1320 B X W s 69 4 (1983) 10
S © 1983 IS
WX ZROFHMEZTLA —R T F A4 RO
BIR 7V — 7 ERICE X TR SRR DS
H ¥ OH FE BB R K*

Effect of Grain Size on the High Temperature Creep Deformation of
Austenitic Heat Resisting Steel with a Large Amount of Precipitates

Manabu TANAKA, Haruhiko ¥FuJiTA, and Dai FujisHIRO

Synopsis :

Effect of grain size on the high temperature creep deformation has been investigated at temperatures
of 873K and 973K on an austenitic steel 21-4N with a large amount of M,,Cq carbides as well as on
steel SUS304 without precipitates.

In steel 21-4N, steady-state creep rate decreased with an increase of grain diameter in the range
below 100~200y both at 873K and 973K. In the range above this grain diameter, it increased with
an increase of grain size at 973K, while it showed the minimum value at 873K. This increase in
steady-state creep rate at 973K was associated with the change in the microstructures during creep such
as coarsening of grain boundary carbides, formation of ledges and irregularities in grain boundaries.
Internal stress during steady-state creep in this steel was almost independent of grain size provided that
stress and temperature was constant, and it was primarily related to particle size and interparticle
spacing of M,;Cg carbides in the interior of the grain.

In steel SUS304, steady-state creep rate decreased with an increase of grain size, and showed a
constant value in the range above about 70x. This is attributed to a decrease in effective stress

(increase in internal stress) with an increase of grain size.
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Table 1. Chemical composition of steels used (wt%).
Steel C N Cr Ni Mn Si S P Fe
21-4N 0.54 0.39 21.10 4.07 9.74 0.19 0.008 0.017 bal.
SUS 304 0.08 — 8.60 18.04 1.32 0.34 0.016 0.32 bal.
Table 2. Heat treatment and grain size of steels used.
Steels Heat treatment Grain diameter, p
1373K x3.6ks — W. Q. + 1023Kx 108ks — A. C. 8.4
1423K x3.6ks — W. Q. + 1023Kx108ks — A, C. 24
21-4N 1473K x3.6ks — W. Q. + 1 023K X 108ks — A, C. 99
1523K x3.6ks - W. Q. + 1023Kx 108ks — A, C. 180
1573K x3.6ks — W. Q. + 1023K X 108ks — A. C. 310
1273K x1.8ks — W. Q. 15
1323K x1.8ks — W. Q. 30
SUS 304 1373K x1.8ks — W. Q. 65
1423K X1.8ks — W. Q. 140
1523K % 3.6ks — W. Q. 250

W. Q. : Water-quenched A. C.: Air-cooled
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Fig. 1. Variation of volume fraction, particle
size and interparticle spacing of precipitates in
the interior of the grain with grain size in 21-
4N steel after heat treatment shown in Table 2.
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2. Variation of particle size and interpar-

ticle spacing of grain boundary precipitates with
grain size in 21-4N steel after heat treatment

shown in Table 2.
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D : grain diameter

Photo. 1. Optical micrographs of
21-4N steel 'after heat treatment

shown in Table 2.
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Fig. 4. Grain size dependence of steady-state
creep rate in 21-4N and SUS 304 steels.
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Fig. 5. Applied stress dependence of steady-
state creep rate in 21-4N steel.
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LRGN BREECE . ¥, BOEII—F & LT
b, 21-4N GCIIRERREYHY 100 2 BB\ % 200 g
DET, @F7) —7HEIRNREELCHET. - h
& 7 ) — RN M TRAZE AR X0 DEET
WHHOERILNREL, &2 COBHERIVNEL 5
i35, ledge B EUB Y, RAMEKSSTILL,
BREHTD7 ) -7 MEIh s 2 ENEREEL D
hs.

(4) SUS 304 g\ Tk, —EDHEIES T ik
EW 7V — T HE DR SRRKTERN L D, cDC
b, ZOMTIRMBEOEAC & I RO
BORRCOBRBEOEEL 51F, GBRBENMEL 2T
REE B Uy BRI EEE 7 ) —
HEOHGHEREEEORSILEREIEZL bh 3.

(3) 7V —70FM= % A+ —1IERNERC LS
3, 214N $HTH 295k]/mol, SUS 304 $HCHy 302
kJ/mol ChH b, Zhiik r-Fe o HOIBOEMAL=
FAF — 270k]/mol T,

B b, EBRICBEIL Tk B Al
HEEERXXRR, LbORE #Mi—, BHEF RET
FREOLALRHOBYEL 3.
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