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Abstract: The vacuum-free vibration liquid phase( VLP) diffusiorbonding of SiC,/ ZL101A composites was inves-
tigated. The effects of vibration on the interface structure, the phase transformation and the tensile strength of

bonded joints were examined. Experimental results show that the oxide film on the surface of the composites is a key

factor affecting the tensile strength of boned joints. The distribution of the oxide layers at the interface changes from

a continuous line to a discontinuous one during vibration. The tensile strength of the VLP diffusiorr bonded joints in-

creases with the vibration time, and is up to the maximum of 172 MPa when the vibration time is 30 s. The phase
structure of the bond region changes from the Zm AFCu hypereutectic (T (B+ T)+ (B+ Th € ) phases to AFrich
Atbase solid solution (¢ Al) with increasing the vibration time.
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1 INTRODUCTION

Particulate reinforced aluminum metal matrix
composites( MM Cs) have been widely applied due
to their excellent properties, and the welding tech-
nology associated is increasingly emphasized ' .

Many approaches such as brazing' "™, diffusion

bonding'™ and transient liquid phase bonding''""*!
have been used to bond the materials. However,
their applications have been severely restricted by
time consuming and expensive operation. To over-
come those problems, the vacuum-free bonding
processes are increasingly paid attention to. Zuruzi

all™ ' ysed an interface rotation treatment

et
technique for removing the oxide film on the sur-
face to realize vacuum-free diffusion bonding of
6061A1. Lee et al''”! employed an imsitu surface
treatment to remove the oxide film during vacuum-
free diffusion bonding of AFMMCs. Yokota and
Otauko'"™ made a specimen with a conical end to
rotate for removing the oxide film on the surface of
SiC,/ 6061A1. So far, literatures about bonding of
aluminum alloy and AFMMCs with the aid of vi-
bration technique haven't been reported. In this
study, the SiC,/ZL101A composites were bonded
by the vacuum-free vibration liquid phase bonding
with Zo- Al filler metal. The effects of vibration on
the interface structure, the phase transformation
and the tensile strength of bonded joints were in-

vestigated. The formation mechanism of the bond-
ed joints was discussed during vacuum-free VLP
bonding.

2 EXPERIMENTAL

The material used in this work, made by stir
ring casting, contained 20% (volume fraction) SiC
particles with ZL101A aluminum alloy. The sam-
ples were cylindrical rods with a size of d10 mm X
40 mm. The filler metal was the Zn-AFCu hyper
eutectic (Th (B+ T+ (B+ v €) alloy, its chemi
cal composition and liquidus-solidus temperature
were Znm89.3%, AF4.2%, Cu3.22%, Mg
0.82%, Mmr0.91%, Sr0.81% and 399 ~ 383 C,
respectively. The used filler metal was with a size
of d 10 mm % 0.5 mm.

The vibration with an amplitude of 50 Hm and
a frequency of 50 Hz was applied under a pressure
of 0. 5 MPa when the samples were heated to
530 C by a high frequency induction coil, and then
the bonding temperature kept constant for 2 min
under the pressure of 4 MPa after the vibration
stopped.

The microstructures of bonded joints were ex-
amined by energy dispersive X-ray spectrometer
(EDX, TN5500) and electron probe X-ray micro-
analyser(EPM A, JEOL-733). The tensile strength
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of the bonded joints was evaluated by means of
electron tension testing machine (Instron-5569).

3 RESULTS AND DISCUSSION

Fig. 1 shows the effect of the vibration time on
the tensile strength of the bonded joints. It can be
seen that the tensile strength increases rapidly with
the increasing vibration time when the vibration
time is less than 20 s. When the vibration time ex-
tends over 20 s, the tensile strength increases
slightly with the increasing vibration time, and the
tensile strength of joint is up to the maximum( 172
MPa) when the vibration time is 30 s. Then, the
tensile strength of joints starts to decrease when
the vibration time continues to increase.
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Fig. 1 Tensile strengths of joints bonded at
530 C for different vibration times

Fig. 2 shows the back-scattered electron ima-
ges of the cross-section of the joint bonded for no
vibration and joint vibration-bonded for 5 s and 30
s. Fig.2(a) shows the back-scattered electron im-
age of the cross-section of the joint bonded for no
vibration at 530 C. It can be found from the figure
that the three kinds of different microstructure
zones have clearly occurred in the joint, which are
marked by A zone, B zone and C zone, respective
ly. In addition, three kinds of smaller microstruc
ture zones in A zone are observed, and marked by
A1, A2 and A3 zone, respectively.

It can be inferred that A1, A2, A3 zone

..........

are composed of Zn-based solid solution ( primary Tl
phase), Albased ZnAl binary eutectic ( 1l phase
and B phase), and ZmAFCu ternary eutectic (Tl
phase, Bphase and €phase), respectively, accord-
ing to the results examined by EDX (listed in Ta-
ble 1). So A zone (the filler metal zone) is com-
posed of N+ (B+ M)+ (B+ N+ €. Similarly, ac
cording to Table 1, B zone is composed of the con-
tinuous oxide inclusion zone of Al, Zn and Cu at
the interface, and C zone is composed of Zmrrich
Albased solid solution. In brief,

structure of joints bonded without vibration char

the interface

acterizes a hyper-eutectic alloy of 30 = 40 Hm, the
continuous oxide inclusion zones, and the penetra-
tion zones of Zn and Cu in aluminum matrix with

the width of 15~ 20 Hm.

