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Effects of Mo and W Contents on Creep Rupture Strength and Toughness
of a 10% Cr Heat Resistant Steel

Xing-yang LLIU and Toshio FuJiTa

Synopsis:

With the Mo equivalents (wt%Mo+ 1/2 wt%W) being within the range of 1.2-1.6%, the effects of Mo and
W contents on creep rupture strength and toughness have been investigated for a 10 Cr heat resistant steel.

(1) With the Mo equivalent being a constant of 1.2, variation in W and Mo contents shows little effect on
the toughness and on the creep rupture properties at under 600°C as well as on the short-term side of
higher temperatures, but the steel containing more W shows higher creep rupture strength on the long-term
side of 700°C.

(2) The steels containing more Mo or W show lower toughness when heated at 600°C, but increased creep
rupture strength at 600°C as well as on the short-term side of higher temperatures. The change is related
to the fact that the increase in Mo or W content enhances both solution hardening and precipitation harden-
ing under the conditions mentioned above. However, the increase in Mo or W content has no any beneficial
effect on the long-term creep rupture strength at above 650°C. The increased coarsening tendecy of pre-
cipitates resulting from the increase in Mo or W content was considered the factor detrimental to the creep
rupture strength on the long-term side at above 650°C.

(3) The steels developed in this study show a extrapolated 10°h creep rupture strength of as high as
15-20 kgf/mm? at 600°C and 7-9 kgf/mm? at 650°C. It is evaluated that these steels would be applicable at
up to 621°C as the rotor material.

Key words: 10% Cr heat resistant steels; creep rupture strength; toughness; solution hardening; precipita-

tion hardening; coarsening; Mo and W contents.
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Table 1. Chemical compositions (wt% ).

C Si Mn Ni Cr Mo w \Y% Nb N Mo,
S1 0.14 0.07 0.47 0.70 10.48 0.29 1.78 0.20 0.054 0.055 1.18
S2 0.13 0.05 0.49 0.70 10.30 0.49 1.78 0.20 0.056 0.040 1.38
S3 0.13 0.06 0.48 0.70 10.44 0.68 1.79 0.20 0.055 0.052 1.58
S4 0.13 0.06 0.47 0.70 10.45 0.29 2.17 0.20 0.055 0.052 1.38
S5 0.12 0.07 0.46 0.70 10.52 0.69 1.81 0.20 0.054 0.059 1.60
sS6* 0.13 0.07 0.46 — 10.40 0.69 1.79 0.20 0.054 0.052 1.59
S7 0.13 ©0.06 0.48 0.70 10.51 0.48 1.44 0.20 0.058 0.056 1.20

* Co:1.01%

Table 2. Heat treatment.
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Fig. 7. Comparison of 10°h creep rupture
strength between traditional ferritic heat resisting
steels and the steels developed in this study.

Table 3. Tensile properties at room temperature.

Steel 0.2%P. S. T. S. El R. A
teels (kgf/mm?)  (kgf/mm?) (%) (%)
S1 81.3 91.5 18.5 63.6
S2 81.0 90.5 19.0 65.5
S3 80.8 92.0 16.3 60.6
S4 78.9 90.1 18.7 65.1
S5 80.1 91.0 18.9 64.4
S6 82.2 93.5 16.7 60.4
S7 79.4 90.3 18.5 64.2
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Fig. 8. Charpy impact properties at room temper-
ature for the as-tempered specimens.
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Photo. 1.

Transmission electron micrographs for steels S1, S2 and S3 in the as-tempered condition.

