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Abstract

In order to check the effect of dislocation behavior on creep rate in 12% Chromium steel,
14 samples of different compositions were examined by creep rupture test, and subgrain si-
zes, distribution of dislocations and precipitates were checked. And, authors reviewed the
behaviors of dislocations, the formation and growth of subgrains and precipitates during
creep. The results are as the following :

1) Creep rates calculated by é=pbv show 10~15% higher values than actual data measu-
red. However, authors conclude that the density and velocity of dislocations together
with subgrain size are important factors governing deformation during creep in 12%
chromium steel.

2) The values of the strength of obstacles in the mobility of dislocations are more clearly
depended on the effective stress in the range of 10+ 5 kgf,”‘mm’ and increase with the
increase of temperature.
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Creep rates decrease with the smaller sizes of subgrains formed and can result in the
longer creep rupture lives(hours). The smaller subgrains can be made by forming shor-
ter free gliding distances of dislocations with very fine precipitates formed in the mat-
rix during creep by applying proper alloy design.
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Dislocation mobility gets hindered by precipitates occurring, which are coarsened by

the softening process governed by diffusion during long time creep.
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Nomenclature

b ! Burgers vector

. jog concentration

d © distance between martensite laths
. the bulk self-diffusion coefficient

€ . creep rate

€, . creep rate in steady state

€, . initial creep rate

E ! young's modulus

G shear modulus

K Boltzmann’s constant

p. - total dislocation density

pm - dislocation density in subgrain

ps, - dislocation density in subgrain boundary
T., G, - applied stress

T, O - back stress

T, 0. . effective stress

V [ dislocation velocity

Vs  dislocation velocity of steady state

> subgrain size
. the strength of obstacle
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Table 1 Chemical analyses of test samples (wt. %)
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Table 3 Values and related data for ferritic stainless steel

. a. O, o
© (ksi)  Ckgf/mm®) | (kgf/mm®)
g0 | 124 877 -
170 11951 | 059
L 20 18981 4478
60 | 360 | 25308 | 17077
420 | 2952 19.406
- """ 510 3588 22900
500 860 | 60458 | 45501

o) * 205522 5 X Cy— 0.0607 X (C) + 42. 557
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Fig. 2 Relation between the strength of the obs-
tacle, o, and applied stress, o, and effec-

tive stress, o.

Ggfimm? | o) | gy |
8717 | 15 | 12983 | 586
11355 102 | 12983 5.19
14.503 077 | 12083 5.00

8231 | 06 15750 1.83
10120 | 045 15750 | 168
12953 033 15750 | 158
14867 013 19600 | 057
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Table 4 Calculated subgrain size, density and velocity of dislocation, and creep rates

A e e | pe M(u)after‘ e s m Ve Ve Vo
Specimen | - , , — ‘]
‘( ) em” 2) (em Z) (em %) | creep (sec ‘) (sec ]) m Y | em/ 'sec) f(cm )| (cm/ sec)‘ Vi i,p’
B‘Z 177 3.142 6042 ‘ 2.538 ]Max 614 1323 209 3142X‘ 1.964 | 2.997 | 3.2455 )0 165 0955“
| | ><10° X10° | X10° |Mean 217 X 10 6\><10 X100 X10°* | ><109 X1
B—10 1.90? 3.139 6036 2.535 de 316‘ 2.078 | 22499 3139 2679 2957 2.834 0106\0945
‘ | X107 X10° ! X10° Mean102[><10 \><1o g X10°  X10 * P“O ©X10°¢ |
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kgf/ mm*
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Table 5 Creep rate dependent on creep duration(% , hour), tested at 640T, 14kgf/mm*

Tlme(hr) ;
Specimen %‘ 1 2 3
Id No. 5 ‘
 B-1 | om 002 | 000 |
B—2 . 028 | 020 0.15
~ B-10 0044 | 0028 | 002
o B-m [ odm | 0076 | 008
| Time(h) l I
Specimen 40 50 60

Id No. ! *

CB-1 | 00033° | 00033 | 00033
B—2 00443 t 0.0443 | 00443
B-10 00052 | 00045  0.0043°

CB-11 00294 00204 00204

* Start time of steady state creep
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Photo. 1 Distribution of dislocations and precipi-
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Table 6 Size distribution of precipitates after creep rupture test at 680C, 8kgf/mm® (unit : numbers)
L Sizerang (wm) . Rupture |
Sample | - e o oo 1T !

S Y et IRRNE 7 (12716 | 16=20 | total | howrs

 Bl-b . . 1 z 4 2 s 1T

BZ c i 2411 : 3 \ 5} 0 0 5 2419 221
B R R S S S R
B10* }23 i ) 1777 o 72 o Q 7 \ 70 ‘L i 126- ‘ 64* l
B10—c i B3 6 B \ ) O ‘f ) 1 l 0 E ” 338 ) 24?7 J

Bll—c 2483 2 1 : 1 1 0 2487 | 975

% Took out sample in 64 hours after the start of creep test
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Photo. 2 (a) : 64 hours after at 680C, 8kgf/mm*
with B—10.
(b) © 2477 hours after at 680C, 8kgf/mm’
with B—10.
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