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Abstract: Composite materials (55% (volume fraction) SiC,/A356) were brazed with the assisted ultrasonic wave by filling with a
Zn-based alloy solder. With different bonding temperatures, two kinds of bonds, which contained 7% and 35% SiC particles,
respectively, were fabricated. The results show that the two kinds of bonds have not only different microstructure properties, but also
different crack propagation behaviors, which will bring on wide difference in mechanical properties. The shear strength of the bond
containing 35% SiC particles is above 244 MPa, which is 84.7% higher than that of the bond containing 7% SiC particles. The reason
is that the SiC particles in the composite bonds can effectively suppress the fracture. And the fracture is also effectively delayed by
the Al-based solid solution in the composite bonds. Therefore, with appropriate bonding parameters, ultrasonic brazing can make the
SiC particles and Al contents increase in the bond, and this distribution will contribute to the enhanced strength of the brazed bonds.
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1 Introduction

Aluminum metal matrix composites (Al-MMCs)
with the reinforcement of SiC particles are perfect
materials for the application on the electronic packaging
and aerospace industry filed. But this material is difficult
to join because of the bad weldability. For fusion
welding, due to the high viscosity and poor flowability in
the liquid weld pool, the undesired reactions between the
Al matrix and ceramic particles result in a poor
appearance and a weak mechanical property of the joints
[1-2]. For the non-fusion joining approaches, such as
diffusion bonding [3—4], transient liquid phase bonding
[5—6] and brazing [7—8], AI-MMCs are used to be joined
with low volume fraction reinforcement. The reason is
that with high volume fraction reinforcement, these
approaches are greatly limited because of
microsegregation or inhomogeneous distribution of the
reinforcements in the weld as a result of rejections of SiC
particulates by the solidification front. Then the

mechanical properties of the welded joint are decreased.

Therefore, new methods are needed to treat these
obstacles. WIELAGE et al [9] directly reinforced the
conventional Sn-based solders by ceramic particles and
obtained a composite bond with 100% increase in
strength. HUANG et al [10] used an Al-Si—SiC-Ti
mixed powder interlayer to obtain an improved
composite bond of 50 MPa during the joining of
6063-SiC, composites by reactive diffusion bonding.
These approaches improve the strength with limits.

In this study, an effective method was put forward.
The AI-MMCs with 55% SiC,/A356 composite materials
were ultrasonic brazed by filling with a Zn-based alloy
solder. Based on the particle reinforced mechanism for
composite materials [11—-12], the particle reinforced
composite bond is expected to improve the strength of
joints. At different bonding temperatures, the composite
bonds containing different volume fractions of SiC
particles were fabricated. The crack initiation and
propagation behavior in the composite bonds were
examined using in situ SEM. The effects of SiC particles
and Al-based solid solution on the strength and fracture
behavior of the composite bonds were studied.
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2 Experimental

The SiC,/A356 composites used in this study were
fabricated by pressureless infiltration processing and
contained 55% (in volume fraction) SiC particles with an
average diameter of 50 um. The chemical composition
(in mass fraction) of the matrix metal was (6.5%—7.5%)
Si, (0.25%—0.45%) Mg, (0.08%—0.20%) Ti, Al of the
rest. The solder was a Zn—Al alloy with the composition
of 89.3% Zn, 4.20% Al and 3.22% Cu. Its melting point
was 383—399 °C. The shear strength of the Zn—Al alloy
was 131 MPa. The dimension of the samples was
40 mmx10 mmx20 mm and the overlapping length was
10 mm. The Zn—Al filler with a dimension of 10 mmx10
mmx0.3 mm was located between the two parts to be
joined. Surfaces to be bonded were mechanically
polished to a 500-grit finish and then ultrasonically
degreased in acetone. The actual brazing procedure was
conducted by applying ultrasonic waves. The samples
were heated to a preset temperature (420 or 475 °C) in
air. An ultrasonic wave, maintaining 20 s, with the
amplitude of 10—15 pm and a frequency of (20+0.5) kHz
was then applied to the rear part of the samples, shown
as Fig. 1.
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Fig. 1 Schematic diagram of bonding process with ultrasonic

wave

A shear test was used to determine the bond
strength. The overlapping dimension used for testing was
5 mmx10 mm, which was cut from the original joints.
The shear strength of the brazed bonds was evaluated by
a specially designed fixture in an electron tension testing
machine (INSTRON-5569). For each bonding condition,
three samples were tested to assess the reproducibility of
the process. Microstructural observations of the
specimens were carried out using a scanning electron
microscope (SEM, S—570) equipped with an energy
dispersive X-ray spectrometer (EDS, TN5500). The
specimens in the in-situ tensile tests were taken from the
composite bonds by an electric discharge machine. A
U-type notch of 0.2 mm in width was set as a crack
source to control the crack initiation site. In situ SEM
observations were made by a manually controlled
loading device. Monotonic loading was controlled with a
straining rate of 0.001 s .

3 Result and discussion

Figure 2 shows the structural features of the SiC,/
A356 joint brazed at 420 °C. The bond has a width of
350 pum, and it is broadened because of base material
dissolution. The SiC particles of 7% in volume fraction
from the base materials were scattered over it. The bond
metal matrix is a Zn-based alloy. It is basically
comprised of a mixture of three phases, namely o, # and
eutectic phases. The a phase is an Al-based solid solution
with a composition (in mass fraction) of 70.65% Zn,
26.65% Al and 2.70% Cu. The n phase is a Zn-based
solid solution with a composition of 93.36% Zn, 1.79%
Al and 4.85% Cu. The chemical composition of the
eutectic phase is 86.97% Zn, 8.05% Al and 4.98% Cu.
The grain size of a phase is significantly larger than that
of the # phase, and they are embedded in the eutectic
phase. The shear strength of the reinforced bonds can
reach 153 MPa.

