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TABLE 3

Content of alloying elements of aluminium powder grade 1070A 
(acc. PN-EN 573-3:2014)

Chemical composition [%]
Al Si Zn Fe Ti Cu Mn Mg

>99,70 <0,20 <0,07 <0,25 <0,03 <0,03 <0,03 <0,03

Additional material for CMT MIG-brazing was in form 
of solid wire grade S AL 4047 (AlSi12) – acc. To EN ISO 
18273:2016 (Table 4). AlSi12 additional metal is used mainly 
for repairing aluminum alloy castings containing 7-12% Si e.g. 
G-AlSi12, G- AlSi8Cu3, G-AlMg3Si and others. This alloy is 
also suitable for joining different aluminum alloys, especially 
for alloys prone to hot cracking and for making aluminum con-
struction working in high temperature environments. It is used in 
joining with welding methods of automotive parts and in HVAC 
industry. Before brazing test joints joined elements were placed 
on table fitted with clamping equipment. On each try aluminum 
plate was placed over steel plate using overlap of 20 mm. Optimal 
parameters of powder laser brazing and CMT MIG-brazing, that 
enable formation of dissimilar lap joints between thin aluminum 
plates grade 1050A and carbon steel grade DC04 galvanically 
zinc plated from both sides are presented in Table 5 and Table 6.

TABLE 4

Contents of alloying elements and mechanical properties of addition-
al material in form of solid wire 1,2 mm in diameter, grade S Al 4047 

(AlSi12) (acc. EN ISO 18273:2016)

Chemical composition [%]
Al Si Fe Mn Zn

reszta 12,0 <0,60 <0,15 <0,20
Mechanical properties

Rp0,2 [MPa] Rm min. [MPa] A5 min. [%]
80 170 12

TABLE 5

Optimal technological parameters enabling formation of dissimilar 
thin plate lap joints by high power diode laser braze-welding made of 
aluminium grade 1050A and carbon steel DC04 zinc galvanized from 

both side with use of additional material in form of grade 1070A 
aluminium powder

Output 
power

P 
[W]

Brazing 
speed

Vsp 
[m/min]

Powder 
feed rate

V 
[g/min]

Shielding 
gas ß ow rate

Q 
[dm3/min]

Chemical 
composition 
of shielding 

gas

Powder 
feeding 

nozle angle 
�. [°]

1400 0,2 1,0 2,5 100% Ar 45

3. Results and discussion

After braze-welding visual tests on joints between thin 
aluminum plates grade 1050A and carbon steel grade DC04 
were carried. Visual examinations were proceeded in condi-
tions described in EN ISO 17637:2011. Examination results of 
joints made with use of high power diode laser and additional 

material in form of powder as well as joints made with use of 
CMT arc-brazing with additional material in form of wire have 
shown correct spreadability and formation of filler metal, which 
in both cases covered steel plate adequately to requirements. 
Braze-welded joints have possessed regular geometry, correct 
dimensions, metallic shine and smooth face. On the back side 
of braze-welded joints, on steel plate surface in place near heat 
source path, no deterioration of corrosion protective layer was 
observed. In joints no defects such as surface cracks, cold lap-
ping or insufficient fill were observed.

Metallographic examinations in macro- and microscopic 
scale were carried in order to evaluate joint structure and to 
reveal potential internal defects in braze-welded joints. Mi-
croscopic examinations were carried on etched specimens of 
weld-brazed joints traverse cross-sections. Preliminary examina-
tions of braze-welded joints cross-sections in macro scale were 
made with use of stereoscopic microscope with magnification 
from 4 to 25 times. Additional metallographic examinations 
were carried with use of light microscope in distinctive joint 
areas, with magnification from 100 to 800 times. Photographs 
of macrostructure with microstructural views of base materials, 
filler metal, HAZ, transition line between base materials and 
filler metal were presented in Figs. 3-4.

Based on joint cross-section metallographic photographs 
microstructures of base materials were established. Aluminum 
grade 1050A had �.-Al structure with certain amount of peri-
tectic and carbon steel grade DC04 had small-grained ferritic 
structure with traces of perlite. Between joint made by differ-
ent brazing method, major structural differences in filler metal 
were observed. In joint made by laser brazing with additional 
material in from of metallic powder correct cross-section geom-
etry, with set amount of longitudinal gas pores, was observed, 
Fig. 3a. Additionally, in filler metal acicular inclusions starring 
at and perpendicular to steel plate surface (Fig. 3d), as well as, 
band inclusions parallel to transition line from filler metal to 
carbon steel (Fig. 3b and c) were identified. Moreover, a crack 
in filler metal placed just above steel plate surface was pointed 
out. In base material, under protective zinc layer, thin HAZ was 
observed. In joint made by CMT MIG-brazing regular shape of 
cross-section was observed, however singular nearly circular gas 
pores were noted (Fig. 4a). Filler metal structure is characterized 
by dendritic precipitations of �.-Al solid solution surrounded 
by fine-grained eutectic. Transition line between filler metal 

TABLE 6

Optimal technological parameters enabling formation of dissimilar 
thin plate lap joints by high power diode laser braze-welding made 
of aluminium grade 1050A and carbon steel DC04 zinc galvanized 
from both side with use of additional material in form of S Al 4047 

solid wire

Arc 
current

I 
[A]

Arc 
voltage

U 
[V]

