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Effect of temperature on corrosion of Hastellioy XR exposed to simulated
VHTR environments

Masami SHINDQ, Takashi TSUKADA, Tomio SUZUKI
and Tatsuo KONDO

Department of Fuels and Materials Research, Tokai Research Establishment,

JAERI
(Received June 20, 1983)

Corrosian behav1or of Haste11oy XR, i.e. a Vers1on of Haste11oy X w1th
m0d1f1ed oxidation res1stance spec1f1cat1on, was made with spec1aT emphas1s
placed on the effect of test temperature Tests were conducted at temperatures
ranged from 800 C to 1050 C for 1000hr. Attention was focussed on the r01e
of Mn-Cr sp1ne1 oxide 1ayer format1on in keeping the protect1ve function of
the surface film and its influence on the evaporation of Cr and Mn. As a side
effect of the exposure, carburization was also examined. The results were
compared with those of Mn-free HastelloyX.

The protective layre formation of Mn-Cr spinel oxide was seen to be
valid nearly up to 1050°C, while the evaporation of Mn reached significant
levels above 950°C although the loss of Cr from the alloy was minimized
by the sacrifice of Mn evaporation. Carbon analysis of Hastelloy XR after
each exposure showed a trend of slightly enhanched carburization at lower
temperatures. The trend changed to decarburization as temperature was
increased in the same test environments.

Keywords : Hastelloy XR, VHTR, Heljum, Oxidation, Evaporation, Spinel Oxide,
Carburization, Temperature Dependence, Very High Temperature,

Corrosion
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Tabie 1 Chemical composition of specimen materials(wt%).

¢ n 51 F 5 Cr Co Ma W Fe Ni Al
Heat-0(H-XR) 07 | o.88 | 0.27 |<o.005| o.005| 21.90 { o.0a | 9.13 | 0.47 | 18.23 | Bal. | €0.03
| Heat-F o8 | .07 | o.46° ‘0.002| v.o0s| z1.53 | 0.0z | 8.90 | 0.54 | 18.42 | Bal. 0.15

Impurity H H20 co C02 CH4
Nominal 200 1 00 | 2} 5
Analysis | 190-210| 0.8-1.2 1 90-110| 2-3| 5-6

Table 3 Levels of impurities in PNP helium(natm).

Impurity H2 HZD co CO2 CH4 N2
Neminal 500 1.5 20 1 20
Analysis | 432-496 1-1.5117-20 | 0.9-1.2] 19-22 | N.A.

(N.A.; No Analysis)

Table 2 Levels of impurities in JAERI type B helium{uatm).
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Table 4 Results of evaporative Tloss of Cr from Heat-F matrix
exposed for 1000 hr (mg/cmz).

Weight loss Weight gain Weight of Weight of Cr Evaporative
Temp. (°C) | of Cr from of specimen oxide (Cr203) in oxide on Toss of Cr
alloy matrix on specimen -| specimen
A B B+B - . C A-C
850 1.60 0.74 2.34 1.60 0
900 1.86 0.86 2.72 1.86 0
§50 2.15 0.65 2.80 1.92 0.23
1000 2.32 0.52 2.84 1.94 0.38
2.43 -0.1 . .
1050 0.13 2.30 1.57 .85
Table 5 Results of evaporative loss Cr and Mn from Heat-0
. 2
matrix exposed for 1000 hr (mg/cm”).
Weight 1055 of Cr Weight gain Weight of Mn/Mn+Cr ratiod Weight of Cr Evaperative loss of
and Mn from alley of specimen oxide on in oxide on and Mn in oxide{ Cr and Mn
Temp. matrix spacimen specimen on specimen Co
{°eh cr M Cr Mn or | M | Credn
A, Ay B A +A+B ¢ ¢ A=ty | sty
850 0.67 .21 0.37 1.25 D.24 0.67 0.21 0 0 0
900 0.92 0.38 0.53 1.83 0.29 0.92 0.38 0 0 0
950 1.30 0.56 0.75 2,61 0.30 1.20 0.55 ]5.07 | 0.0 0.02
1000 1.64 .86 0.44 " .94 0.30 “11.46 0.63 | 0.18 | 0.23 0.4
1050 1.90 T.17 -1.20 .87 0.24 1.00 0.32 |0.90 | 0.85 1.75

Table 6 Results of bulk carbon analysis after exposure
for 1000 hr.

B Carbon Content{wt%) | Carbon Increase{mg/cm?)
Environment Temp. (°C) Heat-0' Heat-F Heat-0 | Heat-F
B-helium R.T. 0.075 0.076 0 0

' 850 0.083 | 0.085 0.040 | 0.047

900 0.086 0.087 0.055 0.056

950 0.091 0.088 0.084 0.063

1000 3.088 0.086 0.063 0.050

1050 0.001 | 0.003 =0.375 |-0.376

PNP-helium 800 0.080 —_ 0.024 _—
00 0.079 — 0.020 —

1000 0.00 —_— -0.376 _
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Photo. 1 Surface topographies of Heat-0 exposed for 1000 hr.
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Photo. 2 Surface topographies of Heat-F exposed for 1000 hr.
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Photo. 3 Cross-sectional views of Heat-F after
exposure for 1060 hr.
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Photo. 4 Microstructures of Heat-O exposed to JAERI
type B helium for 1000 hr.
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