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The generalized Boltzmann-Matano method has been used to evaluate the interdiffusion coef-
ficients at 1100 °C for the fcc phase of the Co-Fe-Ni ternary system from the concentration
profiles developed from single-phase diffusion couple. The evaluated interdiffusion coefficients,
together with other experimental data in the literature, have been assessed to develop an atomic
mobility database for the fcc phase of the Co-Fe-Ni ternary. The atomic mobility database, in
conjunction with the CALPHAD-base thermodynamics, has been used to simulate a number of
ternary diffusion couple experiments. Comprehensive comparisons between the calculated and
experimental data show that excellent agreement is obtained not only for the general diffusion
data of ternary diffusion couple, such as the interdiffusion coefficients and the concentration
profiles, but also for much of in-depth diffusion behavior, like the diffusion path, the interdif-

fusion flux and the shift of the Kirkendall plane.
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1. Introduction

Nowadays conventional Co-based high-temperature
alloys are not as widely used as Ni-based and Ni-Fe-based
alloys in high-temperature applications. This is mainly due to
a fact that no intermetallic compound is suitable for
strengthening at high temperature for the Co-based alloys,
unlike the ordered face-centered cubic (fcc) phase 7y’
precipitated in the fcc matrix y for the Ni-based superalloys.
However, Co is often used as alloying element in many
Ni-based high-temperature alloys.!"! Very recently, Co-based
alloys with the presence of the y” + y microstructure were
found to offer promise as candidates for next-generation high
temperature materials.”” The morphology and composition
of the y" phase are dependent on the diffusion interaction
between the y” and v phases. Diffusion process also governs
much of heat treatment processing and performance of
commercial Ni-based superalloys, and is expected to play the
same role on the new type Co-based alloys. Knowledge of
diffusion characteristics of the multicomponent Co-based
systems is thus of critical importance not only in developing
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understanding of the commercial Ni-based superalloys, but
also in exploring the engineering use of this new type of
Co-based alloys. Over the years, the diffusion simulation
based on the atomic mobility made important progresses
such that it permits prediction of almost all aspects of
diffusion-controlled phenomena, such as diffusion coeffi-
cients, concentration profiles, microstructural stability of the
Kirkendall plane and lattice plane displacement.**! By
contrast, the atomic mobility databases are still very limited,
so far, only available for the steel and Fe-alloys,/”"*! and the
Ni-based alloys.””) However, there is an increasing need for
the atomic mobility imposed by advanced microstructural
modeling for real materials,"'®"" as well as technological
application. A project aiming at developing the atomic
mobility database for the multicomponent Co-based alloys
has been started up in the authors’ group. So far, the atomic
mobilities for some key elements and fundamental binary
systems have been assessed.!'>"*! It is then possible to
extend the assessment for relevant critical Co-based ter-
naries, one of which is the Co-Fe-Ni system.

The Co-Fe-Ni system has complete solid solubility
with the fec structure at high temperature.'*! Due to this
convenience, the interdiffusion coefficients of the Co-Fe-Ni
system were measured at the temperatures 1136 and
1315 °C a long time ago.!'>'® Very recent works!'’->"!
turned interests on the determination of the average effective
interdiffusion coefficients (Dagpc) and the Kirkendall
effect. Nevertheless, existing results are still not amenable
to full understanding of diffusion behavior of the Co-Fe-Ni
ternary system, especially the temperature and concentration
dependences of diffusion coefficients. The Dagpc achieves
great success on the characterization of concentration
profiles in single-phase multicomponent diffusion cou-

[21,22] . . [
ples, however, is hard to extract the atomic mobility
information. Accordingly, the purpose of this work is to
perform a comprehensive evaluation of the interdiffusion
coefficients and assess the atomic mobility for the fcc phase
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of the Co-Fe-Ni ternary, and finally provide insights into its
diffusion characteristics by performing simulations of
interdiffusion behaviors with the assessed atomic mobilities.

