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Effects of V, Nb and Ti on Creep Property and Toughness of Weld Metals for High Cr Ferritic Heat Resisting Steels

Hitoshi HATANO, Toshio MURAKAMI, Munenobu SATO, Takeshi NAKAGAWA and Akinobu GOTOH

Synopsis : The effects of V, Nb and Ti on the creep property and the toughness of weld metals for high Cr ferritic heat resisting steels were investigated.

The following were clarified:

(1) Increasing V from 0 mass% to 0.11 mass% improves the creep property and impairs the toughness. Increasing V by more than 0.11

mass% impairs the creep property and improves the toughness.

(2) The creep property is improved and the toughness is impaired by adding a small amount of Ti.

(3) Addition of Nb improves the creep property and impairs the toughness. However it improves the balance between the creep property

and toughness more than the addition of V and Ti.

(4) The changes of the properties due to V, Nb and Ti could be explained by changes in the morphology of MX.

(5) The changes in morphology of MX could be explained by changes of driving force and grain growth kinetics.
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Table 1. Chemical compositions of weld metals.

Weldmetal| C Si [Mn| Ni | Cr | Mo | W \ Nb Ti N ¢}
\al 0.066 | 0.28 | 0.93 | 0.70 | 8.40 | 0.18 | 1.88 | 0.01 | 0.025 | 0.005 | 0.048 | 0.035
V2 0.068 | 0.29 | 0.91 | 0.70 | 8.63 | 0.18 | 1.93 | 0.11 | 0.029 | 0.005 | 0.049 | 0.036
V3 0.066 | 0.25| 0.97 | 069 | 840 | 0.19} 1.87 | 0.17 | 0.027 | 0.004 | 0.046 | 0.038
V4 0.073 029 | 0.90 | 0.67 | 8.72 | 0.21 | 1.83 | 0.18 | 0.027 | <0.002 | 0.046 | 0.034
V5 1 0.070 1 0.28 | 0.98 | 0.69 | 868 ' 0.18 | 1.89 | 0.18 | 0.032 | 0.004 | 0.048 | 0.036
V6 0.068 | 0.29 | 0.88 | 0.69 | 8.45 | 0.18 | 1.83 | 0.19 | 0.033 | 0.005 | 0.050 | 0.036
Nb1 0.072 1 0.32 | 0.88 | 0.65 | 8.60 | 0.20 | 1.68 | 0.18 | <0.002 | <0.002 | 0.045 | 0.031
Nb2 0.068 | 0.26 | 0.89 | 0.69 | 848 | 0.18 | 1.86 | 0.19 | 0.014 | 0.005 | 0.050 | 0.037
~ Nb3 0.075| 0.28 | 0.89 | 067 | 8.78 | 0.21 | 1.76 | 0.18 | 0.057 | <0.002 | 0.045 | 0.032
Ti1 0.073 | 0.30 | 0.97 | 067 | 8.56 | 0.18 { 1.93 | 0.19 | 0.035 | 0.008 | 0.051 | 0.028
Ti2 0.091 | 0.46 | 0.94 | 0.69]9.080.20 | 1.77 | 0.22 [ <0.002| 0.020 | 0.046 | 0.033
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Fig. 1. Effect of V content on rupture time of weld metals

(0=123 MPa).
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Fig. 2. Effect of V content on toughness of weld metals.
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Fig. 3. Effect of Nb content on rupture time of weld metals Fig. 5. Effect of Ti content on rupture time of weld metals

(0=123 MPa). (o0=123 MPa).
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Fig. 4. Effect of Nb content on toughness of weld metals. Fig. 6. Effect of Ti content on toughness of weld metals.
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Fig. 7. Optical microstructures of weld metals after PWHT (740°C—8 h). (a) Weld metal V1, (b) weld metal V6, (c) weld metal
Nb3, (d) weld metal Ti2.
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Fig. 8. Effects of heat treatments on the morphology of precipitates in the standard weld metal and EDX spectrums of precipitates.
(Weld metal V3: 0.07C-0.3Si—1Mn—0.7Ni-8.4Cr—0.2Mo—1.9W-0.18V-0.03Nb-0Ti—0.05N.)
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Table 3. Precipitate content of Cr,V and Nb (weld metal
V6).

Conditions Cr \' Nb
As welded 0.061 | 0.004 | 0.002
After PWHT(740°C-2hr) | 1.400 | 0.100 | 0.018
After PWHT(740°C-8hr) | 1.400 | 0.100 | 0.020
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Fig. 9. Effects of Nb and Ti on the morphology of precipitates in weld metals after PWHT and EDX spectrums of precipitates.
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Fig. 11. Effect of V and Nb content on driving force for MX nucleation (calculated by Thermo-calc).
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Fig. 12. Effect of Ti content on driving force for MX nu-
cleation (calculated by Thermo-calc).
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Table 4. D,,C,,of Cr, V and Nb in ferrite at 740°C (m?s).

