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Today, the demand for joining dissimilar metals of aluminium and steel to reduce the vehicle
weight in the automotive, aerospace and shipbuilding industries has witnessed rapid growth. In
the present study, 5083 aluminium alloy was joined to galvanized steel and plain carbon steel
with 4043 and 4047 iller metals by using the welding-brazing hybrid method. The brittle
intermetallic compound (IMCs layer formed in the interface of steel-weld seam was found to have

significant influence on the joint strength. The results also indicated that increasing heat input
enhanced the thickness of IMCs layer. The thickness of IMCs layers, as measured from
microstructural images, was in range of 2- m. Further, the results obtained from
microstructural observation showed that with equal weld heat input, the thickness of IMCs layer
for the joint produced with 4047 iller metal was approximately half of that obtained for the joint
produced with 4043 iller metal. The highest mechanical resistance (of about 170 MPa) was
obtained for aluminum to galvanized steel joint with 4047 iller 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 FeAl3

intermetallic compound. This was confirmed by x-ray diffraction analysis of the fracture plane. 

Keywords:
Dissimilar Metals 
Welding-Brazing 
Intermetallic Compound Layer 
Heat Input

  

1-   

) 
 ( .

 1 

1- Fe2Al5, FeAl3 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

8.
44

.4
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

11
 ]

 

                             1 / 11

https://dorl.net/dor/20.1001.1.10275940.1394.15.8.44.4
https://mme.modares.ac.ir/article-15-10060-en.html


    

-     

  

250  1394158  

1 ] 1 -3.[
 

2

  .

 .

]45.[

)3– 
 .

] 6.[
4 

 .

-  .

] 8.[
]8 [ - 

  .  
 ] 9 [- 

 - - - 
-  - 

 136 
 40475 

]  10 [

6–   .

 - 
2/57  . 

 .  
] 11 [8 

-9 10

 .

1- Morphology 
2- Bimetal Joining 
3- Tungsten Inert Gas (TIG) 
4- Intermetallic Compound Layer 
5- Al-12Si
6- Metal Inert Gas(MIG) 
7- Fe2Al5

8- 5A02-H34
9- Zn-15Al
10- Q235B

 .  
) 

 (
5083  -  -

4043114047 
 .

 ( ) 
 .

12 13  .

14  .15 

  .

2- 
5083 

3 2  .
– 

4043 4047 5/2  .

 .
 1  . 

1   .
100×200 

 .

30 
 .

 30 
  

) 
 - - 16 . (

5/0  
 .

5/0×8 
 . 

2  .  

1 

11- Al-5Si
12- Optical Microscopy 
13- Scanning Electron Microscope (SEM)
14- Energy Dispersive x-Ray Spectrometry (EDS)
15- X-Ray Diffraction (XRD)
16- K3AlF6 KAlF4

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

8.
44

.4
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

11
 ]

 

                             2 / 11

https://dorl.net/dor/20.1001.1.10275940.1394.15.8.44.4
https://mme.modares.ac.ir/article-15-10060-en.html


    

 -     

1394158  251  

1 5083  4043 4047 )  
5083 4043 4047

25/0 2/99 8/0 8/0
95/3 073/0 134/0 3/0 3/0
29/0 015/0 1/0 5- 5/4 13-11

3/0 38/0 766/0 5/0 15/0
136/0 017/0 008/0 5/0 1/0
033/0 02/0 004/0 1/0 2/0

  059/0 03/0
          

2 –      

    (v)  
(mm/s)

(A)  
(J/mm)  

1  

4043  

11 67/2  120 5/247  
2  1225/21403/373
3  145/2150420
4  1552/2  155 3/461  
5  4047  15 55/2  155 9/455  
6  

4043  
15 6/2  155 1/447  

7  16 7/2  160 474 
8  16  75/2  170  5/494  
            

1  : )
- - 

 -  5 -3 ) 2  .
 

  .
9  .

20 30  .
3 -

)  .1 (  

)1(  =  
Q U I V 

  .6/0   

 .

3

3- 

3-1 - 4  
 2    

1- Keller
2- Etching 
3- AWS C3.2M.C3.2 
4- Macrostructure

150 5/2 

 .

 .
 .

  
3 

 .
)  -

 .
 

 2     - 
 (   (   

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

8.
44

.4
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

11
 ]

 

                             3 / 11

https://dorl.net/dor/20.1001.1.10275940.1394.15.8.44.4
https://mme.modares.ac.ir/article-15-10060-en.html


    

-     

  

252  1394158  

  

  
 3        -     

-    

 .

] 11.[ 

 
]2 .[  

 .

  

3-2- 
4 -  

4043 
 .

 .
6 -2  .

 .

- .

] 12.[

    

    
4 -- J/mm 5/247

– J/mm3/373- J/mm 420 - J/mm3/461  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

8.
44

.4
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

11
 ]

 

                             4 / 11

https://dorl.net/dor/20.1001.1.10275940.1394.15.8.44.4
https://mme.modares.ac.ir/article-15-10060-en.html


    

 -     

1394158  253  

 

] 713.[

4047 4043 
5  .

