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U:tter to the l~ii·tor ........._.._._ ______ ....._ 

~1IIE; r.m;C'f OF ril-IOR'.L'-H.AIIDE OlU>li:R ON 8TAC1Cn10 FAU!Jf ENERGY 
.....,_,.,.~---·· c---..._.-... ---~._..........-·-·--·- .. -------...;;.o;;;;;....o;.;.;:.;..=.;;;. 

AND Dif:JLOCATIOH Al\Hf.J:ICmrr•:If.L'G IN FCC SOLID EOLU'l'IOlfS .. ·-·--·-·-····-·--·-~-----~--···-------~-... -... -....... -·------.--.-.-
G. 'J.'lmmav 

Dcpru·'b!.l•.::nt of Ui tlLl'nl. ~·~~clmoloc~· o..nd Inorgo.nic Nnterial.e 
Ru GC.:ru'eh Di vidou, I.J.t.vl.·cnce nu.dlntim.l Lu.horoto:cy I 
Uni V\::1'01 'ty of Cu.lif0l"nia.1 D:::rkeley 1 California 

Recent experimento on a.-bl.-aooes (Thotr.lf.l.o, l963a) hava shQ'Im that under 

certain conditions the staeking fault energy increases lrith increasing 

muounte ·of' &inc. Figure l tJhova the YB.riation o£ the apparent stacking 

fault en~..~r(~ r 1 dctc:nninc<l from the radii of curvature of extended nodes 

(!Jol•j.e o.nd. B1re.nn, 1961) ao o. :t\mction of sine· content. An .incree.ee in 

r was observed in eu ... ( 30-34 at··· cj,) Zn for very alat-rly cooled alloys and 

'tor specimens aced one hour at 2oo•c e.fter rapid quenching, whereas in 
• 

quenched alloys r falls continuoua~ as observed previous~ by liO\<rie and 

•' Swann ( 1961). The dielocationa rennin coplanar in the alloys which showed 

. ~ increase in r but "rere not extended. They ore often arranged in groups 

of pairs of the oame sign ao shown in Fig. 2, Contrast experiments (Howie 

and Whelo.n, 1962) htlvc ahcnm that these po.ire are not dipole a (as at l\1 Fig • 

3) Which E!XC also frequent~ Observed in a.l.loys where dislocations remain CO• 

planar (S\vann e.nd Lou.o.t, 1963, ''I'hOt!ll!.s, 19631> ). 

About the eeme time tho.t theoe observations ·ve:re first made, Cohen 

and Fine (1962) showed theoretically that short-ranee order is expected to 

increane y WXl CUUDe dislocation pairingo The latter effect had been pre• 

dictcd previously by Cottrell (1953) and Seeger (1958 ). Furthonnore1 Cohen 

(privo.te conli"lUnica.tion) ho.s ohrnm that clustering (nee;ative ehort-ra.nge 

order) is not eJ~ected to produce pairing. Nevertheleoe1 cluoterill6 JTIB3' 
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proU.une an incr\:U.Go in Gto.cldng fo.ul t on~:.;·L".Y' since the our1•oundinc IllQ,trix 

beoutitUD moro dilu·tc o.::: uolut~ atoma ro:c rczw.Yved from solution u.nd. diffuse 

to c:luat~1·•· 1l'hUG u.s 1v1 tb ohort-r::u1ge order 1 al.loyo tending to cluater 

will a.l.ao shou di.t':l.\::!l'cnccs in stacking :Caul t ener~ ·vi th diffcn-ent heat 

trea'bacnta • lio,~t::vur 1 cluotero can be resol ve<.1 by electron microocopy, as 

is nov \roll kncnm for a.l.uminium alloyo, anif have not yet been oboerved in 

arzy- of the tl.l.loys diocut.wed hereo In either case, quenched &lloys, '\rhich 

should show only \leak chort.;.l~a.n.ge order or ulustcr1nei li'oul.d be ex.pected. to 

have a lO'iter ato.cking fo.ult encr~ tha.n B.{;ed alloys ao ie shown 'by Fie;. 1. 

