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Thermodynamic properties of ternary AI-Ni-Pt system, such as “*Gainipt, MAl(AINiPY), MUNi(AINiPt), and
Mpt(alNipy) at 1373 K were predicted on the basis of thermodynamic properties of binary systems included in
the investigated ternary system. The idea of predicting “*Gainipy values was regarded as calculation of values
of ®*G function inside a certain area (a Gibbs triangle) unless all boundary conditions, that is values of ®*G on all
legs of the triangle are known (**Gami, “*Gaipt, “*Gnipt). This approach is contrary to finding the function value
outside a certain area, if the function value inside this area is known. “*G and L, ternary interaction parameters
in the Muggianu extension of the Redlich-Kister formalism are calculated numerically using the Mathematica
program. The accepted values of the third component concentration x, differed from 0.01 to 0.1 mol fraction.
Values of L parameters in the Redlich-Kister formula vary for different x, values, the °L aixipt value in particular.
Values of thermodynamic functions: ““GaiNipt, fai(aiNipy), UNi(alNipt) and ppgcainipy) do not differ significantly
for different x, values. The choice of x, value does not influence the accuracy of calculations.

DOI: 10.12693/APhysPolA.127.1573
PACS: 02.60.Cb, 05.70.Ce

1. Introduction

Aluminide diffusion coatings are widely used for high
temperature oxidation and hot corrosion protection of
turbine blades used in engine hot sections [1]. These
blades are made of nickel-based superalloys [2, 3]. How-
ever, aluminide coatings do not fulfill the requirements
of long term oxidation resistance at high temperature.
Modification of aluminide coatings by platinum is the
most effective way to increase their oxidation resis-
tance [4-12]. Coatings are formed in a diffusion pro-
cess. The information about this process is essential
for predicting and influencing the structure and prop-
erties of the coatings. Simulation of the diffusion of alu-
minum, platinum, and nickel requires thorough thermo-
dynamic descriptions of the Al-Ni-Pt system and es-
timation values of chemical potentials of diffusive ele-
ments, [LAI(AINiPt), ANi(AINiPt) and HPt(AINiPt)- Unfor-
tunately, there is no experimental data of the thermody-
namic functions of the Al-Ni-Pt system. Nevertheless,
there are numerous methods of modeling thermodynamic
properties and calculations of phase diagrams in complex
systems on the basis of thermodynamic properties and
phase diagrams of binary alloys constituting the com-
plex system. One of them is a semi-empirical approach,
referred as Calphad method [2, 3, 13]. It is a combina-
tion of experimental observation and theoretical model-
ing and depends on the quality of available experimental
data. The basic mathematical method is a minimization
of the Gibbs energy of the system for a given temper-
ature, pressure and overall composition. This approach
is common to all currently available software packages
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for the modeling of thermodynamic properties and phase
diagrams of multicomponent systems [13].

In this paper a numerical approach to modeling ternary
Al-Ni—Pt system on the basis of thermodynamic proper-
ties of binary systems included in the investigated ternary
system is applied. The idea of predicting °*G;;) values
is regarded as calculation values of “*G;j;, function in-
side a certain area (a Gibbs triangle) unless all boundary
conditions, that is values of *G on all sides of the tri-
angle, are known (**G;;, G, “*G,). This approach
is contrary to finding a function value outside a certain
area, if the function value inside this area is known (this
issue is well known in mathematics). In this approach,
values of excess Gibbs functions for all concentrations of
binary alloys are taken into consideration, not only the
selected ones and there is no problem with choosing bi-
nary mole fractions and proper weighting, unlike in geo-
metrical models [14]. In this approach, weighting of each
mole fraction is the same. This model was successfully
applied to many alloys (Bi-Cu-Ni, Cu—Sn—Zn, Ag-Au-
Bi, In-Sn—Zn, Cu-Fe-Sn, AI-Ni-Pd, Al-Ni-Hf) [13, 15—
17] and the results are similar to the values obtained by
the Calphad method.

2. Calculations

The excess Gibbs energy “*Gyj;, describes the influ-
ence of non-ideal mixing behavior on the thermodynamic
properties of a solution phase. The Muggianu [18] ex-
tension of the Redlich-Kister formalism [19] is a widely
accepted description of the excess Gibbs energy
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where *L; are binary and L, ternary temperature de-
pendent interaction parameters optimized on the basis of
the available thermodynamic and phase diagram data.

ijk = fL'z‘OLprijk + leLZ'k + CL‘kQL;’;-k. (2)

Binary systems are usually well investigated, there-
fore values of ZL;’;- parameters are known, but not many
ternary alloys have been investigated, so values of L;’}k
parameters for many systems are unknown. Unless the
formula (1) and *L}; parameters are known, the idea of
calculating L;’;k parameters can be regarded as the solu-
tion of Eq. (2), when all boundary conditions (binary ij
alloys) are known. The approach proposed in this paper
is as follows: if all boundary conditions, that is **G val-
ues on all sides of the Gibbs triangle (**G;;, *Gik, *G,i)
(Fig. 1) are known, a value inside the triangle (“*G;jx)
can be found.

Fig. 1.

The Gibbs triangle.

Calculations were performed using the Mathematica
program. First, “*G values on all legs of the triangle were
calculated and the concentration of the third component
was 0. Next, an assumption was made that “*G value on
the leg of the triangle and for the small concentration of
the third component x, was the same. L;j;, were calcu-
lated on the basis of this assumption. The concentration
of the third component x, varied from 0.01 to 0.1 mol
fraction. In other words, ®*G value for each point of the
Gibbs triangle (the bold line) and for the corresponding
point of the inner triangle (the dotted line) (see Fig. 1)
was assumed to be the same. The concentration of the
third component x, represents the distance between the
bold and the dotted lines.

eXGij = Gijk for Tr; = 001, (3)
exGik = Gijk for Ty = 001, (4)
eijk =% Gijk for Tk = 0.01. (5)

L;;, parameters were calculated numerically on the ba-
sis of this assumption using the Mathematica program.
In the case of presented calculations, case i, j and k de-
note Al, Ni and Pt, respectively.

