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Synopsis :

A study has been made of the effect of tungsten, chromium and molybdenum as solution stre-
ngthening elements for austenite matrix and yttrium and zirconium as grain-boundary affecting ele-
ments on creep rupture properties and weldability of Ni-base alloy which can be used for heat
exchanger tube of high temperature gas cooled reactor. The optimum creep rupture strength at
1000°C was obtained in the composition of 18%Cr-15%W-0.5%Mo-Ni. Yttrium and zirconium
were found to be beneficial elements to improve the creep rupture strength. The maximum creep
rupture strength and good weldability of the alloy were obtained when the amounts of yttrium and
zirconium were balanced to the amounts of sulfur and oxygen in the alloy. It suggests that these

elements were considered to prevent the segregation of sulfur and oxygen at grain-bondaries.
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Fig. 1. Creep rupture strength at 1 000°C of Inco-
nel 617 estimated from reference 8 and A

line is drawn in parallel with Inconel 617
line through 1.0 kg/ mm? and 105 h.

Table 1. Chemical compositions (wt%) and calcu-
lated Ny value of tested alloys.

No. C Si Mn Cr | Mo W | Ny
1 {0.07 | trace| trace | 18.0 | 0.5| 7.8 1.59
2 10.07 4 7 18.0 0.5 12.0| 1.69
3 10.06 4 4 18.0 0.5115.01}1.74
4 10.06 4 4 18.0| 3.5| 5.4|1.66
5 | 0.07 4 4 18.2| 3.6 | 7.9 1.71
6 | 0.08 7 ” 18.2] 6.0, 6.01.74
7 10.06 ” 4 18.4| 6.8 9.0(1.78
8 | 0.07 ” 4 18.5] 9.0| 6.0 1.81
9 |0.07 7 7 22.1] 0.6 7.911.78

10 | 0.07 4 ” 21.9| 0.6 11.3|1.87
11 | 0.08 4 4 22.1) 0.6 13.6 | 1.92
12 | 0.07 4 ” 22.0| 3.5 7.711.87
13 | 0.07 4 4 22.3 1 3.5|12.0}1.94
14 | 0.07 4 4 22.3{ 8.5/ 14.1{1.98
15 1 0.08 4 ” 22.2 | 10.5 2.7 11.95
16 | 0.07 2 7 22.0{10.0| 5.2 2.00
17 | 0.07 7 4 21.9|10.4| 8.0 2.05
18 | 0.08 4 4 21.6 | 13.2 | 2.7 2.02
19 | 0.07 4 4 22.3 ] 12.6| 6.1 2.08
20 {0.07 | # 7 22.3116.3| 2.712.12
21 | 0.07 7 4 22.0115.0| 6.0 2.16
22 1 0.07 4 4 20.5 0.5114.811.83
23 | 0.07 7 4 23.3| 0.5|15.0| 1.95
24 | 0.07 4 4 18.0| 0.5116.51|1.77
25 | 0.03 4 4 18.0 0.5(14.0]1.72
26 | 0.02 4 4 18.0 G.5114.7 | 1.78
27 1 0.0710.54|0.41 |]18.0] 0.5]|14.5|1.73
28 | 0.05 | trace| trace | 18.2 | 0.5 13.7 | 1.72

BROB%RE L. ¥ 20bOMEIO 2 vV — kR
Exix 900°C, 1000°C ks L ¢ 1050°C iz C#i4 DTy
TFCcfrot.
2.3 #RMOEASIURERR

SEMw T CER L., B 1ERM CI<— 2Dk
RuPRD D7D, 500g Ar FESIFR XU 10kg B2
SH#Fr T Cr 18.0%~23.3%, W 2.7%~16.5%,
Mo 0.5%~16.3% ORI DOES 28 + + — OB L
fo. HEEM o3RS & Ny 5% Table 1 R4, Ny
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Table 2. Chemical compositions of tested alloys and calculated Sy and Yg.

