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High Temperature Sulfidation Behavior of IN 738 and
IN 738 LC for Gas Turbine Materials in 5% SO: Atmosphere
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Superalloys, such as IN738*and IN738LC*, have been developed with the aim of increased
high temperature resistance for the use of gas turbine blade materials. In order to preserve
surface stability and mechanical properties of such materials, a protective Cr:03; oxide scale must
develop on the surface. But with thermal cycling, these oxide scales are easily cracked or even
failed in an oxidizing environment, Furthermore, the degradation of these oxide scales is
accelerated in S containing gas environment. In this experiment, IN738 and IN738LC were
exposed to 5% SO0: and Ar atmosphere at 900-1100°C in order to study sulfur effects at high
temperature. In this environment, external oxide scale formed on these alloys was Crz0Os, but not
protective, and was penetrated by sulfur to form Cr:Ss and NisS: at the scale/alloy interface,
IN738LC revealed better sulfidation resistance than IN738. A higher carbon content in IN738
provided more Cr carbides in the oxide scale and alloy interior than IN738LC, resulting in
cracking in the oxide scale and reducing the supplement of Cr to the surface. As a result, more
degradation in IN738 was evident.
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Table 1. Chemical composition of IN738 and IN738LC
superalloys {wt%)

NijCriCo|Mo| W|[TajCb|Al|Ti| C| B | Zt
IN738 | 61 | 16 | 85{17|26|17|09{34|34]0.17 (0010010

”\&38 61| 16{85|17]26]17]09]34]34 011 0010]005
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Fig. 1. Surface morphologies of (a} cyclically sulfidized
IN738(left) and IN738LC(right} at 1000°C for 100hours and
(b) isothermally oxidized IN738(left) and IN738LClright) at
1000°C for 160hours.
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Fig. 2. Cyclic suifidation results on IN738 and IN738LC at
900, 1000 and 1100°C

(b)
Fig. 3. Micrographs and EDX results of alloy surface at
the scale/alloy interface after IN738LC was cyclically
sulfidized at (a) 900 and (b} 1000°C
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Fig. 4. XRD pattems of cyclically sulfidized IN738LC at
{a) 900 and (b) 1000°C for 100hours
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Fig. 5. Two-dimensional thermochemical stability diagram
for the system of (a) Cr-O-S at 900°C and (b) Ni-O-S at
1000°C
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Fig. 6. The results of line scanning on cross sectional
area of cyclically sulfidized (a) IN738 and (b) IN738LC at
1000°C for 100hours
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Fig. 7. The results of fine scanning on cross sectional

area of cyclically oxidized (a) IN738 and (b) IN738LC at
900°C for 1000hours
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