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Letter to the Bditor

IHE EFFECT OF OHORT-RANGE ORDIR ON STACKING FAULT ENERGY '

AID DISLOCATION ARRANCELMFNIS IN FCC SOLID SOLUTIONS

G. Thamae
Department of Mincral Technology end Inorgonic Moterials
Ruvearch Division, Lewrence Rudistion Laboratory,
University of Califvrnia, Burkeley, Californie

lRecent experiments on a~brosces (Thmman , 1963a) have showm tha.t under
certain conditions the stacking fault epergy increases with increasing
emounts of minc. Figure 1 shovs the varistion of the apparent étack.ing
fault energy v, determined from the radil of curvature of extended nodes
(Hovie and Bwenn, 1961) an a function of zinc content. An incresse in
r wves observed in Cu-(30-34 at. %) Zn for very slowly cooled a..'l,loys: and
"for specimens eged one hour et 200°C after rapid quenching, vhereas in
vquenched alloys y falls contlnuously as observed previona]y by Howvie and
. Bwann (1961). The dislocations remain coplenar in the alloys which‘showd
an incrénse in v but were not extended., They are often arrmnged in groups
of pairs of the vame eign' as shown in Fig. 2. COntrast‘ experiments (Howle
end Whelan, 1962) have shcrwh that thepe pairs are not dip;alea (as at B, Pig,
3) vhich are also frequently observed 1n e.noya vhere dislocations remain co=
planor (Swann end bouat, 1963, 'Thomas, 1963b). |

About the same time that these observations were first made, Cohen )
and Fine (1962) showed theoretilcall’y that chort-range order is expected to
1néreaae v aml cduse dislocation pairing. The latter effect had been pre-
dicted previously by Cottrell (1953) and Seeger (1958). Furthermore, Cohen
(private comrmnication) has shown that clustering {tiegative short-range

order) is not expected to produce pairin[.;. Nevertheless, cluctering may
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preduce an inerease in .aatack.in(;; foult enciyy since the surrounding mtrix
becaics more dilute ar solute atoms are rcﬂovjed fram solution and difiuse

to clusterss Thus as with shorterange ordcr, alloys tendim, to clunter
will a.lao shov differcnces in sta.ckim, fanlt enerpy vith difi‘crent hc.o.t
treq.tnu.nts. Howvever, clusters can be résolved by glectron microscopy, as

ié now well known i‘or' alumdinium alloys, and have n'o‘c..yet‘bee'n obgerved in
any of the alloys diccucsed here. In elther case, quenched alloys, vhich
should show only weak z,hort-ra.n ¢ order or clusterin@;, would be expu.tcd to
p have & loi'r’erv stacking fu.ult encrygy tha.n sged alloys as 18 shmm by Fig. 1.
Bince shorte-range order haq Been detected in a~brass 'by a nuxﬁber of
vorkers (e.g., sce Clarebrough et al, 1960, 1961), the rcsults given here
are presented as experimental verification of.the theoretical predictions.

Svenn end Nutting (1961) observed that durigs heating & Cu-Th AL alloy
in the electron. microrsc,ope an extended node colla.pned end disloca.tions then :
‘:“paired together. This was explained in terms of long-range order. However,
\diffraction experiments have clearly shown that only local ordcr, and no
long-remge order, existe in the a~pPhase Cu-Al solid solutions (Houska and
Averbach, 1959)f It is sugpested, therefore, that the results of Swvann a.nd.‘
Nutting ere better explained by short-range ordering. h |
8imilar effects have also been found in certain a.ustenitic stainless

pteals. When the nickel content of high purity Fe/ Cr base alloys is in-
:creo.aed, the ctnckina foult energy (again detennincd from node measurements)
increases. For exemple y »for Fe/20Cr/10M4 is ~ 15 ergs/ cn and rises to |
~ 25 ergs/ em® for Fe/20Cr/ 2011 until at higher nickel contents no extended

