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Synopsis:

Ni-Cr-Mo-W system alloys were investigated in order to develop 2 heat resistant alloy which may
satisfy various properties required for heat exchanger tube materials of nuclear steel-making system.

In the first step, we investigated the effect of alloy elements on formability, high temperature strength,
aging characteristics and weldability. And we selected some candidate alloy compositions in terms of
creep rupture strength at 1000°C. Out of these alloys, Ni-0.07C-25Cr-5Mo~5W alloy turned out to
be superior to other alloys when taking various properties.

In the second step, the effects of C and Cr contents on creep rupture strength at 1 000°C were ex-
amined on this alloy. The creep rupture strength was found to increase when C content was reduced
from 0.079 to 0.039 and Cr content was raised from 25% to 27.5% and solution treatment temper-
ature was raised. In terms of various properties, Ni-0.03C-27.5Cr-5Mo-5W system alloy was chosen,
which also proved resistant to helium environment.

In conclusion, we developed a candidate alloy with compositions of Ni-0.03C-27.5Cr-5Mo-5W which
seemed to have high possibility of satisfying the creep rupture strength target, that is more than lkg/

mm? at 1000°C and 5% 104 hours in helium.
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Table 1. Chemical composition of Ni-Cr-Mo-W system alloys tested (aim value)

(wt. %)
C Si Mn P S Cr Mo w ] B Zr Ni
10~25 | 0~35 0~35
0.07 | LAP* | 0.50 | LAP* | LAP* | 0.004 0.03 Bal.
Swt. 9% interval

* : Low as Possible
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Fig. 1. Range of Cr, Mo, and W contents in Ni
base alloys tested.
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Fig. 2. Effect of Mo, W, and Cr contents on hot
workability of ingots.
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Fig. 3. Effect of alloy elements on deformation
resistance at 1150°C for Ni-Cr-Mo-W
system alloys.
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Fig. 4. Relation between tensile strength at room
temperature and at 1000°C.
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Fig. 7. Effect of alloy elements on impact value at
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Photo. 1. Typical microstructures of solution treated materials (1250°CGx1h W. Q. ).
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Fig. 10. Effect of alloy elements on kinds of pre-
cipitates (20Cr alloys).
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Fig. 12. Relation between chemical compositions
of alloys investigated and various restriction
factor.
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Table 2. Characteristics of candidate alloys.

T 535X 10%h creep-rupture Total crack length in Deformation
OCfogiil)tusuon stress* at 1000°C Trans-Varestraint resistance value at
Y ( kg/ mm?) test** (' mm) 1150°C ( kg/ mm?)
A 25Cr-5Mo-5W 1.30 7 42
25Cr-15W 1.40 14 49
C 25Cr-10Mo 1.45 9 44

* Extrapolated value  ** Augumented strain : 2%
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A | 003C-275Cr
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Rupture time (h )

Fig. 13. Effect of C and Cr content on rupture
properties for Ni-0.07C-25Cr-5Mo-5W
system alloys at 1000°C.
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Table 3. Characteristics of Ni-0.03C-27.5Cr-5Mo-5W alloy.

5% 10%h creep Jupture T(e ?(Sgﬂ/e I;gle;)lgth Ch (a;{;g:;lxr/l};?nc:) value Total crack length in
stress at 1000°C . e - Trans-Varestraint test
( kg/ mm2) R.T 1000°C As solution [900°C x 1000°C X ( mm)¥**
U treated 500h W.Q.|100h W.Q.
1.45% i
i’25** 68.9 15.6 34.8 16.4 18.7 7

*  Extrapolated value from rupture stress-time curve
#% Extrapolated value from Larson-Miller curve (C=20)
#¥% Augumented strain : 2%

Table 4. Impurity levels of helium environment.

Impurity (ppm)
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Fig. 14. Effect of alloy elements on ratio of carbon
contents before and after test of Ni-Cr-
Mo-W system alloys.
(1000°C x1000h in helium)
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