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Thermodynamice of Stacking Faults in Binary Alloys
' John E. Dorn

Whereas the thermodynamice of stacking faulte has already

(4, 5)

.been dlecusaed by Suzuki( and Flinn, | aeveral aimplifying

npproximatione were introduced into their analyses. Suzuki abandoned

(1 2) of treating stacking faults as a separate

his original t’ormulation
| phase in hie third paper,‘_) where he employed the concept of a surface
phenomenon to describe the be_ha.vior of the stacking fault; he never-
‘theless retained the regular solution appl‘oximatione. Flinn correctly
used the concept of surface phenomenon, but he retained the approxi-
mation of.regnler solutions, introduced the simplifying assumption,
which {8 not necessarily alwaye correct, that the compositions of the

' atacking !eult differe only. elightly from that of the e.table pheee, and
retained tbe quantity pertaining to the change in stacking fault energy
with the composition ot the etacking fault a quantity that is not

directly meaeux_*able experimentally, in his final equatione. It {s the
purpose of this article to clerive the general.conditione for equilibrium
between a stacking fault and a phase for any .bine‘ry solid solution

alloy. The procedure {8 merely a generalization of that used originally
” by F‘linn.(a) | | '

~ The free energy, F of the stable phaee, consisting of h
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and ”3 atoms of types A and B respectively is

&7, , __&z+(,, w 2w

F=1,

. where N {8 Avogadro's number, F A and FB'are the (ree energies per

mole of puré A and pure B, T is the temperature; and AF { /’% g 7:713
the free energy of mixing one mole of the alloy which has a c'ompoamon'
of i? mole fraction of B atoms. Deslgnatlng the variables pertainmg

to the faulted reglon by the prescripts f, we have

e, BT+, F{7]+(n»+na)AF[ 77

At W)V

where V and t are the molar volume and thickness respectively of tho
taulted regioin and \’Q{; m ﬁls the {ree energy per unit area of the
lault. In effect, Equation 2 merely defines Y‘ { 8 )77 as the
excess free-surface energy of the faulted region above that of a solution
of the stable phase of the same composltlon as the fault, All extrane-
ous effects, such as strain enérgy, etc., are, of course, 'incorporated
m Y [ i ]

. At high temperatures where diffuslon is auﬂ’iciently rapid,
equilibrium will be established. As shown by Cottrell,(e) when the

stacking fault ribbon is due to the decomposition of dislocations into °

~ their Shockley partials, the partials will acquire a greater separation



during this stage due fo a _dec:reaaée in the stacking fault energy. We
apsume hare that equilibrium hasg been so estabuéhed and consider
now an mrlntemimal virtual transfer of atowms, holding the stacking -
~ fault volume and the total number of A and I atoms in the system
counstant, For such a virtual change at equilibrium {8 = 0, We let
‘Sn“:—Sn) 5#’7‘=8n) S"a’ gﬂ and S'Fhe = — S")
where 8 n is the number of A atoms transferred from
the stable phage to the faulted r@;gion.‘d

Therefore,

() S (3h)4

o ~oh)

SF.:'%%(—SY\)-\'

and consequently the equilibrium condition s given by

éF Lo F _J'F

AV\A dhb 6 Y\A | éﬂ’\b

= 0O (3}

For the convenfence of the v eadar we o i.ra, in datail, the chemical

r:mte*ﬁialf“ involved in & quotm*x 3 ag follows:
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fA.{_] AF[M‘,,AZ_@N@)(%AF:(%,T] d g
én - N N .dma dnA

(4a)

Ff%? (747 ) AAF{/%)T_? c)h?a

n‘ Rz S dm, 3

)

éﬂ: - .‘ﬁ{ﬁ.‘_ Ja Fffmg)z-]_f(’cnﬂ +n,) cMF{f’”B)ﬁé‘;m‘j-

5 GHA'Q N /y Aclma ana
Y{F ,7_‘?-{-( Nyt “a V AY!’C}%)Z?CJ My (4c)
N | 3 T, 3'n, |

G AL AF{ Fnas T] ¥yt 26) SAF L fng TE &
é‘? N - N N dFm& -SE;

l- Y-St 77 - {J“ +Fre) Vdéﬂzfﬂ/uﬁc) 3 myaa)
Ve 2' 6)7‘? Nz 3fm, dfho
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Adding Equations 4, equating.to zero, and introducing the fact that

ésm@/éﬂb-' éma/dn,\z- " '/(“n*“o) - gives
the equilibrium condition that
AAF{m@ 71\ [dAFfm, 7]\ _ V. )P{ S T o

| 'é )
SMs athy g .a“f{“‘a | éme

This equation reduces to that derived by Flinn when his
simplifying conditions are introduced. It permits the evaluation of
the equilibrium composition of the stacking fault FMB = ﬁ’)’l { mg )T}
when AF {mb)Tj ){q' { ‘FMB) T} are known.
Whereas AF [m,_.,) } can be obtained from standard
thermodynamic data on alloy systems, \{Q { F/nd ) 7:7 is not
directly obtainable from experiments, under the necessary conditions
for equilibrium. When )’O' is determined at sufficiently high temper-
atufes to assure equilibrium, either by measuring the separation of

(7N (8)

the partial dislocations’ ’ or by employing Whelan's nodal technique,

\9’ is measured as a function of the alloy composition )418 and the

temperature T. We, therefore, must express Equation 5 in terms of

measurable quantities, namely

AAFEWMT? _ 3 AF{“\BJ} }c)ﬂ?a (6)

éW\g ath. émﬁ M- t m 5
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"It is now bossible to determine YY\"B - under equilibrium conditions
as & function of hq B and T.,"'T-o illus‘trat’e, we let the distribution

coefficient be given by »’% r— me/mb‘ but admit that k is not

~a constant. Then

AAF iMe)T} — é_..AE {{M" ’T] N
- é Mg Yy éhnb o .*émo
' , , (D)

_\{_(éf' e
t \dmg /., %.-m@%%

The appropriate equilibrium value of k, which can be determined

graphically, is that which satisfies Equation 7, all other quantities
having been determined experimentally., Equation 7 i{s not restricted

to stacking faultas only; 1t is generally valid for all surface phenomena.
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