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

Rikizo WATANABE and Yoshitaka CHIBA

Synopsis:

For the purpose of developing cobalt-free tube materials for the heat-exchanger of nuclear steel-making
process, an alloy design has been conducted with respect to the Ni—-Cr-W system.

Theoretically promising composition ranges in the Ni-Cr-W system are determined by the conditions
that average electron vacancy number Ny is smaller than Barrows’ critical electron vacancy number NC
and that lattice parameter a is greater than 3.580 A. Some compositions in the above mentioned range
have been examined experimentally and 23% Cr-18%W has been determined as the best composition

from the creep rupture strength point of view.

Effects of carbon and magnesium on the creep rupture strength of 2394,Cr-189,W-Ti-Zr-Bal.Ni
alloy have been studied. The long-term creep rupture strength decreases with the increase of carbon

content in the range from 0.03%, to 0.149,.
creep rupture strength of the alloy at 1000°C,
creep rupture strength at that temperature.

Up to 90 ppm magnesium does not significantly affect the
but about 160 ppm magnesium significantly reduces the

In conclusion, 23%Cr—18%W—(O.S%Ti)—(0.0S%Zr)—0.03%C—Ba1. Ni alloy has a high possibility
of satisfying the creep rupture strength target, that is more than lkg/ mn? at 1000°C and 105 hours.
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Table 1. Theoretically promising compositions and their structural parameters.

Cr W Ni Cr+W
Alloy (wi%) (Wt%) (wt%) wige) | NN NV &)
SSs 1 0 36 Bal. 36 0.02 1.27 3.589
SSS 11 4 32 ” 36 0.19 1.4. 3.587
SSS 12 4 36 v 40 0.07 1.51 3.596
SSS 33 8 28 v 36 0.25 1.54 3.585
SSS 34 8 32 v 40 0.13 1.64 3.594
SSS 59 12 24 ” 36 0.27 1.66 3.583
SSS 60 12 28 # 40 0.14 1,76 3.591
$SSS 61 12 32 ” 44 0.01 1.86 3.601
SSS 83 16 20 ” 36 0.26 1.77 3.581
SSS 84 16 24 # 40 0.13 1.87 3.590
SSS 103 20 20 # 40 0.10 1.97 3.588
SSS 113 24 16 # 40 0.07 2.06 3.586
SSS 118 28 12 4 40 0.03 2.15 3.584
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Fig. 1. Theoretically promising composition range 3.1 £BAH*E

in Ni-Cr-W three component phase dia-
gram at 606°C.
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Table 2. Chemical compositions of samples (%).

Alloy C si Mn P s, Ni o | 0w | T | oz
SSS 60 | 0.04 0.12 0.02 0.001 0.006 Bal, 12.02 28.30 0.54 0.04
SSS 84 0.05 0.05 0.01 0.001 0.018 4 15.95 24 .66 0.55 0.04
SSS103 0.04 0.10 0.01 0.001 | 0.007 4 19.82 20.56 0.54 0.03
8SS113 0.05 0.05 0.01 0.00 0.009 4 23.71 16.67 0.55 0.03
SSS118 0.05 0.03 0.01 0.001 0.008 4 27.72 | 12.50 0.50 0.05
B I FATEE 6.4 mm é, 12 R85 32 mm k Lic.
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Fig. 2. Creep rupture life-stress curve of each
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Fig. 3. Relation between the balance of Cr and
W content and creep rupture strength,
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Table 3. Nominal chemical compositions (%) and structural parameters of experimentally
examined alloys (upper) and real chemical compositions (%) of samples (lower).

Alloy G | Si | Mn P S Ni | Cr w Ti | Zr |NC-Nv | Nv | a(A)
7 ' ‘ Bal. |19 |22 0.07 | 1.96| 3.590
SSS 84M | 4 03| 0.02 | 0.02 | 0.001 | 0.005 | Bal. | 19.08| 21.43 | 0.41 | 0.07
Bal. | 21 20 0.06 | 2.01
SSS103M | 4 02 | 0.02 | 0.01 | 0.002 | 0.004 | Bal. | 21.57] 19.80 | 0.41 | 0.04 3.589
Bal. | 23 18 ’ 0.04 |2.06| 3.588
SSS1IBM | 4 021 0.02 | 0.01 | 0.002 | 0.004 | Bal. | 22.88 17.34 | 0.481 0.06
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Fig. 4, Creep rupture life-stress curve of each
alloy at 1000 and 1050°C.
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Table 4. Chemical compositions of samples (9%).

Alloy

C

Si

Mnl\ P

1

Ni

Cr

W

SSS 113MC 1
SSS 113MC2
SSS 113MC3

0.03
0.09
0.13

W9 = W

<0.01
<0.01
<0.01

Bal.
”
Y

23.12
23.18
23.43

17.99
18.07
17.52

Zr

Looee
8°8

SSS 113MC 4 0.14 <0.01]

cooo
w

2338

G EE

o000

g gen

22.35 18.24
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T1g 6. Effect of carbon on creep rupture life-
stress—curve of 239,Cr-182,W alloy at
1 000°C.
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Fig. 8. Effect of magnesium on creep rupture life-

stress curve of 239,Cr-189,W alloy at 1000
°C. Figures in parentheses show creep
rupture elongation.
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Fig. 9. Effect of magnesium on tensile properties
of 239,Cr-189,W alloy.

5D TY, 23Cr-18W DEFHMEIC>E, Mg % 0~160
pPPm N L7 B E DR E #FH~7-. Table 5 i

Table 5. Chemical compositions of samples (%).

. ] . Mg O

Alloy c |si| Mol P s | N | oer | wo| Tz | 8] O
SSS1IBMG1 | 0.02 1 0.02| 0.01 | 0.002 | 0.004| Bal. | 22.88| 17.34 0.48 [ 0.06 | — 34
SSS113MG2 | 0.02 {0.02 [<0.01 | 0.002 | 0.004/ ~ | 2300 17.81 0.26 | 0.05 | 37 50
SSS113MG3 | 0.02 | 0.02 |<0.01 | 0.002 | 0.004 ~ |23.31 17.46/0.28 | 0.05| 94 60
SSS113MG4 [ 0.02 { 0.01 [<0.01 | 0.002 |0.004f # |22.85/ 17.68 0.27 | 0.05 | 161 53
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WHIEE RS X OCHMUEZ2E LR TSEB ZE2HVEL
7=

(5) LR, SEEDOMEM%E Ni-23Cr-18W-
(0.3 Ti)-(0.05 Zr)-0.03C & Th /X EHEEELHERT
X LA REEDEV E VW S R RS,
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