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Effects of W on Mechanical Properties and Microstructure of a High-
strength 9% Cr Heat Resisting Steel
Kou-you RYUU and Toshio FuJjiTa
Synopsis :

The change of mechanical properties and microstructure has been investigated by substituting W for a
part of Mo in a 9% chromium heat-resisting steel.

Substituting W for a part of Mo has little effect on tensile and impact properties at room temperature as
well as creep rupture strength at under 600°C, but shows benefitial effects on long-term creep rupture
strength at above 650°C. This is related to the fact that the substitution reduces the coarsening tendecy
of precipitates and inhibits the formation of MgC which is considered detrimental to elevated temperature

strength.
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Table 1. Chemical compositions (wt %).
C Si Mn Ni Cr Mo W A\ Nb N
T1 0.15 0.05 0.45 0.49 8.76 1.78 — 0.14 0.063 0.0330
T2 0,15 0.05 0.40 0.47 8.89 1.34 0.61 0.16 0.059 0.0336
T3 0.15 0.05 0.43 0.48 8.98 0.69 1.47 0.16 0.061 0.0362
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Table 2. Heat treatment.
100°C/h

1100°C X 5h
680°C X 20h, A.C.

600°C, A.C.

Table 3. Tensile properties at room temperature.

0.2% P.S. T.S. El R. A.

Steel (kgf/mm®)  (kgf/mm?) (%) (%)

T1 81.2 93.2 18.4 60.1

T2 80.2 92.8 19.2 59.4

T3 78.3 91.4 20.0 61.2
680°C T 20h f727- D LR ICMLLA. 2V —7

BEHT S ER 1 AT E AR 6 mm, AZARIEEEE 30 mm OFA
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Fig. 1. Charpy transient curves for steels T1, T2

and T3 in the as-tempered condition.
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Fig. 2. Change in Charpy absorbed energy with
heating time at 600°C.
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long-term creep rupture strength at

above 650°C.

Photo. 1. Transmission electron micrographs for the specimens in as-tempered condition.
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Fig. 4. Master creep rupture curves for T1, T2
and T3.
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T1: R.T.=1430h

T2: R.T.=1203h

T3: R.T.=1007h

Photo. 2. Transmission electron micrographs for the specimens creep ruptured under 25 kgf/mm? at 600°C,
showing little change with testing time and no difference among the steels.

Ti: R.T.=1488h

T2: R.T.=249%6h

T3: R.T.=3000h

Photo. 3. Transmission electron micrographs for the specimens creep ruptured under 12 kgf/mm? at 650°C,
showing that the substitution of W for a part of Mo reducing the coarsening tendecy of precipitates.
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A: 650°C, 10 kgf/mm? (R. T.=5 880 h)

B: 650°C, 8 kgf/mm? (R. T.=13 460 h)

Photo. 4. Transmission electron micrographs for the creep ruptured specimens of T3, showing that
the substitution of W for a part of Mo stablizes microstructure upto long-term side.

T1: R.T.=200h
Photo. 5. Transmission electron micrographs for the specimens creep ruptured under 8 kgf/mm” at

700°C.
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Table 4. Identified precipitates.
Steel As 600°C 600°C 650°C 650°C 650°C 700°C
s tempered 30 kg/mm? 25 kg/mm? 20 kg/mm? 12 kg/mm? 10 kg/mm? 8 kg/mm?
- M;3Cq M33Ce Mz23Ce %z&ce M:%CS %g%;ca M33Ce
NbC NbC NbC NbC NbC NbC NbC
, (87.3) (1430) (173) (1 488) (2832) (200)
. M23Cs M323Cs M23Cs M23Cs hﬁggcﬁ %2%;(:6 Ma23Ce
NbC NbC NbC NbC aves NbC
Laves NbC
(164) (1203) (153) ( 232) (3790) (548)
M23Cs M23Cs M23Cs M33Ce rzsce yzacs M23Ce
aves av
T3 NbC NbC NbC NbC NbC Nbcfs NbC
. (96.7) (1007) (122) (3 000) (5 880) (805)
() : Rupture time (h)
3-4 HHRE
BRI EE ORISR L Table 4 IRT. —#IC, ! ! ' !
=y sRiirSmc B 3 White: MzCs
B U0LARBEMMICBWTIE Mo HAHWVIIWO—ERIX Hatched: MgC Target: Cu
2R Yy 7 ZZEBEL, —Eid MpX®” 7213 MysCe Black:  FeaMoW Filter : Ni
& MC DL BRALMOFIZADT, Thbop{b Mo ] W
T ) —
PHRELERDEENTVBY™) $7- Mo b5\ 12 [i5 1081

