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The Effect of Grain Size on Creep Strength of a 23Cr-18W-Ni Alloy
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Rikizo WATANABE, and Yoshitaka CHIBA

Synopsis:

In order to estimate the long term stability of the creep rupture strength in a 23Cr-18W-Ni
alloy, which is developed for the use in a nuclear steel making process, the effect of grain size on
creep behaviour has been studied on samples produced by the conbination of various kinds of heat
treatment and cold work. Undissolved a-W particles were liable to prevent grain growth and this
caused increase in creep rate at 1000°C under low stresses.

The steady state creep rate, & with usual grain sizes and at 1000°C was found to be propor-
tional to @6 at high stresses and ¢2-%d? at low stresses, where ¢ is initial applied stress and d is
average grain diameter. Grain boundary migration and/or recrystallization were observed in the sp-
ecimens crept to secondary or tertiary stage at 1000°C. However, no evidence of grain boundary
cracking or grain boundary sliding was obtained. These results suggest that the obvious and strong
grain size dependence of the creep rate is related to recovery or recrystallization process near the
grain boundary.

When the grain size is larger than the critical value, the grain size dependence of the creep rate
becomes ambiguous. This critical value increases with decreasing applied stress. This observation,
in the engineering point of view, leads to the conclusion that the optimum creep strength around
1000°C at low stresses should be obtained when the grain size is about ASTM No. -1 (grain dia-

meter =400 ).
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Table 1. Chemical Compositions of alloy tested (wt 9).

Alloy c Si Mn P S Ni Cr w ’ Ti Zr
A 0.036 | 0.04 } | 0.005| 0.003| bal | 22.64 17.69% 0.47 | 0.031
B 0.038 | tr 0.01 ( 0.003 ' 0.004 ’ bal ( 21.77 17.99[ 0.3¢ | 0.048

Table 2. The relation between grain size and solution treatment of the cold finished tube (alloy B).

Solution treatment (°C, 1h W.Q.) 1050 1150 1200 1250 1300 1350
JIS grain size No. 9 7 4 2 —1 ~3
Grain diameter () 12 24 75 180 410 920
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Fig. 1. The effect of producing history on time
to rupture.
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Fig. 2. Changes in volume fraction of precipitate
particle and grain size number accompa-
nied by tube making. The grain size was
measured after the solution treatment as
indicated for each cold worked tube.
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Fig. 3. Time-temperature precipitation curves of
alloy A. The number denotes volume
fraction of precipitate particle in %.
The initial volume fraction of precipitate
particle is 0.1%,.
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Fig. 4. Steady state creep rate-stress curves of
alloy B with various grain size. Stress
exponent of strain rate, n, decreases with
decreasing applied stress.
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Fig. 5. The effect of grain size on steady state
creep rate. A minimum steady state
creep rate exists at some intermediate
grain size. This critical grain size in-
creases with decreasing applied stress.
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Photo. 1. Microstructures of alloy B with different grain sizes but same precipitation morphology.
a) solution treated at 1300°C for 1 h and followed by aging. b) solution treated at
1'300°C 1 h and subsequently cold worked by 15% and finally aged. The aging was
performed at 1050°C for 1000 h and subsequently at 1000°C for 230 h.

10

Yy ra

A 1000 °C

-~ —=—1000 °C 1000hr aged

—— As solution treated
10‘2 SR I BN IRE N1}

10 10° 10
Grain diameter ( V¥ )

Steady state creep rate ( °/e/h)

Fig. 6. The effect of full aging on the grain size
dependence of steady state creep rate.
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Fig. 7. Creep curves of aged specimens with dif-
ferent grain sizes, a), b) and a creep curve
of a specimen as solution treated, c).
The specimen a) is fully recrystallized
and shows the same precipitation mor-
phology as the specimen b). The micro-
structures and aging condition are shown
in Photo. I.
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Table 3. Chemical compositions of Cr-W-Ni alloys (wt %).

Alloy c Si Mn P S ' Ni Cr w { Ti Zr
c | 0.020| 0.02 | 0.01 | 0.001] 0.003 [ bal | 22.84| 1572 0.50 | 0.042
D 0.020 | 0.08 | « | 0.002| 0.003| bal | 20.32| 18.38| 0.44 | 0.042
E 0.042| 0.02 | 0.02 | 0.004| 0.002 ] bal | 22.26 ] 18.26 | 0.54 | 0.044

1000 °C 3.4 kg/ mn?
alloy C alloyD alloy E
~ tof
32
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Fig. 8. Creep curves of Cr-W-Ni alloys (see
Table 3).
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Fig. 9. Elonganon ratio of each grain and spe-
cific grain diameter in crept specxmens
as compared to those in specimens strain-
ed at room temperature. The calculat-
ed line was derived on the assumption
that cube grains deformed isotropically
without any grain boundary sliding.

2 ShB. —F, 75¢ LT O CriER OB A
STEREIO TIBER FEER L v b T X&E T
hoLorins. Fig 4R Lk o 1000°C; 3keg/
mm2 G SCER 7 Y — 7 REAE SR E R R
FHERH T, BE 2V — TERE AT DN ST ER
T b &R OBEBENHEERD STRE LD, oL
nEEER UBRETEEMC X AR D b X
Brcicn. ZOX 5 AR TRER 7Y — TEBHR
AR LTWA S Lavhn b2y, L/C o3 EHRAEEL
Fieie b, D/Dy & VAT & &2 0 DIkH
fERBLS L R RT D i DT S TR % 5E
SR BEET Lo LT, L L, —BcRRT
NDK@ﬁbtﬁﬁﬁ%@mﬁﬁ%ﬂ%%bf%%?%
Z LI BRTBDTW, Fig. 9wk Lick 5 1cfEdh
OEHENPNE L & DIEEMCHEBEL D /S
Qe HEFRFERITKR TR MR 50 b TS,
MR BB T2 ) — 7 ERPC B AR IHDEOH
e &SI LR T AR THESL EELDNRD.
Wiz, REBH G2 Y — 7B A s X O
SRS K- o Yo BEM B Bk A T3, Photo. 2 1T 5 ARRLEE
75 ORIF % 1000°C, 3kg/mm? T2 Y —7HEHB S8
AT, EERCHS 10.3% ¥ TER SRS
(Photo. 2(a)) 1IXig & A EBEFMEIED Dhisy
2, FRABEMNBEINS. Es V- TBBO 29.6
9% % G X T a (Photo. 2(b)) TR FALEE T
R YO RMABEN B BEShB XS,
1000°C, 3kg/mm? D&MTITER 7 ) — 7 HEL
KRR RS & A BRSO B B R 410
¢ OMEME EFR 0 12% ¥ TEBIwL MBS

Photo. 2. Microstructures in a specimen with ﬁne grain (grain diameter 75 p) crept by 10.3% a)
and 29.69% b) at 1000°C and 3 kg/mm?2 Arrows denote grain boundary migration.
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Photo. 3. Microstructures in a specimen with coarse grain (grain diameter 410z) crept by 129
at 1000°C and 3 kg/mm?2. Arrows denote curved twin boundary a) and grain bound-

ary migration b).
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Photo. 4. Recrystallization near grain boundaries
observed in a ruptured specimen.
Initial grain diameter is 410p. The
specimen was ruptured at 1 000°C and
3.4 kg/mm2 Rupture elongation is
329,
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