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Alloy Design of Ni-Cr-Mo Solid Solution Strengthened Superalloy

Synopsis

Rikizo WATANABE

In order to examine the possibility of developing an intermediate heat-exchanger material for the nuclear
steel making which is cheaper than 23% Cr~18%, W-Ni alloy developed in the previous study, an alloy design
has been conducted with respect to austenitic Ni-Cr-Mo three component system.

Theoretically promising composition range is determined by the following conditions;(1) average electron
vacancy number Ny is smaller than Barrows’critical electron vacancy number, (2) lattice parameter is greater

than 3.580 A, (3) Ny is greater than 1.90.

As a result of experimetal examination, it has been shown that 26% Cr-9.5% Mo is the best in the theoreti-
cally promising composition range from 1 000°C creep rupture strength point of view, and that an addition
of about 0.07% carbon increases creep rupture strength at 1 000°C. The target creep rupture strength,
that is, higher than 1 kg/mm? at 1 000°C-10° hours, however, is not satisfied.

26% Cr-9.5% Mo-Ti~Zr-C-Bal. Ni alloy which has been developed in the present study has almost the
same creep rupture strength at 1 000°C as that of Inconel 617, a..d seems to be applicable to various high
temperature parts in nuclear power plants, because it contains no cobalt.
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Table 1. Theoretically selected compositions and their structural parameters.

Alloy Cr (%) Mo (%) | Ni(%) NC-Ny | Ny a (A)
SSSM18 18 , 6.5 | 65.5 0.04 | 1.93 3.596
SSSM20 20 ‘ 15 l 65 0.04 1.98 3.595
SSSM22 929 | 13 | 65 0.05 2.00 3.591
SSSM24 24 ‘ 11 5 65 0.06 2.03 3.588
SSSM26 26 9.5 | 64.5 0.05 2.07 3.587
SSSM28 28 | 8 J 64 0.04 2.11 3.585
SSSM30 30 6 | 64 0.05 2.14 3.583

32 T T T T T T Y T T 3 ; & B—g *ﬁ %;l

25 | N, =190 _

. 31 RBEE

af 1 e .

FFHEAESHEREENIE KIS Cr & Mo OEHE
2 Ll ’ T REd B oibic Table 11T Lz 7 HD 4 — X
ERl Y ngme . F+4 MARIZOEER L~ 2T Cr & Mo Of
= gz} {560k N M) BN ADHRKIC2ECED Y Y ~ FTHEHEE TS X
a=2J. - N

sb - TN . (3328 RN

al “region (A A 2 ] FUEHS E BRI K> TR L7 0 kg 4 2 T o

N L b 30mm TS Licb DR Bk OB

0O 4 8 12 16 20 24 28 32 36 A0

Cr (wt%)

_Fig. 1. Theoretically promising composition range

and selected compositions for experimental

examination in Ni-Cr-Mo three component

phase diagram at 606°C.
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Table 2. Chemical compositions of samples (%).

' A : . Mg O

Alloy G Si ‘ Mn [ Ni Cr Mo | Ti E Zr (ppm) | (ppm)
]

SSSM 18 0.041 | 0.02 0.01 4 Bal. 17.87 | 16.33 | 0.24 0.047 - 33 73
SSSM20 0.040 | 0.03 0.01 Bal. 19.69 (| 15.25| 0.26 0.052 37 96
SSSM22 0.046 | 0.03 0.01 | Bal 21.20 1 13.38; 0.30 0.062 71 79
SSSM24 0.044 | 0.02 0.01 Bal. 23.26 11,43 | 0.30 E 0.059 B 54 85
SSSM 26 ' 0.047 | 0.01 0.01 | Bal. 25.79 ! 10.060: 0.30 | 0.057 ! 62 83
SSSM28 i 0.022 | 0.05 i 0.01 : Bal. 28.25 8.45; 0.24 - 0031 35 110
SSSM30 | 0.0221 0.0 0.01 ! Bal. 29.90 6.55 | 0.29 ﬁ 0.046, 35 96
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Fig. 2. Stress rupture life of each alloy at 1 000°C.
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Fig. 3. Relation between chromium-molybdenum
balance and 1000°C-10¢ and 105 hour
creep rupture strength.
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Fig. 4. Relation between creep rupture life and
creep rupture elongation of each alloy.
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Table 3. Chemical composmons of samples (%).

Symbol c | si % Mn | Ni | Gr Mo T | 7r Mg | O

i ; ! ‘ ! !

cl 003 | 003 | Tr | Bal | 26.42 9.80 | |

C2 007 | 001 | 0.01 | Bal | 2501 9.3 !

c3 At | 0.01 H 0.01 | Bal | 24 96 9.50 |
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Fig. 5. Effect of carbon content on creep rupture
strength of 26Cr-9,5Mo-Ni alloy at 1000°C.
Figures in parentheses show creep rupture

elongations.
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Fig. 6. Creep curves of the samples tested at
1000°C-2.5 kg/ mma2.
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Photo. I. Micro structures of creep-ruptured speci-
mens tested at 1000°C-2.5 kg/ mm?2
(X400, top Cl, middle C2, bottom C3),
showing increase of carbide precipitates
with the increase of carbon content,
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