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Diffusion welding SiC/ZL101 with Ni interlayer
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Abstract: Through the vacuum diffusion welding SiC,/ZL101 aluminum with Ni interlayer, the effect of welding parameter and the
thickness property of Ni on the welded joint was investigated, and the optimal welding parameters were put forward at the same time.
The microstructure of joint was analyzed by means of optical-microscope, scanning electron microscope (SEM) in order to study the
relationship between the macro-properties of joint and the microstructure. The results show that diffusion welding with Ni interlayer
can be used for welding aluminum matrix composites SiC/ZI1.101 successfully. Under the welding parameters 7=560°C, P=5 MPa,
t=60 min, H=14 pm, the bonding strength of welded joint can up to 121 MPa. Moreover, the thickness of interlayer should match
with the size of reinforced particles. If the thickness of interlayer is too thin, it would have no effect on the welded joint beneficially.
If the thickness of interlayer is too thick, it would cause the “no-reinforcement zone” to appear.
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with 20% (volume fraction) SiC particulate with mean
size of 12 pm, was made by stirring casting. The mi-
crostructure of the composite is shown in figure 1, in
which some defects such as aggregation of reinforce-
ment can be seen. The chemical composition (mass
fraction) of the matrix alloy ZI1.101 and their mechani-

1 Introduction

Recently the study of composite material has been
one of the most important directions in materials re-
search, while aluminum matrix composite has a wide
application in the fields of aerospace, automobile and
so on, because of their high specific strength, rigidity,

wear resistance and good dimensional stability [1,2].
However, its further application and development are
faced with the difficulty of bad weldability, caused by
great difference between aluminum matrix and parti-
cles in physical and chemical properties [1,3-4]. Re-
search on weldability of the aluminum matrix compo-
site is focused on molten welding, diffusion welding,
braze welding, friction welding and so on [2-5]. Diffu-
sion bonding is one of the most promising methods for
the composites. In this paper, the influence of welding
parameters on joint performances was studied by
means of diffusion welding for SiC/ZL101 aluminum
matrix composite with Ni interlayer. Meantime the
relationship was studied between macro-performances
of joint and microstructure with optical microscope
and scanning electron microscopy (SEM), etc.

2 Experimental

2.1 Experimental material
The ZL101 aluminum matrix composite reinforced
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cal properties are listed in following: wy=6.5%-7.5%,
wype=0.3%-0.5%, wr=0.08%-0.2%, w,=Bal; o=
170MPa, 6=2%, HB=50.

Figure 1 Microstructure of SiCp/ZL101 aluminum matrix
composite.

2.2 Experimental process
Specimen size is 3 mmx10 mmx35 mm, as shown
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in figure 2. These specimens were polished by sand
paper (400#) to remove the harden quenching layer
and oxides away, then cleaned by acetone to get a
smooth surface. The vacuum diffusion welding was
conducted by Gleeble-1500 thermal/mechanical
simulation machine with the 0.4 Pa vacuum chamber.

Tensile strength of the welded joint was measured
with the electron-mechanical universal materials
testing machine made in Instron Company (USA). The
velocity is 0.5 mm/min. The final value of strength is
the average of five values. The size of specimen for
tensile test was shown in figure 3.
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Figure 2 Shape and dimension of the sample.
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Figure 3 The size of specimen for tensile test.

3 Results and discussion
3.1 The influence of welding temperatures on
properties of the welded joint

As for solidus diffusion bonding, the little variation
of temperature would make the atom diffusion speed
change obviously. To some extent, the strength of
bonded joint is increased with the temperature be-
coming higher. According to phase diagram of Al-Ni
binary system (figure 4), SiC,/ZL101 aluminum ma-
trix composite was bonded with Ni interlayer by soli-
dus diffusion bonding. The result is shown as figure 5,
the bonding parameters are bonding pressure P=5MPa,
bonding time =60 min, the thickness of interlayer
6=14 pm. It can be seen that the strength of bonded
joint is up to its maximum value when the temperature
varies from 550 to 560°C.
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Figure 4 Phase diagram of Al-Ni binary system.
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Figure 5 The relationship between the strength of bonded
joint and bonding temperature with Ni interlayer.

3.2 The influence of bonding time on the strength
of bonded joint
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In course of solidus diffusion bonding, bonding
time is another important parameter that affects on the
strength of bonded joint. Figure 6 is the relationship
between the strength of bonded joint and bonding time
(T=560°C, P=5 MPa, 6=14 um). It can be seen that
there exists an optimal range in bonding time. If the
bonding time is too short, the atom wouldn’t diffuse
effectively, and its diffusion distance is very short. As
a result, the strength of bonded joint is not up to that
of parent composite. When the bonding time is 60 min,
the atom diffuses adequately. Consequently, the
strength of bonded joint will up to its maximum. But,
if the bonding time is too long, the strength of bonded
joint would descend.
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Figure 6 The relationship between the strength of bonded
joint and bonding time.

