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An Experimental study of joining aluminum to galvanized and plain carbon
steels using the welding-brazing hybrid method
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ARTICLE INFORMATION ABSTRACT

Original Research Paper Today, the demand for joining dissimilar metals of aluminium and steel to reduce the vehicle
Received 04 May 2015 weight in the automotive, aerospace and shipbuilding industries has witnessed a rapid growth. In
Accepted 08 June 2015

the present study, 5083 aluminium alloy was joined to galvanized steel and plain carbon steel

Available Online 28 June 2015 with 4043 and 4047 filler metals by using the welding-brazing hybrid method. The brittle

Ke , intermetallic compound (IMCs) layer formed in the interface of steel-weld seam was found to have
ywords: L . 7 .- . . .
Dissimilar Metals a significant influence on the joint strength. The results also indicated that increasing heat input
Welding-Brazing enhanced the thickness of IMCs layer. The thickness of IMCs layers, as measured from
Intermetallic Compound Layer microstructural images, was in a range of 2-6 um. Further, the results obtained from
Heat Input microstructural observation showed that with equal weld heat input, the thickness of IMCs layer
for the joint produced with 4047 filler metal was approximately half of that obtained for the joint
produced with 4043 filler metal. The highest mechanical resistance (of about 170 MPa) was
obtained for aluminum to galvanized steel joint with 4047 filler metal. Moreover, in this joint, the
failures occurred in the welded seam and for aluminum to plain carbon steel joint, it was in the
interface of steel-weld seam. The results obtained by Energy dispersive x-ray spectrometry
analysis of IMCs layer for aluminum to galvanized steel joint showed the presence of the FeAls
intermetallic compound. This was confirmed by x-ray diffraction analysis of the fracture plane.
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11- AI-5Si

12- Optical Microscopy

13- Scanning Electron Microscope (SEM)

14- Energy Dispersive x-Ray Spectrometry (EDS)
15- X-Ray Diffraction (XRD)

16- KsAlFs, KAIF,

8 oloib 15 093 1394 LT (w3 Swilke widie

-[3'1] Sl 99, S5 @M L YL glales )5 (slaxio 1«5“’14*:‘
Sl () Kigz sl (o) Kgz (Jols Jlail a1 ooz
Sl L5t g5 Jail 5 o gy o Sigul T (5 Sag L2
@ bauld cpl sgzrg (nl b el oud 483 Say o¥gd 4 el L]
S50 Dlalad olal g IS 050 3,8 4 yazie (pizres o YU ez L
05 5 & SISz by Sl eolitul (nl by $eb e Sgase ¢ L]
Sl Dgllae olio sl S Jate Y9 4 Loditians | oiogll a5 aiy 5o

[54]

eSS 2978 g (s Lidlons (5L owsd (6,852 (oS 5 G,
397 o & ibanie 5 40T @ oy st e = (K5)
Salyd Gl o el ool s Y8 4y gl JLail o Clin Slades
5 9950 oaildyy gz 38 Lawgi SVsd 5 oud 93 mrinegll i ¢ Jlas!
(ol | o Connd 0 ly8 T I oo goi 75 oY 88 (gl ol gd w8
6] ol (655 e 0¥g8 4 s 5 (5 Sg>

meiagll 5 salr 8T lawil 53 ansgi (5518 o 55 A
O 0 9 G O Y Cubks el sl 4y ogbiee S lie
oy b ol Sl 5 les aper b YU aloua U Jlas! sl Jl>
@)yl ogh JpS Shesls —o¥ss S i Jad 4l Soop
» SlEee s wn cty o a5 A Co iy (een
[Y8] ail jse Gyl S 5 Syl Slyz 05 U8

2 pringll () Sz = 5 st o [8] (Ko 5 JoSiigman L
5 wo,S eslaul (il oy lsreay wncily ambo paiz oY
g sl pll 1) oyl b e e sgase <l slagsluad uizen
@ e L Gl cale b ety amio I osliiul oS wiaiagd
Db se Jlasl pliovinl fali8l g 631 (oS 5 A Culs lals

Ly e - S5 (6,092 gy ol 51 [9] il Se 5 Sl
=gl e = gl qomdins = ool (6318 (loonisS 5l enlinl
NS Jate o33lelS SYsb 4 1) erteasll w5y sl 5 e i
Gl (JEllSe 136 b il o288 plSociul piShas a5 wisgad (5155 9
ol Gty 4087 00isS 5y L oss axsLs (gla L

95 ) b 5 2o 3T polie 23U [10] ail)Sem 5 5
Jasl jo g5l o oS 5 Y oled CuS S g el walks
ST T W8S ey V58 & mrisosl] (5 S ) =S S 5
| o3l o oS 5 Y ) Censlsns o L oy jeie polie a5 sis,S
s s sl b (Sle plSiociul b Jlas] a3 5 oS Sgazee
"2l G eSS Y gy Sl Cudly ko (09381 &S
oS 03,5 S 5S o] 2 odle ans hals 1 B2 ail o by maiesl]
2l il s e il b Ll oSl

by K )97 Gosb 31, tensll ST [11] il iSan 5 Sl
Jaa S Vg 4 00 pteosl (55 oSy 18 5] eolin
Y sl eads SIS el e Y SO Jlasl LSl 5, 0 baplass S

1- Morphology

2- Bimetal Joining

3- Tungsten Inert Gas (TIG)

4- Intermetallic Compound Layer
5- AlI-12Si

6- Metal Inert Gas(MIG)
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