2. Interdiffusion Coefficient and Modeling

2.1 Evaluation of Interdiffusion Coefficient

The interdiffusion and the Kirkendall effect at 1100 °C
have been very recently studied by Ugaste et al.l'”!®]
However, only the Dagppc has been determined from the
concentration profiles developed during the isothermal
diffusion. The tabulated concentration profiles provided by
Ugaste et al.l'”) allow an evaluation of the interdiffusion
coefficients at 1100 °C by using the generalized Boltzmann-
Matano analysis due to Kirkaldy,'”*! which requires a pair of
diffusion couples with intersecting diffusion path to deter-
mine the interdiffusion coefficient at the intersecting
composition.[**?*! The starting equation for the analysis of
the Co-Fe-Ni ternary alloys is Fick’s first law for the
interdiffusion fluxes of Co and Ni with Fe as dependent
species, when the partial molar volume of each species is
assumed to be constant, it is written by

~ 1 Feaj P i
JZ:Z / (Z—Zo)dx zj:D 8_ (Z,JZCO,NI),

(Eq 1)

where x; is the atomic fraction of species 7, x; and x; are the
atomic fractions for 7 at either end of the diffusion couple, z is
the distance, z is the Matano plane for the diffusion couple, ¢
is the diffusion time, and DE? is the interdiffusion coefficient
with Fe as dependent species. The interdiffusion fluxes and
concentration gradients are evaluated at the common com-
position for the individual components from their concen-
tration profiles for the pairs. Upon Eq 1, four independent
relations can be set up and solved for four interdiffusion
coefficients at the common composition.

In this work, the experimental concentration profiles
measured by Ugaste et al."'”! were firstly smoothed by using
the Piecewise Cubic Hermite Interpolating Polynomial
(PCHIP).* The interdiffusion flux is the numerically
evaluated integral that was obtained by using the adaptive
Simpson Quadrature (ASQ) from the smoothed concentra-
tion profiles. The concentration gradient was computed by
evaluating the derivative of the interpolating pol nomial
from the coefficients of the PCHIP polynomial ! thus
lowering the subjectlve steps which are the main sources of
errors encountered in some diffusivity measurements.”]

2.2 Atomic Mobility and Diffusivity

Andersson and Agren®! suggested that the atomic
mobility M; of species i could be expressed as a function
of temperature 7,

AN
M= M° i)
P = M exP (RT RT’

(Eq 2)
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where OF is the activation energy, M? is the frequency
factor and R is the gas constant. Note that the mobility
parameters in the DICTRA notation (DIffusion Controlled
TRAnsformation),"™ —QF and RT In M?, can be grouped
into one single parameter, Q; = —0° —|—RT In M?, in case
when there is no magnetic effect on the atomic moblhty The
parameter Q; is assumed to be of the composition depen-
dence,” and can be expressed by the Redlich-Kister
polynomial in composition,

prQp + Z prxq Z rQ?q(xp —xg)"

p q>p r=0,1,2,..
+Zzzxpquv pqv Qqu] (Szp,q,v),
P 9>pv>q
(Eq 3)

where Xp is the mole fraction of species p, (¥ is the value Q;
of species i in pure species p, 0?7 and *Q"?" are the blnary
and ternary interaction parameters, and the parameter v, is
given by v, = x, + (1 —x, —x, —x,) /3. The tracer dif-
fusion coefficient D is rigorously related to the atomic
m0b111ty by a 51mple relation, D} = RTM;. The interdiffu-
sion coefficient with n as dependent species, D" ,» can be
derived by,

oo al’ll a}’ll
qu - Z(Slp X, )le <8xq 8x,,> 9

i

(Eq 4)

where the Kronecker delta 6,,=1 when i=p and 0
otherwise, and 1, is the chemical potential of species i.
Note that the superfix ‘n” means the dependent species
throughout the paper. The chemical mobility matrix (defined
in the laboratory reference frame) can be written as function
of the atomic mobility M, 328

. 1
M =7 (1 = xp)x;iMi — x;[(1 — x;)x;(M; — M,,)
m
—xix; (M; — My )| }; (Eq 52)
- 1
Allj :V—m{—x,x,l\/[j —XJ[(l _-xl)xl(M _MI’I)

—xx;(M; — M,)]},  (i.j=Co,Ni, i#j, n=Fe)

(Eq 5b)

where V,, is the molar volume. Upon the proposed
relations, the atomic mobility parameter O; can be numer-
ically assessed by fitting to reliable experimental diffusion
coefficients.

