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INTERF ACE STABILITY D'RING THE OYIDATION OF PIMARY ALLCYS

Sregory J. Yurek
Metals and Cersmics Division
Jak Ridge Ratioral Laboratory
Oak Ridge, Tennessee 3723C

The statility of a planar alloy/scale interface during
the diff:gsion-controlled oxidation of a homogeneous, single-
phase binary slloy depends cn both the thermodynamic and
Lransport properties of the system under consideration. A
critarion is presented thet can be esployed to predict the
statility of a pianar slloy/scale interface for the specified
reectior temperature, elloy compssition. and chemical potentiasl
of the oxidart when only one component of the alloy is oxidized,
snion diffusion predominstes :in the scale, and the solutility
of oxygen in the alloy is essentially zero. A plamer slloy/scale
interface (s single-phase scale) is the preferred growth
aorphology if iiffusion in tu~ wide phase is the rate-limiting
step of the axiiation res:tion. in uneven alloy/s~ale inter-
faze {a two-phase scale' is expected if diffusion in the alloy
phiase is the rate-determining step. This stabil:ty critericn
is equivalent to the criterion derived by Wagner for the case
of predominent cation diffusion in the scale.
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INTROIUCTTON

The high-temperature oxidation of a U-base alloy can resuit in the
formation of a two-phase product leyer (oxide + alloy) on the surface
of the ~1loy.! For example, the high-tsmperature oxidation of ~-It
alloys nas resulted in the format:cn of surface scsles that corsist
of ‘wo zuies.” As shown in Fig. !, a two-phase zone exists adjacent
to the alloy; it comprises strirgers of urenium dioxide and Xb-rich
alioy, the long axes of which &re aligned perpendicular to the surface
G." the slloy. The second zone is a compact layer of oxide that exists
tetwesn the gas phase and the two-phese zone. The second zone might
contein some oxides of niobium, which could be Tormed during the initial
stage of oxidation and by axidation of the iips of the Nb-rich stringers.?
The formatior of the two-phas: scales can be ascribed to the prefyrential
oxidation of one component of the alloy under conditions for which a
plarar alloy/scale interface is not stable. The stability of s planar
2lloy/scale interface depends on both the thermodynemic and transport
properties of the system under considerstion.

The purpose of this paper is to present a criterion for the stability
of a pisnar alloy/scale interface that can be employed %o rationalize the
formation of two-phase gcales on ''-bage alloys. This peper cl ;ely fol-
lows an earlier amlysis of Wagner’ for the stability of a planar
alloy/scale interface during the oxidation of himary alloys that contain
a nwble metal; however, the presert work differs Zfrom Wagner's analysis
becauge anions, instead of cations, are supposed to be the more mobdile
ions in the growing scale. As one might expect intuitively, based on
Wagner's earlier work,’ the criterion that is developed in this paper is
equivalent to the criterion for the case of predominant cation diffusion
ir the oxide phase. However, the mathematical analysig for the cage of
predominant anion diffusion is not available in the literature, and thus,
the details of such an analysis are presented in this peper.
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THT STARILITY OF A PLANAR ALLOY/SCALE INTERFACE

A criterion is developed ir this section to predict the statility
of a single-phese scale {a planar alioy/scale interface) during the
oxidation of sn slioy under idealized conditions. The purpose is %o
develop & model that can demonstrate the effect of the system veriatles
o interfuce stability during oxidation, therety lesding o ¢ tetter
wnderstanding of the mechanisms of oxidation for more complex ceses.
3ecause mmeracs assumptiocns are introcuced, the fimal egustions are
ouly semi-guantitative.

“he oxidstion of an ideal alloy solic -lutior, i-B, in which
component & is a noble metal. is considered. Component A is selectively
oridized to form the oxide A0, a compourd semiconductor that exhitits
predominant anion diffusion. The subscript ¥, ¥: the oxygen-‘o-metal
ratio for the oxide in coexistence with pure metal A; a subtscript - is
employed for other oxygen-to-aetal retios. It is possible that componeat
A can be selectively oxidiged even if component 2 is not e motle metal.
In this case, the atsolute wvalue of the free energy of formation A%,
mist te much larger than the absolite wvalue of the free energy of forme-
tion of the lowest oxile of component B, .-\Ov mist grov mich faster than
the oxides of component B during the initisl stages of oxidation, and
the concentration of 2 in the slloy mist be relatively low.

