



indentation figure. Any additional wing extent, W-W,, comes about only 

because the indenter displaces crystal material as it moves on into the 

crystal. The indenter stops penetrating the crystal when the indenter 

stress is balanced by the rupture stress of the crystal; hence, the initial 

rosette size, ^  is the one to be compared to the resolved flow stress. 

Figure 4 is a plot of the resolved flow stress, T , versus 100/W . It 
r o 

clearly shows Tr to be inversely proportional to Wo for larger T values. 

The data seem to indicate that the wing sizes approach some maximum value 

for the softer crystals. Since the wing lengths for the softer crystals are 

greater than 100 m,  subgrain boundaries or other macroscopic crystal 

defects could easily be limiting the extent of the wings. Davidge's re- 

sults on MgO:Fe also Indicated that the flow stress is inversely proportional 

to the wing size except at low flow stresses where the wing sire  is smaller 

than would be expected. 

For « given indenter load, Tr is inversely proportional to W for the 

harder crystals, but the linear region of Tr versus w"
1 does not intercept 

tie origin. This fact, combined with the fact that deviations occur for 

large || (soft crystal.) indicates that care should be exercised when using 

only the dislocation rosette size technique to investigate hardening 

mechanisms. 

SUMMARY 

For certain application, it would be useful to have a nondestructive 

teat for the mechanical strength of a material. We have .hown that there 

la a good correlation between the flow .tre.s and the inver.e of the length 

of the dlslocstlon rosette size. Thus, once a rosette size versus flow 

streas calibration has been made for a particular crystal system, the 



rosette size becomes a useful, simple, nearly nondestructive technique for 

determining the flow stress of a crystal. 
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FIGURE CAPTIONS 

Fig. 1. A dislocation rosette of a 50 g weight indentation on KCl:Sr. 

Fig. 2. Vickers hardness number versus resolved flow stress is shown. 

Fig. 3. The dislocation rosette wing size, W. versus indenter load is 

shown. 

ng. 4. This graph of resoXvad flc stresSi ^  versus m/^ ^ ^ 

linear relationship for the harder crystals. 
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