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Abstract: Contact reactive brazing of 6063 Al alloy and 1Cr18Ni9Ti stainless steel was researched by using Cu as interlayer. Effect
of brazing time on microstructure of the joints, as well as the dissolution behaviors of Cu interlayer was analyzed. The results show
that the product of reaction zone near 1Cr18Ni9Ti is composed of Fe,Als, FeAl; intermetallic compound (IMC), and Cu-Al IMC; the
near by area is composed of Al-Cu eutectic structure with Al (Cu) solid solution. With increasing the brazing time, the thickness of
IMC layer at the interface increases, while the width of Al-Cu eutectic structure with Al(Cu) solution decreases. Calculation shows
the dissolution rate of Cu interlayer is very fast. The complete dissolution time is about 0.47 s for Cu interlayer with 10 um in

thickness used in this study.
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1 Introduction

Contact reactive brazing (CRB) is a kind of liquid
diffusion welding process. After the heating temperature
reaches the eutectic temperature, eutectic liquid will be
formed between the base metal and reactive material
through contact reaction, and then the liquid wets and
spreads on the surface of base metal to form joints[1—3].
CRB has been widely used because of it’s low heating
temperature and no requiring the brazing flux[4—6],
mainly in the joining between aluminum and steel[7—8].

From AI-Cu binary phase diagram, it is known that
there is a ecutectic reaction on AI-Cu with the
composition of 66.8% Cu (mass fraction) and 33.2% Al.
The contact reactive brazing between Al and Cu has been
researched using this eutectic reaction[9—11], which
indicates that the interdiffusion of Al and Cu atoms was
generated by chemical potential, and Cu atom diffused
preferentially into Al alloy/oxidation film interface. After
the temperature reached 548 °C, Al-Cu eutectic reaction
occurred to form Al-Cu eutectic liquid at the interface.
Therefore, the real reactive spreading process of Cu on
the Al surface is that Cu atoms diffuse into the Al
alloy/oxide film interface preferentially and participate in
the eutectic reaction continuously. Also, the growth on

the intermetallic compounds at the interface is diffusion
controlled[12].

In this work, the contact reactive brazing between
6063Al alloy and 1Cr18Ni9Ti stainless steel was
researched with Cu as the contact reactive interlayer. Due
to the compact oxidation layer at 6063 Al alloy surface,
the key factor using contact reactive brazing between Al
alloy and stainless steel is whether the eutectic liquid will
be produced between 6063 Al alloy and Cu. Also, the
effect of brazing time was researched and the dissolution
rate of Cu interlayer was calculated.

2 Experimental

The base materials used in this study were
commercial 6063 Al alloy and 1Cr18Ni9Ti stainless steel
with dimensions of 15 mmx15 mmx2 mm. Cu with 10
um in thickness was used as the reactive interlayer
between them. The materials were polished to 0.05 pm
with diamond compounds and then colloidal silica
solution, and then assembled, as shown in Fig.1. The
load with the pressure of 0.1 MPa was applied to the
specimen for contact reactive brazing.

To minimize the oxidation on the 6063 Al alloy, the
contact reactive brazing on the specimen was finished in
the vacuum chamber. The brazing temperature was
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Fig.1 Schematic diagram of specimen test

selected as 570 °C according to the Al-Cu eutectic
temperature (548 °C) and liquid solid phase line
temperature of Al alloy (615—655 °C). The holding time
for contact reactive brazing varied from 1 to 60 min. The
microstructure at the interface and the solution behavior
of Cu interlayer were characterized using scanning
electron microscopy (SEM) and electron probe micro-
analysis (EPMA). The phase structure at the interface
was characterized using X-ray diffractometry (XRD).

3 Results and discussion

3.1 Effect of brazing time on microstructure of joints

In this work, the contact reactive brazing
temperature was selected as 570 °C, while the effect of
brazing time was researched. Figure 2(a) shows the
typical SEM secondary electron image of the joint in
which the holding time was 20 min. Figure 2(b) is the
enlarged area of zone A in Fig.2(a). In Fig.2, it seems
that the whole reaction zone at the interface during
contact reactive brazing includes the reactive layers near
stainless steel side and the Al-Cu eutectic structure near
Al side.