In order to determine the stability of a planar ailoy/scale interface,
the relative rates of movemen®t ~¢ lifferent regions of a slightly per-
turted alloy/scale interface are examined. A sine-wave perturbetion of
the alloy/scale interface, as shown in Fig. 2, is employed for this
model.’ Diffusion ia both the alloy and oxide phases mist be considered.

The flux of component A in the slloy in the x-direction is gi7en by

e N

§,/xY==-T — 1)

(Y4
~x

wvhere ¥ is the interdiffusion ccefficient for the alloy, c; is the
concentration of A in moles/cm’, and x is the distance from the original
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s:rfxce of the slloy. If %the slloy is an ideel solj- solutiorn. then

’

a =':El= \% ‘£

u’
P P
vhere o, is the sctivity of component 1. vith pure % as the reference
state. = is the mole fractiom of A in the alloy, and V' is the molar
volae of

=

the alloy. which is assumed %o be i.. spendent of composition.
When B5. 72" is inserted into ™. '1°, one ottains

-~ ta,
Q-,(!‘ - ol - "
3! = o oy g— ”
i v

ir. emalogous ecuation can Te derived for the flix of comporent : in the
g-direction: therefore. when - is assumed to te independer:t of composition,
Fick's second lew cam be written as

, .
¢, . I ~ |3 2" a
—ﬁz;._—iz.—l_jl(t\_"—.‘j'!yfvgz- —‘_24-___.,.‘ >y
3t v o3t 3 wy * vV |a oy

It is assumed the: the diffusivity of the anions is much greeter

than the diffusivity of the cations in the oxide. Therefore, the

diffusion-controlled axidation of the allay requires transport of oxygen
enions through the scales from the scele/gas interface to the alloy/scale

interface. vhere additionsl oxide is formed. If the oxide is e compound

semiconfuctor, then the flux of sniong in the positive x-direction with
respect to the original surface of the salloy (x = J) is given by*

s ,,(Mmo

(&4 = oxX s
iy (x) Dy ¢y \ 53 )+“z A ()



~S . c . .
where 7 is the sell 1iffusion coefficient for enions in the scamle, ef)'

is the concentration of oxygen in the scale in =oles/cr , and -;:7'_. whinZ
is meas:red vith respect to ¥ = 7, Iis the velocity of the oxide thet :s
cuised ty the erpension of the scale in the negative x-direction.
Expansion of the axile scale occurs wherever the molar wlure 57 the <rile
is greater tian the moiar volume of the metal froe whick it forms.

The sel? diffusion coefficient for axygen .-’-:__ﬂ is assumed 4o
exhibit the fHOlilowing dependence o the sctiviiy of aryger:

~$ _ <
- -

N
.
-

(& I

where m Is a constant “Lat can te positive ‘petype electironic contictor
or zegative ‘n-iype elecironic condicior', ani I is the sel’ 2iff gicn
coelficient 27 axyzen sniong when the wctivity of oxygen is uniiy. The
concentrutions of snions end catioms in .2_‘:-‘ are releste: <5 “he aoler
volume of 33 . ¥''. which is assumel %o te inlepenient of composition.

as follows:

Insertion of ts. " amt """ :into . /*Y yields

A stmilar equation can be derived for the flux of oxygen snions in the
y-~direction.

If the oxiie deforms plastically and its moler volume remains
constant [incompressible fluid' then the velocity components that srise
because of plastic deformation must have zero divergence.® Thus,

ox . ~)
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tquation (9) is a relationship between the velocity components that
aiise from the plastic deformation of the oxide. FPlastic deformation
of the oxide is required because V''/v” > 1 and the local rate of oxide
formation varies along the irregular alloy/scale interface. The
relocity camponents in Eq. (9) are not necessarily equal to the velocity
corponents for the movement of the alloy/scale interface, although the
two velccities are related (see below). In the case of predominant
cation diffusion in the scale, the velocity of the alloy/scale interface
toward the center of the a2llov (a Kirkendall effect) is egual to the
velocity of the scale owing to plastic deformation because continuous
adhesion cf the oxide to the alloy is assumed.®

If quasi-steady-state growth of the cxide is agsumed, then
¢, /3t = 0, and it follows from Egs. (8) and (9) that

e’ 3 N Y aga: d’a, 5 w)
2 _ 3 e _ s = FUS. § 10
T 35 (x) 57 jo (y) —Tiad ——bxz . 9]

The locus of the allvuy/scale interface is given by

» . [y
X = +b s —
* "(\) (11)

*
where x defines the pogition of an average interface, bt is the amplitude
of the sine-wave rrofile anda X is the wavelength (see Fig. 2). It is
assumed throughout that

L, <€ A

and (12)

»
A <Lx;
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i.e., the perturbation is supposed to be very small relative to the
thickness of the scale.

