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Change in Creep Curve Shapes and Applicability of 6§ Projection
Method of Ni-22Cr-18Fe-9Mo Alloy

Yuji KURATA and Hirokazu UTSUMI"

Department of Materials Science and Engineering
Tokai Research Establishment
Japan Atomic Energy Research Institute
Tokai-mura, Naka-gun, Ibaraki-ken

(Received April 3, 1998)

Change in creep curve shapes and applicability of § projection method of a Ni-22Cr-18Fe-9Mo
alloy developed for an intermediate heat exchanger of high temperature gas-cooled reactors have
been investigated with the following results:1) Creep curves at 800 T for this alloy, in solution treated
and in aged conditions, are tertiary creep dominated ones where most of the life is an accelerating
creep stage although a primary creep stage is slightly recognized in some cases. 2) Creep curves at
1000°C for this alloy in a solution treated condition are irregular ones which have a region with a low
creep rate preceding the steady-state creep rate and accelerating creep rate. This low creep rate stagé
diminishes after ageing at 1000TC. Creep curves at 1000T for the aged alloy are normal type ones. 3)
Creep rates at 800 and 1000T increase after ageing at 1000C. This effect is small under low stresses
at 1000°C. Rupture strain of the aged alloy increases because carbides formed on grain boundaries by
ageing suppress formation and growth of voids and cracks. 4) Normal type creep curves obtained at

10007C for aged Ni-22Cr-18Fe-9Mo alloy are fitted using the 8 projection method with four 6
parameters. Stress dependence of § parameters can be expressed in terms of simple equations. 5)
The 6 projection method with four § parameters cannot be applied to the remaining creep curves
where most of the life is occupied by a tertiary creep stage. Therefore, the 6 projection method
consisting of only the tertiary creep component with two 8 parameters was applied. The creep curves
can be fitted using this method.

Keywords: Creep, 8 Projection Method, Nickel-22chromium-18iron-9molybdenum Alloy,
Solution Treatment, Ageing, Primary Creep, Tertiary Creep, Normal Creep Curve,
Irregular Creep Curve
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Table 2 Creep test results of solution treated Ni-22Cr-18Fe-9Mo alloy

Test piece|Temp.|Stress| Time to |Rupture |Reduction] Steady-
No. (°C) | (MPa) rupture strain | of area |state creep

(ks) rate (/s)
XRR29 800| 68.6 2592.72] 0.527 0.417| 4.73E-08
XRR26 800 80.4 1061.5 0.527 0.507| 1.61E-07
XRR23 800 95 594.72| 0.557 0.41| 1.72E-07
XRR25 800 95 528.8] 0.727 0.602| 3.22E-07
XRR20 800{ 107.9 303.84| 0.803 0.652 6.39E-07
XRR27 1000 16 1980.94| 0.443 0.276| 1.04E-07
XRR15 1000 20.6 937.47 0.513 0.365| 2.75E-07
XRR30 1000{f 23.5 573.08 0.48 0.321| 4.05E-07
XRR12 1000| 27.5 292.32| 0.553 0.411| 8.48E-07

Table 3 Creep test results of aged Ni-22Cr-18Fe-9Mo alloy

Test piece|Temp.|Stress| Time to |Rupture|Reduction| Steady-
No. (°C) | (MPa) rupture strain | of area |state creep|

(ks) rate (/s)
XRA13 800| 68.6 1925.93[ 0.742 0.654| 1.83E-07
XRA08 800 80.4 924.16 1.04 0.71| 3.83E-07
XRA06 800 95 428.04 0.87 0.709] 6.90E-07
XRAO1 800 107.9 193.82| 0.978 0.737| 1.45E-06
XRA10 1000 16 2101.64 0.62 0.362 1.22E-07
XRA05 1000{ 20.6 682.2 0.637 0.47 4.12E-07
XRA12 1000 23.5 350.68 0.55 0.494| 8.80E-07
XRAOQ7 1000 27.5 186.41 0.76 0.565| 1.87E-06
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Table 4 9 values determined for each creep curve of solution treated
Ni-22Cr-18Fe-9Mo alloy