2.3 Shift of the Kirkendall Marker and Displacement
of Lattice Plane

In a diffusion couple where the partial molar volume of
each species is assumed to be constant, the rate of change
of composition in the diffusion zone can be described
by the continuity equation, for a Co-Fe-Ni ternary
couple, i.e.
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1 axi ~on
= Z VMV [y — ],

T (n = Fe).
Vi O i

(Eq 6)

Equation 6 can be solved numerically corresponding to
different initial conditions and boundary conditions. The
solution expresses the form of the concentration profile. If
diffusion occurs by a vacancy mechanism, the nonuniform
velocity of the inert markers with respect to the laboratory-
fixed frame of reference is dependent on the difference
of the intrinsic diffusivities D/ of the species and the
concentration gradients,®’

Y g = <_ 3 J,) (Eq 7a)
Vm i=Co,Fe Ni

1 2 OX;
J = —5 Z Dika, (n = Fe), (Eq 7b)

™M j=Co,Ni

where J; is the flux of species i relative to the lattice-fixed
frame of reference. In a diffusion controlled interaction, the
Kirkendall plane is the only plane that stays at a constant
composition during the whole diffusion annealing and
moves parabolically in time with a velocity, i.e.
dz  zy—zo  zZk

Ve 260 2t

(Eq 8)

where z; and z, (=0) are the positions of the Kirkendall plane at
times ¢ = ¢ and ¢ = 0, respectively. As a result, the Kirkendall
plane can be graphically determined from the Kirkendall velo-
city construction,'**>% i.e. a plot of the velocity of the inert
markers as a function of the distance, by finding the intersection
between the marker velocity curve determined by Eq 7(a) and

the straight line by Eq 8.

3. Results and Discussion

3.1 Interdiffusion Coefficient at 1100 °C

Prior to evaluation of the interdiffusion flux and the
concentration gradient, the experimental concentration pro-
files!'”! were smoothed by the PCHIP interpolation. An
example as applied to the diffusion couple C1 (Co/
Co-37at.% Fe-45at.% Ni) is presented in Fig. 1(a). Fig-
ure 1(b) shows the interdiffusion flux integrated by using
the ASQ. The existence of a zero flux plane (ZFP) for Ni has
been identified in Fig. 1(b), at which location the interdif-
fusion flux of Ni changes direction. The ZFPs were also
examined for all other couples fabricated by Ugaste
et al,/'""! and only the couple C3 (Ni/Co-40at.% Fe) was
found to exhibit a ZFP for Co. Meantime, four diffusion
couples, C1, C3, C4 (Co-49at.% Ni/Co-41at.% Fe), and C7
(Co-77at.% Fe/Co-70at.% Ni), exhibit extremes (maximum
or minimum or both) in their concentration profiles, which
are also termed as “Darken-type” couple.**! If it is a
Darken-type couple, the two concentration profiles from a
single diffusion couple lead to determination of one main
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Fig. 1 (a) Smoothed concentration profiles for ternary diffusion
couple Cl (Co/Co-37at.% Fe-45at.% Ni) after annealing at
1110 °C for 196 h by the using the Piecewise Cubic Hermite
Interpolating Polynomial; (b) Computed interdiffusion flux by
using the adaptive Simpson Quadrature. Symbols are from the
experimental measurement!'”?

and one cross-interdiffusion coefficients at the composition
of the extreme. The evaluated interdiffusion coefficients at
1100 °C are summarized in Table 1 and are also plotted in
Fig. 2. All evaluated interdiffusion coefficients in this work
were examined according to the thermodynamic constraints
for ternary diffusion coefficients,*"!

Do + Diini > 0 (Eq 9a)
(DEZCO X DgeiNi) - (DEZNi X DZ?CO) >0 (Eq 9b)

Fe Fe 2 Fe Fe Fe Fe
(Dthco + Drini)” = 4(Dchco X Drini — Deoni X Drico)

(Eq 9¢c)

Questionable coefficients that violate the constraints
were removed from Table 1 and Fig. 2. Other suspicious
coefficients are those determined from the couple C3, as
well as C2 (Fe/Co-49at.% Ni), C4, C5 (Co-30at.% Ni/Co-
60at.% Fe), which have been identified to be remarkably
greater than the diffusivities of close compositions. As
pointed out by Okamoto and Massalski,*” though the
phase rules are not violated, an abrupt change of
thermodynamic property of phase, as one contribution to
the diffusivity, is thermodynamically improbable if without
being accompanied by a first-order phase transformation.
It is a reasonable approximation to assume that the atomic
mobility, another contribution to the diffusivity, obey a
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Table 1 Interdiffusion coefficients (D x 10'S m*/s) at 1100 °C extracted from the diffusion couple experiments
of Ugaste et al.l'”!