In order to determine the stability of a planar alloy/scale interface,
an expression must be derived for the drift veloecity of the perturbed
alloy/scale interface as a function of position along the interface. The
drift velocity of the alloy/scale interface in the positive x-direction,
measured with respect to the original surface of the salloy, is designated
as u_.

The concentration of oxygen at the alloy/scale interface changes
jiscontinuously fram c;” to ¢,  Application of the principle of the
conservation of mass ylelds

1y ) Y - (N
3o (x) - 55 (x) = u (e - ¢f) (1

)

)

at x= x4+ bsm(zﬂ)

1

where ,jc;'(x), which is given by Eq. (5), is the total flux of oxygen
that arrives at the alloy/scale interface, and 56(:) is the flux of
oxygen in the alloy in the positive x-direction. If the solubility
of axygen in the alloy is assumed to be virtually zero, then Eq. (13)
becomes

o' (x) = u_ et (13a)

at x = x* + bsin (2m/y)

Insertion of Eq. (13a) into Eq. (8) yields, with the aid of Eq. (7),
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(14)

at x =x* +b sin (2"-7;"\_).

Arplication of the principle of the conservation of mass to the
transfer of component A from the alloy to the oxide yields

) =5 ) = u (e = )

(15)

at x= x" +b sin (°VA)

Although the diffusional flux of cations in the scele is assured to be
essentially zero, there does exist a flux of cations in the oxide with
respect to x = O because of the expansion of the oxide. Hence,

5 (x) = u:x A {16)

Component B is not oxidized; therefore, the flux of B in the scale is
Zero. However, as camponent A is gelectively oxidized, component B must

diffuse in the alloy toward the center of the alloy. From the principle
of the conservation of the mass it follows that

ig (x) =u ¢

(17)
at x = &* + tgin (27 ).
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If the molar volume of the alloy is independent cf camrosition, then

37 Y }
S (x) = =35 x) (12)

Substitution of Eqs. {16), (17), and (1€) into Ees. (1k) and (15) yields

" n
n >
v Yo %
v o - _'- — —
X v m X

(22)

at x = o+ t sirn (Z’v_."‘l)

Upon insertion of Eq. (19) into Eq. (13) and the use of Eq. (£), one

obtains

, D% [>a®)
& - vien (22
X n AX (20)
at x - x* + b sin (RYAA).
Division of Eq. (19) by Eq. (20) yields
u:x = -—[V”/ /- l]ux (20a)

Note that u_ u:x only if vV'°/Vv° = 2. The minus sign appears in Eq. (20a)
Yecause the a.lloy/scale interface moves in the positive x-direction and
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the axide expands in the negative x-direction. Equations (2Ce), which
yields the ratio of the thickresses of the oxide on either side of x = 0,
can alsc be derived by simply considering the volume changes that occur
vhen a given amount of metal is converted to axide and irregularities at
the slloy/scale interface are small.

Substitution of Egqs. (2), (3), (7), (16), and (20) in Eq. (15)
yieids

. m
X ’ "
V'nm AX [ ide VvV \xx alloy

(21)
at x = x"+ o sin (CyH)
Upon combination of Eqs. (2), (3), (17), and (18) one obtains
u(l-a)=0 (’D‘A/ax)._]_loy
(22)

at x = X" + b sin (V)

i€ Eqs. (21) and (22) or Eqs. (21) and (i9) are 2ombined and u

is eiiminated, one obtains the following condition:

o /. m
p /o8 D by}
“7(""& = -(1 -8 ) —2_ _0
v AX A Vim\ 3x
loy oxide

at x = X + bgin (2V)H)

(23)
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In order tc ohtain an expression for the local iate of movement of
the alloy/scale interface, differential equations (&) and (10) must be
solved in accordance with tix “:inisar’ condition expressed by Eq. (23).
The solutions of differential equations (&) ani (10) can te written as
the sum of two terms:

e, - F (x,t) + 1 (x,7,%)
(z2a)

it x> x" +bsin C7/)

ag =F"'(x,t) + £’/ (x,y,t
(C4p)}

it 2z <% + bsin I/

where F'(x,t) and F*"(x,t) represent known solutions of Eqs. (4) and (10),
respectively, for a planar alloy/scale interface. The terms f (x,y,t) and
£”"(x,y,t) are perturbation functions, which represent the diiierence
between the solutions for a sine-wave profile of the alloy/scale interface
and a planar interface.