No. C P S Cr Mo w Zr Y o} Sy* Y gtk
29 | 0.08 | 0.001| 0.003| 17.9 0.5 | 15.2 | 0.150| 0.037 | 0.0006 0.13 0.059
30 | 0.05 | 0.001 | 0.004 | 18.2 0.5 | 13.7 — 0.064 | 0.0010 0.19 0.052
31 | 0.05 | 0.001 | 0.003 | 18.2 0.5 | 14.6 | 0.076 | 0.028 | 0.0009 0.23 0.033
32 | 0.07 | 0.001 | 0.003 | 17.6 0.5 | 15.0 | 0.070 | 0.021 | 0.0009 0.27 0.025
33 | 0.05 | 0.001 | 0.004 [ 18.3 0.5 | 13.7 | 0.072| 0.008 | 0.0006 0.46 0.011
34 | 0.07 | 0.001 | 0.004 | 17.8 0.5 | 14.3 | 0.020| 0.031 | 0.0020 0.46 0.019
35 | 0.06 | 0.001 | 0.005| 18.0 0.5 | 14.0 | 0.052| 0.022| 0.0020 0.56 0.014
36 | 0.05 | 0.002| 0.002| 17.8 0.5 | 14.6 — 0.016 | 0.0017 0.67 0.005
37 | 0.07 | 0.002| 0.005| 18.2 0.5 | 14.5 — 0.020 | 0.0009 0.68 0.006
38 | 0.07 | 0.001| 0.003 | 17.9 0.5 | 14.5 | 0.020 | 0.016 | 0.0025 0.80 0.004
39 | 0.06 | 0.001 | 0.004 | 18.0 0.5 | 12.1 — 0.011 | 0.0005 0.91 0.001
40 | 0.08 | 0.001 | 0.005| 18.4 0.5 | 14.3 | 0.065| 0.005| 0.0019 0.98 0.004
41 | 0.05 | 0.002| 0.006 | 18.1 0.5 | 14.2 | 0.087 | — 0.0015 1.03 —0.001
42 | 0.07 | 0.001 | 0.005| 18.0 0.5 | 14.8 | 0.068 | 0.005 | 0.0025 1.28 —0.001
43 | 0.05 | 0.003| 0.003| 18.1 0.5 | 14.8 — 0.007 | 0.0010 1.43 —0.003
44 | 0.08 | 0.003| 0.008 | 18.0 0.5 | 13.6 — 0.006 | 0.0015 3.67 —~0.016
45 | 0.05 | 0.003| 0.005| 17.8 0.5 | 14.2 — 0.007 | 0.0064 5.09 —0.028
46 | 0.07 | 0.003| 0.008 | 18.1 0.5 | 14.5 — 0.004 | 0.0060 9.99 —0.036

* Sy=(8+20)/(0.5 Y+0.1 Zr) ** ¥Yp=Y+0.2 Zr—25—-40
S = Specimen TIG Torch

fErr. Woopyart BHWOFERIZ X hEtE Lic. .,

KERTIRAGE Lk X 51 Ny ik 2.2 DFie= v mw\$%j[ o frise

Fr— A LSS TRE L. oh bodEaiR | Pruematically

% o CRU p /‘/W 1 j/ Loaded Ram

JZ 6 mm 1ZJEER% 1200°C =€ 60 min BEAEILAEEE, Radivs Book ||

1000°C, 3.5kg/mm? ¥ X O 4.0kg/mm? T2 Y — o

PR IS EN - Aaey ol r i ‘ | ] JJ
52 BRI R OB, MILZERIE LCHOT, N g [

0.07%C-18%Cr-15%W-0.5%Mo % EARDF & LT,
10 kg B Ze3gEF T Y : 0~0.064%,Zr : 0~0.15% D
FHEDOESE 185 4 — CEBEM L B LARE2RTTH
DELTSy BEO Y #EA L. $Tibb NI &S
ShTYIRS KB IO EEA L, VoS3 B IO Y0, 27
Wt s ERE L. COBESKBIVCOREET IR
A5YRBIZSBIVOOERZ DT LK 2R LU 4
BEOBNKETHS. HOoTHSPFREMIhIYE L
SBIUVOLEGTHRRES YEDML (SY) LU=
(Yp)izrhFh Sy=(25+40)/Y (= (5+20)/0.5Y),
Ye=Y—-285—40 Lt FEbTZENTE%. Zr 2 SB L
DO LEES LT ZrS IV ZrO, 2 WE T 573, Rk
Rt BT A7), SKEICORKTHEERN
BT S Ciowdy, AEROGEHEARICR VT,

Y 0%y 1/5 0B EEO L HE LA ERT — 2%
B EQRE X, o TARERIC RV TLERLY)
Hakibddod LT Sy=(5+20)/(0.5Y+0.1Zr)

BT Ye=Y+0.2Zr—28—40 % fI\FER 7 — x >3
B’ Ut M (bR, Sy BX O Yp % Table2
R, ChbOREERRE3mm kXY 12mm 1 HE
IE L7, 3mm @ fEIE UiokkHE 2 mm (BRI Tiea-
MAJIGI®) X LR N AR L. mEEInERL

| SR E—
) 0 50 100w
)

Fig. 2. Apparatus of TIGAMAJIG testing
machine.
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Table 3. Chemical compositions of tested alloys and calculated Sy and Y.

