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Effect of Mo and W on Creep Characteristics of Precipitation Hardened Carbon Free Martensitic Alloys

Seiichi MUNEKI, Masaaki IGARASHI and Fujio ABE

Synopsis : A new attempt has been demonstrated using carbon free Fe-Ni—Co martensitic alloys strengthened by p-phase and Laves phase to achieve

homogeneous creep deformation at high temperatures under low stress levels. Creep behavior of the alloys is found to be completely different

from that of the conventional high-Cr ferritic steels. The alloys exhibit gradual change in the creep rate with strain both in the transient and

acceleration creep regions, and give a larger strain for the minimum creep rate. In these alloys the creep deformation takes place very homo-

geneously and no heterogeneous creep deformation is enhanced even at low stress levels. The minimum creep rates of the Fe-Ni—Co alloys at

700°C are found to be much lower than that of the conventional steel, which is due to fine dispersion strengthening useful even at 700°C in

these alloys. It is thus concluded that the Fe-Ni—Co martensitic matrix strengthened by u and Laves phases is very useful to increase the

creep resistance at elevated temperatures over 650°C.
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Table 1. Chemical composition of the alloys used (mass%).

C Si Mn Cr Ni Co Mo W \4
Base 0.089 0.32 0.52 8.99 3.23 0.20
5Meo 0.0021 0.01 0.45 11.96 8.99 4.94
5W 0.0015 001 | 045 11.63 8.62 4.90
10W 0.0014 0.01 0.47 12.18 9.04 10.06
Ti Al Nb B N P S Fe
Base 0.047 0.0043 0.068 0.002 0.001 | Bal
__5Mo_ 0.18 0.085 0.0048 0.0011 0.001 0.001 Bal.
SW 0.2 0.087 0.0049 0.0014 <0.001 0.001 Bal.
10W 0.2 0.088 0.0050 0.0015 <0.001 0.001 Bal.

Ty FEBEILE, ATy M, Ky P A T40mm
O Ly b &L, 1200°C T 1 hD MR BB E
K 16mmfAEL L, BHRLAEIZ, 1000°C T 30min
T-72, BEBOHBEEE 4TS -0, B
A& FWT, 500~800°C T 10~6000 h D BFEHALEE % 11 > 7=,
F 7=, Table 112139Cr 7 = 74 b R#l % LbBAH & L THFED
L, UIFR=2ZMEMSZ L1235, N— ZMOEABET,
1100°C, 1h OBEE 72 5 L ¥ XU 770°C, 4h DFERE LA %
fEL7-, 2V — FBEMRERICIE, P EFEemm, R
30mm D SIHERIZRERH % By 650°C & 700°C D 2R E T
fTo72. ¥, 5% Mo, 5% W & 10% WD 3AEIZDNT
AR L O £ 2 ) — TERBRICH L, ARBRIE IZEE
B, EBICEAR AR T ) - TRBEEFEEL -, &
AL 3 LUV ) — TRERM O I 2 oS, RFEEE
e B RTIE FORME A AW THEER L /2, BRIz
HHOMHEEE, 1% T b I AFILT Yy EZTLIT T
F+10% 7 EF LT E LY +89% X4 ) —LigikEHNT
BRI L2, SO AERMERED XHEETIZL D,
HHEMORE (L FEATI K5 EEEIT - 7=,

3. EBRERPIUVEE
Fig. 1 {%, 1000°C, 30 min D AH(LILIR & & D 5% Mo, 5%

W& 10% WAESDNFHBEMEM TS5, 3L ET L
27274 PRERF -7 F4 tHBESZwI LT Y

F 4 HMEMEREE R L 22 BiA — 2T 4 b OFIIRGRIE,

W EFS0um THh » 7,

Fig. 2 &, REEABET AV 1I0KminOMEL LU
HHRE TRD 72 A, L M OBERELAIZKITTI Mo W
DEBELERLZ, IASHE2E LI, A, FRIZASTT
KOBERCEDOHEAZI VD, 5% WD M, fidflo2
A& & EM100°CENEAR L, THiZ, A, RHPE
ELTCoRNIICKDXBEEIATHIDIZH/LT, M, |
i Fe, Co, Ni & HARFEFHEED K E VMo WIZH < A7
LTWa=nt&EL6h3s,

Fig. 3 i%, 500~800°C T6000h F TORERNERIZHE S 5%
MoB& 4 (a) £ 10% WA E (b) DIFIFE{LZEE AR L -3
DTHbH, MAEOYHIE T, MEZEDFHVI0T

46

”?

a) 5Mo, b) 5W, c) 10W

Fig. 1. Optical micrographs of Fe—12Ni-9Co alloys with
5% Mo, 5% W and 10% W after solution treatment
for 30 min at 1000°C.
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Fig. 2. Effect of Mo and W addition on the transformation
temperatures.
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Fig. 3. Age-hardening behavior of the alloys with 5% Mo (a) and 10% W (b) on aging at 500 to 800°C for up to 6000 h.
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Fig. 4. Creep rate vs. time curves of the alloys with 5% Mo and 10% W comparing with the base steel.
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Fig. 5. Creep rate vs. strain curves of the base steel and the alloys crept at 650°C, 120 and 100 MPa.
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Fig. 6. Extraction replicas of the alloys with 5% Mo (a, b, ¢, d, e and f) and 10% W (g, h, i, j,k and 1) aged for 10 to 1000 at
650°C.
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Fig. 7. Amount of the extracted residue with aging time of
the alloy with 10% W.
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Fig. 8. Effect of temperature on the minimum creep rate of
the alloys and the base steel.
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Fig. 9. Chemical analysis of the extracted residue taken
from the alloys aged for 1000 h.
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