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Abstract The mechanical properties and microstructure of Inconel 690 and 600 alloys with various cooling -
rates were investigated. Optical microscopy and scanning electron microscopy observations indicated that in .

case of the cooling rate of 0.5°C/min, discontinuous carbides along the grain boundaries were formed and when
the cooling rate was 10°C/min, continuous carbides were formed in Inconel 690 and 600 alloys. For the
annealed Inconel 690 alloy with high Cr content, a lot of annealing twins, which led the preferential growth
of (111) planes, were observed. However, the annealed Inconel 600 alloy with low Cr content showed a few
annealing twins and the preferential growth of (200) planes. Inconel 600 alloy had a larger value of ultimate
tensile strength (UTS) than Inconel 690 alloy.
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Fig. 1. Schematic diagram of heat treatment processing of
Inconel 600 and 690 alloys.

Table 1. Chemical compositions of Inconel 600 and 690 alloys.
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Fig. 2. SEM images of Inconel 690 alloy as a function of
solution-annealing temperature; (a) 900°C, (b) 1000°C, (c)
1100°C, and (d) 1150°C.

Chemical composition (wt%)

C Si Mn Cr Ni Co Ti Cu Fe
Inconel 600 0.02 0.50 0.50 15.00 72.00 0.02 - 0.50 8.00
Inconel 690 0.02 0.24 0.30 29.50 59.00 0.01 0.25 0.01 10.60
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Fig. 3. Optical microscope images of Inconel 690 and 600
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Fig. 4. X-ray diffraction patterns of Inconel 690 and 600 alloys
which were solution-annealed at 1150°C for 20 min and then
cooled to 800°C at a rate of 0.5°C/min ((a) Inconel 690, (c)

alloys which were solution-annealed at 1150°C for 20 min and
then cooled to 800°C at a rate of 0.5°C/min ((a) Inconel 690,
(c) Inconel 600) or 10°C/min ((b) Inconel 690, (d) Inconel
600). [nconel 600) or 10°C/min ((b) Inconel 690, (d) Inconel 600).
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Fig. 5. SEM images of Inconel 690 and 600 alloys which were
solution-annealed at 1150°C for 20 min and then cooled to
800°C at a rate of 0.5°C/min ((a) Inconel 690, (c) Inconel 600)
or 10/min ((b) Inconel 690, (d) Inconel 600).
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Fig. 6. Linear analyses of energy dispersive spectroscopy
(EDS) of of Inconel 690 alloy solution-annealed at 1150°C for
20 min and then cooled to 800°C at a rate of 0.5°C/min.
Composition profiles across (a) precipitate and (b) Cr depletion
zone.
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Table 2. Tensile properties of Inconel 600 and 690 treated at the cooling rate

Fig. 7. SEM images of Inconel 690 and 600 alloys which were
solution-annealed at 1150°C for 20 min and then cooled to
800°C at a rate of 0.5°C/min ((a) Inconel 690, (c) Inconel 600)
or 10°C/min ((b) Inconel 690, (d) Inconel 600) show fracture
surfaces.
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of 0.5°C/min and 10°C/min.

Mechanical properties

Cooling rate Yied strength Ultimate tensile Elongation
(°C/min) (MPa) strength (MPa) (%)
Inconel 0.5 195 622 42
600 10 193 623 434
Inconel 0.5 226 591 51
690 10 238 596 53.8
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