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Development of a 9Cr-0.5Mo-1.8W Steel for Boiler Tubes
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Synopsis :

At present, high strength ferritic steel is required as material for the superheater and reheater tubes of
super-critical and advanced power plant, instead of austenitic stainless steels. Based on the finding that
the replacement of a part of Mo of 9~12%Cr-Mo steels by W is very effective for increase in creep rup-
ture strength, a 9Cr-0.5Mo-1.8W-Nb-V steel whose 10°h creep rupture strength at 600°C reached 157
MPa was developed for boiler tube. This steel also possesses excellent weldability and notch toughness,
and its allowable tensile stress at 600°C is 85 MPa, which is significantly greater than that of 9Cr-Mo
steels and 18Cr-8Ni austenitic steels. The creep rupture strength of TIG weld joint is nearly the same as
that of the mother tube. With MITI's approval, several tertiary superheater tubes of SUS321HTB of a
power plant were replaced by the boiler tubes made of the new steel. The boiler has subsequently oper-
ated without any trouble for more than 13000 h at a tube temperature of 600°C and a design stress of
85 MPa. These investigations demonstrate that 9Cr-0.5Mo-1.8W-Nb-V steel can replace the 18-8 series
austenitic steels and that it is suitable for headers and piping as well as tubes.

Key words : steel for elevated temperature service; boiler tube steel ; heat resistant ferritic steel ; creep
rupture strength ; fosile fired power plant; super critical power plant ; Cr containing steel ; Mo containing

steel ; W containing steel.
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Fig. 1. Effect of Mo and W on 10° h creep rupture

strength of 9Cr-V-Nb steel at 600°C (The number
in circle indicates the strength in MPa).
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Fig. 2. Effect of amount of O-ferrite on 10°h
creep rupture strength of 9~15Cr-0.5Mo steels at
600°C.
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Table 1.

Specification of chemical compositions and chemical analyses of steels tested (mass % ).

C Si Mn 14 S Cr

Mo w v Nb B N

Specification =0.15 =0.50 <1.00 =0.02 =0.01

8.00~13.00

<1.00 1.50~2.50 0.10~0.30 =0.10 =0.01 0.02~0.15

0.06 0.42
0.06 0.45
0.06 0.45

0.002
0.004
0.005

0.07 8.98
0.085

0.088

0.005
0.002

A
Steel C
D 0.002

0.038
0.048
0.048

0.52
0.50
0.50

1.65
1.80
1.77

0.16 0.049 0.004
0.20 0.054 0.004
0.20 0.050 0.004

Table 2. Specification of tensile properties and
tensile properties of steels tested.

0.2% PS (MPa)
=441
A 608 735
Steel C 609 716 29.5*
D 634 758 21.1%*

* : JIS No. 12A test specimen * * : Test piece size; $ 6 mm X G. L.
30 mm

TS (MPa)
=588

El(%)

=20*

Specification

21.0%*
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Photo. 1. and precipitates of

Microstructure
steel-D tube.
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Fig. 4. Stress versus time to creep

rupture curve of boiler tube steels.

T: Temperature in K #: Time to creep rupture in h
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Table 3. Effect of aging on precipitates of steel-D identified by X-ray diffraction.

Temperature Aging time (h)

(°c) 1 10 102 10 3x103 10

550 Nb (C,N) Nb (C,N) Nb (C,N) Nb (C,N) Nb (C,N) —
M23C6, MeC M323Cs, MgC M23Cs, M¢C M33Cq, MgC M23Cs, MsC
Nb (C,N) Nb (C,N) Nb (C,N) Nb (C,N) Nb (C,N) Nb (C,N)

600 M23Cg, MgC M3Cq, MgC M33Cg,MgC
Mo3Cs M23Cs M23Cg,MgC Laves Laves Laves
Nb (C,N) Nb (C,N) Nb (C,N) Nb (C,N) Nb (C.N) Nb (C,N)

650 M33Cq, MgC M23Cs, MgC M23Cq, MsC
M;3C¢ M23Cs M23Cs Laves Laves Laves
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Fig. 6. Effect of aging on notch toughness of
steel-D tube.

a) 600°C, 186 MPa, 3177 h, LMP=37977 b) 650°C, 167 MPa, 89 h, LMP=38719
d) 650°C, 118 MPa, 3023 h, LMP=40132 ) 700°C, 69 MPa, 1506 h, LMP=40993 f) 700°C, 98 MPa, 135h, LMP=42012

Photo. 2. Change of precipitates of steel-D tube stress aging (Creep).

¢) 650°C, 137 MPa, 500 h, LMP=39411
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Fig. 7. Stress versus time to creep rupture curve
of weld joint of steel-C tube.
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Fig. 8. Comparison of allowable tensile stress of
boiler tube steels.

Table 4. Allowable tensile stress.

Measured stress™ Temperature (°C)

(MPa) 100 200 300 400 500 550 575 600 625 650
1) Min. TSX0.25 144 134 125 120 105 96 (90) 36 (76) 70
2) Min. PSX0.625 275 275 275 268 230 208 (188) 174 (143) 119
3) Mean 10°hg,%0.6 — — — — — — 106 85 67 47
4) Min. 10%h4,X0.8 — - — — — — 118 98 75 55
5) Mean o, — — — — — — 155 126 95 67
Allowable tensile 144 134 125 120 105 9% 90 85 67 47

stress (MPa)

Values in parenthesis are estimated by interpolation

* : TS; Tensile Strength PS; Proof Stress 0,; 10%h creep rupture strength 9,; Creep strength which causes 0.01% strain in 10%h
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Photo. 3. Precipitates of steel-D tube used for
13763 h at 600°C in superheater of an operating
power plant.
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