Photo. 2. Transmission electron micrographs for steels S1, S2 and S3 after heated for 10* h at 600°C.
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Photo. 3. Transmission electron micrographs for steels S1, S2 and S3 creep ruptured at 700°C,

9 kgf/mm® (S1: R.T.=802h; S2: R.T.=378 h; S3: R.T.=452h).
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Table 4. Precipitates identified by X-ray diffraction. & 05 T
E I~ ’ 5
a : Precipitates in the specimens heated at 600°C ~ ~ ~ —~ '
2 0.4 » =10
Steels | As 600°C 600°C 600°C 600°C ® A ~S o \
tempered 10'h 10%h 1500 h 10*h ® 03 | T A
o O e r
Mzs(Ce . Mzs&s N* Mzs(Cs ) 1(\:423(06 ) M33C¢ 9 l // A>< 5 \\‘
g1 |Cra{CN Cry(C, Crz{C,N ra( C,N Laves & 0.2 = ] S
NbC* NbC* NbC* NbC* Cray(CN)* c 7 = — e
Laves™®* NbC* s A/ I _—_é_______ O— —
2 0 —=c . |
M23Cq M23Ce My3Cs M33Cq M33Cs g o Open:Mo in precipitates
g2 |NbC* NbC* NbC* NbC* Laves > > Solid:Mo in solution | =~
Crz(C,N)** Laves® - NbC* - 2.0 I I
Cra(C.N) 5 6 Opeg:W in prelcipitates
M23Ce MasCes  |M2sCe M23Ce Mz3Ce 2 Solid: W in solution | A—T=b
53 |CralCN)* |CralCN)* |Cry CN)* [Crp(CN)* | Laves z N | /rf |
NbC* NbC* NbC* Laves™ Cra{CN)* © 12 8
Laves**  |NbC* NbC* 5 = 0 S1 0.29Mo
= A S2 049Mo
M23Ce MozCs  |M23Ce Mz3Ce Mg3Ce T 08 o $3 0.68Mo
st |Cra(CN)* [CralCN)* |Cra(CN)* |Cra(CN)*  |Laves™® S / \‘ :
NbC* NbC* NbC* Laves Cra(C,N)* e
* % * ¥ 04—8 —d
Laves NbC NbC A\'ﬁ.
* . Weak **: Very weak 0 \ I
asT. 10! 102 103 104

b : Precipitates in the creep ruptured specimens tested at 650°C and
700°C

Heating time at 600°C(h)

Steels As 650°C 650°C 700°C 700°C
tempered | 20 kgf/mm? | 16 kgf/mm? | 20 kgf/mm?| 9 kgf/mm?
M33Cq M23Ce Mz3Ce M33Ce MasCs,
' Cra(C,N)* |Cra( CN) * [Cra( CN)* |Cra( CN) * |Laves
51 INbC* NbC* Laves NbC* NbC* *
Laves** |NbC*
(210) (1200) (1.15) (803)
M33Cq M23Cq M33Ce Mj3Cs M33Cq
g2 |NbC* NbC* Laves NbC* Laves™
Laves®* |NbC* NbC*
(428) (1776) (3.20) (378)
Mz3Cq M23Ce M33Cq M33Cq M33Cs
Cra2(C,N) * |Cra( CN)* |Laves™® Cry(C,N)* |Laves
S3 |NbC* Laves Cry(C,N)* [NbC* Cra(CN)**
NbC* NbC* NbC**
(317) (1750) (3.71) (452)
M33C¢ M33Cq M23Cq M»3Cq M33Cs
Cra{ CN)* |Cra(CN) ¥ [Laves™ Cro( C,N)* |Laves
S4  INpC* NbC* Cra(C,N)* INBC**  |Cry(CN)**
Laves™ NbC** NbC* *
(312) (1944) (5.40) (696)
* . Weak **:Very weak ( ):Rupture time
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Fig. 12. Partition of Mo and W between precipi-
tates and solution for steels S1, S2 and S3.
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MIEOEEAFH e L, Thbh, AREEATIE, &
S CHI oS, A ARODAICHEE L EZI %L
(Table 4, Photo. 1), Mo EDHMAHTHWE DM %
bobg e Lz, AEMRzMEERDL I LIZLD,
) — THMRE Y LR EES. T/, PLERORERE
WRIREI T, EEFRIINE L COLATI A D H RERK
¥ 595, BFEICHAILE L v (Photo. 2). L7zt 2 T,
Mo £ D% Vil T b AT E O BN X 5 SOfAT a1k
ERDPRKESLIET A I L2, B2 ) — Tiklrg
ErHEREEND. Lo, MECSEL 5L, ILHCEE
HHEL B DT, S FEISED IS E M 20,
TR PR 0 B B 2 AT R R DARTF AR & < 2 B L ¥
HENAB LoL, Mok WENREL 2BHIZONTH
AR L L3 < %2 2401 5729 (Photo. 3),
Mo &t WoEIEREELKT ST LEZEION
%.

