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Alloy 617 is a candidate Ni-based superalloy for intermediate heat exchanger (IHX) of a high-temperature
gas reactor (VHTR), because of its good creep strength and corrosion resistance at high temperature. Small
amount of impurities such as HO, H,, CO and CHj, are introduced inevitably in helium, as a coolant during
operation of a VHTR. Reactions of material and impurities are accelerated with increase of temperature
to 950 °C of operating temperature of a VHTR, leading to material corrosion aggravation. In this circumstance,
high-temperature corrosion tests were performed at 950 °C in air and impure helium environments, up to
250 hours in this study. Oxidation rate of 950 °C in an air environment was higher than that of impure
helium, explained by difference in outer oxide morphology and microstructure as a function of oxygen
partial pressure. An equiaxed Cr-rich surface oxide layer was formed in an air environment, and a columnar
Cr-rich oxide was formed in an impure helium environment.
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INVESTIGATION OF OXIDATION BEHAVIOR OF ALLOY 617UNDER AIR/HELIUM ENVIRONMENTS AT 950 °C

Table 1 Chemical composition of Alloy 617 used in this study (wt%)

Ni Cr Co Mo Fe Al Ti
53.16 22.16 11.58 9.80 1.49 1.12 0.35
Mn C Cu P Si B S
0.11 0.08 0.08 0.08 0.06 0.002 0.001
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Fig. 1 Three dimensional micrographs of as-received Alloy 617.
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Fig. 2 BSE micrograph of precipitates in as-received Alloy 617.
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Fig. 3 Equipments and schematic diagram for Helium environment high-temperature oxidation test.
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Fig. 4 Comparison of mass change between air and impure helium environment at 950 °C.
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Table 2 EDS analysis result of precipitates in as-received Alloy 617 from Fig. 2

INVESTIGATION OF OXIDATION BEHAVIOR OF ALLOY 617UNDER AIR/HELIUM ENVIRONMENTS AT 950 °C

(Wt%) Al Ti Cr Fe Co Ni Mo Remark
S1 0.02 0.10 65.67 0.38 2.89 8.13 22.81 M23C6
S2 0.30 1.07 18.79 0.80 7.19 22.53 49.32 MsC
S3 0.72 0.45 24.46 1.62 10.81 49.59 12.36 Matrix-M23C6
S4 0.96 0.20 21.14 1.30 11.80 55.25 9.35 Matrix

6um Sample Normal

Sample Normal

o1-10]

# jooo1)

Contours log scale times random

Fig. 5 EBSD results of the corroded specimens in the air environment surface of Cr-rich outer oxide layer. The test condition was

at 950 °C for 250 h.

Bum ] Sample Normal

sauw‘ Normal (0110

Fig. 6 EBSD results of the corroded specimens in the impure helium environment surface of Crrich outer oxide layer. The test condition

was at 950 °C for 250 h.
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Table 3 Parabolic oxidation rate constants kp[mg’ecme s™| from

Table 5 EDS result of the specimen tested for 100 h at 950 °C
in air environment from Fig. 8

Fig. 4
2 4 2 4
time | Kp(mg -cm - s ) in air | Kp(mg -cm - s ) in helium
25 2.1E-06 3.2E-07
50 1.8E-06 4.8E-07
100 1.5E-06 7.3E-07
250 1.3E-06 9.6E-07

(Wt%) (6] Ti Cr Fe Co Ni Mo
L1 41.25 | 229 | 56.46 - - - -
L2 41.17 | 464 | 54.19 - - - -
L3 4417 | 5.11 | 50.72 - - - -
L4 42.81 | 4.05 | 53.14 - - - -
L5 - - 20.59 | 1.61 | 13.44 | 54.42 | 9.95

Table 4 EDS result of the specimen tested for 100 h at 950 °C
in air environment from Fig. 7

(Wt%) (0] Al Ti Cr Fe Ni
L1 42.76 - 098 | 56.26 - -
L2 41.34 - 1.85 | 55.29 - 1.52
L3 44.87 - 0.80 | 54.33 - -
L4 4519 | 4.44 0.71 | 48.47 | 0.63 0.57
L5 45.16 | 4.67 1.51 | 48.67 - -

Matrix E

Fig. 7 TEM micrographs of the outer oxide layer of the specimen oxidation in air environment at 950 "C for (a) 25 h, (b) 50 h, (¢)
100 h, and (d) 250 h.
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INVESTIGATION OF OXIDATION BEHAVIOR OF ALLOY 617UNDER AIR/HELIUM ENVIRONMENTS AT 950 °C

Fig. 8 TEM micrographs of the outer oxide layer of the specimen oxidation in impure helium environment at 950 °C for (a) 25 h,

(b) 50 h, (c) 100 h, and (d) 250 h.
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