Eutectic phase

Fig. 2 Microstructure of SiC,/A356 joints brazed at 420 °C

Figure 3 shows the structural features of the SiC,/
A356 joint brazed at 475 °C. The bond zone was
broadened to 850 um because of the base material
dissolution and the particles with a volume fraction of
35% from the base materials well-distributed in the bond
zone. There is a mixture of mainly two phases, namely «
phase and eutectic phase. The primary a phase shows a
typical dendritic structure. And its microsegregation was
measured by EDS microanalysis and BSE images. The
chemical composition of the dendrite centre is 42.17%
Zn, 56.11% Al and 1.72% Cu and the dendrite edge is
70.59% Zn, 26.65% Al and 2.79% Cu. With the increase
of SiC particle volume fraction from 7% to 35%, the Al
content (mass fraction) in the bond zone increases from
10.28% to 31.92%. This also causes a phase increase and
the eutectic phase reduce. This phenomenon indicates
that with the increase of SiC particle, the mass transfer
between the filler metal and the composite increases and
the quantity of Al in the bond zone also increases. The
shear strength of the reinforced bonds can be increased to
244 MPa, which is 84.7% higher than that at 420 °C.
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Fig. 3 Microstructures of SiC,/A356 joints brazed at 475 °C

In situ SEM observations were usually used to study
the fracture behavior of AI-MMCs [13—16]. This method
was also used to assess composite bonds in this work. It
is defined L and H bonds representing the 7% and 35%
SiC particles reinforced composite bonds. Figs. 4 and 5
show in situ SEM photographs of L and H bonds during
the tensile loading process, in which the direction of
crack propagation is set with the arrow at the top right
corner of each figure. In general, for two kinds of
composite bonds, all of cracks nucleated in the eutectic
phase. For H bonds the microcracks initiated in the
eutectic phase at a strain of only 0.08% (Fig. 5(a)). But
for L bonds, the microcracks could not nucleate in any

position of the composite bonds with the same strain (Fig.

4(a)), and initiated in the eutectic phases until a strain of
0.36% was reached (Fig. 4(b)). However, the stress in L
bonds was much less than that in A bonds. This indicates
that the elastic modulus increases with the increase of
SiC particles in the composite bonds.

As shown in Fig. 4, when a crack met a crystalline
region, the a phase might deflect the crack original path
(Fig. 5(b)) or temporarily delay the propagation (Fig.
5(c)). When a crack met a SiC particle, the particle was
usually broken (Fig. 5(c)) and the crack continued to
propagate. But on occasion, some particles were not
broken. They induced the crack propagating along the
interface between SiC particles and Zn—Al matrix (Figs.
4(c) and 5(c)). For H bonds, as the strain reached a
critical value (0.33%), the fracture occurred. The crack
had a tortuous path and a relatively long propagation
process (Fig. 5(d)). However, the crack in L bonds
initiated at a strain of 0.36%, then linked with other
cracks in the neighboring eutectic phases and quickly
grew. At a strain of 0.39%, the fracture occurred, the
crack line formed a straight path and leading to the final
fracture (Fig. 4(c)).

From the above photographs, it can be concluded
that the mechanical strength is in close connection with
SiC particles and Al-based solid solution. The reason
is for the special characteristics of them. For the
SiC particle, it will cause an increase in the number of

with SiC particles of 7% under different strain: (a) 0.08%;
(b) 0.36%; (c) 0.39%

dislocations because of the coefficient of thermal
expansion mismatch between the matrix and the
reinforcement. Because the distribution of dislocations in
the Zn—Al matrix is usually not uniform, the microcracks
are not easy to nucleate. On the contrary, the dislocations
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Fig. 5 In situ SEM photographs of SiC,/A356 brazed bonds with SiC particles of 35% under different strain: (a) 0.08%; (b) 0.17%;

(€) 0.21%; (d) 0.33%

will prevent or delay the propagation of microcracks.
Besides the effect of dislocation, the SiC particle itself
would hinder the microcracks propagation by inducing
large differences in the elastic behavior between the
matrix and the particle. With the increase of the SiC
particle in the bonds, the #-Zn rich phase was replaced
by a(Al) rich dendrites and the volume fraction of the
Al-rich phase increased. Because a phase can undergo
serious plastic deformation, these may deflect the crack
path or temporarily delay the propagation at the
eutectic/a phase interface, which depend on the locative
relations between crack and a crystalline. So at higher
bonding temperature, the more SiC particles and Al
content could be made well-distribution in joint, then the
increase of strength can also be attributed to the increase
of Al content.

4 Conclusions

1) At the bonding temperature of 420 °C and 475 °C,

the composite bonds separately containing about 7% and
35% (in volume fraction) SiC particles were produced.
The shear strength of the bond containing 35% SiC
particles is up to 244 MPa, which is 84.7% higher than
that of the bond containing 7% SiC particles.

2) This result is attributed to the different volume
fractions of SiC particles and Al content in the composite
bonds. On the basis of in situ SEM observations, the
microcracks initiated in the eutectic phases for both of
bonds. For the bond containing 7% SiC particles, the
microcracks propagated in eutectic phases. For the bond
containing 35% SiC particles, the microcracks
propagated in both the eutectic phases and SiC particles.

3) Fracture is better suppressed in the composite
bond containing 35% SiC particles than in the composite
bond containing 7%. The reason is that the SiC particles
and Al-based solid solution can hinder or delay the
propagation of microcracks. The more stress would be
loaded to make the bond containing higher volume
fraction of SiC particles fracture.
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