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Microstructures and mechanical properties of
T92/Super304H dissimilar steel weld joints
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Abstract: T92/Super304H dissimilar steel joints were produced through gas tungsten arc welding (GTAW) technique,
using two Ni-based welding wires of ERNiCr-3 and ERNiCrMo-3, respectively. The microstructures and mechanical
properties of the joints were then studied. The results show that in the heat-affected zone (HAZ) of the T92 side, lots of
second-phase particles precipitate along the grain boundaries and inside the grains of the prior austenites. The fine grain
zone of the T92 side HAZ is of a sorbite structure. In the Super304H side HAZ, the austenitic grains grow up rapidly with
lots of precipitates along the grain boundaries. The ERNiCr-3 welding seam in the joint is of a coarse cellular structure.
Comparatively, the ERNiCrMo-3 welding seam is of dense columnar grains. The ERNiCrMo-3 welded joints have higher
strength, ductility and hardness, however, the ERNiCr-3 welded joints have a higher impact toughness value. Moreover,
the tensile fracture of the formers takes place in the Super304H base metal, while that of the latters happens in the

welding seam.
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Table 1 Chemical compositions of welding wires and base metals (mass fraction, %)
Material C Mn Si Ct Mo W 'V S P Ni Nb N Cu Al B Fe
T92 0.13 06 05 95 06 20 025 001 0.02 04 0.09 0.05 - - —  Bal
Super304H 0.08 0.66 0.2 1830 — - - 0004 0.017 872 0.52 0.10 3.02 0.008 0.005 Bal.
ERNiCr-3  0.02 3.2 0.09 20.65 0.04 - — 0.001 0.003 73.62 2.6 - 0.003 - —  Bal
ERNiCrMo-3 0.01 0.02 0.06 21.8 6.6 — - 0.006 - 64.8 3.69 - 0.10 - —  Bal
2 T92 FI Super304H 4 [y Jy 27 fg )
Table 2 Mechanical properties of T92 and Super304H steels at room temperature“lflzl
Material 09,/MPa oy/MPa 0/% Axvl]) Hardness, HB
T92 =440 =620 =20 =40 <250
Super304H =235 =590 =35 - -
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Table 3 Procedure for welded joints

Item Parameter

V type groove with 32.5°

Groove angle for each side
Welding current/A 95-100
Arc voltage/V 9-10
Interpass temperature/K 373423
Welding speed/(mm-min ") 75-90
Ar gas flowing rate/(L'min ") 9

Post weld heat-treatment (PWHT) 1 033 K for 30 min

Heating-cooling rate/(K-h ") 200

2 HR5ITR

2.1 T92/Super304H FH$NIE 1% k09 PWHT 754H4R
ERNiCr-3 #5411 T92/Super304H $3%H T92 1]
HAZ KB R R 1@ b)Tar. T92

Welding seam

; [, :

* | Coarse grain zone [
; 7

HAZ KRB 5 A A<, R X RN i X o eI FAUX
HERCT Bk 6 BREAAH, XFRHUR 6 BkEAIITE
B HESK I ) Ve RE, Rl il kR, Kk
AR, REERTIR Y HAZ e i &4
T 584 WKL (T2 AN B G ARLIRE 1 040~
1080 C™y, HE AR R, TECHLEX .
i DX B KR [ (M)A ik, BRAOIRTESTH 2%, 78R
M R [RIATT H 4 /N R BRAG A R0RE , - [) B K M3 C
AL e MX RS PR M FEAR AT, IR IR
AT, BT REERAERTOIOLE 1(a)).

TEIE B IR4E HAZ T, SRR HGRONAE Ay
e T MR R AE R K a3 filk, TR T 47N 2 G A
AL, AKX (LI 1(b)). Super304H ] fr) i i £
LERINIE 1(c)F(d) TR . F4% 5 X 2 [8]4F 3~5 um
JEHIEE X, Super304H Il HAZ i (KRBT S, ok
JUSFh 10~20 pm(WLEE 1(c)), 4 X b 9 R A
M il /NI R L 28 AR, SRR Ak, SRS
HAH SR A IO 1(d)). SRR LN B KAk
AN, EMARGM, SR ROLE 1(e)). 7EMAR
LR R, E ARG YT A, A, R