BWIZIRMEN L VWiGE, RREMI T Laves fHE L
THHT 299, RRFIEIC BV CERFRE T 3MEL
b FE R MpCe OfIZ 1L, LB D NbC bHTH LT
WAPZITT, oW FRE S s o, Zhioxd
LT, 650°C D ERECIWERINIC X A 8 0%
WAED SN TabbERIY MyCe A ED
NbC DIAHIC T1 881213 MeC, T2 81213 MgC B X U
Laves #1 (Fey (Mo, W)), T3 §4(2i2 Laves FHAHTHE T
L., bHILLELLHE~NS L, Tl 87Tt 650°C T
MeC DAEFH S 2 & b # {, 650°C, 20 kgf/mm?® BT
M BEMTRRRIASE 100 h ) 1242 MeC 253 TIZHELET 5 75,
U RER S CREBT L 72 T2 BX U T3 Tk MeC 12
Rl SN2z 650°C, 12 kgf/mm? BEWIATIC BT 5
BN OB — 7 O % % Fig. 5 \ORY. Mo
ZHIRII L7 T1 813 MgC DEY — 7 % MpsCq DZ
NEFASOBRETH, MCDESHILNENI L%
RLTWA, —F, Mo D—#%WTEE#Z 7 T2 5
T, MgCOEE -7 DEEH MysCs DENOH Y
RS D2 TwaB EFEEC, LED Laves 25T L T
Wwh, EHICWE AN T3MTiE MeC 283 & A &
EE2NT, Laves HO B AT & 5 128 2 T w5,
Koutsky® & & Mo HMEM®D & &, MgC 247 L=¥
WS, Mo D—l2WTE XX %L, MgC DARMEM
HLEBEMNIONLIE#BEL TV,

Mo & WIREESIR E TR EFHFOTwB L &N T
WBBEBHRE MY v 7 ZICEBET S Mo RUW
&2, THSREwoEE, 8 KX ERUTFHICX

Intensity (arbitrary unit)

T3

| | | 1
35 40 45 50 55
20 (deg.)

Fig. 5. X-ray diffraction chart for the specimens
creep ruptured at 650°C, 12 kgf/mm?, showing that
the substitution of W for a part of Mo inhibits the
precipitation of MgC but promotes the formation of
Laves phase.

LI EEYRTHS. FTHBICOVWTRE L, KIfET
X, MpX BloitHH»RIE SRS, LA Mo & W
7% MysCe, McC KU Laves HICHEET B L EXAONAD.
BImSBEEIC BT D MpsCo & MeC DIZEI 2 Y 5 72
%, Fe-Mo-C RIZHB1F 5 MpCs & MgC DHRIZET N
A Mo =% 58 L T Table 5 IZ7RT. MyCe D3T3
% FeyMoy,Co L £ 25 L, ZORMWPICETINLHE
7 Mo B 13.9wt% & 7% 5. Kuo® & Capex'? i
12 Cr RMHESRIC B VT MpsCe 7D Mo EXHIEL, 2
~11wt% LWy EEBETVWS. —F, MC DHTF %
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Table 5. Comparison of Mo content between
M23C6 and M5C.

