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Effect of Thermal Exposure and Rejuvenation Treatment on Microstructure
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Abstract Effects of thermal exposure and rejuvenation treatment on the microstructural evolution and the stress-rup-

ture properties of IN738L.C have been investigated. The role of precipitates on the stress-rupture properties has been

analyzed through microstructural observations. Thermal exposure at 982°C for 1000 hours gave rise to precipitation of ¢
phase and coarsening of ¥ . The microstructural degradation with thermal exposure at 982°C deteriorated stress rup-
ture properties of the alloy. All the existing phases except MC carbides have completely dissolved into the matrix with
homogenization treatment at 1200°C for 2 hours. Microstructure and stress-rupture properties of the thermal exposed

specimens have been successfully rejuvenated by the proposed treatment.
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Table 1. Chemical composition of IN738LC (wt.%).

FxAdIdx A11Q A10%x (200D

Cr Co Al Ti W Mo Ta Nb C Zr B Ni
wt.% 15.90 8.30 3.45 3.44 2.59 1.75 1.90 092 0.10 0.03 0.01 Bal
5 Al & ut 4200) & ©]-&3ho T&f_’%ﬂ%’lﬂ}.
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Fig. 1. Microstructure of as-cast IN738L.C. (a) Optical micrograph and SEM micrographs
showing (b) typical structure, () grain boundary area and (d) y morphology(FE-SEM).
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Fig. 2. Microstructure of standard heat treated IN738LC. (a) Optical micrograph and SEM
micrographs showing (b) typical structure, (c) grain boundary area and (d) y morphology(FE-SEM).
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Fig. 3. SEM micrographs of the thermal exposed specimen (at 980°C for 1000 hours) showing

(a) grain boundary area and (b) ¥ morphology.

Cr Co Ti Nb W Mo Ta Ni Phase
® 0.14 0.10 1.41 146 0.19 0.00 9692 045 MC
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Fig. 4. EDS analysis for precipitates in the thermal exposed specimen (at 982°C for 88 hours).
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Fig. 5. DTA result of IN738L.C
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Fig. 6. SEM micrographs of the homogenization treated specimen (at 1200°C for 2hours followed
by water quenching) showing (a) grain boundary carbides and (b) ¥ .
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Fig. 7. SEM micrographs of the rejuvenation treated specimen showing (a) grain boundary area and (b) ¥ morphology.

Table 2. Weight fraction of precipitates in IN738LC according to heat treatment conditions.

Weight fraction of precipitates, wt.% *Particle size of ¥
Total 7’, MC M23Cs [
As-cast 4571 86.9 8.6 46 - L=200nm~300nm
Standard heat treated 4221 85.3 9.2 55 - L=500, S=100nm
Thermal exposed 4251 81.8 48 109 25 L=1000nm(1 zzm)
Rejuvenation treated 42.70 85.1 95 5.1 - L=400nm, S=70nm

*L : Primary ¥, S : Secondary ¥
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Fig. 8. EDS analysis of the grain boundary area in the rejuvena-
tion treated specimen.
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Fig. 9. Influence of heat treatment condition on the rupture life
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