Compositions DC,CCrT D\Cv J DnbChib
0.18mass%V 5.7x107% | 1.2x10%° -
0.18mass%V-0.01mass%Nb | 5 7x10® szuigxmi“
Dy, : Diffusion coefficient of element M

Cu : Solubility of element M in ferrite
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Fig. 13. Effect of Nb content on (Dy,Cy,)/x* (calculated by
thermo-calc).

0.18 mass%V 4, 0.18mass%V-0.01mass%Nbf4 T PWHT
W8 (740°C) I F 1T B Cr, V, NbD D,,C,, % , Thermo-calc %
FIWTEHEL - R% Table 41277 %, 7274 FHIZH
75 Cr,  NbD LR D, E BT -4 7 v 29D

EOELBIHLE, ZO/RRL2S5, Nb-TiIRM TiE
De,Ce>DyCy ThH D VOYLEHE & %5 5 28, NbIRIM T
De,Co>DyCy>Dyy Cy & 5 0, NbDILEEE 25 &
A Do (DyCrp) X 12 RIE T Nb 8 D F % % Thermo-cale Tl
BLUZRRE Fig 131K T, (D,Cyx* DI S & b TR
U7z NbEMVEMT 3128 & 00 (DyCrp) P DN EL &
5, BB, RRE#EREI/NE < &Y, 0.025mass% T Nb
BARMBEDBA(DCYRDE)D 1108 K5, ThbdD
BRER2S, NoZRML 258, D.C.,>DyCy>
DCny E BB 72O MXDKEEHNFE L Sl N7zb DL
HHTE, MHPORBREEHOBEERE L HET
%,

—F, VEOEIZK D 7 ) — THERERE X KOS,
0.11 mass% V CZNZFNRAME, F/MEER L 2B
LTk, MXHTHiBOZEL L KK EEH THRATE 5, #
HERK,73(0.03 mass% Nb)IZH1+ 5 MX DM RIZKIFTVE
DFE & (DyCpp) X KIET VRO B % Thermo-cale T
STHUZERE, Figldlmd., VEDOHEME & $12MX
O EIZEMT 55, ZO8IMZEIL0.19mass% L LT3
KF+5, —h, (DG I EVEDHEME & &L,
FRIZ, 0.19mass% DIBE X KIBICHM$ 5, VvREE & 1
(D CrpV 2 DN 2 FE IS, VEOBINZE & & MX
HONPEDHANMNKTTE220THbB., £ 72,
0.19mass% VZEIEIZL T, MXMTHE | (D,Cu)/X* D iR
B SAKE LSBT 2HBIERO K ICHHT
D5, MXIZTEL LTVYNTHEREA TS0, NED
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Fig. 14. Effects of V content on mole fraction of MX and (Dy,Crp)/x* (calculated by thermo-calc).

0.050 mass% T 5 728, 1ZITLFEERILE % 5 0.19 mass%
FTIRVORMZE S EOMXONHRIIHMT 52, £
NUEIESEINA AL 55D MXOMHRIZKE I3H
MUEL Kb, ZRICEBEVEBRVENEL D VO
BASE5-0, MXFONbA F U v 2 220 &

ENNLR(Cy) B EMT 5, ZORER, (Dy,Cu)/x’ i
0.19mass% & 484 5 & KIBIZHWM$ 5 K512k LHMT
x5,

WO LB BIZA Y VB TE L -BE, ik
S RIZ T B, 222U, fIRTHE, 3RO
BFrEET, 2O ENE, REREN—EORE (rA—
E) i, MR X oL RIIHMT L5 X
bhd, —h, MHBEOP—EDHAL, REREEDH
m G-oEm skt RIIETI5LEA6N 5,
IO RS, VIRIMEAD & O TIRIRMROMMIZ
LEs, R RIZEMT 54, IRMESEL LB
e RIS EL 5D, HBROEL»ELS &S
0.19mass% Ll LTI, HRMEOHME & & ICiEiRILRIX
WA T2eDLERTE S, BB, 0~0.19mass% D i
MBIt BORAKEAGFETEE VAL, TDOIZ L,
0.11 mass% VT2 Y — THWERS B X O » Zh T h
X, BMEETRL7-AHETORKEL LB L TS,

5 #8

Ecr7 x4 b RMBSBHEEBICE VT, V,Nb, TiA
2 1) — TEERRER], B RIETREBICI DOV THA L oK
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B, T ZEMHEN LT,

(1) VEAH0.11mass% T2V — FHEWRFEIERK L &
D, BHEERhEES,

(2) Nb&EAWMT3I1z&dk\y, &) — IR
WEXNBH, WHEEIHLT S,

(3) TIBIBMBOFRMZIKD, 2V — MR
WEXNDIH, BHEEHET S,

(4) ML) — THEIBIZ L — N4 7 OBRE
5N, NoDRMIZEME - ) — THWEEE NN~ 2 %
WET D,

(5) V,Nb, Ti&IZ & 5HHEOENIIMX DT HIEREDZE
{LCHATE, £72, MXOHHFBREOZEIZ, MXDH
HWoOBEEHE & UOMX ORI EEREDELTHRATE .
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