Bl 1 T92/Super304H S Fl 4 i 2 4 3k
PWHT 74 Z(ERNiCr-3 /5£2)

Fig. 1 Microstructures of T92/Super304H
dissimilar steel weld joint (ERNiCr-3 weld,
PWHT): (a), (b) T92 side HAZ; (c), (d)
Super304H side HAZ; (e) Welding seam
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NbC(IL K 2(e)) o MREEL LR ECE, B MM AR SRE,
JAN I 3 o P 1 e b S Ay N 2 E ST 5 DA VAR 5
H—E LI 2(6)-

2.2 T92/Super304H SRR IEIELHI HF%RE
22,1 Hifd sk R

% 4 FT5h T92/Super304H SRR IR L =i
B PERE. 112 4 WAL, ERNICr-3 FR3e8% 3k (I 2447
HONIREE, IREESE MRS T POURER R REE,
FEAPSLINHESS A A, ERNiCrMo-3 Sk
W27 B AT Super304H BEAE, 4% 4 8 I i FEAH X4
fd. ERNICrMo-3 S22 Sk (it B R PEFis bt #1040
T ERNiCr-3 #E83L 1

ERNiCr-3 £ 32(1) T92/Super304H S Rl S fu {h
Wrsd R AR TS, W R R B 3@y (b)Fis. 1%

B 2 T92/Super304H FEFP I B LR G UG B 4 ZY(ERNICrMo-3 #5142)
Fig. 2 Microstructures of T92/Super304H dissimilar steel weld joint (ERNiCrMo-3 weld, PWHT): (a), (b) HAZ in T92 side; (c), (d)
HAZ in Super304H side; (¢) EDS spectrum of large particle in Fig. 2(c); (f) Welding seam
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Table 4 Tensile properties of T92/Super304H joints at room temperature

Heat treatment state 09,/MPa oy/MPa 0/% Y% Fracture position
PWHT(ERNIiCr-3) 450 741.4 22.1 45.6 Welding seam
PWHT(ERNiCrMo-3) 450 781.2 24.5 63.6 Super304H base metal

B3 T92/Super304H SRR SLPRT 1 SEM 15

Fig. 3 SEM tensile fractographs of T92/Super304H dissimilar steel weld joints: (a), (b) ERNiCr-3 weld; (c), (d) ERNiCrMo-3 weld

0T 1 52 SR PR M T VRRAE R [ B 1 LAl s 1
SER, IS /NIRRT AR, S
K 4F o ERNiCrMo-3 5 #2 $2 Sk v fi W 4 &k 2k F
Super304H REAF — M, PRIk, % 4 A b 10 S e
Super304H W7 FURFAE . SN FHET4EX . U X
FEIPIE 3 AN AL O B 3(c))o AR LT HEIX I 2
TR X, FEAOUT 135 05 SR AR AL AE, W1 K
INAN—, KBTS S I A BRI BT HR AR RSO A 71 (A
K 3 @ik ) a4k, B 3(d)iE n] W
Super304H M B2 FCAA ) S RE (1) IR
222 plitkre

% 5 B8k T92/Super304H SRR IR L =i
itk H1% 5 AT, ERNiCrMo-3 #3513k &
AN, FERE SRR HAZ (9 0h o B (ax) #1048
ERNiCr-3 JE03L AR . IX 2K 42K H] ERNiCrMo-3
JRLZ IR, SREEM R N R, RIET T92 K
Super304H {lll HAZ HH 44 it (1K K S AL 35 55 —
FHIIAT M, 380 T REEA R RIRYER, S

5 T92/Super304H FAHNR P K S b i) 1k
Table 5 Impact toughness of T92/Super304H joints at room

temperature

Impact toughness/(J-cm 2
Heat-treatment p ue ( )

state T92side Welding  Super304H
HAZ seam side HAZ
PWHT (ERNiCr-3) 184 98 142
PWHT (ERNiCrMo-3) 167 94 121

PR . (HANTE R MBI AR 22, T92/Super304H
MR EERER M IR KT DL/T 868—2004
OB T EVER IR hoxd & S et v T AT
T 27 Vem® HIBEWCRRHE o

