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Research on Corrosion Resistance of Hybrid Laser-MIG Weld Metal of
Q690 Steel

ZHOU Qianwen, YAN Chunyan, NIE Rongqi, CHEN Jinyi, TIAN Zhanpeng, ZHANG Kezhao

College of Mechanical and Electrical Engineering, Hohai University, Changzhou 213022, China

Abstract: The hybrid laser arc welding with high efficiency were conducted on Q690 medium thick plate. The microstruc-
ture transformation and grain size change of the welded joint under different laser powers were analyzed. The open circuit
potential, polarization curve, and EIS of the weld metal under different laser powers were tested, and the effect of laser
power on the electrochemical corrosion behavior of the hybrid weld metal was obtained. The results showed that the micro-
structure of the laser-MIG hybrid welding metal was composed of a large amount of acicular ferrite and a small amount of
side plate ferrite and granular bainite. The amount of acicular ferrite and side plate ferrite in the arc zone was greater than
those in the laser zone, and the grain size in the arc zone was slightly larger than that in the laser zone. The microstructure of
the coarse grain heat affected zone was composed of lath martensite. With the increasing of laser power, the content of granu-
lar bainite decreased, and the content of acicular ferrite and side plate ferrite increased in the weld metal. When the laser
power increased from 1.5 kW to 2.5 kW, the open circuit potential of the weld metal, the diameters of capacitive loops in Ny-
quist plot and the polarization resistance all increased, the polarization curve tended to shift right, the self-corrosion current
density decreased, and the corrosion resistance improved. The weld metal under 2.5 kW laser power showed the best corro-
sion resistance.
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Table 1 Chemical composition of base metal and welding wire (wt. %)

ML C Si Mn Ni Mo Cu

Q690 0.18 0.60 2.00 0.80 0.30 0.80

TM-80 0.08 0.67 1.60 0.01 0.01 —
Fx2 BHTIELH IR

Table 2 Mechanical properties of base metal and welding wire

i JEEGREEMPa BURIREE/MPa WS ARA/%
Q690 2690 770~940 >14
IM-80 660~740 >760 >18

JEBE AR R SF o 180 mmx100 mmx16 mm, %
FHY BUE T, A B R 30°, Bl 8 8 mm, e BL ] B
0.5 mm. 43l fd S [A] B3O BT 2855 Q690 Xtk A T
BOE-MIG 2 A58, TZASHnE3 s, X
HHOCHERT A IAE S5 I HES 5 =X, 43 0l AT 4T
| SE 7R AR RN 55 T AR AR B DR AP SR R 99.99%
Ar, SR N 20 L/min,

R3 BA-MIGEGEEIZSH

Table 3 Welding parameters of laser-MIG hybrid welding

" BOGTER T T TR LR A
FiER/ .
/KW /(m*min™") /A /mm
FTIRAR 7.0 1.2 150 -2
15 0.5 230 0
g 2.0 0.5 260 0
i AR 2.5 0.5 260 0
3.0 0.5 260 0

K5 R F e U) B B BOR e 3k IR0 4%
FRIPTAS JEA T8 1l , 76 8% Axiolab 5 BG4 6
WSS 1 WA 2 o SR dtober 52 351 g ot
FRAE  FOE S0 SRAREE MY A A B P a4 X
AR R ST oA o SR BRI RY CS2350H HL Ak 2#
TAES AT A AR EE ) H Al S b P RE I K
FREETRE S5 1 LA | DU SR A S R 1A 7
FEANEEH 1 em? IR T, 75 TAEAL , 2 ik
S AT IR FL AR i B FL R R AR AR . 7E 25 °CHY
3.5% NaCl W 53 3 HEAT T 6 B A L sy Ao 45
WAk I, M4 4 100 kHZz~0.1 Hz, L3155
TEE S mV, 28 0.5 mV/s,

2 HRSHE

21 BRIAR
Q690 FEL A4 1 A AL LN &L 1 7, AT LA
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Fig. 1 Microstructure of Q690 steel base metal
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Fig.2 Macroscopic morphology of Q690 steel hybrid welded joint
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Fig.3 Microstructure in hybrid welded joint of 1. 5 kW laser power
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Fig. 4 Microstructure in hybrid welded joint of 3. 0 kW laser power
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Fig. 5 Grain size of weld metal
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Fig. 6 Open circuit potential of Q690 steel hybrid weld metal under

different laser powers
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Fig. 7 EIS of Q690 steel hybrid weld metal under different laser powers
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Table 4 Fitting parameters of EIS for Q690 steel hybrid weld metal

under different laser powers

WL P AL
kW R/(Q-em?) R/(Q-cm’)
L5 9.04 809.92
2.0 6.20 1154.90
25 14.03 1405.70
3.0 12.78 1231.00
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Fig. 9 Polarization curves of Q690 steel hybrid weld metal under dif-

ferent laser powers
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Table 5 Fitted electrochemical parameters of Q690 steel hybrid weld

metal under different laser powers

WOLITIE BN Tafel  FIBE Tafel  FEMEEAL AP

AW HEb/mV EEb/mV  E /mV I /(pArem™)
15 68.36 249.40 -711.5 7.189
2.0 78.55 282.92 -737.8 5.450
2.5 93.94 780.31 -613.2 2.163
3.0 77.59 314.66 -705.6 5.498
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R BRI S Y SE K . KA T L el e I
JE Loe B BT R 3G I SRS T, B ki
D7 Eoo ST 0 SR BRAR, U061 R 2.5 kKW B, )5
ol L L 5 B Lo 5 AIK, M 2163 pA/em?, [ B Il L A7
Eon 35155, 0 —613.2 mV o [ J ol FEL {07 2 B g efe
SyRREE, H R L i R TR R . A R ko

DL BRI B b R N, FRO I TP R R

Q690 H 5Z  ME IR BEA AL J5 Y 65 1k IR 35 L %]
10, ATRLVE R A T —ERREME M. 2.5 kW
WOGCTRTT MRS R il D 34 M i
PR SIAR/INA I T, T 1.5 kW SO GIR T (45 4%
FEIAT AT o= B 25 A il

s

(a)l.5 kW (b)2.0 kW

(¢)2.5kW
E10 AEBAIIET Q690 NE S IR IE MR

Fig. 10 Corrosion of Q690 steel hybrid weld metal under different
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