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Thermodynamic evaluation of carbide formation in Ni-base alloys

Jin K. Sung
Reliability Assessment Center, RIST, P.O. Box 135, Pohang, 790-600, Korea

Carbide formation in nickel-base alloys (Alloy 600, and Alloy 690) is evaluated using a
thermodynamic model. The Kohler method was adopted for evaluating chromium activity in
ternary Ni-Cr-Fe system. For calculation of carbon activity, an empirical relationship was used,
which shows a linear relationship between carbon activity and carbon solubility limit in the
given alloy systems. The results show that CrzsCe was thermodynamically and kinetically stable
for Alloy 690. In case of Alloy 600, there is no significant difference in free energy changes
between CrzaCs and Cr7Cs. At low temperature such as 650°C or below, CrziCs needs less carbon
contents for carbide formation. However, for heat treatment temperatures higher than 650°C,
CriCs needs less carbon contents for carbide formation. The accuracy and limits of these

calculations are discussed.
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Table 1. Gibbs free energy (cal/mole) {T in K)

4G° cacs = -24719 - 93T
4G° cacs = -35696 - 9.3269T™
4G° cocs= -41709.13 - 61578 T
4G cascs = -57710 - 19.08T?
AG® coscs = -72888 - 18.338T
4G coscs= -98280 - 9.24T"
4GS N = 14000 + 2.46388T™®

4G = 43569 -1.716 x T

Standard State :fcc Cr and C in Ni
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Fig. 1. Gibbs free energy of formation of carbides (Cr/Cs,
Cra:Ce)
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Table 2. Binary interaction parameters (cal/mole, T in K)'®
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Fig. 2. Temperature and chromium content dependence
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