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Effect of Molybdenum Content on Creep-rupture Strength and Toughness
of 9% Chromium Ferritic Heat Resisting Steels Containing V and Nb

Kentaro ASAKURA, Toshio FuiiTA and Hisashi WATANABE

Synopsis:

The effect of molybdenum content on creep-rupture properties and room-temperature toughness of high
chromium ferritic heat resisting steels was investigated. Molybdenum content was varied from 1 to 2 wt%.
In order to obtain 9Cr-Mo-V-Nb ferritic steels with both high creep-rupture strength and superior tough-
ness, the amount of delta ferrite was controlled below 25%, and the optimum tempering condition and
mechanical properties after simulated welding have been investigated. The influence of molybdenum con-
tent on creep-rupture strength and Charpy absorbed energy was investigated with respect to the ratio of
delta ferrite to tempered martensite, the precipitates, and the microstructures.

Charpy absorbed energy of the 0.05C-9Cr-1Mo-0.15V~0.05Nb steel tempered at 800°C and then heated
at 600 ~ 650°C for 10*h was as high as 20 ~ 30 kgf-m. By contrast, Charpy absorbed energy of
0.05C-9Cr-2Mo-0.15V-0.05Nb steel was reduced to about 4 kgf-m after heating at 600~ 650°C for 10* h.
It is considered that the steel of 1Mo shows superior toughness because of its low carbon content and a
single phase of martensite. It was concluded that combination of superior creep-rupture strength and
toughness can be obtained by optimum heat treatment for the 9Cr-1Mo-V-Nb steel containing 0.05 wt%C.
Key words : high chromium ferritic steels; ferritic steels; heat resisting steels; dual phase steels;

creep-rupture properties ; toughness ; heat treatment ; molybdenum ; microstructures ; precipitates.
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Table 1. Chemical composition (wt%) and amount of delta ferrite (%) of steels used.
Steels C Si Mn P S Cr Mo \Y% Nb N o-ferrite
9M1 0.054 0.17 0.63 0.010 0.005 9.17 0.96 0.15 0.05 0.028 0
M2 0.065 0.16 0.55 0.008 0.006 9.06 1.28 0.15 0.04 0.030 2
9IM3 0.050 0.21 0.64 0.011 0.007 9.18 1.95 0.15 0.05 0.030 25
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Fig. 2. Effect of molybdenum content on creep-
rupture strength of 9M-series steels tempered at

700°C.
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Fig. 3. Effect of molybdenum content on creep-
rupture strength of 9M-series steels tempered at

800°C.
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Fig. 4. Effect of molybdenum on creep-rupture
elongation of 9M-series steels at 600°C.
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Fig. 5. Effects of tempering temperature on
Charpy absorbed energy at 20°C (a) and ductility-
brittlement transition behavior of 9M-series steels
tempered at 800°C.
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Fig. 6. Effect of molybdenum on Charpy absorbed

energy of 9M-series steels tested at 20°C after
each heating time.

Table 2. Charpy absorbed energy (kgf-m) of 9M1
at 20°C after simulated welding.
Heating time (h)
- 10 10? 10

Heating temperature ("C)

550 4.8 4.3 3.0

600 4.6 3.8 5.9

650 4.5 4.5 3.6
After HAZ treatment ; 0.5 kgf-m PWHT ; 4.9kgf-m
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Fig. 7. Effect of molybdenum on 102-10* h creep-
rupture strength of 9M-series steels tempered at
700°C and 800°C.
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Photo. 2. Transmission electron
micrographs of 9M-series steels
heated at 650°C for 10* h after
tempered at 800°C.
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Table 3 it 800°C #Ed & L%, 650°C THTE DB

Table 3. Identified precipitates in 9M-series
steels heated at 650°C after tempering at 800°C.
Steels |As-tempered 10h 100h 300 h 1000 h
IM1 M23Cs M33Cs M23Cs M23Ce M23Ce
M23Ce M23Ce M23Ce M>;Cs
9M3 M23Cq MgC(w) FesMo FesMo FesMo
MsC MeC
(w) ; Weak

(a), (b) 9M1 : 9.3 kgf-m
(c)~(e) 9M3 : 3.8 kgf-m

Photo. 3. Transmission electron
micrographs of 9M-series steels
heated at 550°C for 10*h after
tempered at 800°C.
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Fig. 8. Change in amount of residues extracted
from steels 9M1 and 9M3 heated at 550°C and
650°C for 10-10* h.
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Fig. 9. Relationship between Charpy absorbed
energy and extracted residues of steels 9M1 and
9M3 tempered at 800°C.
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Fig. 10. The ratio of My3Cg in residues extracted
from steels 9M1 and 9M3 heated at 550°C and
650°C for 10-10* h.