Brazing 
speed

Vsp 
[cm/min]

Wire 
feed rate

Vd 
[m/min]

Shielding 
gas ß ow 

rate
Q 

[dm3/min]

Chemical 
composition 
of shielding 

gas

Torch 
angle
�ú1/��2 

[°]

78 12,4 45 4,5 12 100% Ar 90/90
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Fig. 3. View of macro- and microstructure of sample cut from dissimilar lap joint aluminium grade 1050A – galvanized carbon steel DC04 braze-
welded by high power diode laser with additional material in form of grade 1070A aluminium powder (aluminium in the top, steel in the bottom): 
a) joint macrostructure; b), c), d), e) braze metal – galvanized carbon steel plate contact area microstructure 

and aluminum plate was regular with minimal fusion into base 
material (Fig. 4c). On phase border between galvanized steel – 
aluminum filler metal dissolvement of zinc layer with nearly no 
fusion into steel plate was noted (Fig 4d).

For acquisition of high quality structural views of braze-
welded joints scanning electron microscope was used. Observa-

tion of specimens were carried under magnification from 500 
to 10000 times. Obtained results enabled to specify chemical 
composition in microareas in which cracks were observed, check 
chemical composition of unidentified inclusions in filler metal 
and identification of other defects such as: gas voids, cracks and 
others. Sample results of inclusions observations and microanaly-
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Fig. 4. View of macro- and microstructure of sample cut from dissimilar lap joint aluminium grade 1050A – galvanized carbon steel DC04 CMT 
MIG-brazed with additional material in form of grade S Al 4047 solid wire (aluminium in the top, steel in the bottom): a) joint macrostructure, b) 
Al 1050A parent metal microstructure, c) braze metal – Al 1050A parent metal transition area microstructure, d) braze metal – galvanized carbon 
steel plate contact area microstructure e) galvanized steel DC04 parent material microstructure

sis of their chemical composition were shown in Figs. 5 and 6.
In band inclusions, localized in filler metal over the surface 

of steel plate iron content up to 43% was observed. Cause of 
iron content appearance in aluminum filler metal were melt-
ing of zinc layer and partial fusion into steel plate. Chemical 
composition microanalysis of joint made by use of CMT MIG-

brazing in area corresponding to location of band inclusion in 
laser brazed joint has shown no iron content. However, in filler 
metal small inclusions with complex chemical composition 
were noted (Fig. 6).

In Fig. 7 SEM view of filler metal outer edge located near 
steel plate surface (Zn1 – Fig. 8), from laser brazed joint with 
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Fig. 10. BSE view of braze metal of lap joint aluminium grade 1050A – galvanized carbon steel DC04 CMT MIG-brazed with additional mate-
rial in form of grade S Al 4047 solid wire (magn. 500×) and micro-analysis of chemical composition in test area located near steel plate surface

Fig. 11. BSE view of reactive layer in braze metal of lap joint aluminium grade 1050A – galvanized carbon steel DC04 braze-welded by high 
power diode laser with additional material in form of grade 1070A aluminium powder including EDS analyses placement and their results

Fig. 12. Elemental maps of view form Fig. 11 for iron and aluminium
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Diffractometry did not clearly confirm presence of Al-Fe 
intermetallic phases in braze-welded joints of aluminum grade 
1050A and zinc plated steel DC04. In structure of HPDL braze-
welded with additional material in form of aluminum grade 
1070A powder joint, aside from presence of aluminum and iron 
phases, only small diffraction peak coming from plane (110) of 
Al-Fe intermetallic lattice was observed. In structure of CMT 
braze-welded with additional material in form of aluminum grade 
S Al 4047 solid wire joint five diffraction peaks from Al3.21Si0.47 
were observed.

Hardness tests were carried with Vickers method with 
load of 100 gf (HV 0.1). Test points were placed on singular 
line traversing 3 distinctive joint parts: aluminum matrix base 
material, filler metal and carbon steel base material. Test points 
placement and microhardness test results for dissimilar alu-

minum – galvanized steel joints brazed with laser and MIG were 
presented in Fig. 17.

Aluminum grade 1050A base material was characterized by 
hardness from 63 HV 0.1 to 72 HV 0.1. In both CMT MIG-brazed 
joints and laser brazed joints, in result of reheating, tendency to 
hardness decrease in zone adjacent to filler metal (HAZ) was 
observed. Tested microareas of filler metal in braze-welded 
joint with additional material in form of aluminum grade 1070A 
powder were characterized by from 54 HV 0.1 to 62 HV 0.1, 
lower than hardness of aluminum alloy 1050A and hardness of 
filler metal in joints with additional material in form of aluminum 
grade S Al 4047 solid wire (87-91 HV 0.1). In carbon steel DC04 
base material hardness in area near the edge of filler metal was, 
for laser brazed joint and CMT MIG-brazed joint, 133 HV 0.1 
and 128 HV 0.1, respectively. This results confirm existence of 

Fig. 15. Diffractogram from braze metal of lap joint aluminium grade 1050A – galvanized carbon steel DC04 braze-welded by high power diode 
laser with additional material in form of grade 1070A aluminium powder

Fig. 16. Diffractogram from braze metal of lap joint aluminium grade 1050A – galvanized carbon steel DC04 CMT MIG-brazed with additional 
material in form of grade S Al 4047 solid wire




