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Abstract: High-strength low-alloy (HSLA) steel possesses a combination of high strength, good toughness, and certain cor-
rosion resistance, and has been widely applied in major engineering fields such as rail transportation, shipbuilding and oftf-
shore engineering, building structures, and energy equipment. In recent years, researchers have conducted various experi-
mental studies on the microstructure and mechanical properties of welded joints in HSLA steel. It has been found that differ-
ent welding methods and welding thermal cycles have a significant influence on the morphology and distribution of the mi-
crostructure in welded joints, thereby affecting the low-temperature toughness, mechanical properties, and corrosion behav-

ior of the welded joints. Based on the above reasons, this paper reviews the research progress on the microstructure and prop-
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erties of welded joints in HSLA steel, focusing on the mechanisms for improving low-temperature toughness, the effect of

welding heat input on mechanical properties, and the current status of research on corrosion resistance. On this basis, the re-

search progress of efficient welding technologies for HSLA steel is briefly introduced, along with future prospects for the ap-

plication of welding technology in the industrial field of HSLA steel. It is expected that deeper research will be conducted in

the future to improve the performance of welded joints, extend service life, and optimize welding process parameters.
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50 um

— Acicular ferrite (AF) < "’:— Bainitic ferrite (BF) < :— Martensite (M)

E1 RAHEERELIEERT, $PREEE (AF) BZSKASEN A S EEBEMX AR EME (HT-CLSM) : (a-d) %%
IEZR 0.5 °C/s; (e-h) B ENEZE 1.0 °C/s; (i-1) 4 ENEZR 5.0 °C/s; (m-p ) S ENE E 10.0 °C/s

Fig. 1 Typical HT-CLSM images, AF nucleation and growth at different cooling rate: (a-d)0.5 °C/s, (e-h)1.0 °C/s, (i-1)5.0 °C/s; (m-p)10.0 °C/s
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Fig.2 Optical micrographs show the transformed microstructures with different PAGS: (a)22.3 pm, (b)37.0 pm, (¢)52.4 pm and (d)62.8 pm
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Fig. 3 Cooling rate after welding: (a)2 °C/s. (b)5 °C/s. (¢)10 °C/s
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El4 FB#&ZE:(a)5.12x10° pm, (b)6.91x107° pm, (¢)3.07x1072 pm

Fig. 4 Nucleation density: (2)5.12x10~ pm, (b)6.91x107 pm, (¢)3.07x1072 pm
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Table 1 Mechanical properties of welded joints under different heat
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Fig. 5 Optical microstructure of BM and CGHAZ
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Fig6 The microstructure of coarse-grained heat-affected zone (CGHAZ) in steels
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Fig.7 Charpy impact toughness in the coarse-grained HAZ at -20 °C
JEH T Ca ¥4 11 ppm A1 18 ppm £ 1 TIN UKL
B A7 P B HECRE TR A B LAR Ca & i h
25 ppm SIS FEE 3% L4 iR 13 5 5 . Rt
TiN UKL A4 5 43 4R AE T Ca &5 K 11 ppm Al
18 ppm 4RAH i FAE i) X AR50 40 ok A 20, S 30T o
TR LS R A KB

i LR, A & n R IR 47 T A Nb
JCER PR ZUATE T I 28 1 F Mo JC 3 7R
SMEBE AL T AT, X % SR B Ca T E BN

(d)N4 5
i X 48 78 X R 4H 41

BRER TS A T AGR M, B T
RGN RE AR o X SR TE A ok
KB AR S T RO LS R P R, AR
F5E i AR AR A AR HSLA 701 TR S5 M i AR A 34
g AR EE R R R A A 1 g e R AR T LIS S
x5S
1.3 1R E MM R R

USRS 1 Ty 2R PR RE L AT R K L (H
S AW ity P v 118 K 30 T R AR AT T T kXL
B PR o TR RS P ) R L R A A0 O ok
YRR, A0 T ok i B Ry O B 45 4 22 4 19 1% 0 48
FRUTS B — [l ATk O AT A AN £
FERITT ZGM5E .

Zhang 55 N8 46 B TR G AL R %, SE A
FL Ak 20 5 T AR SCER A (SKP) 85 7 1A X A4
S SR AR REREA T T P55 . RO T LLAE
Wit 5 FL B P ASE 9 328 25 T v e P O 85 A A DB 3
T, FE R S 1 4% IX B AR Mg K RS R 2 B
TR TR 5 7 TH R 2600 mV B, HL B R N
B pl 378 Al 7 A8 g s ol S ) g ol R 3



55 8 1]

E8

HeFE &K
Fig. 8 Optical images of CGHAZ grain structure welded with (a) 2Ca, (b) 11Ca-1, (c) 11Ca-2, (d) 18Ca-1, (e) 18Ca-2, and (f)25Ca steels with
high heat input at 400 kJ/cm
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Fig. 9 Polarization curves of each area of the welded joint in seawater
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Fig. 10 Scanning Kelvin probe measurements of welded joints: (a,c) volt potential plane at 0 min and 3 days in seawater, and (b,d) 3D map of volt
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Fig. 11 Micromorphology of welded joint surface after 3 days of immersion in seawater
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Fig. 13  Surface current density distribution and macroscopic corrosion morphology of 10 kJ/cm welded joints after corrosion for different time:
(a)2h; (b)5h; (c)8h; (d)20h
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