Diffusion couples Co, at.% Ni, at.% D, D DEsc, DEN:
Cl1-C2 36.3 36.3 2.9 2.6 2.0 34
Cl-C4 55.0 23.3 1.9 1.2 1.4 2.5
C1-C5 57.5 21.5 2.3 1.9 0.8 1.7
C1-Cé6 23.9 443 2.3 1.2 2.5 3.9
C2-C3 39.1 38.5 3.8 (a) 1.3 (a) 0.5 (a) 4.9 (a)
C2-C7 27.5 27.9 34 1.5 2.4 2.6
C4-C5 56.2 20.2 2.7 1.6 0.2 (a) 1.9
C3 local maximum of Co 61.5 32 1.2 2.3 (a)
C4 local maximum of Co 62.5 4.2 1.8 1.9 (a)
C4 local minimum of Co 48.0 42.0 1.0 2.3
C7 local maximum of Co 30.5 10.2 0.81 0.94
C7 local minimum of Co 24.0 48.0 1.1 3.7

(a) denotes the marked data probably in large uncertainty and not used in the optimization process
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Fig. 2 Logarithm plot of the interdiffusion coefficients of ternary Co-Fe-Ni alloys at 1100 °C, (a) loglODE%CO; (b) loglobgeoNi;
(c) log,oDxec,; (d) logoDESy- Black lines are 3D contour lines. Symbols are the experimental values evaluated in this work

similar guide when neither a first-order phase transforma- Table 1, were believed to have large uncertainty, and
tion nor a change in diffusion mechanism of material excluded from the assessment procedure of the atomic
takes place. As a result, the relevant data, footnoted in mobility.
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3.2 Assessing Atomic Mobility

The interdiffusion coefficients evaluated in this work,
together with those measured by Sabatier and Vignes,!'*'!
have been optimized to obtain the ternary interactions of
atomic mobility parameters for the Co-Fe-Ni ternary fcc
alloys by using the DICTRA software.**! The results of the
assessment, together with the unary and binary parame-
ters,!*1%3# are listed in Table 2. In the sections that follow,
focus will be placed on comparison between the calculated
and experimental diffusion coefficients.

The calculated interdiffusion coefficients of the Co-Fe-Ni
system with Fe as dependent species are presented as 3D
surface plots in Fig. 2 for the temperature at 1100 °C and in
Fig. 3 at 1315 °C, with the experimental data shown for
comparison. Note that a colorbar was added to each 3D plot
to specify the values of the interdiffusion coefficients.
Excellent agreements were obtained between the calculated
and experimental data in all the cases with the only
exception of the suspicious data mentioned in Section 3.1.
This also means that the evaluated interdiffusion coefficients
in this work behave in good accord with the early

Table 2 Assessed atomic mobilities for the fcc phase
of the Co-Fe-Ni ternary

Mobility Parameter, J/mole Reference
Mobility of Co

co —301654—70.10 * T (131

Fe —301900—76.58 * T 1341

N 2847246923 * T 03]
Qloni 5000 "
oglore +305495-201.71 * T ()
0gSoFeN: —826550 This work
1 gg,Fe,Ni 319460 This work
2 QSS-Fe‘Ni 494820 This work
Mobility of Fe

Co —253301-97.97 * T B4

e —286000—79.55 * T tl

Ni —287000—67.5 * T ™
oQCOFe —63300 + 48.68 * T (31
o ~115000 + 104 * T 4
1gfeni +78800-733 * T ®
0gEoFeNi 8688 This work
1 S:.F&Ni 514100 This work
2gLoFeNi —265830 This work
Mobility of Ni

Co -315816—-57.16 * T 1

re ~286000-86 * T t

Ni —287000—69.80 * T =
0glon +9335 ()
0gfeni +124000—51.4 * T [‘”
o™ 300000 + 213 * T "
0 130 Fe Ni —185730 This work
1 CO Fe,Ni —6610 This work
2QC0 Fe Ni -38480 This work

