B4 %5 T TEEEEEFR 201447 f
Volume 24 Number 7 The Chinese Journal of Nonferrous Metals July 2014

TEHES: 1004-0609(2014)07-1736-08

A BIRIRIEER/ A S BRER S 1R

FER, & 45, Hhlde, x4k

(IR RS2 VR4 Ot B i X R S =, Kb 410082)

O RADEHOLEEST 1.4 mm JE ) DCS6D+ZF HEEENAT 1.2 mm JE 1) 6016 4544 AR TH TR Z In
NIV AR e sz, R BN Q AR BT . R asE . X SHERATa O Ll v 1 7 e B L5 4
TR IZ AT B Mk AR 2L Wi g, SURIVCE . R . = MIe 305 iy LA Bk 00 24 kg
PRSI S5 MV AR A AR A TS e RE P VE FI ML . &5 SRR ok Th=e 1650 W, IR0 35 mm/s, AR
+3.0 mm, Ar AP SAEHREN 20 Limin T 2K, MAKE, SRR CHRSE 5 %S, LRI
GG BZ I SGE T FE 30 A DA R BT 7= A (R 2 BRI S: SR N2 ARG, Rk 4 PR R
PRIRIBRIRD , WVRAEIG R s 2526 F AR T e AR R AR B, SRR & 3R T v SO AR, IR AR
BN HOCHE R ORGSR R HUS BAIRA, SARIMARIZMIE, AR S EAT %8s W
RTINS S 53 8T D) J) 435 41.45 MPa il 1.04 kN, J32=PEREIFSBA DR B2 16 m
ANIMRSS:  [FEERE AT, FREalRe oy 2O AR o, ™M) E 2204 Fe,Osv FeO(OH). Feg(OH)(,CO;,
EARMANBZAALE, SRR o g, W3 BT B2 H A 4aggtk, T A BH AR RIS A% 2 18] ) Ha,
TR, VR AR, PR, BRI B AR T AR AR BRI v

KHEIA: NS A EE WORRCHE: SRR T kA

RESES: TG457 NEkbRERS: A

Microstructure and properties of galvanized
steel/ aluminum alloy laser-adhesive hybrid bonding
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Hunan University, Changsha 410082, China)

Abstract: The fiber laser welding and corrosion resistance test with/without adhesive layer addition were carried out on
the DC56D+ ZF galvanized steel with thickness of 1.4 mm and the 6016 aluminum alloy with thickness of 1.2 mm. By
using optical microscopy, scanning electron microscopy, X-ray diffractometry and tensile test, the microstructure, fracture
morphology, interface element distribution, corrosion rate, corrosion morphology, composition and mechanical properties
of joints were studied, the effect of adhesive layer on the corrosion resistance of weld joint was also discussed. The
results indicate that addition of adhesive can improve the block of heat transfer caused by the interstice of overlap
welding and the feature of welding are uniformly continuous without pore or flaw at the welding process parameters as
follows, such as laser power of 1650W,welding speed of 35mm/s, defocusing amount of +3.0 mm, Ar as the protection
gas and flowing at the speed of 20 L/min. Comparing with the sample without adhesive layer, the interstice of metal plate
specimen decreases and the penetration is deeper, the adhesive layer is decomposed into gas and solid residue, thus, the
aluminum alloy surface with high reflectivity feature is changed, and the laser energy absorption of aluminum alloy
increases, the molten metals of steel and aluminum embed into each other after cooling. Comparing with the sample
without adhesive layer, the steel and aluminum interface boundary is not continuous. In laser weld bonding, the average

shearing strength and average shearing force of steel/Al joint are 41.45 MPa and 1.04 kN. The mechanical properties are
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not weakened by the addition of adhesive layer. Under the same corrosion condition, galvanic corrosion of welding

specimen is found and corrosion product are Fe,O3;, FeO(OH) and Fes(OH);,CO;. Comparing with the sample without

adhesive layer, the corrosion rate of the sample with adhesive layer decreases, and the corrosion resistance properties are

improved. Because the adhesive layer has electric resistance and insulation properties, it controls electron exchange

between the anode and the cathode, reduces galvanic corrosion effect which improves corrosion resistance of steel and

aluminum welded specimen with adhesive layer addition.

Key words: steel/Al alloy dissimilar metal; laser-adhesive hybrid bonding; weld appearance; corrosion resistance

properties
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Fig. 1 Schematic diagram of steel/aluminum laser-adhesive

hybrid bonding: 1—Galvanized steel; 2—Laser beam; 3—
Blowing side protective gas; 4—Adhesive layer; 5S—Aluminum

alloy
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Fig. 2 Microstructures of steel/Al joint (a), steel/adhesive layer/Al alloy joint (b), weld zone of steel/Al alloy (c) and weld zone of

steel/adhesive layer/Al alloy (d)
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Fig. 3 SEM images of steel/Al and steel/adhesive layer/Al alloy interface layer: (a) Steel/Al alloy joint; (b) Steel/adhesive layer/Al

alloy joint; (c) Enlarged view of Fig. 3(a); (d) Enlarged view of Fig. 3(b)
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Table 1 EDS analysis results of steel / Al and steel/adhesive
layer/Al weld joint shown in Fig. 3
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Fig. 4 Shear strength and shear force of laser weld joint
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Fig. 5 Failure adhesive bonded joint in tensile shear test (a) and different multiples of SEM images of laser weld bonding steel/Al

joint fracture: (a) Failure adhesive bonded joint; (b) Shallow dimple; (c) River pattern; (d) Small dimple
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Fig. 6 SEM images of welding specimen surface corrosion products of samples 1 (a), 2 (b), 3 (c) and 4 (d) after corrosion
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Fig. 7 SEM images of surface of samples 1 (a), 2 (b), 3 (c) and 4 (d) by removing corrosion products after corrosion
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Table 3 Corrosion analysis results of spectrum and X ray
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