Carbide FegMoyCe FesgMosC, FeaMoyC
Theoretical content of Mo (wt%) 13.9 44.9~61.5
Theoretical content of Mo (at%) 6.9 42.9~57.1

FesMosC % 7213 Fe,Mo,C & 25 &, MgC RO
B2 Mo & B ED 44.9wt% (FesMosC 124H %) ~
61.5wt% (Fe,MosC ICHIY) 2dFET A, Thbb,
FLEE -t > PRI H L TH MgC DFIC
FEHOND Mo A4 MysCo L VEHMWICEZ V. ZDZ
Eid, Mo DIRMEA—EDHHE, MaCe & MgC DT
HENFL2S, MCAMHELAIEIFIY » 27 R
WKEET 2 Mo 2054 7% {20, BEEBIE~DR)E
NEL L2 L FRENRSL. —F, Mo DiRE»s—
ET, HETAH Mo BRI L THRIE, MgC DT
A MpsCs KD A%< B, MgC 1ZTEHEAS MpsCo & [
¢, AL BHEA MpsCo L RIZETH AN T 1211
FREODENDE NI T ERS, MC OHHEIEDIZ
IV EHREING, FhlE, SRBECEFSTLH
BERAL EATHRIL 2 MR T 5 1213 MpsCe 2 BE S X,
McC DEREMZ B e —2FN e TFETHH LR
b ThEICTCHELZBHBILT S,
Fe-Mo-C 2D My3Co & MgC DA % B L 7295,
— WAL, MysCe & MgC OH D Fe ®—#ix Cr &
CVICE#Sh, T/, Mo O—FEIWICERI NS,
L L, TOBETH, MyCs U MgC DHIZET R
% Mo %\ ik Mo+W DJFEF/8—t ¥ MIEDHLLT,
FUL X, BIREEEHEFT SI21E MpsCe 2 %L

S, MC DEREHZ DI ENENTHL LW

mREOND., RIFERTIE Mo D—E*WTiE X2
5l ERERERMO 7Y - THEEEES LR T
B EDPHLPICENLD, UEDOKRESS, MC D
AR AWIERINC Ko TR S WD 2 L A2 0EE LR
BERTHD LIRS NS.

WML 7 T2, T3 ##iC Laves HHLATH L 725 %
DEEBRIIO>ED INTWi\, Koursky 52 % Laves
MO T 5 &, EEIEFETTALD b LANE
FEOBIMAKE L, 70— THEBEEIC TS5 ADO%R
HhHsrELTWAS —7F, /AR5 Laves #48
MosCe L WHLKAL L R F 728, 27 1) — FRERTSHREE S
EREMLRIFTELTWA., FRIRICBW T, XHE
¢ Laves HNRIE S Nz T2, T3 STz xibL 72

*ﬁﬂj%ﬁféﬁg’éﬁ‘f.ﬁ%f, Laves bR L LTV 22
WEEZBIENTESL., #£2C, ZOHFBIEELLA S
U — THERTSEEE BRIV T WD L E 2 A, 4%

 LICHFERIT I LEN DL LB Db S.

o

4. #

9 Cr WEMOF IR CEROFEMIMEE 3 X O
CRIFTWIRMOEBE LR ROX) hiER21E.

(1) 9Cr iH#SHTI1E Mo D —E* WTEMLTH,
HRFREMRCY v VE—HBRHEICH I VBB L&
vy,

(2) Mo D—#*WTEEHZ 2L, KEBEXVSR
BB TR 7 ) — THRRRE L D 5 2\ i, 650°C
T U 700°C O ERBAITIX 7V — THEKGRIE S EF 3
. WORMESREMBMNOMELNET LA
ThHEEZOND.

(3) RiRF OREROEHHM T, Mo % BRI
L7856 & Mo E WRHEATRIL 254, Mgk
ZEAEENZVH, BREREEHTE, BEOHIH
HHOBENBZ {, AP ENEETHS. Thid
WA oOmEY FR X422 —HThrLELILND.

(4) Mo ZBMURHIIL 28ICHE~XWE Mo 2 AR
U 7zsiiz, MeC DAEBMEAERBE LS. Zhid Mo
H B\ IIWO BB R UREAIT IR R ERE 3 T
MERESNDZ EICo%H Y, BRESHOY U — 7l
HEOEFRADODLIOCEDODERTHL LEZLNS.
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