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Effects of Cr-W Balance and C Content on Structure and Creep
Rupture Strength in Ni-Cr-W Alloy System

Rikizo WATANABE and Yoshitaka CHIBA

Synopsis:

In order to determine the practically optimum composition in an Ni-Cr-W austenitic alloy system
for an intermediate heat exchanger of a high temperature gas cooled reactor, the effects of Cr-W
balance and carbon content on the struture and creep rupture strength in the alloy system have been
investigated.

Austenite single phase region determined by experiment is much smaller than that calculated by
Barrows method in Ni~Cr-W system at 1000°C. Outside the austenite single phase region a-W and
at least one of MC and MyC; carbides precipitate depending on the Cr-W balance. The
precipitation of a~-W and M,;Ce carbide improves creep rupture strength, but that of MyC carbide
rather degrades it, although solid solution strengthening is maximized at a Cr-W balance in the MyC
predominant region. Among the alloys investigated in this study the 0.05%C-23%Cr-18% W-Ni alloy
which is strengthened through the precipitation of M,,Cg carbide and about 3% of a-W is the best
from the point of view of creep rupture strength. For the carbon content of the above mentioned al-
loy the range from 0.040%to 0.065% is practically optimum, because excessive carbon causes M,C

carbide precipitation and degrades creep rupture strength.
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Table 1. Rolationship between Cr-W balance and the amount of precipitates
after aged at 1000°C for 100 hours.

P Relative amount of
Composition (%) Total amount .
Heat C Cr of precipitates precipitates (%)
c Cr w Tj Zr Ni | CrtW (%) W | MC | MpCs
1088 0.025 26.76 13.12 0.52 0.038 Bal. 0.67 0.32 7.6 1.7 90.7
1083 0.020 22.84 15.72 0.50 0.042 Bal. 0.60 0.14 11.0 1.8 87.2
1 009 0.020 20.32 18.38 0.44 0.042 Bal. 0.53 0.23 6.1 66.5 27.4
1080 0.021 16.90 20.71 0.51 0.047 Bal. 0.45 1.44 10.1 88.5 1.1
1087 0.022 14.40 22.65 0.51 0.037 Bal. 0.39 1.09 2.9 97.1 —
1 090 0.024 10.92 25.60 0.51 0.040 Bal. 0.30 1.09 0.5 98.4 0.9
1089 0.027 25.70 16.00 0.52 0.032 Bal. 0.62 3.26 98.2 — 1.8
1 084 0-024 22.26 18.26 0.54 0.044 Bal. 0.55 3.06 97.1 0.2 2.7
1 054 0-018 19.81 20.28 0.47 0.041 Bal. 0.49 2.84 81.2 17.7 1.1
1052 0-023 16.61 22.85 0.47 0.034 Bal. 0.42 3.05 82.3 17.7 —
1050 0.022 13.533 25.58 0.47 0.066 Bal. 0.35 3.36 90.6 9.3 0.1
1091 0.022 10.05 28.40 0.51 0.042 Bal. 0.26 1.62 66.0 33.3 0.7
1085 0.017 21.40 21.82 0.52 0.045 Bal. 0.50 6.94 99.8 —_ 0.2
1081 0.025 15.88 26.11 0.53 0.047 Bal. 0.38 7.95 88.9 11.1 —_—
1 086 0.026 19.51 31.20 0.52 0.037 Bal. 0.38 16.32 99.8 _— 0.2
1082 0.024 14.65 33.11 0.51 0.032 Bal. 0.31 14.45 89.4 10.5 0.1
08 0.049 24.26 15.32 0.46 0.044 Bal. 0.61 0.76 3.2 —_— 96.8
299 0.047 21.31 17.05 0.48 0.033 Bal. 0.56 0.61 6.3 8.6 85.1
12 0.049 17.19 20.60 0.47 0.023 Bal. 0.45 2.81 — {100 ——
05 0.043 25.81 16.11 0.46 0.020 Bal. 0.62 3.31 97.2 R 2.8
231 0.048 23.33 18.28 0.47 0.022 Bal. 0.56 2.92 95.7 0.3 4.0
09 0.045 20.77 19.77 0.45 0.020 Bal. 0.51 3.42 75.7 22.9 1.4
10 0.048 17.02 23.06 0.44 0.020 Bal. 0.42 4.23 75.1 22.8 2.1
13 0.048 13.91 25.02 0.43 0.018 Bal. 0.36 3.99 73.5 26.0 0.5
300 0.049 24.88 19.89 0.48 0.031 Bal. 0.56 8.60 98.8 0.1 1.1
07 0.048 22.53 21.78 0.44 0.02! Bal. 0.51 8.34 98.6 —_ 1.4
11 0.051 16.61 25.94 0.43 0.019 Bal. 0.39 8.74 85.2 14.8 —_
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ROZ . Fig. 1. Relationship between the Cr-W balance
i . ) and the precipitates of the Ni-Cr-W al-
Fig. 1 Ta-W 2 0% BIUV 3% v<r0&{E&ET loy system solution treated at 1 300°C for
vk 1300°C EBEACATIRE T a- Wiz Z5ancEE 1 hour and aged at 1000°C for 100 hours.

