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Abstract  Effects of Ni on microstructure and properties of aluminum-stainless steel TIG welding-brazing joint with Al-Si filler

were studied. Different mass percentage of Ni powder was added in the flux separately. Results of tensile tests show that q

significant improvement on mechanical properties of the butt joint is obtained using the modified Slux. Moreover, obvious

differences on microstructures of the interfaces were observed with Ni addition, that two intermetallic compound (IMC) layers

at the interface change to one layer and the IMC thickness also decreases. Finally, effect mechanism of Ni was analyzed and

discussed. Ni addition leads to an enrichment of element Si at the brazing interface, and Jurthermore suppresses the formation

of intermetallic compound. The reduction of IMC thickness is the main reason for the improvement of joint properties.
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0 Introduction

The importance of weight reduction has increased
substantially in the aviation and automotive industries over
the past two decades. Aluminum-steel hybrid structures
are expected to replace traditional steel designs for decrea-
sing weight and fuel consumption, and at the same time,
utilizing other unique properties of them. This trend can
be expected to continue with the development of manufac-
turing.

However, there are many challenges when joining the
two dissimilar metals. The large differences in thermal
physical properties of them and the inevitable IMC forma-
tion make the welding very difficult'"’. The IMC at the in-
terface between aluminum and steel makes joint brittle,
thereby resulting in significantly low strength and deforma-
tion.

In order to join the two materials, many solid state
bonding technologies have been developed, such as fric-

[2-6] [7-12]

, friction stir welding , explosive

[14-16]

tion welding

welding'"! and diffusion bonding However, there
are a number of problems to be solved in applying these

bonding techniques to mass production, from the view-

points of cost and productivity, e. g. shape limitations of
the components, strict control of processing parameters
and large plastic deformation in friction bonding'"”". Many
other welding processes have also been proposed for obtai-
ning durable joints of aluminum-steel. Since the signifi-
cant difference of their melting points and formation of
many brittle intermetallic compounds illustrated in the bi-

1) a welding process com-

nary system of iron-aluminum
bining welding and brazing is more reasonable.
In the welding-brazing process for joining aluminum

[18] ] and electric are!®’

to steel, electron beam'™’ , laser
are commonly used as heat sources. Although sound joints
can be obtained with electron beam or laser, compared
with the arc heat source, the complex facilities, costly
welding equipments and the rigid workpiece assembly re-
quirements limit their applications. Therefore, it is more
promising to join the two dissimilar metals by the conven-
ient and economical arc welding-brazing process.

During the welding-brazing process of aluminum to
stainless steel, the filler metal is critical for the micro-
structure and properties of the joints. Various reports sug-

gested that the addition of Si to molten aluminum signifi-
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3 Conclusions

(1) Ni powder was added to the Nocolok flux for al-
loying the brazing interface and welded seam of aluminum-
steel joint.

(2) A significant improvement on tensile strength
( maximum 77% ) of the aluminum-stainless steel butt
joint was obtained by using the flux with Ni addition.

(3) Ni addition not only reduced the IMC thickness
at the interface, but changed the two IMC layers to only
one thinner layer as well.

(4) Ni addition led to the enrichment of Si at the
brazing interface, and furthermore suppressed the forma-
tion of IMC. The reduction of IMC thickness is the main

reason for the improvement of joint property.
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