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Microstructure and Creep Rupture Strength of Ni-Cr-W and

Ni-Cr-W-Mo Alloys

Sadao OHTA, Kenichi Aota, and Takashi MoTopa

Synopsis:

To obtain the basic knowledge needed for the development of alloys used for heat exchanger which
is operated at near 1000°C in the nuclear steel making process, microstructure and creep rupture
strength of Ni-Cr-W and Ni-Cr-W-Mo alloys which contain 12~209,Cr, 0~359,W and 0~259%Mo

at 1000°C, have been investigated.
The results are summerized as follows:

(1) Solubility limit of Cr and W in Ni-Cr-W system is shown as Cr4+W=39 (wt%). Above this
limit of content of chromium plus tungsten, @~W is observed as second phase.

When Mo is added to Ni-Cr-W alloy, Win the second phase, a~W, is gradually substituted by Ni,
Mo and finally the second phase changes to p-phase.

(2) Creep strength of Ni-Cr-W solid solution alloy increases with increasing W content, The
high creep strength is presumarably attributed to decrease of diffusion rate with increasing W content,
The substitution of W by Mo decreases the creep strength.

(3) Metallic phase a-W increases the creep and creep rupture strength., Intermetallic compound
#> however, increases creep strength, but does not increase creep rupture strength, This is caused by
the preferential nucleation of cracks on the interface between matrix and p-phase.
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Table 1. Chemical compositions of Ni-Cr-W alloys for creep rupture tests (wt2).

Alloy Name| C Si Mn S Ni Cr W Zr

KSNE1 10023 | 004 {<0.002| 0.011 [ Q004 | Bal [15.20 {1471 | 0.002
KSNE2 [0.027 | 003 [<0002| 0.011 | 0.004 | Bat | 1511 20.30| 0.003
KSNE 310.030| 003 |<0002| 0.010|0.003 | Bal |1531 | 2510 0.003
KSNEZ | 0.021] 0.08 [<0.002] 0.010|0.004 | Bat |15.03 | 30.15 | 0.002

"Table 2. Chemical compositions of Ni-15Cr-W-Mo alloys for microstructural examination (wWt%).

C [Cr | W |Mo |Ni C |Cr | W |Mo [Ni

(°lo) 1(°16) {(°lo) 1(%6) |(°lo) (®lo) 1(%s) | (°lo) |(°fs) K°
1 1003 1502] 203] — |bal][13 |0.04[15.41 {16.90{10.17 bal
2 1002 |15.04]22.91] — | # |l14 [0.03]15.32]9.21 11.80]
3 1003 [1510125.80] — |+ [115 10.051562111.80|11.53] ¢
4 1002 11542112.33|5.15] + [[16 [0.02]15.73]8.01/13.20]| ¢
5 1003 [1610 [15.2114.93] # [117 |0.03 115.28(11.23|13.78] *
6 100211513 118.0115.02] # [|18 |0.03 |15.20] — ]15.80} ¢
7 1003 1517 120.70{5.10} ¢+ {19 10.04 {15.50({2.89{15.08| -
8 [0.02 (1557 |24.3115.03] + 1|20 [0.0215.71]6.0115.10{ ¢
9 00315651 5.34l1051] # |21 |0.04]15.18]9.30[14.97] ?
10 |0.04 |154018.1011013 | ¢ 22 10.04]15.76] — 117.70] ¢
11 0.03 11570 [11.3419.97] + |23 10.03]15.90] — ]20.30f *
12 10.02 [1541 |14.21|1005] # }24 |0.05|15.73] — |2514] 7
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Table 3. Chemical compositions of Ni-15Cr-W-
Mo alloys for creep test (wt%). - ~-~ PHACOMP
35| L 2% @® & Microstructure
C |Cr | W |Mo | Nb|2Zr|N;j AN
e [ 2N ® ®
18Mo |.059 [15.37| — |17.20(.36 |.05 | bal 0l ~.
21Mo 052 14.99 | — |211 |.39 [.039] ¢ = * ° ... .®
5W-16Mo|.059 [15.50 | 5.29 [15.8 [.28 |.053]| ¢ 3 o ° o -
1W-BMo|.060 |15.46 11.32 | 7.8 |.36 |.062] # e . o
1IW-1IMo|.047 [15.13 [11.50 |10.4 |.36 |.047| #
15W-3Mo|.055 |15.28 [16.10 | 2.3 |.42 |.058] # A o O\g
20W3Mo|.055 [14.89[2010]3.38].45 |.048| ¢ o o
20W 038 14.8312018] — |.40 |.041 z 15F 0 No precipitate o
25w 044 [14.46[2678] — |.32 |.041]| 7 ® Frecipitate 1000°C
Bl ==y 7 LISBEHC DV T e\, TEARSHZRE O3 0 B w2
HSUE 40_% ) YBARBRERCT,  20mAfemt ORI Fig. 1. Solubility limet of Ni-Cr-W alloy at
B o, 1000°C.
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Bz o UV BIL N—NEIR 7 Y — TR %
Vv, —EROEEBRTIX, 2 ) — T E k7. HERBO
2 Y — TR EER b O BIE S E L2,