The figures with and without parentheses

LT s, a-W79% L~ A0 4t 1300°C Exk chow the amount of & W (%) s solution
{LABRRECREBD a-W BEBIEEL, B a- treated and after aged, respectively.

e b

Photo. 1. Change of the as solution treated microstructure of the low carbon alloy series along
the equi-matrix line A in Fig. 1.

The amount of a-W after aging is less than 0.19% (upside left), 3.09 (upside
right), 6.99;, (downside left) and 16.3% (downside right), respectively (400 times).
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Table 2. Precipitates of the alloy series of 72
level fof a@-W as solution treated at
1 300°C for 1 hour.

Total amount Relative altnounat of

Heat of precipitates precipitates (%)
(%) a-W | Mg | MyGCs
1 085 0.89 99.95 0.05 —_—
1081 2.65 99.96 0.04 —
300 1.06 99.19 0.81 e
07 1.45 99.02 0.98 —_—
11 2.80 75.13 | 24.87 e
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Fig. 2. Relationship between the Cr-W balance
and the creep rupture life of the alloy
series of 09, and 3¢, level of a-W.
The creep rupture tests were conducted
at 1000°C and 4 kg/mm?2.
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Fig. 3. Comparison of the creep curves of Al,
A2, Bl and B2 in Fig.2.
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Fig. 4. Relationship between the Cr-W balance
and the creep rupture life of the alloy
series of 79, level of a-W.
The creep rupture test conditions are the
same as in Fig. 2. The figures show
creep rupture elongations.
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Fig. 5. Relationship between the amount of a-W
and the creep rupture life of the alloy
series along the equi-matrix line A and
B in Fig. 1.

The creep rupture test conditions are the
same as in Fig. 2,
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1000°C x 100 h iR aB e BT A HF AR RS, HHw
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Fig. 6 iz 23Cr-18W-Ni & ¢:ic i} 5 C£ L+ 1000
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1000°C-1000h 7 v — 7HiMriEE L C B0l & 4
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Table 3. Relationship between the carbon content and the amount of precipitates in
2394,Cr-189, W-Ni alloy aged at 1000°C for 100 hours,

.x Relative amoumt of
Composition (% Total amount Mg
Heat P (%) of precipitates precipitates (%)
c Cr W Ti Zr Ni (%) a-W } M,C J M,;Cs
1 084 0.024 22.26 18.26 0.54 0.044 Bal. 3.06 98.5 0.1 1.4
1271 0.029 22.78 18.29 0.47 0.026 Bal. 3.88 98.9 N 1.1
240 0.036 23.14 18.19 0.47 0.025 Bal. 2.80 98.0 2.0
1272 0.043 23.16 18.32 0.47 0.024 Bal. undetermined
231 0.048 23.33 18.28 0.47 0.022 Bal. 2.92 95.7 . 4.0
301 0.053 23.09 18.08 0.46 0.031 Bal. 2.74 94.0 0.4 5.6
239 0.060 23.42 17.99 0.48 0.023 Bal. 3.33 89.0 3.2 7.8
1273 0.065 23.28 18.19 0.48 0.024 Bal. 2.79 88.7 5.7 5.6
58 0.072 23.45 17.95 0.49 0.025 Bal. 3.06 85.8 8.1 6.1
14 0.081 23.18 18.35 0.47 0.020 Bal. 4.29 72.3 22.1 5.6
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Fig. 6. Relationship between the carbon content
and the 1000°C-1000h* creep rupture
strength or the amount of M,,Cg or M(C
carbide after aged at 1000°G for 100h
in 239,Cr-189,W-Ni alloy.
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Photo. 2. Relationship between the carbon content and the aged microstructure of

239%Cr-189,W-Ni alloy.

The carbon content is 0.060% (upside left), 0.065% (upside right),

0.072¢9,
(400 times).

(downside left) and 0.081¢;

(downside right), respectively
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Fig.%7. Change of the creep curves of 239,Cr-
189, W-Ni alloy by carbon content.
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