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The effect of Ti on microstructural characteristics and reaction mechanism in bonding of Al-
Ceramic composite was studied. Ti and Al-Ceramic composite were diffusion welded at 550, 600, 700, 800,
and 900 �C in a vacuum furnace. The microstructures and compositions of the interface layers were
analyzed, and the mechanical properties and fracture morphology of the joints were examined. The results
indicated that there was a systematic switch from Ti/Ti7Al5Si12/composite at 600 �C and Ti/TiAl3/
Ti7Al5Si12/composite at 700 �C to Ti/Ti7Al5Si12/TiAl3/Ti7Al5Si12/composite at 800 �C and Ti/Ti7Al5Si12/
TiAl3/composite at 900 �C. The formation of TiAl3 at 700 and 800 �C depended on Al segregation, which
was an uphill diffusion driven by chemical potential. The maximum shear strength was 40.9 MPa, found in
the joint welded at 700 �C. Most joints fractured between Ti7Al5Si12 and Al-Ceramic composite. In any
case, Ti7Al5Si12 was favorable for Al-Ceramic composite welding, which attached to Al-Ceramic composite,
reducing the differences in physiochemical properties between SiC and metal, improving the mechanical
properties of the joints and increasing the surface wettability of Al-Ceramic composite.

Keywords Al-Ceramic composite, diffusion, interfacial reaction,
mechanism, Ti alloy

1. Introduction

Al-Ceramic composites (70 vol.% SiC particles and 30 vol.%
Al) are widely used in aerospace, weaponry, and electronics due
to its high strength, rigidity, thermal stability, wear resistance, as
well as low density, thermal expansion coefficient (Ref 1, 2). The
connection of Al-Ceramic composite is inevitable in its applica-
tions. However, the surfaces of Al-Ceramic composites are
mostly covered with SiC particles, which largely reduce the
wettability. Until now, the welding of Al-Ceramic composite has
been rarely reported due to its poor weldability. The weldability
of the Al-Ceramic composite is similar to both the SiC ceramic
and the low-volume-fraction SiCp/Al (10 to 55 vol.%).

In the past, many welding methods were used to join the low-
volume-fraction SiC/Al composite together or with other metals.
So far, low-volume SiCp/Al composite has been successfully
joined by arc welding (Ref 3, 4), laser welding (Ref 5, 6),
electron beam welding (Ref 7, 8), and friction stir welding (Ref
9, 10). As reported, 17 vol.% SiCp/2009Al was joined by solid-
state ultrasonic spot welding (Ref 11); 15 vol.% SiCp/2009Al
was joined via friction stir welding (Ref 12); and titanium was
joined to 70 vol.% SiC/A356 during the fabrication via low-
pressure infiltration (Ref 13). Al-Ceramic composite contains a
very high volume fraction of SiC particles, which may cause arc
instability, electron beam instability, and extreme liquid metal

deficiency. Meanwhile, its high hardness complicates friction
stir welding. Thus, brazing and diffusion welding are the most
appropriate methods for Al-Ceramic composite welding. One
urgent problem to be solved is to design an appropriate filler
metal for Al-Ceramic composite welding.

In the twentieth century, researchers did many works on the
low-volume-fraction SiCp/Al welding, but there was rare study on
Al-Ceramic composite welding. As reported, the welding of 15
vol.% SiCp/Al composite with Al-Si filler metal by tungsten inert
gas (TIG) welding greatly depressed the harmful interfacial
reaction between SiC and Al and improved the maximum tensile
force of the welded joints up to 240 MPa (Ref 14). The vacuum
brazing of 55 vol.% SiCp/A356 composite with Al-Cu-Si-Mg-Ni
filler metal led to the formation of sound joints and improved the
maximum shear strength of the bonded composites up to 102 MPa
(Ref 15). The plasma arc in situ welding of 10 vol.% SiCp/Al with
Ti-containing filler metal effectively prevented the harmful phase
Al4C3, improved the fluidity of the molten pool, and efficiently
enhanced the maximum tensile strength of the welded joints up to
265 MPa (Ref 16, 17). In a system of Al-Si-Ti active filler metals
for Al2O3sf/Al composites, Ti was added to improve the
wettability of Al metal matrix composites through introducing
the interfacial reactions at the filler metal/matrix and filler metal/
reinforcement interfaces (Ref 18). Despite these great achieve-
ments, it is still unknownwhether the achievements are applicable
for brazing and diffusion welding of SiC-rich Al-Ceramic com-
posite. If applicable, the mechanism is still to be studied.

