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Behaviour of Dislocation Substructures during High Temperature Creep of High-Cr Ferritic Steels

Yoshikuni Kapoya and Etsuo SHIMIZU

Synopsis : The creep behaviour of martensitic 9% chromium steels and the steels alloyed with Mo and W was investigated at temperature of 600 to

650°C under stress of 238 to 350 MPa. The results showed that the creep curves of these alloys were similar to those observed for martensitic

9-12% chromium steels. The minimum creep rate of £, for model steels alloyed with Mo and W was one order of magnitude lower than

g

‘min

in base steel. Also the changes of strengthening factor can be described by the effect of solid solution of Mo and W. The observed sub-

structure revealed that sub-boundaries with well-knitted dislocations were always formed and the subgrain size in steady state was inversely

proportional to the applied stress. The subgrain size and the dislocation density within subgrains during creep decreased unequivocally with

increasing strain, while the misorientation of subgrains increased monotonically with increasing strain. The rate of coarsening for the sub-

grains of these alloys, however, was dependent on the solute Mo and W and its concentration. It is suggested that creep of these alloys is con-

trolled by the mobility of dislocations in the subgrains and sub-boundaries under the present experimental condition.

Key words : solid solution hardening; dispersion hardening; high temperature creep;martensitic steels; dislocation mobility; subgrain; sub-boundary.
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Table 1. Chemical composition of martensite model alloys

studied.
(mass%)
Steels C Si [Mn| P S Ni | Cr{Mo| W|[Nb{ V N
P1 0.11 [ 007 | 0.10 | 0.006 | 0.001 | 040 | 9.03 | 0.01 [ — | 0.049{ 0201 { 0.0372
P2 012} 008 | 0.10 | 0.007 [ 0.001 | 039 | 899 | 120 | — | 0.049] 0.203| 0.0323
P3 012 | 007 | 0.10 | 0.006 | 0.001 | 040 | 899 | 0.85 | — | 0.049| 0.203 0.0323
P4 0.12 | 0.09 | 0.10 | 0.007 | 0.001 | 039 | 9.04 | 047 | — | 0.048] 0200} 0.0372
P5 012 | 0.07 | 0.10 | 0.006 | 0.001 | 0.40 | 9.01 | 0.02 | 2.25 | 0.047 | 0.203 | 0.0345
P6 0.12 | 0.06 | 0.10 | 0.007 | 0.001 | 040 | 9.01 | 0.02 | 1.66 | 0.046 | 0.202 | 0.0345
P7 0.11 | 0.07 | 0.09 | 0.006 | 0.001 | 0.39 | 898 | 0.00 | 1.00 | 0.045] 0.202 | 0.0360
P8 0.1 | 0.09 [ 0.09 | 0.007 | 0.001 | 040 | 895 | 035 | 1.67 | 0.054 | 0.201 | 0.0360
P9 0.12 | 0.08 | 0.10 | 0.008 | 0.00t | 0.40 | 897 | 0.24 | 1.20 | 0.051 | 0.201 | 0.0361
P10 | 0.11 | 007 | 0.10 | 0.007 | 0.001 | 040 | 895 | 0.15 | 0.71 | 0.049 | 0.201 | 0.0361
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Fig. 1. Stress versus time to rupture for martensite model
alloys.
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Fig. 2. Strain rate versus time for martensite model alloys
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Transmission Electron Micrograph of crept specimen at 600°C—250MPa:
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Fig. 6. Subgrain size versus normalized stress for ferrite

model alloys (previous paper”) and martensite
model alloys (present work).
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Fig. 7. Transmission Electron Micrograph of crept specimen at 600°C-300 MPa:
(a) P1(Mo/Wfree), £=0.01, t=12h; (b) P1 (Mo/Wfree), £=0.18, r=19h; (c) P2(1.2 Mo), £=0.02, r=35h; (d) P2(1.2 Mo),

£=0.18, t=45h.
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Fig. 8. Evolution of dislocation structure during creep for
martensite model alloys: (a)subgrain size versus
strain; (b) dislocation density within subgrains ver-
sus strain.

POWML L TEBRELLZZ2DIZRHLT, LT V¥4
FMERED Y T IV A VISHH e REE S & AL L TEFEIR
BEL BB ENBELXD, £/, TOVTTLA VYA X,
$TL4 VHDEMNEE L SBKROT oD, TO/KR
ARiYO7 274 PEBEOF -4 (BEYFS) &L
L T Fig.101Z7R T4, ds=KNp DBARY TR TZE %,
T, Fig. 3OIZM LT oL 4 Y NDEMERIL,

55

o©
o

600°C-300MPa

o
—
T

O : P1(Mo/W free)

Total misorientation B (rad)
=)
=
v3

@ : P2(1.2Mo)
@: P5(2.3W)
H; P8(0.3Mo1.7W)
0.0 . .
0.001 0.01 0.1
Strain

Fig. 9. Total misorientation (f3) as a function of strain dur-
ing creep for martensite model alloys.
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Fig 10. Relation between subgrain size and dislocation
density within subgralns for ferrite model alloys
(previous paper) and martensite model alloys
(present work).
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Fig. 11. Subgrain size as a function of time during creep
for martensite model alloys.
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