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Creep Mechanism of Fe-4.lat. pct. Mo Alloy at High Temperatures

Hiroshi OIKAWA, Makoto SAEKI, and Seiichi KARASHIMA

Synopsis:

Creep characteristics of a bce solid solution were investigated under constant stresses of 6~.40MPa at
1100~1200K in an argon atmosphere. The stress exponent for the steady-state creep rate was 3.2

and the apparent activation energy was 320 kJ/mol.

Creep curves were of inverse-or sigmoidal-primary types. After an increase in stress during the steady-
state creep, inverse transient creep curve without instantaneous plastic srain was obtained. These results

indicate that dislocations glide viscously.

Internal stress was determined by stress-transient dip test applying a back-extrapolation technique.
The average internal stress during the steady-state creep was obviously smaller than the applied stress.
Hence, the role of dislocations which glide viscously cannot be neglected in discussion of the steady-
state creep process in this alloy under the present creep condition.

The creep characteristics were discussed in terms of the motion of dislocations which drag the Cot-
trell solute atmospheres, using the average effective stress and the density of dislocations within subgrains.
The theoretically-expected values of the stress exponent and the apparent activation energy are in rea-
sonable agreement with the exerimental values. The calculated value of the steady-state creep rate is
about an order of magnitude smaller than the actually-observed one.

1. &%

SRS 72 ) - T RBEAEE 7 ) — TEHEDES
WEHEECONMENDRS &, BEEKGD 7 ) — 7 %83
MEBITRTREHEZE LS ROCHIEELS5.
Tthob, BEIV—THEE é& L2V —FEH 6, D
BafR %

axKapxp<_é%ﬂnm““mum“"m"(1)

TEELHAI, £ MR Tk n=5 TH 5,
HLBOEGETIE n=3 L2BE50855. 5L, n
ISR, Qc R RET oFEM =¥ —, R, T 13
BEDOEWRTHD. bbAABBR 21T, n OfEizs
SHEBICRET B0 T, 20 —7&Mre bR
BHb. BT r=3 LicbX5kr ) —7%E% [ H
ZE BT LS.

1t 4&Z0 02 nOfiicioT [HAS: IBASLRITIES
BHHV. UL, A—A&TE 7 ) ~FRUEBENS r OB LS
BAEVHHDTH OT, TR, AR E REBER, 554
OFTHRT 22 Y~ 788 z0 3 OXEE L TRET 5.

il

I HEBHOREF L LCid, Mg 25 % L&t Al
Mg RElE&ES (EOIHER) D2 ) — FEENET 5
, BELORELRRER TS, c0E8EDER 7Y
= 7T, MRz 0 BB T A B OER N EE
BEZRILLTHDZ EHEIDBRTNEDD, L
L, LY HFRERDOEETIE, ZOBOPFIERILNEKIC
TR TCBHILH E b,

AP ST D& &% & LT Fe-Mo E k%
By EF, ZoER27 ) - 2 2B HRL 5 &35
bDOTH%S. Mo OEFFHEEIL Fe DEFHERI D LY
8%KRE<, ¥l Mo 3ERTIX Fe hicnich &8
EET 20T, Fe-Mo B Al-Mg 5k & 586
PoREF 2 R+ REM L B B. D Fe-Mo Z& & D5
7V -7 LT, ZhTCEROEEY -1 52
WL HERRO D I oW T BT O HENB L. AHT
i3, 4.1at% © Mo %#4%r Fe-Mo &4 DEEIc k) %
7Y — FEEE NSRS OWTRT.

* O 53 £ 10 AASHEEARICTTHEE WM 53 £ 9 B 29 HEft (Received Sept. 29, 1978)
WAL RFET %4 T (Faculty of Engineering, Tohoku University, Aza-Aoba Aramaki, Sendai 980)
o R RFERER (B NS () B % 7) (Graduate School, Tohoku University, Now Technical

Research Laboratories, Kawasaki Steel Corp.)

— 121 —



844 g & W

5 65 4 (1979) 4% 7 %

Table 1. Chemical cmposition (in wt%) of
the alloy.
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Fig. 1 Design of specimen (in mm).
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Fig. 2. Steady-state creep rates, &, of Fe-4.1 Mo
alloy at 1 150K as a function of applied
stress, og.