HIE 4@ F(b)RT L, 2 Pl g pht b 134 5
R 2 A (R B Wi R RFIE . {H ERNICr-3 J54%
PSR AEWT I Erss A, WIS AT ha/b,
ERNiCrMo-3 Jfegz g Wim Fyss Kk, ¥
JEGTH S AR o A G KR AT HY) . T ERNiCrMo-3
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RIS, H S 80T Hppi I A

B4 T92/Super304H SRt S 4 ph i T 0 SEM 1%
Fig. 4 SEM impact fractographs of T92/Super304H dissimilar
steel weld joints: (a) ERNiCr-3 weld; (b) ERNiCrMo-3 weld
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Fig. 5 Vickers hardness values of T92/Super304H dissimilar

2501

200 1

1507

Hardness, HV

100 |

507

steel weld joints

SEMBREE . MEREIE ERNICr-3 S48 I o 14 & o
[}, ERNiCrMo-3 #4583k 1) Super304H il HAZ 1)
MR AR, XA e S AR R A ) ()3 AT
HARRATK, 7Ei K Super304H ] HAZ i f& 34 Jin (¥
[F, SRR rh PR RRAC. AH B, Py
PRk T92 N HAZ (RS FEAH 4

3 Zig

1) K H P RIAN IR 22 4545 1) T92/Super304H ¢ Fl1
Sk, HREERIAZEA K. T2 il HAZ tHEUIR 6 2
FARFIAE y BT A ALY R B, A0 XN
N REARLIZL . Super304H ] HAZ ) p fbki
ESUNGI T P S TR =N - 421 R N e £ 1 A
ERNiCr-3 JEE IR EE N R MR 450, RoRDRLR, M
ERNiCrMo-3 fEE21 R4 2N AR S RRIE, [ —
P2 BB R B ) 8 — 3

2) ERNICr-3 fR¥d S pr i i A= T4 5%, 1
ERNiCrMo-3 J# kP 28 % £ T Super304H
M, JREEREERE, HIBTEFRFR AT ERNICr-3 4%
ek

3) ERNiCrMo-3 JRHEHL % TlX fp i v e
ERNiCr-3 JEEER Sk AR . PRz () A e o ok W 11 3%
BT B ) 1) 55 SR AR R AR AIE

4) PRI 22 SRSk HAZ TR JEE#0 T AH B
FIRERE, AT T92 K Super304H {Il] HAZ 4T Hi 55
. ERNiCrMo-3 4 S 5 4% J Super304H ]
HAZ [FEH; ERNICr-3 M4k i), i PR Rh 4%
Fe3k TO2 Ml HAZ P FEAH 24

REFERENCES

(11 % &, 1% W kUGB IR Sr ISR Bl i,
2006, 2: 6-8.

YANG Dong, XU Hong. Brief discussion on heat-resisting steel
for ultra-supercritical boiler[J]. Boiler Manufacturing, 2006, 2:
6-8.

[2] RODAK K, HERNAS A, KIELBUS A. Substructure stability of
highly alloyed martensitic steels for power industry[J]. Materials
Chemistry and Physics, 2003, 81: 483—485.

B1 # &, B % 4. Super304H Bl 4N K R FIWFSTEL
R FERAN, 2002, 23(1): 27-29.

YANG Yan, CHENG Shi-chang, YANG Gang. Present situation
of exploiting and research of Super304H steel for boiler[J]. Spec
Steel, 2002, 23(1): 27-29.



402 A G A R 2013 422 J

4] LR, JEAH, BARE, & 40 P92 AN AR S HiRAL, 2008: 347-349.

SRR RELT]. WU CFEAL KL, 2007, 31(8): 1-4. LI Wei-yue. Handbook of the stainless and heat-resistant steels
WANG Gen-shi, LI Zhuo-xin, WEI Fu-jun, LI Hong. Progress in of China and foreign countriesfM]. Beijing: China Machine
research of welding joint properties and welding consumables of Press, 2008: 347-349.

P92 steel[J]. Materials for Mechanical Engineering, 2007, 31(8): [13] ®A/NiE, M ahds, B2, &b, & W B 10%Cr BB IlE 7
1-4. %IXEP 0- %25:\1'2!3%@% K B FET 7 2E PERE (KISE MR T]. A4k

51 & ~F, Ba4, s, Bk, B %, X AEFEAEAR, 2007, 28K T1)): 5-9.