As reported, when SiC ceramic was brazed with Al-Si (Ref
19) and ZnAlMg (Ref 20) filler metal using an ultrasonic-
assisted method, the maximum shear strength of the joints was
89 and 148 MPa, respectively. When Cf/SiC and Nb were
brazed at 1593 K using a Co-Ti-Nb filler metal, the addition of
Ti and Nb as active elements improved the maximum shear
strength up to 187 MPa (Ref 21). When TiAl and C/SiC were
brazed with TiH2-Vi-B filler metal, TiH2 decomposed into Ti
and H2 and the highly active Ti was utilized in the reaction with
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C/SiC composite (Ref 22). Also, Ag-Cu-Ti (Ref 23), Ti-Zr-Cu-
Ni (Ref 24), and Cu-Sn-Ti (Ref 25) filler metals were used to
braze SiC ceramic or its composites. Most of these filler metals
contain Ti, an active element that reacts with the base materials.
Usually, the welding of SiC ceramic with Ti-containing filler
metals would lead to the formation of Ti5Si3, Ti3SiC2, TiSi2,
and TiC. These reactions largely affect the wettability and
mechanical properties of the joints, and these brazing processes
were usually executed within 800 to 900 �C.

As for the welding of SiC or SiC-containing materials, Ti
was usually added as an active element into the filler metal (Ref
26, 27). But whether Ti addition is applicable for Al-
Ceramic composite is still unknown. If yes, the effects of
temperature and the mechanisms should be explored.

Before this work, we designed 25 types of Al-Si-Mg-Cu
solders and their average wetting angles on the surface of Al-
Ceramic composite is about 91.6�. We also designed another 9
types of Al-Si-Mg-Cu-Ti filler metals, and their average wetting
angle is about 32.2�. The wetting angle of the ordinary Al-Si-
Mg is 100� measured by the same method. Thus, Ti addition
can obviously improve the wettability of the welding materials
on the surface of Al-Ceramic composite.

In this work, the diffusion–reaction between Ti and Al-
Ceramic composite were executed at different temperatures
(550, 600, 700, 800, and 900 �C). The microstructures and
compositions of the interface layers were analyzed. The
properties and fracture morphology of the joints were exam-
ined. Mechanisms of the interfacial reactions between Ti an Al-
Ceramic composite were discussed. The mechanism how Ti
addition improves the wettability of Al-Ceramic composite was
discussed by analyzing the diffusion–reaction mechanism.

2. Experimental Procedures

The base materials used in the experiments were Al-Ceramic
composites (Al-70 vol.% SiCp composite) and Ti-4Al-1.5Mn
alloy (Al: 3.5 to 5.0 wt.%, Mn: 0.8 to 2.0 wt.%, Fe: £ 0.03
wt.% and Ti: Bal.). Al-Ceramic composite is produced by a
vacuum pressure infiltration route. Before the preparation of
Al-Ceramic composite, SiC particles in appropriate size were
selected and covered with a Si layer in advance. After that, the
pretreated SiC particles were mixed with a connecting agent
and a pore-forming agent. Then the mixed powder was pressed
into a block and sintered to form embryos. The porosity of the
embryos was tested later, and only embryos with about 30%
porosity were subjected to the vacuum pressure infiltration. At
the pressure range of 1.5 to 2.0 MPa, the Al-Ceramic
composites containing 70 vol.% SiC particles were obtained.
During the application, Al-Ceramic composite was not broken
unless the sintered SiC skeleton was broken. Thus, its heat
pressing resistance is much stronger than Al alloy. The
composites were machined to welding samples of 15 mm
length, 5 mm width, and 5 mm thickness, while the Ti alloy
plates were cut into welding samples of 15 mm length, 10 mm
width, and 2 mm thickness by spark cutting. All of the to-be-
joined surfaces were carefully ground with water emery paper
and emery paper (grit 280, 320, 400, and 600) and ultrason-
ically cleaned in acetone at room temperature before welding.
Then, the composite samples were put onto the Ti samples, and
the assembled specimens were put into a vacuum heating
pressing furnace. The experiment parameters included a