Since oho1~-ra.nge order ha.u been detected in a.o-braaa by • number of 

workers (e.g., see Clarebrough et al, 196o, 1961), the results given here 
' 

are presented o.a experi:ment~tl verification of the theo;oetical predictions. 

S\mnn and nutting (1961) observed that duritlC heating a. eu-~ Al alloy 

in tho ·electron ndc1-oacope a.n extended node collapocd and dislocations then 

paired together. This '.ra.s e:cplo.ined in te:nun of lone-range order. limrever, 

,diffraction cJcperilllenta have clear~ shown that only local order 1 and no 

long-range order, c::data in the a.-l)ha.ae CU·Al solid solutiono (Houska and 

Averba.ch, 1959). It is cuggeeted1 therefore, that the reaulto of' S't1o.nn and 

Nutting e.re better explained, by short-range ord.ering. 

Similar effects' have also been :t'owld in certain o.uateni tic stainless 

eteols. h'hcn the nickel content of' hieh purity Fe/ Cr base alloys is in• 

creneed,. the stacking fault energy. (o.gs.in determined :fran node meo.auremerita) 

. . 2 
increases. For cxt!l'lQ">le r for Fc/20Cr/lOJ:T1 is .., 15 eres/ em arul r1sep to 

2 . 
.... 25 err,e/ em :for Fc/20Cr/20Ni until e.t h1c}l.e11 nickel contents no extended 

nodes ere vii31ble. If one cxt1·o.polo.teo tho chs.nge in r ,.,ith percent nickel, 
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a value of 6o ergs/ em ia prc~dicted. for Fe/2001:f40lU. Thus in this alloy 1 

after o.eforme;t.ion, the dislocations 110uld be expected to ~angle. Actue.lly 

they :reme.:l..n coplru.lru.·, often in pa.irs. ~~11 o }lhenomenon is enhanced if n1 tro­

gen is o.l.ao Pl~esent (Fig• 3), yet nitrogen doos not visibly a.:f'fect the stack• 

ing fault energy. 

A1 though there are no 1mblished clntt\ l~egarding ordering in austenitic 

alloys, Hoberts (:pri va.te COilllnunication) h.a.o shOim by neutron diff1•a.ction 

the.t long .. rtl.l'lge order is present in a. Fe/20Cr/55Ui alloy but not in 

.Fe/20Cr/!~ON1 a.l.thoUch t:lironc; local. o1•der is probable in tha la.tt~r case. 

On this basis o.nd by ar.tiUof:!Y 1..rith the ree:Jults obtained on a.-brasses, it is 

COnClUded that the increase in y lTi th increaaing nickel in aueteni tiC alloys 

is due to ohort•r£~nge order. Ar{1'tl100nto have been given elsewhere to ex• 

plain the e:f':fecta· of n1 troge11 in enhancing local ()rder (Douglas a: et a.l1 

1963). Neutron diffraction eJcper1ments are being continued to try to obtain 

fUrther confirmation of these conclusions. 

Whilst 1 t is aJ.rea.c'cy' knovn that -tranemisaion electron microscopy ia 

a. powerful method for investigations· of long-re.nge order (e.g. 1 see 

l-m'cink0i•ski 1 1962) 1 fr01n the :f'o~goine 1 t now appears the.t the techn:1.que 