FREERIIHEMT A, 72720 9M1 ® 550°C MNELIC B W
TRIFEAE—FHLTWS. 9IM3 ® 550°C HNZk T it
10°h THINZ AV F—HETFT LIZ LD S5, REEE
DOWEMiE 103h HICA D RSB, IM3 @ 650°C Nk id
10h T ANV F—HETFT LI LD TWAHA, KRiE
11X 10°h RICHINT 5. 72 9MI1 3 650°C Tt
BT ANF—DIETHITIEAER SNV, ok
EDORBEEOEALIAIR L 22X ) 1T/ &,

CHOEHIICIMBAMIPP LA NF—-DET L, B
BEEOMME: IFELBFRICHY, BEER LRI
AINF—OBRERRTAE Fig. 90 &kd %5, 2
DFER, HREERIH 1.5wt% Ll Eic %5 LRI &
VEF—RFLIETIAEM@MERL T 5.,

Fig. 8 TH 572 9M1 & 9M3 0¥k %, 90°C @
HCl FCHLE S 5 & MpsCq D AN L, FRBEHIC L
BB MpsCe DEIE X Fig. 10 DX S i27% 5. 550°C il
BUIZBITH MysCe DEIAIE, 9IMI #53000h % TIIIT
—ETHDHDIIH L, IM3 33 TIZ 300 h TEALAA
Hh, MyCe DEIG WA T 5. 650°C IMEM T b
IM1 DFERFEFITH®D D MysCe DEE1E 3000h T
80% RIATITIT—ETH 5. fh)5, IM3 i 10h THEL
b MysCs DEIA WA L, 300h Tid#y 30% 3 THAE
WIET 3 %25, 20 3000h £ TLRIF—EDEE %R
T BRERICED D MaCo DRALYWEE IIEG R
WAtz <, 650°C BN E1E Fe,Mohs ML 72720,
M23Cs DHESHMBICHI L-bD L FEZ LN S,
FRREFICED S MysCe DEIEE Fig. 6 IR L 7-0K
WA NNF—DELE LB LTWVS,

HCl BB OKRELXMT4 7527 b A= -1 &
D TCHURIET % & Table 4 12/RT X 12, IML 12
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Table 4. Identified precipitates in residues of
9M-series steels after HCl-treatment heated at
650°C tempered at 800°C.

Steels |As-tempered 10h 100 h 300h 1000 h
oM1 vC vC vC vC vC
NbC NbC NbC NbC NbC
9M3 vC vC FesMo FesMo FesMo
NbC NbC NbC NbC

VC B X 08 NbC #H & h, 9M3 12k 10°h £,
FeoMo 25205 12Mb A, = D peAbiyHs HCl AL -
MBI 2270, MpCe DE—Z I {Tw
72729 ToH Y, Table 3 THON 227 VC, NbC
DEAtWIE 2 ) — THRIEE O EICERICEFS LT
WHLDEEZONL EHESHIXEDS t T
10Cr-2Mo-V-Nb i T & h 7z R O G S & 5
B L7853, Vi MyCe OMHUCHEE L TRAIL O &
AL RS D 2L @G LY, KRR, S
Mo VC i s . —4, 10Cr R Tid NbC
FEERETHEMICRB IR TWnAD, LD TVIRK
1L @A L CRA LS M5 2% &, VC & LT
Fribigfb 4 23R HETHLDEEZOND.

Pk, BENLZ S CREN, 5107 ) — THkTE
B, Witk C 2 ERLHA, 9Cr RO Mo Dkl
Bix 1.2~1.5wt% BitATH D, HMEELIEZS
LEIFZ1.0wt% VEREETHL LIBHTE 5.

5. #&

7274 VRO 7 ) — THRGREE & 8 A KR ISR
x4, %50 9Cr RMIC BT AMES X IR T
D 72912, 0.05C-9Cr-Mo-0.15V-0.05 Nb §i ©
MoE %#Z1fbL, Boh R T LODERDLI K
%h.

1) 79— 7HMBEICE XITT Mo BB,
800°C #t H ¥ L % M L 72 0.05C-9Cr-Mo-0.15V-
0.05Nb REOIBEIIEE LWHBHREOEIED LN
Vs,

2) 0.05C-9Cr-1Mo-0.15V-0.05Nb 8 O WY T & v
F— 12 600~650°C, 10*h % TdH 20~30 kgf-m &
D, BIFESESES K. OIS
BALEOR L RS2 EERETE, BbELVT Y
A MEABEBIC XD EEZOND.

3) Py VE—HEEMICB XITT MoBEDOEEIZK
X<, Mo oHERME 7274 MEZHL, BN %
NF—-DET ZEHES 5.

il

4) 72— THEEEB XY v VY —HEEYE
B AHE, KRMICx LT, 1.2~1.5wt% Mo %5
BMETHLHA, WHELZEHRTSE %13 1.0wt% Mo
HWETHA.

5) e VE—IRILT F V¥ —i3, Mo DHERMIC
Lo T MgC, Fe,Mo 7 & DM R GREERET
1.5wt% LhE) $5&, EFELIKTT 5.

6 ) Vi AL icBEE U CHLR L 2 HHl T 5508 L,
VC & LTH R b T 250 R T 5720, 207
WRE LM E SR HbDOLEZOND,

AHFFE O —EIE O A BB — B FE (BEF0 56
) B L ORERIIZE (B 57 £8) I2X27Z L%
389 5.
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