Wagner® introduced approximations for the perturbation functions
that are independent of time:

[
(8
.,

£ =v'c’ b exp [_ ___3.,(; ~ x”’]sin (ZJ{'!) (

it x >x* + sin (“Y/2)
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axd
' =+""c""p exp[————-—'(' - X ’]sin (:—;'!)
(26)
it x <x" +b sin (-Y/y)
where the products bC~ (= %)uubc ( ba—;.—-)givethe amplitudes

of the activity perturbations far x = x at the corresponding time t*,
and v_ and v°~ are proportionality constants. At large distances from
the average interface (x >> x'), the perturbaiion functions are essenti-
ally equal to zero, and the solutions of Eqs. (4) and (10) are given by
the planar interface solutions. This must be the case because the per-
turbations at the interface are assumed to be very seall. At the sverage
interface (x = x ), the perturbation functions asstme the forr of a sine
wvave.

A1lthough the perturbation functions cannot be independent of time,
it is assumed that they are essentially stationary with respect to the
average interface and that their magnitudes change only slowly. Wagner
showved that the use of the time-independent forms of the perturbation
functions, Eqs. (25) and (26), are reasonable approximations for f’(x,y,t)
and £ (x,y,t) if

2nD
A<= (28)
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Thus, the use of Zgs. (25) and (2€) as sycroximations for the perturba-
tion functions in the further development of a criterion for the stability
of a planar alloy/scale interface requires that the wave length of the
sine-wave profile be sufficiently small to satisfy Eq. (2f).

At large distances from the average allcy/scale interfice, the Ter-
turbetion functions sre zero, and the colutions of Eqs. (4) and (10)
are given by *‘he solutions fr a planar interface. As an agcroxication
fcr the planar interface solutions, F (x,t) ani F '(x,t), the first twc
terns of a Taylor's Series for the F(x,t) atout the point x = x at
t =t are esployed. Thus, with the aid of Egs. (25) and (2€}, particular
solutions for differential Eqs. (L) and (10) at t = t" can be written as:

o s . —rlx = x*V)_. (2
‘A"‘A"'C{‘z x )+~ bexp[ 3 ]sm(l)

for x >x +b sin (- YA)

and

e el s )

{30)
for x <x" +b sin (CV/)

where a:_ and a:) are the activities of A and O at the average interface

pPlane (x = x‘).



£
In order to calculate the activities of A an® O at the alloyv,/scale

interface, Taylor's Series exraasins are used for the expomential
functions in Egs. (23) and {30) and Eq. (11) is employed to yield:

_;-n +C’ (1+v')bsin(-?) 61

[ug]-z[l;]- +C""(1=-yv"")v sin(-‘?) (32)

where ai and a_ are the activities of A and O at the locus of the allcy/

scale interface, which is given by Eq. (11). Terms involving powers of

O [Tl

b that are greater than or equal to two zve disregarded, because, accord-
ing to Eq- (12), the magnitude of b is very small.
Because only srall deviations fror a planar interface are considered,

ai ~ ao Uron rearrangement of Eq. (32) one obtains

0

=[1 u___lbsin (-3)] (23)

[’o ]

On tl O"w-

It aé/a; w 1, the first two terms of a series expansion can be used as an
approximation for the right-hand-side of Eo. (33) to yield

i » c’’ (1
a8, ®a [1 + T[:;T_ b sin (—?)] (34)

vhen power 07 b greater than unity are disregarded.
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Equations (29-21) can be substituted in the boundary equatiam,
£q. {(23). Then, whea Taylor's Series exvaasions sre emplayed for the
exponeatial functions and powers of b grester than uaity are disregarded,
one obtains

o~ D‘C" - ~’ ’ D‘c’. s LY ]
L, Lo X 2wy, [(1-.)(2mb
v nav’ N " nvV’ A )

Equation /35) is of the fore (A + E} = (C + D) f(y), were &, E, C,
and D are constants and y is a varisble. This equation can be satisfied
only if (A + 3) = O and (C +#+ D) = 0. Therefore,

o DBC” -
y— = - (: -8 M ,36)
v Tavr G-y !

