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Effect of Solute Mo and W on Transient Creep Deformation of High-Cr Ferritic Steels

Yoshikuni KADOYA 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 160 to 168 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 ailoyed with Mo and W was one order of magnitude lower than
€, in base steel. Also it is found that transient creep stage is controlled by glide using the stress-change technique under the present experi-
mental condition. Furthermore, the changes of strengthening factor can be described as a function of the solute mole fraction, C, times the
second power of the size-misfit parameter, 2. In the range of high W mole fraction, however, the changes of strengthening factor deviate
from the linear relation line which represents CX £2. This is suggested that transient creep of these alloys with high W mole fraction is con-

trolled by cluster hardening, in addition to solid solution hardening.

Kye words : solid solution hardening; cluster 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 SN |[C|M|W/|Nb| V]| N |MotW(at%h
PHI [ oni [ o7 ] 010 | ooos]ooo [ odo |90 — [ — [oos[oan]omsn]| —
PH2 [ o012 008 | oo ] o007] 000 | 039 899 | 120 — [oows|o2s[omszs| o7
PH3 | 012|007 | 010 | 0.006 | 0001 | 040 | 899 | 085 | — |0049[0203] 00323| 03
PH4 [ o012 009 | 010 | 0.007| 0001 | 039 | 904 | 047 | — |o0o04s]0200{ 00312 03
PHS [ o012 007 010 | 0006 | 0oor | 00| 901 | — [ 225 ooer|0203] 003as| 07
PH6 | 012 | 006 | 0.10 | 0007 | 0001 | 040 | 901 | — | 166 | 0046|0202 0035|035
PH7 | 01| 007 ] 009 | 0006 | 0001 | 039 | 898 | — | 100 | 0045|0202 00360| 03
PH8 | 01| 009 | 0.09 | 0007 [ 001 | 040 | 895 [ 035 [ 167 |oose] 020100360 07
PHO | o012 | 008 | 0.10 | 0008 | 0001 | 040 | 897 | 024 | 120 | 0051|0201 0361 05
PHIO | 0.1 | 007 | 0.10 | 0007 | 0001 | 040 | 895 | 015 | 071 | 0069|0201 | 00361 03
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Fig. 3. Linear relation between the stress change, Ac and

the instantaneous strain, A¢ during transient creep
stage of martensite model alloys.
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Table 2. Measured various strain rate and internal stress
during transient creep stage for martensite model

alloys.
Steels £, £ 2(A 6 =30MPa)| o, fromeq.(l)
(1/h) (1/h) (MPa)
P2 1.50X10° 257x10° 9.98%10'
P5 1.30% 107 2.57%10° 9.98% 10’
P8 1.00X10° 2.05%10° 9.98x 10'
PH2 1.50X10° 1.80x10° 9.97x10'
PH5 1.20%10° 1.02x10° 9.98x10'
PH8 1.20%10° 1.80% 107 9.97x 10"
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Table 3. Lattice parameters obtained by X-ray diffractometer method and measured size-misfit parameters for martensite model al-

loys.
Steels Cs Lattice parameters (IQ"mm) AQ/ACs (600°C)| Size-misfit parameters:
(Mo+W, at%) 25°C 600°C (10 °my%) £ (600°C) from eq.(2)
P1(Mo/W free) 0.000 2.86875 2.88786 -
P2(Mo) 0.641 2.87257 2.89050 412%107 142X 107
P5(W) 0.658 2.87350 2.89151 554% 107 1.92%10"
P8(Mo/W) 0.669 2.87384 2.89147 539% 107 1.87%10°"
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Fig. 4. a): Amount of precipitates for martensite model alloys as tempered and creep ruptured condition, b): Change of amount of

precipitates for martensite model alloys during creep.
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Fig. 5. Relationship between Mo+W in matrix obtained
by quantitative analyses and Mo+W as cast for
martensite model alloys.
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Fig. 6. Transmission Electron Micro-
graph of specimen after the stress

change test during transient
creep.
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Fig. 7. Change in the slope of creep rate, Alog £/4log ¢,
during transient creep stage for martensite model
alloys with applied stress/yield stress (600 and
650°C).
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