% & $8 Vol 85 (1999) No. 11

71541 VERSROERY U —TERICRIET
BEA Mo, W RUITHH R 21E4 DR R

R 4R

v S 12

Effect of Solute Mo, W and Dispersoid carbonitride on High Temperature Creep of Ferritic Steels
Yoshikuni KADOYA and Etsuo SHIMIZU

Synopsis : The creep behaviour of alpha iron and its solid-solution Fe~Mo and/or W alloys and Fe-Mo and/or W with MX alloys was investigated at

temperature of 600°C (0.487,,, 7,,: the melting temperature) under stress of 30 to 120 MPa. The results showed that the creep curves of these
alloys were similar to those observed for ferritic steels. The minimum creep rate of £, for solid-solution Fe-Mo and/or W alloys was three
orders of magnitude lower than £, in alpha iron. Also £, for Fe-Mo and/or W with MX alloys was five orders of magnitude lower than
£, in alpha iron. By the dispersed MX particles the stress exponent of , n, increased to 11, while it was 7 in alpha iron. 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
strain, while the misorientation of subgrains increased with strain. The rate of refinement for the subgrains of these alloys, however, was de-
pendent on the solute Mo and W, its concentration and the dispersed MX particles. It is suggested that creep of these alloys is controlled by
the mobility of dislocations in the subgrains and sub-boundaries under the present experimental condition, though the subgrains are refined

due to creep.

Key words : solution hardening; dispersion hardening; high temperature creep; alpha iron; dislocation mobility; subgrain; sub-boundary.
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Table 1. Chemical composition and heat treatment of
model alloys studied.

(mass %)
Grain size (u m

Steels C

0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.06
0.06
0.06

Heat treatment

Mo W \ Nb

1.20
0.86
0.51
0.34
0.24
0.15

1.63
1.17
0.70
227
1.63
0.93

N:1000C 300~400

0.08
0.08
0.08

0.2
0.2
0.2

) N': 1000 °C
0.51 T: 750 °C-0.5h 30
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0.70
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Fig. 1. Creep curves for model alloys: (a) strain rate versus
time; (b) strain rate versus strain.
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Fig. 2. Stress dependences of minimum creep rate for
model alloys.

7154 b HEEROERY Y — TERCRITTEE Mo, W RUHTHURE LMD R

DOIEHERE, n=T7h»56n=11%0, FrHEILOTHRAS
BhTnd, —h, ZhoDFELWI ) — FIEFOBMIC

HLT, MXOFH#ELERX— 2L CEB®E{LEMA 7
EFNAEORNY ) — THEE I 2HEBREOET D 5
hr-,
3-2 7U—7EREBICEL 3 THEBZEIL
EFLAED s Y — THERERH ORER & RIS
R% Fig. 3% K UFig. 4128 T, &k, ThbHEEBRE
HOFMBHMIL 7z, WTFhORBZBWTEY T oLV
4 ViGOBR BB O, Y TN X)) —BXOYT
4 vHOENEHEERI N, £72, Fig 4l T &
ST MX R & X B 7= L E T LA EDHAI
2, B A Y M3 AEMXOBFIZLDEHENT
WBIBANRE L, MXK T A EM O EII N T 2 HR kR
EBLESTWEIERbRSE, ZThk), Hilke &3
BOBEHEHAHWTYH T LA v 4 X#EHIL, BREIEH
TEM LR E Fig 5128 d, B, RFRLFEUH
FEThs7 x4 b HEAEMD500~800°CDRL DIREH
DEERIERD & EHIL 72 Glover 56 YD 7 — &2 %2 LD 129
B L7, M obhb ki, BREhIYy T4
vH A RIRTLT VHA MROBA Ve FERRICARIE D
TRETX5ZEMBERINE, 2, AHFROBRIZ,
Glover 5 DHERE 3 LR T B Z LB LN,
Xiz, 2V —THRBRRF OHBBEER/ER» L, ¥
) —FOVEADER YY) — TOBRE» GBI TV 4 v

Fig. 3. Transmission Electron Micrograph
of ML (0.51Mo) model alloy:
(a) 600°C—40 MPa;
(b) 600°C—60 MPa;
(c) 600°C—80 MPa.

Fig. 4. Transmission Electron Micrograph
of PSM (0.51Mo-V-Nb) model
alloy:

(a) 600°C—80 MPa;
(b) 600°C-100 MPa;
(c) 600°C-120 MPa.
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Fig. 5. Subgrain size versus stress for model alloys.
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Fig. 6. Evolution of dislocation structure during creep for
model alloys: (a) subgrain size versus strain; (b)
dislocation density within subgrains versus strain.
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Fig. 7. Total misorientation () and misorientation () as a
function of strain during creep for model alloys.
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Table 2. Stress exponent, n, as measured during creep for
alpha iron and Fe—Mo and/or W alloys.

Composition | Stress range| Temperature | Stress exponent

Note
(at.%) (MPa) ) n
Fe 30-40 600 7
- 0.5Mo 40-80 600 9 Present work
- 0.5W 40-80 600 9
- 0.5Mo/W|  40-80 600 9
Fe 20-40 595 72 g:g(ell? 1,: al.
N Ref(11)
Fe 28-37 682 ~8 Fuchs et al.
Fe 34-40 605 6.9 gflfigazgt al.
Ref(13)
Fe 14-40 600 6.7 Karashima et al.
Fe 24-38 584 115 Ezi('ll:y) etal.
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Fig. 8. Relation between subgrain size and dislocation
density within subgrains for model alloys.
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Fig. 9. Subgrain size as a function of time during creep for
model alloys.
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Table 3. Apparent activation energies, Q. as measured
during creep for alpha iron and Fe-Mo and/or W

alloys.
Composition| Stress range | Temperature | Activation energy Note
(@t.%) (MPa) 49) Qc(k) /mol)
Fe 38-40 600-700 300
- 0.5Mo 38-40 600-700 399
Present work
- 0.5W 38-40 600-700 387
- 0.5Mo/W| 38-40 600-700 391
Fe 35 595-695 360 g:fi‘el]? Zal al.
Feado | 38 | oo | 3w RO
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Fig. 11. Relation between strengthening factor and AQ,

for model alloys.
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Fig. 12. Transmission Electron Micrograph
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for MX particles.
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