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Abstract
Adding Pt to Ni-Al coatings is critical to achieving the required oxidation protection of
Ni-based superalloys, but the nature of the “Pt effect” remains unresolved.  This research 
provides a fundamental part of the answer by measuring the influence of Pt on the activities 
of Al and Ni in γ-(Ni), γ'-(Ni)3Al and liquid in the Ni-Al-Pt system.  Measurements have 
been made at 25 compositions in the Ni-rich corner over the temperature range, 
T = 1400 – 1750 K, by the vapor pressure technique with a multiple effusion-cell mass 
spectrometer (multi-cell KEMS).  These measurements clearly show adding Pt
(for XPt < 0.25) decreases a(Al) while increasing a(Ni).  This solution behavior supports the 
idea that Pt increases Al transport to an alloy / Al2O3 interface and also limits the 
interaction between the coating and substrate alloys in the γ-(Ni) + γ'-(Ni)3Al region.
This presentation will review the progress of this study.



2

E. Copland
Case Western Reserve University / NASA Glenn Research Center

Cleveland, Ohio

MS&T 2007: 9/19/2007 – COBO Center Detroit, Michigan, USA

National Aeronautics and Space Administration

www.nasa.gov

measured a(Al) and a(Ni) in γ-(Ni) and γ′-(Ni)3Al

in the Ni-Al-Pt System



3

motivation

S. Hayashi, S. Ford, D. Young, D. Sortelet, M. Besser, B. Gleeson, Acta Materialia, 2005, 53, 3319. 
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measured alloy compositions
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17.96.975.2

10.09.180.9

2.010.187.9
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5.015.080.0
9.913.776.4

2.014.882.2

~15.085.0

PtAlNi

( at.% ± 0.5 )

γ-(Ni), γ′-(Ni,Pt)3Al and L equilibrium with Al2O3

Ni-Al-Pt-O system
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thermodynamic measurements
multi-cell KEMS

pressure measurement
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reference states / reaction enthalpies

-3083.2 ±5~2Al(s) + 3O(g) = Al2O3(s)

-1057.8±20.0-1075.5±9.02Al(g) + O(g) = Al2O(g)

~

409.9±55

330.0±3.0

428.0±8.0

367.0±0.9

IVTAN
(kJmol-1)

{ Al(l) + Al2O3 }

{ Ni(s) + Al2O3 }

{ Au(s,l) + C }

reference state

428.3±2.6Ni(s) = Ni(g)

363.5±2.8
367.0±1.3*Au(s,l) = Au(g)

~4Al(g) + Al2O3(s) = 3Al2O(g)

414.2±3.64/3Al(s) + 1/3Al2O3(s) = Al2O(g)

341.0±2.2Al(s) = Al(g)

measured
(kJmol-1)

reaction (298K)

* 3rd law measurements

• pure-Al data is wrong,… use my second law data

• Au(s,l) ref. T and p(i) standards, good check of experiment

• measure 2 alloys in single experiment  
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H o

sub
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T
HG

FEF
oo

T 298−
=

R. C. Paule, J. Mandel:  NBS Special Publication 260-19, 1970.

= 6.018 ± 0.029 eV/atom

= 6.086 ± 0.013 eV/atom
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T (K)
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1
Al Jmol8.04.124)Al(ln −±−==Δ kaRTGmix
γ

1
Ni Jmol9.05.4)Ni(ln −±−==Δ kaRTGmix
γ

xNi + yAl + zPt = γ-(NiAlPt)

= -2.10 ± 0.015 eV/atom

= -0.08 ± 0.015 eV/atom
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E. Copland, J. Phase Equil. Diff., 28(1) (2007) 38
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a(Ni) vs 1/T in Ni-24Al-XPt
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a(Ni) vs 1/T in γ-(Ni)
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“interaction parameter formalism”

• need a function to understand / observe the solution behavior…

• computational thermo GEF(Xi,T), but are problems (Ni-Al and Al-ref)

• use interaction parameter formalism (origin: Wagner, Lupis & Darken)

Pelton & Bale modified to work at finite concentrations

measured a(Ni) and a(Al),… predict a(Pt)
A. Pelton, C. Bale Met. Trans. A, (1986), 17A, 1211

PtAl,i PtiPtAliAlsolventii lnln =ε+ε+γ=γγ XXo

( )PtAlAlPt
2
PtPtPt

2
AlAlAlsolvent 2

1ln XXXX ε+ε+ε−=γ

( )
solventjiij ln X∂∂= γε

kXjXiXiia )()( γ=

-13.70±2.7
7.03±0.4

14.57±0.55
-5.0

-9.84±0.07

εPtAl

εPtPt

εAlAl

lnγPt
o

lnγAl
o

coefficients at 1550K
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• a(Ni) remains high with Pt addition…
more pronounced in γ´-(Ni)3Al

• limits ΔG for JNi γ + γ´(Pt) coating

• exclusive Al2O3-layer not due to a(Ni) 

T = 1550 K
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γAl, a(Al) surfaces in γ-(Ni)

• a(Al) strong influence Al, Pt  εAlAl ≈ - εPtAl

• a(Al) doesn’t destabilize Al2O3

• Pt enrichment:  ΔG for JAl alloy/Al2O3

T = 1550 K
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• a(Al), a(Ni) measured at 25 comp. in Ni-corner of Ni-Al-Pt

T = 1400 – 1750 K in γ-(Ni), γ′-(Ni)3Al and L

Pt addition:  a(Al) reduced, a(Ni) ~ constant

• thermodynamic measurements are easy! (2 ~ 4 alloys / week)

must closely consider state of the system (Al2O3)

• future work:

calculate γ-(Ni) / L, γ-(Ni) / γ′-(Ni)3Al phase boundaries

show activities are as good as phase equilibria

introduce Al2O3 and O to data analysis

summary
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