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Abstract: The construction of a pertinent thermodynamic database is a prerequisite to move forwards with the development
of Pt-based superalloys with outstanding mechanical characteristics and oxidation resistance. In this paper, thermodynamic
data of the Pt-Al-Cr system, experimental phase diagram data and data from first-principles calculations are systematically
compiled and evaluated. Thermodynamic properties, such as the enthalpies of mixing and formation of Pt-Al, Pt-Cr, and
Al-Cr, are calculated, and the calculated phase diagram and thermodynamic properties are in good agreement with
experimental data and data from first-principles calculations. Based on this, the composition-temperature phase diagram
model of the Pt-Al-Cr ternary system is built by the thermodynamic extrapolation optimization combined with the
CALPHAD (calculation of phase diagrams). This model is used to calculate the liquidus surface projection diagrams and
isothermal sections of the Pt-Al-Cr system at 873.15, 1 073.15 and 1 273.15 K. The thermodynamic calculation results are
in good agreement with the experimental data.
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Fig.2 The crystal structures of the intermetallic compounds in
the Pt-Al binary system
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Tab.1 Crystal structure of the phases in the Pt—Al system

#H W IR A 2 [
AlyPts cF8 F43m
Al Pt 116 14/a

AlPt cF8 Fm3m
AlPt, hPS P3ml
AlPt cP8 P23
Al;Pts oP16 Pbam
AlPty(Lyy) cP4 Fm3m

B cP4 Pm3m

AlPt, oP12 Pnma

N T HSIIF Pt-Al /& 2 CALPHAD #5804
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Tab.2 Calculated invariant reactions in the Al-Pt system

FAREE OWEK A P

(RT3 50
L+Al<>Al,Pts 930+10 Peritectic — — 192
L+ALPtg>Al,Pts 1082 Peritectic 5 276 192
L+ALPt<>Al,Pts 1404 Peritectic 17.5 333 27.6
L+ALPt«>ALPt 1676 Peritectic 31.8 40.0 333
L+AIPt—f 1785 Peritectic 44.1 549 512
L>ALPt,+AIPt 1769 Eutectic 44.1 40.0 50.0
L<>B+AlPts 1725 Eutectic 60.3 558 62.5
L<>Pt+AlPt; 1753 Eutectic 80.0 76.6 82.1
ALPts+AIPt;>AIPt, 1 696 Peritectoid 62.5 677 66.7
L+AIPt<>Pt;Al; 1732 Eutectic 50.0 549 512
B> AlIPt+AL;Pts 1530 Eutectoid 539 50.0 62.5

L—AlPt; 1831
L—AIPt 1812
L<AlPt, 1785

Congruent melting 742 742 —
Congruent melting  50.0 50.0 —
Congruent melting  40.0 400 —
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B2 MV BR G E e /ME A 50%Pt(E + 7350 .

3 Al-Pt IR R 298.15 K AR ks 55 PR EE Y 56 &
Fig.3 Calculated enthalpy of formation at 298.15 K as a
function of Pt concentration in the Al-Pt system
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Fig.4 Enthalpies of mixing of L1,, L1, and B2 phases at
298.15 K in the Pt-Al system
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Fig.5 Phase diagram of the Pt-Cr system
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Tab.3 Crystal structure of the phases in the Pt—Cr system

H IR A 2 )
Cr;Pt cP8 Pm3n
CrPt(L1,) P2 PA/mmm
CrPty(L1,) cP4 Pm3m

RAP-Cr b ZFETEBR N

Tab.4 Calculated invariant reactions in the Pt—Cr system

TSR, RE /K @ 2| LAY, PUYe(J5 53 %0)
LeCrPt 1903  Congruent melting 18 — —

LeCrPt+Cr 1889 Eutectic 376 214 44

L<Pt+Cr;Pt 1830 Eutectic 23 30 20

Pt<>CrPt; 1425
Pt<>CrPt 1440
1.3 Al-Cr _ T &

1998 4 Murray ™15 T 52 56 %0 45 %) AL-Cr AH &

Ordering reaction 67 67
Ordering reaction 51 51
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Fig.6 The crystal structures of the intermetallic compounds in the Pt-Cr binary system
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Fig.7 Enthalpy of formation ofthe FCC phase in the Pt-Cr system
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Tab.5 Crystal structure of the phases in the Al-Cr system

# B IR AT 75 ) 3
Al Cr, 0C584 Cmem
Al Cry aP15 Pl
AlCr hP574 P6;/mmc
ALCr mC104 C2/m

a-AlCrs hR26 R3m

B-AlCrs cl52 143m

~y-AlCrs — —
AlCr, 116 14/mmm
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Fig.8 The crystal structures of the intermetallic compounds in
the Al-Cr binary system
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Fig.9 Phase diagram of the Al-Cr system
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