nodes are visible. If one extropolates the change in y with p( rcent nickel,
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& value of 60 erga/cm? is predicted for Fe/QOéfyhbﬁi. Thus in this alloy,
after deforuation, the aislocations vowld be expected to izemgle. Actuplly
they remain coplaner, often in pairs. Thie phenomenon is}enhanced if nitro- 3
gen 1s also present (Fige 3), yet nitrogen does not viéiﬁly affect the stacke
ing fault energy. | '
| Although there are no published data regexding orderiné in sustenitic
ailoys, Roberts (privaté coumnunication) has shown by neutron diffraction
thet longerange order is present in e Fe/20Cr/55N1 alloy but not in .
.Ee/QOCr/hONi although_mtrong locel order ic probable in the latter césé.‘
On this basis and by enslogy with the results obtained on a~brasses, it is
concluded that the increase in y with increasing nickel in éusténitic‘alloys.,
is due to shorterange ordér. Arpuments have been given elsevhere 10 exw
plain the effects of nitrogen in enhancing locel order (Douglasaget al,
1963). Tewtron diffraction experiments are being'ééntinued to try to obtain
further éonfirmamion;of tﬁesg conclusiona.: _ | |
 Whilst 1t 1s elready knoﬁn thaet transmission electroﬁ miéroecopy is‘
& powerful‘method for investipgations of long-range order (e;g., see :
Marcinkowski, 1962), from the foregoing it nov eppeers thet the technique
mey &lso provide indirect means for detecting short-range order. However, |
observatione of dislocsation pairing g;ggg cennot be taken aé proof of short- .
'range.order becouse peirs (superdislocations) are also present if long-range
order exiﬁts. It is particularly difficﬁlt to distinguish between the two
cooes by ¢lectron microacop& if an alloy containe elements of simllaxr atomic
gcattering factors., In this event even if long=-range ordér is present the

intensities of superlattice reflections ere too weak for them to be_observed.
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Mthx.nnore N Anﬁiphase domedin bounda-ies cannot be détecﬁéd bécv:a.use_ df o
the very.large volues of the extinction distances associated with weak
'_supe"rlatti'c(a reflections., Although long-range ordering cen prbduc(s eithe;r :
en increase or a decrease in y depenling on the pe.rticuia.r elloy (Marcine .
" vkawski', 1962), short renge oréejring 18 expected on.LV to increase y (Cohen
and Fine, 1962); | -



UCRL-10T51

ACKNOWLEDGMENTS
Financial essistance from the United States Atomic Energy Cbmmisaioh
through the Inorgenic Materials Research Division of the Levrence Redia=
tion Laboratory is grate;ully acknowledae@. The éxperimantal work on
 the austenitic alloys was done by W. R. Roaér in partial fulfillment _'
of the M.8. degres 15 thé University of California. I wish to thﬁﬁk
. Df. B, W. Rebarte (Genersl Electric Company, Bchenectady, New York) tor

_carrying out neutron diffraction experiments,



UCRL~10751
wBm
REFERENCES

Clarebrough, L. M., Hur(,reavea, M. E., and Lorctto, M. H. , Proc. Roy. Boe
1960, A257, 326 ibid, 1961, A261, 500. '
Cohen, J. .'B., and Fine, M. E., "Structure of' Meta,llic Solﬂd. solutiona

Paris 1962 (In Press ).

Cottrell, A. H., Relation of Properties to Micggstﬁucfuré, AsM, 61}10,
1953, p. 131 - |

Douglass, D. L., Thomaa, G., and Roser, W R., 8econd Into Congreas on

| Corrosion, New York, 1963 (In Press) '

Houska, C. R., and Averba.ch, B. Ley Jo A:ppl. Phys 1959, 3__, 1525.

Hovie, A., and Svann, P. R., Phil Mag 1961, _6_, 1215. o

Howie, A.; and wnelan, M. J., Proc. Roys Soe (London) 1962, ______1, 206.

: Ma.rcinkcrvmki, M. J., Electron Micronc _py end Strenpth of Czjstals,

Interscience, 1962, p. 333

Seeger, A., Dieloca.tions a.nd Mecha.nica.l Propcrtiee of C;ystala, Wiley -
and Sons, 1958 p. 273. '

Swe.nn, P. R. and Louat, Nv, J. Insts Metals 1963, 2_, 2&3. |

Swam, P. R. and Nutting, J., J. Inst. Metels 1961, 90; 133.

Thomas, G., J. Austr. Inste of Meta.la 1963a (In Presa), to be presented at

the International Conference on Relation of Structure to Properties,

Melbourne, Australia, May 1963 |
Thomss, G., "Relation of Structure to Properties”, N.P.L. Conference

January, 1963b (In Press).



UCRL-10751
-Te

FIGURE CAPTIONS

. Fig. 1 The spparent stacking fault energles of a-brasses determined
from the radii of curvature of ektended nodes, 7The results

' of Howie end Svann (1961) are also given for comparieoﬁ.
(Courtesy J. Austr. Inst. Metal). '

Fig. 2  Paired dislocations in Cu-33%: at % Zn deformed 10% 4in tension

after furnace cooling from £00°C.

' 'Figs 3 Coplanar dislocations in Fe/20Cr/4ON1/0,OMN deformed 10%
in tension. There ave groupx; of the same sign at Ay the
contrast at B is due to dipoles. The stacking fault energy

in this alloy is too large to be determined.’



Apparent stacking fault energy

Y = Gb2/2R (ergs/cm®)
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