Table 1 Chemical composition of
each zone in joint VLP diffusion-bonded
for no vibration at 530 C(mole fraction, %)

Zone Al Zn Cu 0
Al 1.55 96. 30 1.46 0.69
A2 20. 05 76.59 2.05 1.31
A3 10. 52 85.52 3.13 1.01

18.77 47. 89 12. 65 20. 18
32.01 56. 64 9.98 1.37

Fig. 2(b) shows the back-scattered electron
image of the crosssection of the joint vibration-
bonded for 5s at 530 ‘C. It can be found from the
figure that the bonded joint is also composed of
three kinds of different microstructure zone ( zone
A, zone B and zone C). Moreover, zone A is com-
posed of two smaller microstructure zone which
marked by A1 and A2 respectively, and a few of
SiC particles segregated from the dissolved matrix.

Similarly, according to the results examined
by EDX (shown in Table 2), it can be inferred that
zone A is Zwmrich Albased solid solution zone
(A1), AFrich AlFbased solid solution zone (A2)
and a few of SiC particles segregated from the dis-
solved matrix. zone B is also mainly composed of
the discontinuous oxide inclusion zone of Al, Zn
and Cu in the interface. zone C is composed of

a phase (i.e. Alrich AlFbase solid solution).

\\\\\\\\\\

Fig. 2 Back-scattered electron images of cross-section of joint vibration-bonded at 530 C
(a) —No vibration; (b) —5s; (¢) —30s



Vol 15 Ne5

Interface structure of joints of SiC,/ZL101A composites .+ 995 -

Table 2 Chemical composition of
each zone in the joint VLP diffusion-bonded
for 5s at 530 C (mole fraction, %)

Zone Al Zn Cu o
Al 38.10 54.07 3.31 3.64
A2 65. 56 28.29 2.5 2.76

B 23.3 40. 62 3.88 31.52
C 66.52 28. 66 1.45 2.18

Consequently, the interface structure of joint vi-
bration-bonded for 5s characterizes a mixture of
Zurrich and AFrich AlFbase solid solution of 10 ~
15 Pm with a few SiC particles segregated from the
matrix, the discontinuous oxide inclusion zones,
and the penetration zones of Zn and Cu in alumi-
num matrix with the width of 15 = 20 Hm. The
bonded joints have some strength because of par-
tially metallurgic bonding between the filler metal
and the base metal (see Fig. 1).

It can be found from Fig. 2(¢) that the inter-
face structure of joint vibration-bonded for 30 s is
very different from that of joint bonded for no vi-
bration and joint vibration-bonded for 5s. The vi-
bration-bonded joints for 30 s are only composed of
a gray bond region of 15~ 20 Hm distributed with
some SiC particles. Some of those SiC particles in
the bond region are larger ones, which directly
segregate from the dissolved base metal; and the

Fig. 3

others are smaller ones, which are produced by
shearing action among the particles segregated dur
ing vibrating. Moreover, the oxide inclusion in the
interface disappears at the time.

The chemical composition of the matrix in the
region VLP-bonded for 30 s at 530 C by EDX is
AF74.90%, Zn-22. 06%, Cu-1. 64%, O-1.39%
(mole fraction). It can be inferred that the matrix
zone of the joint is composed of AFrich Albased
solid solution ( a phase). Thus, the bond region is
composed of SiC particle reinforced aluminum ma-
trix composites, and the joints should show a high
tensile strength (see Fig. 1).

On basis of the above analysis results, it can
be found that the remarkable changes of the micro-
structure occur with the increasing vibration time.
The layer of the oxide inclusion becomes narrow
and discontinuous. At the same time, the metal-
lurgic bond between the aluminum matrix and the
filler metal enhance with the decrease of oxide lay-
er. The phase structure of the interlayer undergoes
a remarkable change: from ZnAFCu hypereutec
tic (Th (B+ M)+ (B Tw &) phases into Alrich AF
based solid solution ( a phase) after vibration is ap-
plied for 30 s.

To describe the changing process of the inter
face structure of bonded joints, an evolution model
was developed for VLP bonding of SiC,/ZL101A
on basis of the above observations and experimen-
tal results. The model is shown in Fig.3. In the

Interface structure evolution models for vibration liquid phase bonding of SiC,/ZL101A

(Broken line region-liquid phase, grey region-Zn penetration region in composite)
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first stage, the oxide inclusion layers on the sur-
face of the composites are disrupted, and the part
of the liquid filler metal is squeezed out of joints
(see Fig. 3(b)).

amount of dissolved liquid layers formed in the

In the second stage, as the
base metal increases by the diffusion of Zn and Cu
in base metal, more SiC particles segregated from
the composites enter into the liquid layer ( see Fig.
3(c¢)). In the third stage, as the amount of the dis-
solved liquid metal do not increase at some time,
the total amount of liquid metal starts to decrease
at the aid of pressure and vibration ( see Fig. 3
(d)). In the forth stage, the two sides of the base
metal come on contact and clash at the centerline of
the joints, the fine particles form in the bond re-
gion by shearing action among the particles segre-
gated during vibrating ( see Fig. 3(e)). Finally,
the particles in the solution layer segregate in the

centerline of the bond region during isothermal
solidification (see Fig. 3(f)).

4 CONCLUSIONS

1) Vibration was introduced to disrupt the ox-
ide film on the surface of the SiC,/ZL101A com-
posites during VLP bonding in air. The metallur-
gic bond between the Zn-Al filler metal and the
matrix forms. The tensile strength of the bonded
joints increases with the vibration time, and is up
to the maximum of 172 MPa when the vibration
time is 30 s, then decreases slightly as the vibra-
tion time continues to increase.

2) During VLP bonding, the interface struc
ture of VLP bonded

aluminum-based solid solution with a few SiC par-

joints characterizes an
ticles, and the penetration zones of Zn and Cu in a-
luminum matrix. The phase structure of the bond-
ed joints changes from the primary Zn-Al-Cu hy-
per-eutectic (T (B+ T+ (B+ T € phases) of the
filler metal to Alrich Albase solid solution (
Al).
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