Thermodynamic parameters for binary alloys Zij,
*Ly,, *LY, (formula (1)) were accepted from Huang and
Chang [20] for Al-Ni, Wu and Jin [1] for Al-Pt and Lu
et al. [12] for Ni-Pt systems.
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Laini = 168292 + 16T + 32712(za1 — i)

+(7998 + 35T) (za1 — 2xi1)>, (6)
Laipy = —264447 + (102729 — 8.57T) (x a1 — 271), (7)
Li.pt = —5000. (8)

As a result of calculations the following value of ternary
L;ji, parameter for 1373 K was obtained on the basis
of Eq. (2):
LaiNips =

—1.2 x 107 5z41 + 9.9 x 10°2zx; + 7.7 x 10°zp;. (9)
In order to check how much the choice of the z, value
influences the values of L parameters and excess Gibbs
energy calculated on the basis on these parameters, anal-
ogous calculations were performed for the x, values 0.01,
0.05, and 0.09. Results of calculations are presented in
Table (at the end) and Figs. 2-7. Although values of
L parameters change with the z, value, especially the
OL amnipt value, the final results, that is the excess Gibbs
energy does not change significantly.
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..... X = 001 —x=0.05. %, =0.09] /7" [
O~——_] 30% Ni
- N i 40% Ni
E -50 N i 50% Ni
3 N 7]l 60% Ni
po //| 70% Ni
3 -100 < 80% Ni
*J 90% Ni \/,
-150 P | 100% NiUKS ‘
0 10 20 30 40 50 60 70 80 90100 A
o Ni Al
xniy %
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values (left) and cross-section (right).
0y
Xpr X =1:1 | 100/02 'XL\\ Pt
X = 0.01 % =0.05 - % =0.09] 5000 AN A
AN A
- ‘\ o
510 50% Al
5 i 60% Al
-=20 / 70% Al
9 , / 80% Al
-30 L LA 90% At
B 100% \
01020 30 40 50 60 70 80 90100 ; - Al
Xa1, %
Fig. 4. “Ganipt for zpyoni = 1:1 for different xa

values (left) and cross-section (right).

Values of chemical potentials of platinum, nickel and
aluminium at 1373 K were derived from the excess Gibbs
energy according to the formulae (10)—(12) [21]. Results
of calculations are presented in Figs. 5-7.
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Fig. 5. Values of aluminum chemical potential in Al-

Ni—Pt alloys (left) and cross-section (right).
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3. Conclusions

Values of excess Gibbs energy and chemical poten-
tials of aluminum, nickel, and platinum in ternary Al-
Ni—Pt alloys at 1373 K were predicted numerically for
three cross-sections (zapzni = 1:1, xpgan; = 1:1,
zpy:xa] = 1:1 and for alloys of the following contents:
(:cA1 = 1/3, INi = 1/3, Ipt — 1/3, Al = 2/5, INi = 2/5,
xpy = 1/5, and zo = 1/10, Ny = 4/5, xpy = 1/10).
The obtained values of the excess Gibbs energy do not
change significantly with the change of the predicting
procedure, namely the accepted z, value. The results
obtained in this work, that is values of chemical poten-
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Fig. 7. Values of platinum chemical potential in Al-

Ni-Pt alloys (left) and cross-section (right).

tials will be used to model the diffusion process in the
platinum modified aluminide coatings.
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TABLE
The calculated values of L parameters and the excess Gibbs energy.

CXCTYAlNiPt cxCTVAlNiPt CXCT‘AlNiPt

Ty OLaipe | 'Lamipe | *Lamipe | a1 = zni = | 2a1 = oni = 2/5, | za1 = zp¢ = 1/10,
xpe = 1/3 xzpy = 1/5 N =4/5
0.01 | —1.2x10° 9.9 x 10° | 7.7 x 10° | —2.6 x 10* —2.7 x 10* —8.2 x 10°
0.02 | —1.0x 10° | 1.0 x 10® | 7.9 x 10° | —2.5 x 10* —2.7 x 10* —8.1 x 10°
0.03 | —9.3x 10* | 1.0 x 10° | 8.0 x 105 | —2.5 x 10* —2.7 x 10* —8.0 x 10°
0.04 | —8.3 x 10| 1.0 x 10° | 8.1 x 10° | —2.5 x 10* —2.6 x 10* —7.9 x 10°
0.05| —7.4x10* | 1.0 x 10° | 8.1 x 10° | —2.4 x 10* —2.6 x 10* —7.8 x 10°
0.06 | —6.6 x 10* | 1.1 x 10° | 8.2 x 10° | —2.4 x 10* —2.6 x 10* —7.7 x 103
0.07| —6.1x 10* | 1.1 x 10° | 8.2 x 10° | —2.4 x 10* —2.5 x 10* —7.6 x 10°
0.08 | —5.8 x 10* | 1.1 x 10° | 8.2 x 105 | —2.3 x 10* —2.5 x 10* —7.5 % 10°
0.09 | —=5.8 x 10* | 1.1 x 10° | 8.2 x 10° | —2.3 x 10* —2.5 x 10* —7.3x 103
0.1 | —6.2x10* | 1.1 x 10% | 8.1 x 10° | —2.3 x 10* —2.5 x 10* —-7.2x 103