Mo & % Wiz W E DB > W THE IR O T 48
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520 #® & i % 74 4F (1988) £ 3 &

B s hn/zd (Fig 10), Th@ECHREEO N
(Fig. 11) B U Laves#H O M A5 EHE S h B = &
(Table 4a) ICXBAbDEEZ SN B0,

KR ICHV/Z2S1~S7THD Mo 4&1£1.2~1.6%
DHFPEHIZH D72 A% (Table 1), LD EEFER» S,
Mo B &EAT1.6% LLEICE 5 &, REFFEMA TIIATH
WoBEMKILOMER A S3M (Mo B8 1.6%) X b
EHIZH A EHBME N, LErbo7xT 4 R
TEENLDDY. ThoORFIRVThbEHIREEZ
ETsE5, HRMELYZEELTH, MobEY 1.6%
PDlEsmses b3 L< 2w (Fig 10). 7=,
REBROEF Tid Mo BENK A & %122 U TREEEM
D7) — THEEEE OBRT 25/ & { & BHIMIZH 5 25,
SHICMoMEDN 1% UTICHAT AL, EREHEO
A ST, BEFANICB VTS, 7)) — THEMRE »E
A BEVWHIHEENISMD MoKE% 1.2% LLEIZT
HIENRLEEEZORSL, LzHF2T, 0.13C-10
Cr-Mo-W-0.2 V-0.05 Nb-0.05 N5 23> CT, Mo 4 &
H1.2~1.6% OHEHPATHLTH S LFEmREIND.

4. &

10 Cr RMEHMIZBVT Mo L ) WS BICIRINL,
EHIC Mot WEEEL SR, 7Y — THERERD
FRWEICRIZTEELANT, ROKELEB.

(1)10CrficBVTd, Mo %% —EICLT Mo
EWEEELZELHA, 650°CUTORETIEZ U —
THEWIREE ICE AR VAT, 700°C DERBATIE W R
DECHEBBRBENSERLTHS. —F, KEROHP
TR NiD2HLYIZCozRMLTY, ARLHERIER
HHENW, :

(2)600°CTit Mo & WENZWITE, HiRBEEDN
B As, 650°C TIREREEDEN/NE D, 700°C DE
FER ATk Mo DA WM. ThbH, Mo
EWORBRANERIEREICI > TEILT S, 0.13
C-10.3Cr-0.2V-0.05 Nb-0.05 N§iC 3\ T3, &%E
Mo J{&iX1.2~1.6% XHbHLEZLNS,

(3)600°C REFRIMERIZ & & 2 5 BRSOV ET 4,

il

Mo BLUWEOHMIMIZONTHEEIIASL., 200,
BHEOAREEZDHRY, Mo, WIRIME R WEHBE
F Lw.

(4 )Mo & WilRINE D BENNE, FEFR AT EE Mo,
WERUHH Mo, WE% L HIZHENSEEDIZHL
T, BEREAICEBLICE Mo, WEEHMSES.
L7eaoT, friofMiR b Lic < WRRA B X O FEiR
FREH AT, Mo & WRIMEDMEMIXEBERHE &
AT RO E AT 5720, BiREE Y
ER2E%. L LBRERHAMICOVWTAS L, Mo
EWOLWHETIHHMEY K& CERT A oA
L3, TRPHERTORRICED TS EE X
Lhb.

(5) @Y naGEHeticky, BN BREELETS
10 Cr fiif 28 5% 5 1L 72, LARSON-MILLER /8T X — ¥ —
THME L 22458, AP CRR L 28§12 600°C, 105h
D7) — TR IR AT 15~ 20 kgf/mm?, 650°C, 10°h
D7) — THMRE D 7T~9kgf/mm®> BETH D,
621°C F CTHHATEDLBDEEILND,
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