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Influence of Ti and Zr on cold metal transfer in-situ
welding properties of aluminum alloy

LEI Yu-cheng, LI Xue, CUI Jian, HU chao

(School of Materials Science and Engineering, Jiangsu University, Zhenjiang 212013, China)

Abstract: In order to study the effect of in-situ alloying welding on aluminum alloy joint, the cold metal transfer (CMT)
in-situ welding test with the addition of Ti, Ti and Zr mixed powder was carried out on 5A66 aluminum alloy. The
microstructures and mechanical properties were investigated by OM, SEM, EDS, micro X-ray diffraction, microhardness
test and tensile mechanical properties test. The results indicate that, small and uniformed Al;Ti and Al;Zr particles form in
the weld zone, which enhances the mechanical properties and phase distribution in this area, but this also increases the
tendency of gas bubbles in the joint at the same time. There is also a grain zone along the fusion line, in-situ reaction
increases the width of the grain zone. The dispersion of newly formed second phases enhances the mechanical properties
of the weld seam. The alloy element addition does not affect the heat affected zone (HAZ), the strength coefficient of
joints fractured is about 0.9 because of the lower heat input of CMT method.
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R AR R He I 50%Ti-50%2Zr( i e 43 30 347 i
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Table 1 Chemical composition of SA66 aluminum alloy and ER5183 welding wire

Mass fraction/%
Alloy
Si Fe Cu Mn Mg Cr Zn Ti Al
5A66 0.005 0.01 0.005 0.03 1.85 0.018 0.0017 0.01 Bal.
ER5183 0.400 0.40 0.010 0.50—-1.00 4.30-5.20 0.050-0.250 0.2500 0.15 Bal.
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Table 2  Optimized process parameters of CMT

ire feedi 1di Al
Current/ Voltage/ Wire feeding  Welding rgon gas
A v speed/ speed/ flow/
(mmin")  (mmin')  (L'min’")
93 13.3 6 0.42 18
3
2

v e

1 & et s A

Fig. 1 Schematic diagram of in-situ welding: 1—Base metal,
2—Metal podwer; 3—Wire electrode; 4—Grooved copper
plate
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Fig. 2 Microstructures of welding sample without alloy

element addition: (a) Before corrosion; (b) After corrosion

Fig. 3 Cross section profiles((a)—(c)) and microstructures((d)—(f)) of different samples in center of joints: (a), (d) Sample 1; (b), (¢)

Sample 2; (¢), (f) Sample 3
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(f) Al
Element w/%  x/%
Mg 382 6.68
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Fig. 4 SEM images((a), (c), (¢)) and EDS spectra((b), (d), (f)) of reinforced phases of welding joints: (a), (b) Sample 1; (¢), (d)

Sample 2; (e), (f) Sample 3
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Fig. 5 XRD patterns of welding joints center of different

samples under different process conditions: (a) Sample 1;

(b) Sample 2; (c) Sample 3
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Fig. 6 OM microstructures of welding joints and EDS spectra of sample 3: (a) Sample 1; (b) Sample 2; (c) Sample 3; (d) EDS

spectra
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Fig. 7 Microhardness profiles of CMT welded joints
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Table 3 Average tensile strength and strength coefficient of FL M A 40, RS T, Zr%é‘éfc%(ﬂ 9(d));
different welding samples R S PP — B, WAL A AR X A
Average tensile .
Sample strength/MPa Strength coefticient
1 186.7 0.889 (a)
Fusion line
2 189.8 0.904 3
3 191.5 0.912
5A66 210.0 -

AR S A AT AR, AT CVR VI, WO AegR
o, WAL ST AR R g sE, VR TR AT AT
A&k, & AT A AENT AR T (R e R, AT AL 4%
S, & 3 AL, HT CMT S ik N
&, RFE 1 S RACIES) 0.89; A cEIIRM
SHAGE I X R MAS K, IR 2 R 3 (R R 500 ok
0.9 1 0.91.
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9 FioR A REEAR S R T 11 SEM 18 ) EDS %«
HE 9 AIA h, AR TE&M PR i s B8 Rl b ok r W (i
SEAEPENTR, WO AE R EREIE AL OLE 9(a)~ Fig. 8 Fracture positions of welded joint before(a) and after
(©))o AWAEIRFEWTRAESE X, fEBUFE 2 A1 3 W tensile test(b)

1 (d) Al

Element /9% x/%
Mn 11.07 6.06
Mg 344 4325
Al 75.64 84.37
Fe 9.86 5.31

Mg
ML Fe
2 4 6
Energy/keV

9 JREHELRLINT PR SR LL B 9(c) i) EDS i
Fig. 9 SEM images of fracture surfaces of welding joints((a)—(c)) and EDS spectra of Fig. 9(c): (a) Without addition; (b) Adding Ti;
(c) Adding Ti and Zr; (d) EDS spectrum
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