No C Si Mn P S Cr Mo A\ Ti Al Zr Y O Sy* | Yp**
47 0.05 | 0.05 | trace | 0.003| 0.004| 18.2 | 0.51 | 13.7 | trace | trace | trace | 0.060| 0.0010| 0.20 0.048
48 0.08 | trace 4 0.001} 0.005| 18.4 | 0.54 | 14.3 4 1.03 | 0.065 0.005{ 0.0019| 1.60 |—0.008
49 0.08 4 4 0.001} 0.003| 18.1 | 0.34 | 13.2 | 0.19 | 0.19 | trace | 0.044| 0.0007| 0.21 0.035
50 0.08 4 4 0.001} 0.003] 18.2 | 0.54 | 16.5 | 0.21 | 0.20 | 0.050, 0.042| 0.0005 0.13 0.044
51 0.07 4 4 0.002} 0.005{ 17.7 | 0.52 | 14.5 | 0.22 { 0.31 | 0.037| trace | 0.0006| 1.90 |—0.007
52 0.06 | 0.03 4 0.002| 0.012) 18.0 | 0.52 | 14.9 | 0.20 | 0.50 | trace | 0.002| 0.0007! 5.20 [—0.021
53 0.07 | 0.04 4 0.003| 0.003| 18.0 | 0.50 | 14.8 | 0.23 | 1.10 | 0.035| 0.005| 0.0025 1.20 |—0.002
54 0.07 | trace 4 0.001| 0.003| 17.9 | 0.50 | 14.5 | 0.35 | 0.03 | 0.020! 0.016] 0.0025 0.80 0.004
55 0.05 U 4 0.003| 0.006| 18.0 | 0.53 | 14.9 | 0.39 | 0.98 | trace | 0.022| 0.0006| 0.64 0.008
56 0.07 | 0.03 4 0.005} 0.003| 18.0 | 0.51 | 14.8 | 0.46 | 1.06 | 0.068| 0.007| 0.0010! 0.50 0.011
57 0.06 | 0.05 4 0.004| 0.005| 18.0 | 0.49 | 14.0 | 0.49 | 0.56 | 0.050| 0.022| 0.0020| 0.56 0.014
* Sp=(S+20)/(0.5Y40.1Zr)  ** Yp=Y+40.2Zr—25—40
1 T
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Fig. 3. Effect of Mo and W on creep rupture time
at 1000°C under the stress of 3.5 kg/mm?
in 189,Cr-Ni and 229,Cr-Ni alloys.
Parenthesis numbers show creep rupture

time.
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Fig. 4. Effect of Cr content on creep ruptue time
of 0.079,C-159,W-0.5%Mo-Ni alloy at
1000°C: under the stress of 4 kg/ mm?2.
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Fig. 5. Effect of W content on creep rupture time

of 0.079,C~189%Cr-0.5%Mo-Ni alloy at
1000°C under the stress of 4 kg/ mm?2.
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Effect of Si and Mn contents on creep

Fig.
rupture strength of 0.072,C-189,Cr-152,
W-Ni alloy at 1 000°C.
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Fig. 7. Effect of C content on creep rupture
strength of 18%Cr-159,W-0.5%Mo-Ni
alloy at 1000°C.
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Fig. 8. Effect of Y, Zr, S and O on creep ru-
pture time of 0.079,C-18%Cr-15%,W-
0.59,Mo-Ni alloy at 1000°C under the
stress of 4 kg/mm?
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Fig. 9. Relative intensity of Cr, Mo, W, C, Zr and
Y in the precipitates at grain-boundary in
1894,Cr-1594W-0.59%Mo-Ni alloy.
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(A) Very few amounts of Y and Zr (Sy=5.09)
(B) Optimum amounts of Y and Zr (Sy =0.80)
(C) Excess amounts of Y and Zr (Sy=0.13)

Photo. 1. Optical microstructures of 189,Cr-152,W-0.59,Mo-Ni alloy heat treated at

1 250°C for 60 min.
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Fig. 10. Effect of Al, Ti, Y, Zr, S and O on creep
rupture time of 0.079,C-189,Cr-159,W-
0.5%Mo-Ni alloy at 1000°C under the
stress of 4 kg/ mm?2.
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Fig. 11. Effect of Yr on weldability of 189,Cr-15
2% W-0.59%Mo-Ni alloy. Weldability was
evaluated by (total crack length)/(fusion
area) obtained by TIiGAMAJIG test.
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12. Effet of Zr contents on weldability of 18
%Cr-159W-0.59,Mo-Ni alloy. Welda-
bility was evaluated by (total crack length)
/ (fusion area) obtained by Ticamajic
test.

The numbers in parenthesis shows indicate
the corresponding alloys in table 2 and 3.
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13. Effect of Al, Ti and Yy on weldability of
182,Cr-1594W-0.59%Mo-Ni alloy. Wel-
dability was evaluated by (total crack
length)/(fusion area) obtained by Ticamaj1c
test.
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14. Relation between applied stress and creep

rupture time of alloy No. 54 in table 3 at
900°C and 1050°C.
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Fig. 15. Relation between Larson-Miller parameter
and applied stress.
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Fig. 16. Relation between applied stress and creep
rupture time in air and impure He gas at

1 000°C.
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