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Microstructures and Properties of Joints in Ultra-Narrow-Gap Laser Wire
Welding of P92 Steel and Inconel 625 Alloy Thick Plates
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Abstract The dissimilar weldment of P92/Inconel 625 is realized by the ultra-narrow-gap laser welding with filler
wire and the microstructures and mechanical properties of the welded joints are systematically investigated. The
results show that the quality of the welded joints have smooth welds, nice sidewall fusion, no pores and other
defects. The welds possess a typical characteristic of solidification structure. The microstructure in the heat affected
zone of P92 steels is martensite, which is divided into the coarse grain and fine grain zones. The micro-hardness in
the fine grain zone of P92 steel at the welded joint interface is the largest, but it decreases after heat-treatment. The
specimens fracture at Inconel 625 alloy in the tensile tests at the room temperature, but fracture at P92 steel in the
tensile and stress-rupture tests at high temperature. The impact toughness of welded joints is between those of the
two kinds of base materials.

Key words laser technique; ultra-narrow-gap laser welding with filler wire; P92 steel; Inconel 625 alloy;
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Table 1  Chemical compositions of P92 steel and Inconel 625 alloy (mass fraction, %)

Element C Ni Fe Cr w Si Mn A% Nb Ta Ti
P92 steel 0.10 0.385 Bal. 9.01 1.72 0.37 0.55 0.25 0.07 0.31
Inconel 625 alloy 0.02 Bal. 4.60 22.10 - 0.09 0.05 - 3.45 - 0.18
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Fig. 1 Schematic of laser welding. (a) Groove; (b) welding
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Table 2 Process parameters of welding

Layer No. Laser power /kW  Welding speed /(m * min ") Defocusing /mm  Wire feeding rate /(m * min ')
1 4.0 1.20 0
2-12 3.3-3.5 0.42 20 1.1
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Fig. 2 Schematic of tensile and stress-rupture of

samples at high temperature
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Fig. 3 Macromorphology of welded joint
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Fig. 4 Microstructures. (a) Weld zone; (b)(c) local magnifications of Fig.4(a)
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Table 3 EDS analysis results of white particles (mass fraction, %)

Element Ti A% Nb

Fe Ni Cr Mo Mn

Value 2.36 0.33 40.95

9.09 13.17 8.72 11.30 0.21
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P92 AR FE M X H A ORI AR & XA Bl LT 554
W 7 fios . HLE X A RS P92 B4 7E fin R 7 rp 22 g
TN L [ ARSI B AR A A AZ L B R AR 3t
Aab R 5 A T 0 e 1 0 i B AR DRt 8 T 4
TR A KR FERR S 198 A A v, LR
PRI VR RS EOAAR T 8 TR DX, E R & X i

A7 S 55 2 S B0 P A e R BR AR A L A R X B
TESEIE P2 AW — M RS/ TR XA . 4l X 28
T B AT A e 3L B2 /N TR A X B AR B S8 i
fift o TR0 A% BB AL ) B AT 40 A R B PR DA T TE
BT AR X, 2 AR PR VK T IR AR ZE T T ] [m]
G FRAR A B | TR FAR ot RS B 28 1k

50 um

7 P92 PG IX . (a)HLE X 5 (b) 41 & X
Fig. 7 HAZ of P92 steel. (a) CGHAZ; (b) FGHAZ

3.3 IBEELNFEMEEE
3.3.1 R

FAKb P F 5 AR 2 Sk 1 S SR R 0 A an TR 8
7~ Inconel 625 & 4 1Y W O B Sk 240 HV, P92 X

(R S Ol 215 HV ., B3 miR A 4 0 s ke M
Aedf ARG IR T, AL BEFT S Inconel 625 & 4
— AR R XK S ) S G B BE VA A A B AR
1, JR4E X Y AT EE 2558 290 HV,

0602003-4



i P

500
450+ —— after heat-treatment
+— before heat-treatment +*,
400+
@ 350}
E800L i FAE A
"g 250 peresingzend AN
g 200 _Inconel h\-‘\d,‘-.
= 625 | weld HAZ
Io0F ] K
100 1 1 1
0 2000 4000 6000 8000
Distance /pm

Pl 8 e e Sk 1) T DR A E o A

Fig. 8 Micro-hardness distributions of welded joints
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Fig. 9 TEM images of martensite lath in CGHAZ of P92 steel. (a) Before heat-treatment; (b) after heat-treatment
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Fig. 10 Tensile test results of welded joints. (a) Fracture position; (b) mechanical properties
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Table 4 Impact test results of welded joints
Material Inconel 625  Weld P92
Impact energy /J 104.78 87.84 48.91
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