From Fig.2(b), it is easy to find two reactive layers
with about 10 pum in thickness and each formed at the
interface between stainless steel and the eutectic
structure, marked as zone D and zone E. The wetting and
spreading behavior of Al-Cu eutectic liquid formed by
contact reactive brazing on Al alloy and stainless steel
surface was excellent, and the microstructures of the
interfaces were compact without any micro-defects.

To understand the dissolution behavior of Cu atoms
during the brazing process, the EPMA results for each
characteristic point in Fig.2(b) are listed in Table 1. The
results shows that the reactive zone could be divided into
four different regions, namely, dark grey particle region
B, light grey large block region C, and interfacial
reactive layers D and E. Region B mainly contained Al
and Cu, with the compositions of 67.46% Al (molar
fraction) and 32.54% Cu. Region C contained Al. In

(a)
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Fig.2 SEM images on specimen brazed at 570 °C with time of
20 min (a), and enlarged microstructure of zone A (b)

region D near steel side, the concentrations of Al and Fe
were up to 67.63% and 23.59%, respectively, with minor
Ni and Cr left. Region E mainly contained Al, Fe and Cu
elements. The phase structure of interface reactive layer
D at the side of stainless steel was analyzed with XRD,
as shown in Fig.3. It is shown that the reactive layer D
was composed of Fe,Als and FeAl; intermetallic
compounds (IMCs). Based on XRD result,
microstructure, EPMA results, and Al-Cu and Al-Fe
binary phase diagrams, the microstructure at the interface
was composed of Fe,Als, FeAl; IMC, Cu-Al IMC, and
Al-Cu eutectic with Al solid solution from stainless steel
side to Al alloy side.

Energy spectrum line scanning analyses at the joint
interface are shown in Fig.4. The results demonstrated
the diffusion behaviors of Fe and Al elements in
ICr18Ni9Ti and 6063 Al alloy respectively. The
diffusion range of Fe elements was mainly in two IMC

Table 1 EMPA results of regions in Fig.2(b)

Region X(Al/% x(Fe)/% X(Cu)% x(Ni)/% X(Cr)/%
B 67.46 - 32.54 - -
c 97.91 - 2.09 - -
D 67.63  23.59 - 3.69 5.09
E 7063 978 1577  0.88 2.94
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Fig.3 XRD result of region D marked in Fig.2(b)

layers, while Al reached the stainless steel and reacted
with Cu and Fe elements to produce Fe-Al and Cu-Al
IMCs.

Concentration distribution of Al element was
non-uniform, the content of Al element at peak of line
scanning curve was consistent with that of base metal
6063 Al alloy, which presented the large block Al solid
solution, while the low point corresponded to Al-Cu
eutectic structure.
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Fig.4 SEM image of joints (a) and EPMA test results of main
elements (b)

Based on the above qualitative and quantitative
analyses, as the heating temperature was up to 570 °C,
large quantity of Al-Cu eutectic liquid was produced at
the interface of 6063 Al alloy and Cu interlayer during

contact reactive brazing, which played an active role in
breaking oxidation of base metal. Al-Cu eutectic liquid
reacted with stainless steel to produce Fe-Al IMCs, and
diffused into Al alloy to produce Al-Cu eutectic with Al
solid solution. In the holding stage at 570 °C, because
diffusion coefficient of Cu in Al was 2000 times as quick
as that of Al in Cu [12], Cu atoms diffused into the base
metal, which caused the rising of melting point of the
liquid phase and then the isothermal solidification.