Because . must be sufficiently small to satisfy Eq. (28), the first term
in the brackets on the right-hand-side of Eq. (37) is much larger than
the second term. Hence,

~ DCCI' -
.EE—.!_ 0 . 0 (1 -a

\ mVv’ A

Y v’ (38)
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Wen correstonding sides of Eqs. (¥ ) and {3f) are aivided, cne ctains

’ I X/ & <\

If local ther=odymamic equilibriz is =aiatained at t*e 2llcy/scale
interface, thea it follows tlmt

.i(.noy) 2, (axide) 773

and

1}

l;(alloy‘. aé(oxide) (21}

At each point in the oxide scale, the activities of metal and oxyzen
are related by aAao"'° = 7, where < is a constant at constant temperature
and total hydrostatic pressure if the chermical potential of the compound
ie¢ independent of the composition of the oxide over the composition range
of interest. Therefore,

a:(a;)vc =¥ (42)
and

i, 1

aA(ao)vf = (43)

Equations (LO-L3) are strictly valid only in the case of a planar alloy/
scale interface. If the alloy/scale interface is uneven, then the
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coniritition of the surface free eneray to the totsl free energy change
s*o:ld ke included. Howe'rer, Lecsuse Of the large volue free energy
cranzes fcr e oxidatio: cf aetals =:ch as rania, the surfece free
eners” e7%ect can be ignored except for rer; s*all values cf :, cr,

ia view cf Bq. /12), excezt for very thin scales. In like ranner, the
effect cf stresses on the free energy chanze is also jgnored. Stress
effects such as stress-assisted diffusion and crecking cf the scale

are assured 1ot tc te Lresent. <Coetimatiou of Eqs. (L2) and (43) yields

i sy
) A 4.
= 1T o)
8, 8,
=) Fad
when £q. /{4L) is cocpered witk £g. (33), one finds
z » Yy Py - -
2. (oxide' = s, [1*'2—-"1;—-3'——’123111 A 1 (25)
A B [ }]B X
zfa
2
Insertion of Egs. (31) and {LS) into Eq. {40} yields
NCL =Y et )
(aE =" Y (22}
wla,] 8,
When Eq. (39) is used in Eq. (L€), one can solve for v~ and ¥”:
)
\', = -\,” = M&_’. (L")

(g - 1)



where

i c"
L S
a
3 = =)

)
) o
ﬂ(‘o4 .

The ratio ©7°/c” can be obtained fror Sq. (3¥); substitution in
2q. (4€) yields

n"
N r

g=w, 22— 2 T (2)
oK e v

where ('J;)‘ is*the self:dimx.:im coefficient for oxygen anions at
Xx=x (:o = a)) and K (=a,) is the zole fraction of component A
at x = x .
The local rate of movement of the alloy/scale interface toward
the center of the alloy is given by Eq. (22). Substitution of Egs. (29)

and (31) in Eq. (22), and evaluation at x = x vields

= '5:'
u = ——y (50)
l -~ aA

where u; is the velocity of the average alloy/scale interface. Insertion
of Eqs. (29) and (31) into Eq. (22) yields, when Taylor's Series
exvansions are used for the exponential functions and powers of b greater
than unity are ignored,

* cC’l+y') #0m0’ 2
ux—ux=[u ——-"r--ux . ]bsin-{-’! (51)
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Iif » is very szall, tten ‘he second terr in breckets ia Eq. '51) is
=:ct larger than the firs. terz. Therefore,

- * -y _ f - fon
wo-u T-u Y sin (-r{) 52)

Tqaations (L7} and (L3} are similer, and Eq. (S2) is ideatical,
to tre corresponding equations that Wagner derived for tne case of
Tredo=inen: cation diffusion in the oxide. The same tybve of analysis
for the statility of a Tlanar alloy/scale interface is aprlicatle here.

Iz resions of the scale vhere the lccal thickness exceeds the
average thickness (sin 2—;L> 0), the sizn of " {or v °) deterrzines
vhether the local interfa.lce velocity is greeter or less than <he
average interface velocity. If v° > O, then u < u:, and the per-
turbations at the alloy/scale interface should decrease as the resction
Froceeds; a flat interfece (a single-phase scale) is stsble. On the
other hand, if v° < 0, then u > u: and the arpli‘.ude of the perturtations
at the allcy/scale interface should increase as the reaction proceeds;
that is, a flat interface is unstable with respect to a serrated or
wavy interface. A two-phase scale, which comprises E-rich alloy and
on’ is expected to form on the alloy.