experimental data.l'">'®! The discrepancies with the
measured coefficients are slightly greater for the cross
coefficients of DSy and DX, see Fig. 2(b, c) and 3(b, c),
in which cases the calculations differ at largest by a factor of
2 from the measurements. More details about the variation
of interdiffusion coefficients in the concentration can be
obtained from the surface plots, e.g., DI, strongly
increases with increasing Co and Ni concentrations, while
DEZNhlncreases solely with Co concentration; by contrast,
both DE, and DL increase with increasing Ni concen-
tration and weakly depend on Co concentration. Note that
Vignes and Sabatier!'®! observed that D{le1 and DfS.., both
present strong maxima approximately in the vicinity of the
Fe-Ni boundary at 75 at.% Ni at 1315 °C. Such concentra-
tion dependence was confirmed not only for 1315 °C in
F1g 3(c, d), but also for 1100 °C in Fig. 2(c, d). That DC0N1
is obviously less than DfS . can be evident in these plots,
thereby indicating the Co concentration gradient has a
greater effect on the Co diffusion than does the Ni
concentration gradient. Likewise, the Ni concentration
gradient has a greater effect on the Ni diffusion than does
the Co concentration gradient. The calculated chemical
mobility of the Co-Fe-Ni system is shown in Fig. 4(a, c).
The overall agreement between the calculated and measured
chemical mobility is less good than that for the interdiffu-
sion coefficients. This is due to a fact that the experimental
chemical mobilities were in fact estimated from the
measured interdiffusion coefficients by assuming the
Co-Fe-Ni system to be thermodynamically ideal, as such,
neither binary nor ternary 1nteract10n was taken into account
in the thermodynamic sense.l'™ Our chemical mobility
parameters were assessed by fitting to the same set of
interdiffusion data, however, the regular-solution interac-
tion was used thermodynamically for all three binary
systems.['*

Another set of cross coefficients, defined with respect to
Co as dependent species, is glven in Fig. 5. It is apparent
that the cross coefficient D is quite small, namely, at
least one order of magmtude smaller than the main
coefficients (see Fig. 5a), and another cross coefficient
D%, is negative over the entire concentration range
(see F1$ 5b), both in good accord with observation and
theory Comparlson of Fig. 5(b) and 3(c, d), also reveals

that, though the shapes of contours of DS, DKy, and

DS, are similar, the concentration variation for D{%, is
actually opposite to the former two.

4. Diffusion Simulations

An efficient test of the validity the assessed atomic
mobility not only includes comparison with measured
diffusion coefficients, but also ability to predict the con-
centration profiles, the diffusion path and other in-depth
diffusion behavior resulting from interdiffusion. In conjunc-
tion with CALPHAD-base thermodynamics, solving Egs. 6
and 7 numerically enables much of the diffusion phenomena
of the ternary diffusion couples to be predicted.
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Fig. 3 Logarithm plot of the interdiffusion coefficients of ternary Co-Fe-Ni alloys at 1315 °C, (a) logIODE%CO; (b) loglODEZNi;

(c) log oDy (d) log; oDk Black lines are 3D contour lines. Symbols are from the experimental measurements

4.1 Concentration Profiles and Diffusion Path of Ternary
Diffusion Couples

The diffusion simulation has been set up to model a
number of semi-infinite ternary diffusion-couple experi-
ments, which were conducted under different initial
conditions and heat treatment processes in the litera-
ture.l'®!72% The current simulations were compared with
the experimental concentration profiles not used in the
optimization process. Very good agreement is obtained
between our simulations and the experimental measure-
ments for almost all diffusion-couples.!'®!”?%! Representa-
tive concentration profiles calculated for the couples are
shown in Fig. 6(a-c), superimposed also the experimental
data. Note that the departure from the initial constants of Ni
concentration, as a measure of the cross diffusion coeffi-
cients, was well reproduced in Fig. 6(b, c). The good
agreement between the simulated concentration profiles and
experimental measurements reflects a good mapping of the
interdiffusion coefficients of the present assessment. How-
ever, two exceptions were raised for the couples C1 (see
Fig. 6d) and C3, in which there are systematic discrepancies
of several atomic percents between the calculated and
measured concentration profiles."”? Close inspection sug-
gests that the causes of discrepancies are different for the

[16]

two couples. The deviation for the couple C1 results from
the fact that the impurity diffusivity of Fe in the pure fcc Co
was fixed according to the radioactive tracer diffusion
experiment.!'*** Whereas for the couple C3, it is simply
because most of interdiffusion coefficients evaluated from
the C3 were identified by Eq 9(c) with wrong signs of the
cross coefficients and for that reason eliminated from this
work. All the simulated concentration profiles for the
ternary couples at 1100 °C were further plotted in Fig. 7 as
the diffusion path. The simulations are in good agreement
with the experimental measurements.'”!