Types of primary creep curves are indicat-
ed by marks.
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Fig. 3. Steady-state creep rates, &g, of Fe-4.1 Mo

alloy as a function of temperature, T,
under 14.0 MPa,
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Fig. 4. Typical example of the application of the
back-extrapolation techniquet®) for results
of stress-transient dip test during steady-
state creep of Fe-4.1 Mo alloy. Horizon-
tal lines represent the periods of stress
stagnation after the stress dips.
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Fig. 5. Ratio of average internal stress to applied
stress, i/, as a function of applied stress
in steady-state creep stages of Fe-4.1Mo
alloy at 1 150K,
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Fig. 6. Examples of time-displacement recordings
in stress change tests during creep of Fe-
4.1Mo alloy under 14.0MPz at 1150K.
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Fig. 7. Apparent instantaneous elongation, 4I*,
and apparent instantaneous contraction,
Al-, as a function of change in stress,
da, during steady-state creep of Fe-4.1
Mo alloy at 1150 K under base stress of
14.0MPa,
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Fig. 8. Examples of transient behavior after stress
changes during steady-state creep of Fe-
4.1Mo alloy under 14.0MPa at 1 150K.

4. E =

41 1RO V-8R

AEBROMEALBI LK 7Y -7 HH IS FRAY
Hlkr ) —FRBFH27)—FEEEDBELIIDHED
UG DT, S DEE, W7 ) —7TEE &
LEE s ) — FEE & DT &/620.5 BETH
BL, A2V —THE én & & EODHD ém/éss2
BETHL. DXk iR Fe-Mo §RI2W\T
CThETRBE IR D® LABEDOLDOTHDL L, &
72, Al-Mg &4 TRD LR TW5 E DOTRREIDE
b X HEA L T2,

L, AUSFERABIMIKZ ) -7 EEDTYH,
Cu-Al 54 THD LR TS én/és=101~1015 L\~ 5
L5t d oW TR, T L OBERE L ki,
CoTEiE, Lkr v — e Us MBI ORE,
Fe-Mo &4 Al-Mg && 0841y, Cu-Al 540
BEDY 5B OTRIWZ ERRLTV 5.

Cu-Al £&0BE1h, B0 D EBNIHERL D
DTHD T UL, s DEEHBEH DR TN, L
L, PERIGT U~ B R OREITI D TE L
L, 7 ) — 7 A BRI S 5 EERED
FENE LS AEL D, Bz ) EEE S &
#3NX L s, EMARBAE, EBE EBMoT)
EROKRELYEBEE T 7 - FEREBILTHIREY
Lol 5.

Fe-Mo &4 <Tit, 17V —7#Hlickds29)—7
HEOO TR (B D\ X 2k E ki
. ooz ki, AESOSEARE, BE 2V - Tk
BT SO ) BB ERE R FE R E ST

— 124 —




Fe-4.1ato,Mo &40 7 v — 7 ikiE 847

HL bR THLDOTHD. ZOEHRIT, ITFTRN
LHRHOBERELBFATS.
4.2 EHID=DEE

A cE bR 1k 7 V) - 7HBOTR, b0
EH 2V — 7RG AN NEEROXE) (BB
THREIORAE 7Y — 7HEER) &, wTFhiks
D= DEEID KR LD THBZ EEZRLTHA, X
biz, EH 27V —7HOPERIGTIvSend, BHE2Y
— 7 E W% U % LTz O IR OE B R T
R WEERLBEEEDSTWE I Ebnb.

LT AT, Fe-4.IMo FHDER 7 V — 7 OIEIIRE
n %, AHEOEMLEDO T T, n=3.240.2 THB. =
DEEKMEZD 7 ) =7t LCBETFHEIh W5
n=3 W ETIEH 5, Fe-Mo RAELMEOHET
(Fig. 9) % Bhut, 4.1aty Tixn OfEIXER 3.0 F
TIHETLTOARWELL LEBRREIFS ThHD. X
bz, SR IhEY o0& Tr Y —TERLE
BEOBBIIY 7 Ay VA Y —REALTWAS.

FEX =3 T, +7 Ay VX -DBPRI NN EH
Mtz 2 ) =7 ORBLREO L SwELDRD T LB
Botedy, AEROBRIZO FHECKTHLOTH
B. Fichb, n>3 THIAYVEY —REELTH
Th, EBH 2V~ ITERK LR ORI b EE)
NEERRAYRELCB5E5035 5. R UikH
Fe-1.8at%Mo 441 5 L 18 Al-2.2at%Mg &49 T
LELR TV 5.

4.3 EBEIY-—-THY

7V = FERIR AT, BAOMEN- ) EgrEE
B EE R LTWAEBAE, BEE 712 BaLey-
OrOWAN O

F= P oo (2)
TRENTE A, & T pw \DEBEMEE, 0 1 3EMD

1 ' i
Fe -Mo
STN.. ¢ 1124K 7
N °1150K |
e 4 .\ 7
o\.
\o\
3k 4
\ | 1 |
0 0.02 0.04
NMo
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Fig. 10. Applied-stress dependence of creep rate,
és, average effective stress, %, and density
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subgrains, p¢?%, in steady-state creep of
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