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Effect of Combined Addition of W, Nb and V with B on the Creep Strengthening in High Cr Ferritic Heat Resistant Steel

Tsukasa AzUMA, Kazuhiro MIK1, Yasuhiko TANAKA and Tohru ISHIGURO

Synopsis : In order to investigate the effect of the combined addition of W, Nb and V with B on the creep strengthening of high Cr ferritic heat resistant

steel, the creep tests and the microstructural observation of crept specimen were carried out. The effect of adding B on the creep strengthen-

ing was discussed. In based steel and V free steel, the short time creep strength increases with adding B. In W free steel and Nb free steel,

however, the short time creep strength of B adding steel is similar to that of B free steel. In based steel, W free steel and Nb free steel, the

long term creep strengthening by adding B occurs. The suppression of microstructural recovery by adding B dose not occur in short time

crept specimen of W free steel. It is suggested that the addition of B contributes to the creep strengthening through two mechanisms. One is

the long term creep strengthening by stabilizing precipitates such as M,,Cy, Laves phase. And another is the short time creep strengthening

by refining of MX, increasing the latent creep resistance and synergetic effect of alloying elements.

Key words: heat resistant steel; high Cr steel; rotor; boron; strengthening mechanism; creep; recovery; M,;C¢; MX; Laves; synergetic effect.
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Table 1. Chemical composition of laboratory heats (mass%).
C Si Mn P S Ni Cr Mo V Nb W Co B N
Base Bfree .11 .04 .08 .009 .0022 .20 10.25 0.70 .20 .064 1.80 3.02 — 0177
i B added .11 .03 .08 .009 .0028 .21 10.17 0.70 .20 .062 1.76 2.98 .0090 .0200
W free B free .11 .04 .08 .008 .0014 .21 10.16 1.51 .20 .069 — 2.95 — 0179
" Badded .11 .05 .08 .008 .0015 .19 10.14 1.54 .20 .059 — 2.98 .0084 .0195
Nb free Bfree .11 .03 .08 .009 .0028 .20 10.12 0.69 .20 — 1.81 2.95 — 0215
» B added .12 .03 .08 .009 .0025 .20 10.13 0.72 .20 — 1.78 2.97 .0085 .0191
V free B free .11 .03 .08 ,,'008 0027 .20 10.16 0.70 — .063 1.80 2.97 — 01897
i B added .11 .03 .08 .009 .0025 .20 10.16 0.70 — .062 1.78 2.97 .0083 0196
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Fig. 2. Effect of combined addition of W and Nb with B
on the creep strengthening.
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Fig. 3. Transmission electron micrographs of ruptured specimen in based steel (650°C, 245 MPa).

a) B free steel, b) B added steel.

Fig. 4. Transmission electron micrographs of ruptured specimen in W free steel (650°C, 245 MPa).
a) B free steel, b) B added steel.

ZOEHIT, BERMT2ZLI12&k-T, 7Y — 7N
R ST IR A 5 5RAL X W B IR A L RIFEMO A5R1E &
NEGAELPROON, ZOEEIBEEHIZRMEN A
BRI E->THRI I LORBEENE SN,

3.2 ZU—THNMOI7OBEEHRESER

2 ) — TR GRE A EERERRIH] 2 S ok X oz ifE & L T

FUES A A & U, 2 ) — TR »ER R T s L X
Nhhros-@ifEe LTwrz ) —fAeflkt e LT, S
B THEMT U 72 3RER Fr O FATE800 3 & ok g L 724
R%& Fig. 356 K OFig. 41278 U 7z, Fk 8 8 0 %5 ik 5] B [y 4
DI o, B7) —HikEWTvLTF /4T R
mﬁmﬁhhw%ﬁéﬁthdiuw&bﬁmﬁ ATN5

2L, BIFMIMATIE T ANEOIRNZENREL 7 21l
@fﬁbbéibﬁBhau L2 b, [AEAHIH ST
WEDMPBEE N, —F, W7 ) — D KR R I 4
DIy S, BIRMOAKIZKS FIRIEELCT, v
TUHA LT ANOENEEAD LT XM RIEEIZA
NoTHD, BRI & 2 OEHIFIRAHEIZFZD 51

31

Bnoiz,

FHEH O RISFEIBWTA 2B W T, 3 7 oo EEA»B
A& ->THIRIZ NS Z L EHIHROTRE L -2 BD T
& B0, 5ERFERECRiL & I REFRIEIO A Tk & h
72 W 7 U — fO RN O T-1788 I & v Mk % Fig. 5
ISR UL7z, BZY —@i& b L ¢ BIRMEADEE 23 L <
RSN TS Z L AHETH D, FEERHO 2 ) — 754
LB ENE»>72W T Y —HllZB T8, BERMIC
5 RRREHIT O EHEITHII R A HERE & M7z,

4, EE

Y —70%1\“'.‘:& ITTBIEMOEE IZONWT
W BB 5 BOWBOM A LK

ECriio o
BT 5720
a7,
4.1 FTEESMHICRIITBOFEIIONT

—MICBIZBAN M AB L3R LTHSNT
WA KEIfENOBIRMA YL T V9 4 N EREREIC

351 EEEER



& 352

$ & 4@ Tetsu-to-Hagané Vol. 89 (2003) No. 3

Fig. 5. Transmission electron micrographs of ruptured specimen in W free steel (650°C, 157 MPa).

a) B free steel, b) B added steel.
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Fig. 6. Effect of B on transformation behavior in based
steel and W free steel.
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Table 2. X-ray analyzed results of extracted residue before
and after isothermal aging at 650°C.

As QT After 650°C X 3000h aging

Base B free M,,Cy. MX M,,Cy. MX, Laves

B added M,,Cy MX M,,Cs. MX, Laves

W free B free M,,Cy. MX M,,Ce. MX| Laves

B added M,,Cys MX M,,Cy. MX| Laves

b g B tree M,,Cy. MX™Y M,,Ce. MX*™| Laves
Nb free - :

Badded  M,,Cy MX™ M,,Cy. MX™ | Laves

V free B free M,,Cy. MX M,,Cq. MX| Laves

B added M,,Ci. MX M,,Cq. MX, Laves

* Judged by using X-ray analysis, chemical analysis of extracted residue and TEM
observation.
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Fig. 9. Schematic of creep strengthening mechanism of B
addition in based steel.
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