– 
 4047

4043 
4043 36 4  

4047  .
4047 

 . 

] 9.[  

 . 
  –

 
 

- 
  

 
 

- 
  

  

 
  

  
4043  

  
4043  

  
4047  

  

 5 J/mm460  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

8.
44

.4
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

11
 ]

 

                             5 / 11

https://dorl.net/dor/20.1001.1.10275940.1394.15.8.44.4
https://mme.modares.ac.ir/article-15-10060-en.html


    

-     

  

254  1394158  

– ] 14[
 

 .
40474043

 .4047 
4043  . -

5 
4043 

– 
 . -

4047 

 .6 
-
 .6 - 6- 

4043 
4047 

 6-
4043  

 .

]11[.
6 - 

 .
–  .

6- 6 - 
 4047 

4043
 . 

] 9[ .  

  

 6     - – 4043 -   –    
       4043 -         4043 -   –        

   4047 -   –           4043  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

8.
44

.4
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

11
 ]

 

                             6 / 11

https://dorl.net/dor/20.1001.1.10275940.1394.15.8.44.4
https://mme.modares.ac.ir/article-15-10060-en.html


    

 -     

1394158  255  

- 1 
 -  -

 .7  -  - 
   

) 1(2) 2(3 
) ( -

] 115[ .
)  1 ()2 (6

-  -  )7 (
4043

) 1(4 ) 1 (

) 1(
 ) 1 () 1 (

] 15 .[6- 
4047

 .
)  (

4047 
4043  .

4047  ]16[.  

1- Fe2Al5, FeAl3 
2- Al7.3Fe1.7Si
3- Al9Si2Fe2

4- FeAl3

 )5( 
)6 (6 - -  

 4043  
4047 ) 1 (

- 5 ) 1 ( .
3

4043 .
 .

- 
)2 () 1( 

  .
 ) 7 ( -

-  -   ] 2[.
]4[ ) 2(  

– 
  .
– 

    
 

 .)1( )2 (6 )
4043   )5( )6(  

4047 
 .

- - 
) 2(6) 1 ()1(   )2 (
 .  

  

  

5- FeSi2 
6- Fe2Al5

  
7  -  -  600 ]14[  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

8.
44

.4
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

11
 ]

 

                             7 / 11

https://dorl.net/dor/20.1001.1.10275940.1394.15.8.44.4
https://mme.modares.ac.ir/article-15-10060-en.html


    

-     

  

256  1394158  

3  6 )
  

     
)1(95/69  55/26  51/3  0 0 

)2(55/70  48/16  97/12  0 0 

)3(62/86  0 40/6  97/6  0 

)4(58/76  0 36/0  0 06/23  

)5(47/67  90/2162/1000
)6(38/7295/1367/1300
)7(67/8470/462/1000
)8(62/6970/2568/400
)9(88/6919/1020/1873/10

 

)2 ( )1 (

 .)1( 
651/3  .

)  5 (62/10 
) 1 (1

70/4 )  7(
6

 .) 3)  (4 (

) 3 (– 
97/6 - 

-  )8 (
 )  11(2 

  

1- Fe (Al,Si)3

2- Mg2Si

) ) 4 (6 (06/23 
 -  

- ) 9/1(3-
 ]14 .[6- 6- 

 4043 
4047 

 .
 

)7)   (9( 70/4 19/10  .
 

 
 .

)7)  (9 (  - -  
 )2(    

3- Al9W 

8 - -  450 ] 14[

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

8.
44

.4
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

11
 ]

 

                             8 / 11

https://dorl.net/dor/20.1001.1.10275940.1394.15.8.44.4
https://mme.modares.ac.ir/article-15-10060-en.html


    

 -     

1394158  257  

9 

  .9 - ) 1  (

-  - 
  .

]17 .  [
- - 1 

 .
] 15 [

  

 .

1- Al0.5Fe3Si0.5 

 

- 2] 2 .[  
9-  

 .
- 3 ) 1)  (2 (

] 18[

4- 
10   

 4047
–  

– )  
 (
 .

2- FeSi, FeSi2 
3- AlFe3 

9     --  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

8.
44

.4
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

11
 ]

 

                             9 / 11

https://dorl.net/dor/20.1001.1.10275940.1394.15.8.44.4
https://mme.modares.ac.ir/article-15-10060-en.html


    

-     

  

258  1394158  

 10  - 4043  
 -  4043- 

4047
 

 .
4043120  -

4047 170 
 .

4047 4043
) 6 3  (

 . 
404380  .

 .
- 

 .
 -

  .
 ] 9[

136 
)170    

4047  .

5- 
- 5083 

4043 4047 
 .

  

1 - 
4043 4047 6 3 

 .
2 -  

4047
4043 .

 4047 
4043  170 120 

3 - 

) 80  .  (
4 -  4043 

 - 
4047

  - 
5 - - 

6-  ) 1( 
 .- 

)(

7 -   )2( 

6 -   
[1] H. Dong, L. Yang, C. Dong, S. Kou, Improving arc joining of Al to steel and

Al to stainless steel, Materials Science and Engineering A No. 534, pp.
424– 435, 2012.