constant strength of 10 MPa, a holding time of 1.5 h, a
vacuum of 3.0 to 5.09 10�3 Pa, and temperatures of 550, 600,
700, 800, and 900 �C. The diffusion-welded joints were cut,
perpendicular to the weld line, into two parts via electric spark
cutting. One part was used for microstructure analysis and the
other for mechanical property test. The specimens for
microstructure analysis were prepared by emery paper grinding,
diamond paste polishing, and etching. Scanning electron
microscopy (SEM), energy dispersive spectrometer (EDS),
and x-ray diffraction (XRD) were used for typical microstruc-
ture and composition analyses. The shear strength of the
samples was measured using a special jig made of T10 steel
(Fig. 1). The shear test was conducted with a constant speed of
0.1 mm/min at room temperature, using a universal testing
machine. For reliable results, five samples, made under
identical conditions, were tested each case.

3. Results and Discussion

3.1 Microstructure of the Joints

Figure 2 shows the microstructures and compositions of the
Ti and Al-Ceramic composite joints diffusion welded at 550,
600, 700, 800, and 900 �C. Reliable joints were obtained at all
the investigated temperatures. All the (a)s in Fig. 2 show the
microstructures of the joints, the (d)s are other areas around the
interface, the (b)s show the XRD results of the interfaces, and
tables in (c)s show the compositions of the possible phases in
(a)s and (d)s. As shown in Fig. 2, the width of the reaction layer
increases greatly with the temperature rising to 700 �C and
waved slightly above 700 �C, and the interface layers achieved
at different temperatures were not the same.

Figure 2A shows the SEM, XRD, and EDS results for the
joint welded at 550 �C. No reaction layer is observed in
Fig. 2A-(a), indicating that there was rarely reaction happened.
Figure 2A-(b) shows that Ti is the only phase detected, and the
EDS analyses results are listed in Fig. 2A-(c). A few Si and Al
atoms dissolved in the Ti alloy to form a Ti[Si,Al] solid
solution. When Ti and Al-Ceramic composite were welded
below 550 �C, no chemical reaction occurred and the combi-
nation between Ti and Al-Ceramic composite mainly depends
on the diffusion of the atoms.

When elevating the welding temperature to 600 �C, a filmy
reaction layer formed (Fig. 2B-(a)). XRD and EDS results
show that the reaction layer is Ti7Al5Si12 phase. The atomic
percentages of Ti, Al, and Si were 54.75, 11.76, and 33.49 at.%,
respectively, which slightly deviated from Ti 50 at.%, Al 20.83
at.%, and Si 29.17 at.%. During the diffusing welding process,
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Fig. 1 Schematic diagram of the shear test
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when the composition reached Al-11.7Si, the eutectic reaction
happened. Due to gravity, a thin layer of Al-Si eutectic liquid
gathered at the interface. Then Ti and Si diffused into the liquid
to form Ti7Al5Si12. Since Ti and Si were far more than Al in the
system and their atomic radii were similar, a small amount of Ti
and Si atoms dissolved into Ti7Al5Si12 to take the place of Al,
which led to the composition deviation of Ti7Al5Si12. Si in
Ti7Al5Si12 came from SiC particles which were covered by Si
before the Al-Ceramic composite was prepared.