Test piece Temp. | Stress o1 8 2 @ 3 0 4
No. (C) | (MPa) (/s) (/s)
XRR29 800 68.6|-0.069872| -6.972E-07| 2.4583E-06|3.4523E-06
XRR26 800 80.4| -0.09715|-1.253E-06| 0.0013938[{4.4209E-06
XRR23 800 95| -0.42918| -4.437E-08 0.01632|5.2911E-06
XRR25 800 95| 0.036542| 5.8301E-06 0.027512]|5.3984E-06
XRR20 800| 107.9f -0.68174 -8.709E§07 0.001648}1.7535E-05
XRR27 1000 16]/-0.078899| -9.413E-07| -0.026045|9.2745E-07
XRR15 1000 20.6/-0.019382| -2.538E-06 0.089458|1.0794E-06
XRR30 1000 23.5/-0.062615| -2.818E-06 0.017033(|2.8726E-06
XRR12 1000 27.5(-0.079273| -8.196E-06] -0.023008|9.9908E-06
Table 5 © values determined for each creep curve of aged
Ni-22Cr-18Fe-9Mo alloy
Test piece Temp. | stress o1 e 2 @3 o 4
No. (*c) | (MPa) (/s) (/s)
XRA13 800 68.6] -1.1445|-1.521E-07/0.00021876|3.5941E-06
XRA08 800 80.4| -0.96038|-3.871E-07/0.00061116|6.6453E-06
XRA06 800 95| -0.88928|-7.393E-07] 0.0013222}1.2603E-05
XRAO01 800| 107.9 -0.248| -5.39E-06[ 0.0000366| 0.0000463
XRA10 1000 16 0.40442| 3.1304E-07| 0.0022549{2.2869E-06
XRA05 1000 20.6 0.3491]| 1.4524E-06/0.00081757|8.3821E-06
XRA12 1000 23.5 0.31199| 3.4138E-06] 0.0027957{1.2327E-05
XRAO07 1000 27.5 0.29892/0.00000711| 0.0077877| 0.0000196




Table 6 Coefficients of eq.(7) for 6 analysis
of creep cruves at 1000C of aged
Ni-22Cr-18Fe-9Mo alloy
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6, a b
e, -0.2112569| -0.0118207
6, -8.3481755] 0.11912666
6, -3.761144| 0.05306082
6, -6.8444314] 0.08040456
Table 7 Coefficients of eq.(6) for 6 analysis withonly 8, and 6, of
creep cruves of solution treated Ni-22Cr-18Fe-9Mo alloy
el al bl cl dl
o, -5.123523| 0.00393914| 0.03624874 -3.38E-05
e, -6.0996411| -0.0012182| -0.2261912| 0.0003026

Table 8 Coefficients of eq.(7) for 6 analysis
withonly @ , and 8 , of creep cruves at
800C of aged Ni-22Cr-18Fe-9Mo alloy

6, a, b,
0, -0.539127] -0.0023147
e, -8.1482321| 0.02788456
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Table 9 Coefficients of eq.(8) for creep rupture strain of solution treated

Ni-22Cr-18Fe-9Mo alloy

a,

b,

r

C

r

d

r

-1.2368607

0.00155243

0.00167399

6.622E-06

Table 10 Coefficients of eq.(8) for creep rupture strain of aged Ni-22Cr-

18Fe-9Mo alloy

af

b,

C

T

d

r

1.10569374

-0.0006661

-0.0178959

2.7125E-05
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Fig.1 Optical micrographs of Ni-22Cr-18Fe-9Mo alioy;
(a) Solution treated and (b) Aged at 1000°C for 1000h.
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Fig.10 Optical micrographs of Ni-22Cr-18Fe-9Mo alloy ruptured at
1000°C under 16.0MPa; (a) Solution treated and (b) Aged at

1000°C for 1000h. Arrows in photographs indicate grain boundary

migration.
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Fig.11 Optical micrograph of Ni-22Cr-18Fe-9Mo alloy aged

at 800°C for 1000h.
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