[2] J. L. Song, S. B. Lin, C. L. Yang, G. C. Ma, H. Liu, Spreading behavior and
microstructure characteristics of dissimilar metals TIG welding–brazing
of aluminum alloy to stainless steel, Materials Science and Engineering A
No. 509, pp. 31–40, 2009. 

[3] H. Dong, L. Yang, C. Dong, S. Kou, Arc joining of aluminum alloy to
stainless steel with flux-cored Zn-based filler metal, Materials Science
and Engineering A No. 527, pp. 7151 7154, 2010.

[4] H. Zhang, J. Liu, Microstructure characteristics and mechanical property
of aluminum alloy/stainless steel lap joints fabricated by MIG welding–
brazing process, Materials Science and Engineering A No. 528, pp. 6179–
6185, 2011.

[5] C. Dharmendra, L. Rao, J. Wilden, S. Reich, Study on laser welding–brazing
of zinc coated steel to aluminum alloy with azinc based filler, Materials
Science and Engineering A No. 528, pp. 1497–1503, 2011.

[6] S. B. Lin, J. L. Song, C.L. Yang, C. L. Fan, D.W. Zhang, Brazability of
dissimilar metals tungsten inert gas buttwelding–brazingbetween
aluminum alloy and stainless steel with Al–Cu filler metal, Materials and
Design No. 31, pp. 2637–2642, 2010.

[7] J. Fan, C. Thomy, F. Vollertsen, Effect of thermal cycle on the formation of
intermetallic compounds in laser welding of aluminium-steel overlap
joints, Phys. Procedia, No. 12, pp. 134-141, 2011.

[8] R. Borrisutthekul, T. Yachi, Y. Miyashita, Y. Mutoh, Suppression of
intermetallic reaction layer formation by controlling heat flow in
dissimilar joining of steel and aluminum alloy, Materials Science and
Engineering A No. 467, pp. 108–113, 2007.

[9] H. Dong, W. Hu, Y. Duan, X. Wang, C. Dong, Dissimilar metal joining of
aluminum alloy to galvanized steel with Al–Si, Al–Cu,Al–Si–Cu and Zn–Al
filler wires, Journal of Materials Processing Technology No. 212, pp. 458
464,2012.

[10 Y. Su, X. Hua, Y. Wu, Influence of alloy elements on microstructure and
mechanical property of aluminium–steel lap joint made by gas metal arc
welding, J. Mater. Process. Technol No. 14, pp. 750-755, 2014.

[11] H. G. Dong, W. J. Hu, X. C. Zhang, Detachment of interfacial layers during
arc-brazing of aluminium alloy to carbon steel with filler wire Trans.
Nonferrous Met. Soc. China No. 23, pp. 1583-1588, 2013.

[12] S. Chen, L. Li, Y. Chen, J. Dai, J. Huang, Improving interfacial reaction

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

8.
44

.4
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

11
 ]

 

                            10 / 11

https://dorl.net/dor/20.1001.1.10275940.1394.15.8.44.4
https://mme.modares.ac.ir/article-15-10060-en.html


    

 -     

1394158  259  

nonhomogeneity during laser welding–brazing aluminum to titanium,
Materials and Design No. 32, pp. 4408–4416, 2011.

[13] H. T. Zhang, J. C. Feng, P. He, H. Hackl, Interfacial microstructure and
mechanical properties of aluminium–zinc-coated steel joints made by
modifiedmetal inert gas welding–brazing process, Materials
Characterization No. 58, pp. 588–592, 2007.

[14] ASM Handbook, Alloy Phase Diagrams Vol 3, Edition, 1998.
[15] J. L. Song, S. B. Lin, C. L. Yang, C.L. Fan, Effects of Si additions on

intermetallic compound layer of aluminum–steel TIG welding–brazing
joint Journal of Alloys and Compounds No. 488, pp. 217–222, 2009. 

[16] M. Pourjafari Kasmaee, M. Honarpisheh, Investigation of annealing
treatment on the mechanical and metallurgical properties of explosive-
welded Al/St/Al multilayer, Modares Mechanical Engineering Vol. 15, No.
1, pp. 397-402, 2015. (In Persian) 

[17] S. Nourouzi, M. Shakeri, M. Habibnia, Friction stir welding of dissimilar
metal Al 5050 Aluminum alloy to AISI304 stainless steel, Modares
Mechanical Engineering Vol. 12, No. 6, pp. 95-103, 2012. (In Persian) 

[18] J. L. Qin, Y. H. Su, S. J. Wang, Microstructures and properties of welded
joint of aluminum alloy to galvanized steel by Nd:YAG laser MIG arc
hybrid brazing-fusion welding, Trans. Nonferrous Met. Soc. China No. 24,
pp. 989 995, 2014. 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

8.
44

.4
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

11
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            11 / 11

https://dorl.net/dor/20.1001.1.10275940.1394.15.8.44.4
https://mme.modares.ac.ir/article-15-10060-en.html
http://www.tcpdf.org