Fig. 2. Effect of W content on volume fraction
of second phase in Ni-Cr-W alloys.
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Photo. 1. Microstructure of Ni-12Cr-W alloys aged at 1000°C for 200h.
(A) 269,W, (B) 299W, (C) 329W
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Table 4. X ray diffraction of both bulk specimen

and electrolytically extracted residue of
Ni-12Cr-32W alloy aged at 1000°C for

200h.
Bulk Extracted residues
d(A) |1/1. | hki dA) {171, | pkl

2.463 5 Unknown
2.342 2 Unknown
2.228 | 15 (w01l 2.229 {100 |W@)C110]
2.182 1 Unknown
2143 3 Unknown

2.066 | 100 ro [

1.819 1 Unknown
1.789 5 r [200
1.552 50 |W({®)(200] 1.566 50 |Wi) 2001
1.421 2 Unknown

1.279 5 |w@)2111] 1.286 70 [WE)[211]
1.265 30 r 12200

50— T 1000°C
~ | e B0
L S N
g ’\}755\
TBOl —o—15Cr-30w A~ xQ
= --8-~ 15Cr-25W =
4 -—0—-15Cr-20 W
(32.0— -~ @—-15Cr-15 W
) | |

100 1000

Time to rupture(hr)

Fig. 3. Effect of W content on creep rupture
strength of Ni-15Cr-W alloys.
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Fig. 4. Effect of W content on 1000h-creep rupture
strength of Ni-15Cr-W alloys at 1000°C.

Photo. 2. Microstructure of Ni-15Cr-W-Mo alloys aged at 1000°C for 300h.

(A) 159%W-5%Mo,
(C) 3%W-15%Mo,

(B) 1895W-5%Mo
(D) 62%W-15%Mo
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Fig. 5. X ray diffraction of electrolytically extracted

residue of Ni-15Cr-9W-15Mo alloys aged at
1000°C for 300h.
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Fig. 6. Solubility limit and second phase of Ni-
15CGr-W-Mo alloy at 1000°C,
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Fig. 7. Effect of Mo/(W4Mo) on concentration
of Ni, Cr, Mo, W in second phase of Ni-
15Cr-W-Mo alloys.
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Fig. 8. Effect of Mo/ (W +Mo) on concentration of
Ni, Cr, Mo, W in matrix of Ni-15Cr-W-Mo
alloys.
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Fig. 9. Creep rupture strength of Ni-15Cr-W-Mo
alloys at 1000°C (solid solution alloys).
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Fig. 10. Creep rupture strength of Ni-15Cr-W-Mo
alloys at 1000°C. (second phase : a-W).
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Fig. 11. Greep rupture strength of Ni-15Cr-W-
Mo alloys at 1000°G (second phase : p
compound).
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Fig. 13. Effect of Mo/(W+Mo) on creep rate of
Ni-15Cr-W-Mo alloys at 1000°C.
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Photo. 3. Microstructure of Ni-15Cr-W-Mo alloy specimens ruptured at 1000°C,
A) 25%W : 3.0 kg/ mm?2, 1432h (second phase : @-W phase)
B) 219,Mo : 2.5 kg/ mm?2, 868h (second phase : p phase)

10
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55
3 5W-16Mo
- 20W-3Mo
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°
>

N R
0 0.5 1.0

Molat*ky/( W+ Mo) (at®k)

Fig. 14. Volume fraction of second phase in creep
rupture  specimens of Ni-15Cr-W-Mo
alloys.
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and 3.0 kg/ mm2,

icrostructure of Ni-15Cr-W-Mo alloy specimens ruptured at 1000°C

A) 209%W : 645h, B) 259,W : 1432h, C) 212,Mo : 354h

ZF%O 1000°C 40kg/mnt 1000°C 30 kg/mrd
1,0} ; k| M &k
z = oo =
Q;V!-ISMO 5
= | B4 2
> o 2 Z
';3 05 // 18Mo ZlMo/
(3 V? ; %W 18Mo
é ) 25w 20W
NMZZEL “sll U
M o-W -ssé(l)\gigon Ve o-W ~Ssg“.?ﬁ0n

Fig. 15. Volume fraction of cracks in creep-ruptured
specimens of Ni-15Cr-W-Mo alloys.

Photo. 5. Microstructure of Ni-15Cr-21Mo alloy
specimen ruptured at 1000°C. (3.0
kg/ mm?, 354h).
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