!ll8\Y' e.loo provide indirect means for detecting short-ranee order. liOtrever, 

observations o:f' disloco.tion pairing o.lonc cannot be taken ~ proof of short­

ranee order because pairs (supcl~lislocntions) are also present if long-range 

order exists. It is po.rticuJ.e.rly difficult to distinguish betvteen the two 

ca.oes by electron microoco:py if' an alloy containe elements of similar atomic 

scattering factors. In this event even :1.f lone·rWlge order is 'present the 

intensities of ouperlattice reflections are too v~ak for them to be observed. 
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Furt~rmore, antiphase domeJ.n bou.nd.a:d .. ec' cannot be detected because ot 

the very .le.rge vu.luea of the extinction distances associated with veolt · 

SUJ;>e:rln.ttioe reflections. Although 1one;-ra.nge orderine; can produce either 

an increase or a decrease in y depenrlin.g on the particular e.lloy (Ma.rcin• 

kweki, 1962), short . range ordering is e'qy.~cted only to increase r (Cohen 

and Fine, 1962) ~ 



UCRL•l0751 

Financial assistance from the United St.atea Atomic EnerSY Commission 

through tha Inorganic r~teriala Research Division ot the Lawrence Rad~· 

tton Laboratory is gre:~eful..ly acknovledfled. The experimental work on 

the austenitic alloys was done by w. R. Roser 1n partial f'lllt1llment 

of the M.S. degree in the University of California. I wtah to thank 

Dr. B. W. Roberts (General Electric Company, Schenectady, New York) tor 

carryina out neutron diffraction experiments, 



UCBL-10751 

-6-

Clarebrough, L. M. 1 Jio.rgreaves 1 M. E. 1 and Loretto; M. H. 1 Proc. Roy. Soc 

l96o, [gJL 326;1 ibid, 1961, .A26l, 500. 

Cohen, J._ B. 1 a.nd Fine, M. E., "structure or Metallic Solj.d Solutions" 

Pari~ 1962 (In Preas). 

Cottrell, A. H., Relation of' Progert:f.es to M:1c;rostru.cture, AB~, Ohio, 

1953, P• 131. 

Douglass, D. L., Th.Oltias, a., and Roser, w. R., Second. Int. Congress on 

Corrosion, New York, 1963 ( !n Preas). 

Houska, C. R., e.nd Averqa.oh, _D. L., J • .AJ?:pl. Pbya 19591 .J21 .1525. 

Howie, A. 1 and Svann, P. R., Phil. Mag 1961, ~ 1215. 

Howie, A., and Whelan, M~ J., Proa. Roy. Soc: (London) 1962, .A267, 206. . . 

Marcinkmrski, M. J. 1 Electron !·ttcroocopy;_ o.nd Strength of Crystals, 

Interscience, 1962, p·. 3~'3• · 

Seeger, A. 1 Dialoca;tions and !:bchanico.l Properties of' ,c;r;zsta.ls, Wiley 

and Sona, 1958, P• 273• 

Suann, P.R. o.nd Louat, N., J, Inst. l-klta.ls·l963, .2±_, 243. 

Bw'e.nn, P.R. and Nutting, J,, J, Inst. ~toJ.e i961, 2£; 133 .. · 

Thomas, G., J. (luatr. Inat. of M:lta.la 196,38. (In Press), to be presented at 

the In'tel"national Conference on Relation o:f Structure to Pro5:rties, 

toolbourne, Australia, l'-1a\Y 1963-, 

Thomas,. a., "Rela.iion o:f Structure to Properties", N.P.L. Conf.'erence 



Fig. 1 

Fig. a 
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FIGURE CAPl'IONS 

The apparent sta.cking :frJ.ult energies of a,.brasses determined 

from the radii of curvature of extended nodes. 'l'he results 

of Ho\lie a.M. Sve.nn (1961) are alao given for comparison. 

(Courtes1 J, Austr. Inst. Metal). 

Paired dislocations in Cu-331·~ at 'to Zn deformed l~ ·in tension 

after furnace cooling tram eoo•c. 

~oplanar dislocations .in Fe/20Cr/40Ni/0.04N deformed 10'/o 
, 

in tension. 'l'here are groups ot the same sign at AI. the 

contrast at I is due to dipoles. The ste.oking fault enerSY 

in thia alloy is too large to be determined. · 
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ZN-3663-A 

Fig. 2 
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ZN -3665 -A 

Fig. 3 
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