It is the SEM micrographs of bonded joint at vari-
ous bonding times in figure 7. When the bonding time
is 15 min, the Ni atom doesn’t diffuse apparently.
When the bonding time is 30 min, the Ni atom dif-
fuses in short distance. There exists lots of micro-hole
among the interface between matrix and interlayer,
which results in the low strength of bonded joint.
When the bonding time is 60 min, the Ni interlayer
diffuses obviously, and the diffusion zone forms as
shown in figure 7(c). The interlayer and matrix is
bonded successfully, the strength of bonded joint is up
to 121 MPa. Figure 8 is the energy spectral analysis
of the diffusion zone. It shows that Ni atom diffuses
effectively in the diffusion zone. Therefore, the
strength of bonded joints is up to its maximum value.

Figure 9 is the SEM fractographs of bonded joints
at various time. When the bonding time is too short,
the interface between the reinforced phase/matrix, re-
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inforced phase/reinforcement have not been jointed
perfectly due to a large amount of nude SiC particles
on the fracture surface as shown in figure 9 (a). With
the increasing of bonding time, the nude SiC particles
on the fracture surface are decreased gradually as
shown in figure 9(b). With the elongation of bonding
time, the Ni atom diffuses more and more sufficiently,
the contacting area of the reinforcement phase/matrix,
reinforced phase/reinforcement is improved promi-
nently, the reinforced/reinforcement contact is
changed into reinforced/Nifreinforcement, and the
fracture feature is changed from brittle fracture to
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Figure 7 The influence of bonding time on the bonded joint with Ni interlayer, (a) £=15 min; (b) £=30 min; (¢) £=60min.
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Figure 8 The energy spectral analysis of the diffusion
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plastic fracture with tearing edge, as shown in figure
9(c). However, when the bonding time is too long, be-
cause the solidus/liquidus phase temperature is 562.6-
578.3°C and the defect of preparation for parent com-
posite, some part of parent composite would be melted,
which leads to the reinforcement phase conglomera-
tion, and the property of bonding joint would descend
consequently. Therefore, the strength of bonded joints
doesn’t increase with longer bonding time. For
SiC/ZL101 diffusion welding with Ni interlayer, the
optimal bonding time is 60 min.

3.3 The influence of the thickness of Ni interlayer
on the property of bonded joint

It is investigated that the thickness of interlayer
should match with the size of reinforcement particles
[6,8]. On the grounds of that, SiC, is bonded with the
thickness of Ni interlayer 7, 14, 21, 35 pum respec-
tively. The results are shown in figure 10.

Figure9 Fractographs of various times, (a) t=15 min; (b) =30 min; (c) £=60 min; (d) /=90 min.
as shown in figure 11. Therefore, the joint is bonded
preeminently.

With the increasing of the thickness of interlayer,
the strength of bonded joint is descended gradually.
When the thickness of interlayer is 35 pum, the
strength of bonded joint is merely 56 MPa (about

It has shown that when the thickness of Ni inter-
layer is 14 pum, the strength of bonded joint is 121MPa,
up to its maximum (about 71.2% of the strength of
parent composite). The Ni atom diffuses perfectly in
the bonded zone, moreover, no SiC particles con-
glomeration and the defects of micro-hole are detected,
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33.1% of the strength of parent composite), as shown
in figure 12. It will be seen that when the thickness is
too thick, the Ni atom doesn’t diffuse obviously with
the same diffusion parameters of that of 14 pm. Fur-
thermore, there are SiC conglomeration and the de-
fects of micro-hole in the contacting area between the
interlayer and parent composite, which make the
strength of bonded joint descended. Furthermore, if
the thickness of interlayer is too thin, there don’t exist
enough Ni atoms to change the reinforcement direct
contact resulted in the poor properties of bonded joint.
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Figure 11 SEM micrographs of bonded area with Ni interlayer (8=14 um), (a) low enlargement; (b) high enlargement.

Figure 12 SEM micrograph of bonded area with the Ni
interlayer (6=35 pm).

Figure 13 is the Si element and Ni element disper-
sion in the bonded area with different thickness of Ni
interlayer. The results are in accordance with figure 11
and 12 perfectly. It has illuminated that in the course
of diffusion welding with interlayer, the thickness of
interlayer should match with the size of reinforcement
particles. If the thickness of interlayer is too thick, it
would cause the “no-reinforcement zone” to appear. If
the thickness of interlayer is too thin, it would have no
effect on the welded joint beneficially.
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Figure 10 The relationship between the strength of
bonded joint and the thickness of Ni interlayer.
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Figure 13 EPMA photograph of bonded joint with Ni
interlayer, (a) back scattering electron image (8=14 um); (b)
elements dispersion curve of welded joint (5=14 Km); (c)
back scattering electron image (6=35 tm); (d) elements dis-
persion curve of welded joint (=35 pm).

4 Conclusions

(1) With the Ni interlayer, SiC/ZL11 aluminum
matrix composite can be jointed successfully. Under
the welding parameters 7=560°C, P=5 MPa, t=60 min,
&=14 pm, the bonding strength of welded joint is 121
MPa (about 71.2% of the strength of parent compos-
ite), up to its maximum value.

(2) In the course of diffusion welding with
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interlayer, the thickness of interlayer should match
with the size of reinforced particles. With the same
diffusion welding parameters, if the thickness of in-
terlayer is too thin, it would have no effect on the
welded joint beneficially. If the thickness of interlayer
is too thick, it would cause the “no-reinforcement
zone” to appear. In this experiment, the optimal thick-
ness of Ni interlayer is 14 um.
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