Super304H B [ A4 i H 4N J 42 A4k UC 1C 5 4 Sk Pk e F 51D HU Xiao-giang, XIAO Na-min, LUO Xing-hong, Li Dian-zhong.
FL 4%, 2007, 8(4): 43—46. Effects of o-ferrite on the microstructure and mechanical
ZHU Ping, ZHAO lJian-cang, CHAI Xiao-yan, NIU Rui-feng, properties in a tungsten alloyed 10%Cr ultra-supercritical steel[J].
ZHAO Jun, LIU Ya-fen. Research on the matching of Transactions of Materials and Heat Treatment, 2007, 28(suppl):
Super304H austenitic stainless steel welding material and the 5-9.

connector performance[J]. Electrical Equipment, 2007, 8(4): [14] TJpIR, Bk, SRWE, siiE, M. 6 BRE A% 12%Cr
43-46. R I S A e PR BE IR SR IR [T]. 35 R R AR

[6] VYROSTKOVA A, HOMOLOVA V, PECHA J. Phase 2£hi, 2008, 48(11): 1187-1190.
evolution in P92 and E911 weld metals during ageing[J]. MA Li-shen, ZHONG Yue-xian, MA Qing-xian, YUAN
Materials Science and Engineering A, 2008, 480: 289-298. Chao-long, DONG Lan-feng. Effect of oJ-ferrite on impact

[77 KIM B J, LIM B S. Microstructure and fatigue crack growth properties of 12%Cr rotor steel for ultra-supercritical steam
behavior of heat affected zone in P92 steel weldment[J]. Key conditions[J]. Journal of Tsinghua University: Sci & Tech, 2008,
Engineering Materials, 2004, 261/263: 1185-1190. 48(11): 1187-1190.

[8] FALAT L, VYROSTKOVA A, HOMOLOVA V. Creep [15] % &, 4BMEK, EHt, 250, PELEs R T92 M FAEH I 2
deformation and failure of E911/E911 and P92/P92 similar TR EERITFAR[T]. 4 )a B AbEE, 2007, 32(9): 71-73.
weld-joints[J]. Engineering Failure Analysis, 2009, 16: WU Jun, ZHUO Zeng-da, WANG Xin-hong, LI Qing-ming.
2114-2120. Microstructure of T92 heat resistant steel manufacturing by

[91 ABE F, MASAAKI T. Microstructure and creep strength of TCMPJ[J]. Heat Treatment of Metals, 2007, 32(9): 71-73.
welds in advanced ferrite power plant steels[J]. Science and [16] ¥ &, FNFE, KT, 28R, B AN R IM]
Technology of Welding & Joining, 2004, 9(1): 22-30. H E )RR AL, 2006: 158.

[10] BROZDA J. New generation creep-resistant steels, their YANG Fu, ZHANG Ying-lin, REN Yong-ning, LI Wei-min. New
weldability and properties of welded joints: T/P92 steel[J]. heat resistant steel weldment[M]. Beijing: China Electric Power
Welding International, 2005, 19(1): 5—13. Press, 2006: 158.

[11] E&ERI, & %, B4, ek, B, BiEE, 2=d85H, [17] WANG T, ZHANG B G, CHEN G Q, FENG J C, TANG Q.
&V, XHEM, ¥ . P92 H AN MR R Sk 1) Electron beam welding of Ti-15-3 titanium alloy to 304 stainless
REWF oY I L TRE N (I, W 4%, 2007, 8(5): 1-5. steel with copper interlayer sheet[J]. Transactions of Nonferrous
WANG Gan-gang, ZHAO Jun, ZHAO Jian-cang, YANG Metals Society of China, 2010, 20(10): 1829-1834.
Xiao-dong, CHI Ming-sheng, ZHEN lJia-wei, LI Jian-yong, ZHU [18] CAO J, GONG Y, ZHU K, YANG Z G, LUO X M, GU F M.
Ping, LIU Fei-fan, YANG Fu. Mechanical performance study Microstructure and mechanical properties of dissimilar materials
and engineering application of weld joint of P92 new type joints between T92 martensitic and S304H austenitic steels[J].
heat-resisting steel[J]. Electrical Equipment, 2007, 8(5): 1-5. Materials and Design, 2011, 32: 2763-2770.

(12 ZE4ERE. PR AR AR AT S i 2 T MY, bt BB Tl (g M)