The sign of v~ depends on the value of q, which is defined by
Eq. (49). All of the constants in Eq. (49) are positive quantities,
and N: is always less than unity. Therefore, q is always a negative
quantity. Hence, ~~ > 0, and a flat interface is stable, when |q] > 1;

v <0, and a flat interface is not stable when |q| < 1.

The application of the criterion for the stability of a planar alloy/
scale interface requires that values of N: and ( D;)* be known so that q
can be calculated. Values of N: and (D;)* can be obtained from equations
derived by Wagner’ for the oxidation of a binary allcy with a flat alloy/
scale interface. Wagner's model’ allows one tc calculate a parameter, a,
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which is equal to the parabolic rate constant for the oxidation cf the
alloy divided by the parabolic rate constant for the oxidaticn of the
pure metal, A, as a function of alloy composition at a given temperature
and orygen potential. When o is equal to unity, then the rate-limiting
step of the Oxidation reaction must be diffusion in the oxide phase;
that is, the alloy oxidizes at the same ratie as the pure metal, end
thus, diffusion pProcesses in the alloy have essentially no effect on

the rate of oxidation. Conversely, if o is less than unity, then the
rate of oxidation of the alloy must be limited by diffusion in the alloy
Phase.

If the rate of oxidation of the alloy were limited by diffusion in
the oxide (@ = 1), then ()" << B ana N'A* should not differ greatly from
the bulk alloy composition (the oxygen potential at the alloy/scale inter-
face should be virtually equal to T, , the oxygen potential fcr coexis-
tence of pure A and A0, ). mrtherm;n, v’ >v  and v, 2 1. Therefore,
according to Eq. (49), the abvsolute value of q is greater than unity;
that is, a planar alloy/scale interface is stable when the rate-limiting
step o the growth of the single-phase scale shown in Pig. 2 is diffusicn
in the oxide phase.

If the rate of oxidation of the alloy were limited by diffusicn in
the alloy phase (o < 1), then ¥ <« (D;)* and NP:'« 1 (the oxygen poten~
tial at the alloy/scale interface should not differ greatly from the
ambient oxygen potential). Therefore, according to Eq. (b3), the abso-
lute value of q is less than unity. A serrated alloy/scale interface
(a two-phage scale) is the stable growth morphoiogy when the rate-
limiling step of the growth of the single-phase scale shown in Fig. 2
ig diffusion in the alloy phase. During steady-state growth of the
two-phase scale the cxygen potential at the growth front of the oxide
should be virtually equal to "O, /N:, where N: is the mole fraction of
component A in the bulk elloy. At the growth front, atoms of component
B are supposed to mowve only short distances in the y-direction in order
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to allow renetration of oxide into the slloy. The rate of penetration
of oxide into the alloy should be arproximately equal to the rate of
thickening of the axide on pure metal A, as long as h': does not differ
greatly from unity.® This assumes that effects of growth stresses o
th: rate of oxidation are negligible.

Wagner’ pointed out that a value of |g| greater than ity is a
necessary but not sufficient condition for the stability of a planar
alloy/scale interface. Cther factors, such as interfacial tension,
stresses in the scale and in the alloy, fast transport along interfaces,
and the grain size of the alloy could affect the morphology of the scale.
For example, interface tension would counteract the terdency to form an
unever. interface, while differerces in molar volumes of the alloy and
the scale would fivor an unever. interface if this morrhology minimized
the overall stress in the syster.

The criterion for the stability of a planar interface haz been
applied to the oxidation of U-Nb alloys at elevated temperatures. The
results of these experiments, which are in qualitative agreement with
the criterion, wiil be presented in a fulure publication.
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SUMMARY

Analytical exrressions have been derived to predict the stability
of a planar allcy/scale interface during the axidation of binary alloys
when anion diffusion predominates in the oxide scale. Only one com-
ponent of the alloy is suppcsed to be oxidized, and the solubility of
oxygen in the alloy is supposed to be zero. According to the stability
criterion, a planar alloy/scale interface (a single-phase scale) is
the preferred growth morphology if diffusion in the oxide phase is
the rate-limiiing step of the oxidation reaction. A serrated alloy/
scale interface (a two-phase scale) is expected to develop during
cxidation if Qiffusion in the alloy phase is the rate-determining
step of the oxidation reaction.

This stability criterion is eguivalent to the criterion derived
by Wagner® for the case of predominant cation diffusion in the scale.
The criterion can be applied to the oxidation (sulfidation, ete.) of
any binary alloy as long as the assumptions that were employed in the
model are valid for the system under consideration.
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