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On the Strengthening Mechanisms of INCONEL 690

Moo-Young Huh, Yong-Soo Park and Seong-Uk An

Abstract
The microstructure of the inconel 690 alloy was varied by the solution treatment and the thermal
treatment. The specimens having different microstructures were examined in order to understand the
strengthening mechanism of the inconel 690. The level of supersaturation of carbon in the solid solu-
tion was increased by applying a longer solution treatment at 1150C. As increased carbon content in

the solid solution, more carbides precipitated during the thermal treatment at 700C. Since the car-
bides played a role of obstacle on the movement, of dislocations, a higher tensile strength was obtained
in the sample having a large number of carbides. The accumulation of dislocations at the grain bound-

ary carbides caused the development of intergranular fracture which led to a lower elongation.
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Table 1 Chemical composition of Inconel 690(wt. %)
C Mn Si Cr Ni Nb Ti P 5 Fe Al Co Cu
0.037 0.73 0.39 2717  bal 0.51| 1.06 trace | <0.003| 10.19| 0.035 | 0.04 | 0.17

Table 2 Tensile properties and grain size of Inconel 690 after solution treatment at 1150°C

Solution Tensile Strength lilongation Grain Size
Treatment (MPa) (%) (um)
1150%¢. 10 min, 903 32.8 30
1150, 30 min. 722 43.3 50
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Fig. 2 Transmission electron micrographs of Inconel 690;
(a) after the hot rolling, (b) after the solution
treatment at 1150 C for 10 min. (¢) after the
solution treatment at 1150C for 10 min.
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Fig. 3 Optical micrographs observed from the sample;
(a) thermal treated at 700C for 1hr. (solution treated for 10 min.)
(b) thermal treated at 700C for 20hr. (solution treated for 10 min.)
(c) thermal treated at 700°C for 1hr. (solution treated for 30 min.)
(d) thermal treated at 700C for 20hr. (solution treated for 30 min.)
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Fig. 4 Transmission electron micrographs of Inconel 690 alloys thermal treated
{a) thermal treated at 700 € for 1hr. (solution treated for 10 min.)
(b) thermal treated at 700C for 20hr. (solution treated for 10 min.)
(c) thermal treated at 700°C for 1hr. (solution treated for 30 min.)
(d) thermal treated at 700°C for 20hr. (solution treated for 30 min.)
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Fig. 5 Variation of the tensile properties during the thermal treatment at 700C .
(a) tensile strength, (b) elongation.
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6 Transmission electron micrographs showing the deformed microstructure observed after the tension test.
(a) BF image of the specimen thermal treated at 700°C for 20hr. (solution treated for 10 min.)
(b) DF image of carbide obtained from (a)
(¢) BF image of the specimen thermal treated at 700C for 20hr.(solution treated for 30 min.)
(d) DF image of carbide obtained from (c)
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Fig. 7 Scanning electron micrographs showing the fracture surfaces after the tensile test, The sample was
(a) thermal treated at 700 C for 1hr. (solution treated for 10 min.)
(b) thermal treated at 700°C for 20hr. (solution treated for 10 min.)
(c) thermal treated at 700°C for 1hr. (solution treated for 30 min.)
(d) thermal treated at 700°C for 20hr. (solution treated for 30 min.)
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