Figure 5 shows the effect of contact reactive brazing
time on the SEM microstructure of 6063 Al alloy/ Cu
plating layer/1Cr18Ni9Ti joint at the brazing temperature
of 570 °C. With increasing the holding time, the
thickness of IMC layer increased, while the width of
Al-Cu eutectic structure decreased.
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Fig.5 Effect of holding time on microstructure at 570 °C: (a) 30
min; (b) 60 min

3.2 Dissolution rate of Cu interlayer

To decide the suitable thickness of the interlayer
and the contact reactive brazing parameters, it is very
necessary to know the dissolution rate of Cu interlayer.

The dissolution of Cu interlayer is a diffusion
controlled process. Cu concentration gradient would be
formed during heating, which provides a precondition for
the eutectic reaction between Cu and Al. Once the
temperature was up to or over the temperature, the
eutectic reaction was triggered to produce the contact
reactive liquid. With the nucleation of eutectic liquid at
the Cu/6063 Al interface, Cu atoms diffused into it
quickly, thus, the thickness of the liquid phase would
increase rapidly. The solid/liquid interface moved on
until the complete dissolution of Cu interlayer. This
dissolution was controlled by Cu diffusion in the Al-Cu
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liquid phase because the diffusion rate of atom in liquid
phase was far quicker than in solid phase. ISAAC et
al[13] pointed out that the dissolution of Cu interlayer
followed the Fick’s second law in Ag/Cu/Ag contact
melting system. In this work, the dissolution of Cu also
follows the Fick’s equation:
oc, . o’

at ot oy

(1

where Cp is the concentration of Cu in the liquid; Dy is
diffusion coefficient; and y is the distance across the
contact reactive region (the initial position of the

solid/liquid interface is chosen as the origin of the y axis).

The well-known solution for Eq.(1) is

X
4Dt

where E and F are constants, determined by the specific
boundary conditions. Eq.(2) implies that the interface
displacement obeys a general square root law[14—15]:

Y(t)= K, /4D, t 3)

where Y(1) is solid/liquid interface position at time t, and
K| is a constant dictated by Al-Cu binary phase diagram.
When the width of the liquid zone reached the initial
width W,, the time t was required for complete
dissolution.

c (X,t) = E + F -erf( ) )

W, = K,,/4D;t “
_w “
4K 2Dy

Based on above analysis, the dissolution time was
correlated with the initial width W, of interlayer,
diffusion coefficient of Cu in Al-Cu liquid and constant
K,. D_ was determined by[16]

—38900}
RT

where R is molar gas constant and T is temperature.

In this work, Wy is 10 um, T is 843 K, and K, is 0.13
determined by AI-Cu binary phase diagram. The
dissolution of such Cu layer will be 0.47 s.

By differentiating Eq.(3), the dissolution rate of Cu
interlayer would be written as
o [oo

dt t
where V¢ is the dissolution rate of Cu interlayer.

The dissolution rate of Cu (V) is 3.364 47x10 *m/s
in this work. Thus, for the contact reactive brazing of
6063Al alloy/Cu interlayer/1Cr18Ni9Ti stainless steel,
the dissolution process of Cu interlayer was an

D, =8.1x107’ exp( (6)

(7

C

instantaneous process. However, it was difficult to
observe the complete liquidation of interlayer in test.
According to Eq.(5), the relationship between the initial
thickness and dissolution time at temperatures of 843 K
and 873 K were obtained, as shown in Fig.6.

From Fig.6, the time required for the complete
dissolution of Cu interlayer increased with increasing the
thickness of interlayer. Also, it seems that the effect of
temperature on dissolution rate is negligible.
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Fig.6 Relationship between thickness and complete solution
time of Cu interlayer

4 Conclusions

1) Interfacial microstructure shows that the reaction
layers near 1Cr18Ni9Ti side are composed of Fe,Als,
FeAl; and Cu-Al IMCs, while the structure near Al alloy
is Cu-Al eutectic structure with Al solid solution.

2) With increasing the brazing time, the thickness of
IMC layer increases, while the width of eutectic structure
decreases at the interface.

3) Calculation shows the dissolution of Cu
interlayer is a very short process. The dissolution time is
only about 0.47 s for a 10 um-Cu interlayer.
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