4.2 Interdiffusion Flux and Kirkendall Velocity
Construction

Comparison can be also made for some in-depth
diffusion behavior. The evaluation of the interdiffusion flux
in Section 3.1 allows for the first time to compare the
predicted fluxes with the experimental values. Figure 8
shows the simulated interdiffusion flux obtaining excellent
agreement with the evaluated values for the couple C7.
Figure 9(a) illustrates the Kirkendall velocity construction
for the couple C6 (Co-51at.% Ni/Co-40at.% Fe-40at.% Ni)
annealing at 1100 °C.['"1 Note that the reduced velocity
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curve vy/t intersects the straight line vt = z/2/t (deter-
mined by Eq 8) at a point with a negative gradient. As a
result, there is a stable Kirkendall plane for the couple C6,
i.e. the Kirkendall marker remains sharply concentrated.!*!
Conversely, the couple C7 exhibits an intersection with a
positive gradient, and thus an unstable Kirkendall plane
occurs for the couple C7, i.e. the Kirkendall plane is
dispersed. Therefore, the Kirkendall plane appearance inside
a Co-Fe-Ni ternary couple, i.e. stable or unstable, may vary
with the initial compositions of the end-members of the

(a) ro

nCo
D FeNi

Mo \e Ff“‘c“o

Fig. 5 Interdiffusion coefficients of ternary Co-Fe-Ni alloys at
1100 °C. Black lines are 3D contour lines. (a) DFeNl, (b) DSk,

diffusion couple. The predicted shifts of the Kirkendall
plane for the ternary couples C6 and C7 are 7.6 and
17.8 um, which compare favorably with the experimental
values, 8 and 19 pm, respectively.l'”) Reasonable agree-
ments, generally within 2-3 um, were also obtained for the
other couples fabricated by Ugaste et al.,!'”! however, once
again with exceptions of C1 and C3 due to the same reasons
addressed before.

5. Conclusions

(i)  The interdiffusion coefficients at 1100 °C for the fcc
phase of the Co-Fe-Ni ternary system have been
evaluated from the concentration profiles for single-
phase diffusion couples by using the generalized
Boltzmann-Matano method. The evaluated interdif-
fusion coefficients were found to behave in good
accord with the earlier experimental data.

(i) The evaluated interdiffusion coefficients, together
with the previous data in the literature, have been
assessed to develop an atomic mobility database for
the Co-Fe-Ni ternary system. Good agreement was
obtained between the calculated interdiffusion
coefficients and the experimental values.

318 Journal of Phase Equilibria and Diffusion Vol. 29 No. 4 2008



Basic and Applied Research: Section |

(a) 0.8 1 1 1 1 1 1 1 (b) 0.6 1 1 ! 1 1
0.7 - gt """'""'"""u“““'-\
"!‘,,u 0.5 ----——:;_a:——‘—mﬁﬁiy_::—r—
0.6 - Tt
0.5 0.4 - =
g g
% 04 2 0.3- -
= =
% / @ Vignes & Sabatier [16]
2 0.3 7 S
= ggggj% - =024 20 -
- —f - Ni 9
0.2 + Fe =
=
0.1 = ~
0.1 £
z
0 —=nf 0 | T I T T
0 50 0 100 200 300 400 500 600
Distance (um)
(c) 0.6 1 1 1 | 1 1 1 (d) 1.0 = 1 1 1 1
(Y]
[ 0.9 - O =
-l i
0.5 e - i Ugaste et al. [17] i
- 0.8
>
\ 0.7 - L
0.4 =
E g 08 . -
£ 0.3 - £ 0.5 = -
% Priimets et al. [20] % g"
c ® Co < 047 = -
= 0.2- . - = S
2 Ni 0.3 - = -
_C_; + Fe E
0.1 g ~ [
8 L
=
I o - | - T T T T
0 100 200 300 400 500 600 700 800 0 50 100 150 200 250 300 350
Distance (um) Distance (um)

Fig. 6 Calculated concentration profiles for ternary diffusion couples, (a) C7 (Co-77at.% Fe/Co-70at% Ni) at 1100 °C for 196 h;
(b) V8 (Fe-50at.% Ni/Co-50at.% Ni) at 1315 °C for 17 h; and (c) P5 (Co-47.9at.% Ni/Fe-51.3at.% Ni) at 1200 °C for 59 h; (d) C1
(Co/Co-37at.% Fe- 45at% Ni) at 1100 °C for 196 h. Symbols are from the experimental measurements!'®-'7->]

(iii) The assessed atomic mobilities, in conjunction with such experimental data were directly used in the
the CALPHAD-type thermodynamic description, optimization process of the atomic mobility.
have been successfully used to predict many
Co-Fe-Ni ternary-couple experiments. Comprehen-
sive comparisons made between the predicted and

experimeptal data show that excellent' agreement Acknowledgments

was obtained not only for the concentration profiles ) )

and the diffusion path, but also for other in-depth This work was supported by CREST, Japan Science and
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