With the temperature increasing to 700 �C, the reaction
layer thickened gradually (Fig. 2C-(a)). The interface layers
mainly included A3 and B3 phases. A3 phase existed in partial
regions as shown in Fig. 2C-(d). The composition of phase A3

adjacent to the Ti side is similar to TiAl3, which was proved by
the XRD analysis, and Si atoms could dissolve into Al and take
the place of Al atoms. It is reasonable to consider phase A3 as
TiAl3. Phase B3 was identified as Ti7Al5Si12 with a small
amount of Ti and Si atoms dissolved in.

Fig. 2 SEM, EDS, and XRD results of the joints obtained at different temperatures: (A) 550 �C; (B) 600 �C; (C) 700 �C; (D) 800 �C; (E)
900 �C
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When Ti and Al-Ceramic composite were welded at 800 �C,
the interface layers are shown in Fig. 2D. According to the XRD
and EDS results in Fig. 2D-(b) and (c), phase A4 was Ti7Al5Si12,
B4 was TiAl3, and C4 was Ti7Al5Si12. When Ti and Al-
Ceramic composite were welded at 900 �C, the reaction layers
are shown in Fig. 2E. Phase A5 was Ti7Al5Si12, and B5 was TiAl3.

3.2 Mechanism of the Interfacial Reaction

Table 1 summarized the phase structures of the interface
layers achieved at different temperatures. As Ti, Al, and Si were
all solid at 550 �C, no interfacial reaction happened at that
temperature, and the interfacial reaction at 600 �Cwas described
above. What needs to be explained here is that there was a
systematic switch from the order Ti/TiAl3/Ti7Al5Si12/composite

at 700 �C toTi/Ti7Al5Si12/TiAl3/Ti7Al5Si12/composite at 800 �C
and Ti/Ti7Al5Si12/TiAl3/composite at 900 �C.

Firstly, when Ti and Al-Ceramic composite were welded at
700 �C, Al-Si eutectic liquid occurred with the temperature
rising, and a thick liquid film gathered at the interface due to
gravity slowly. During the heat preservation process, Ti and Si
atoms diffused from the base materials to the Al-Si liquid film.
Ti7Al5Si12 prior nucleated in the midregions of the film, where
the composition was similar to that of Ti7Al5Si12, and then it
expanded to both sides. Ti7Al5Si12 was generated in the heat
preservation process. At the same time, Al segregated to the
interface adjacent to the Ti side to form TiAl3. The driving
force of the segregation will be discussed later.

Secondly, when Ti and Al-Ceramic composite were welded
at 800 �C, a small amount of Ti7Al5Si12 (Phase A4 in Fig. 2D-
(d)) was generated during the heating process. The difference is
that this Ti7Al5Si12 was formed during the heating process, not
the heat preservation process. During the heat preservation
process, more Al liquid accumulated to the interface. At that
time, Al segregated to the interface adjacent to Ti to form TiAl3.
Compared to the occasion at 700 �C, Al liquid film accumu-
lated faster, and Ti and Al easily reacted to form TiAl3 at
800 �C. That is why the TiAl3 layer was thicker than the one
achieved at 700 �C. At the same time, Ti atoms diffused into
the liquid film adjacent to the Al-Ceramic composite to form
more Ti7Al5Si12 compound.

Table 1 Phase compositions of the joints welded at
different temperatures

Temperature, �C
Phase compositions of the

reaction layers

550 No interface reaction
600 Ti7Al5Si12
700 TiAl3, Ti7Al5Si12
800 Ti7Al5Si12, TiAl3, Ti7Al5Si12
900 Ti7Al5Si12, TiAl3

Fig. 2 contonued
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Lastly, when Ti and Al-Ceramic composite were welded at
900 �C, a layer of continuous Ti7Al5Si12 (Phase A5 in Fig. 2E-
(a)) was generated adjacent to the Ti alloy during the heating
process, so the Ti atoms diffusing into the thick Al liquid film
must go through this layer first, which largely decelerates the
diffusion. Thus, Ti atoms in the Al liquid could not afford the
formation of Ti7Al5Si12. That is why there was rarely
Ti7Al5Si12 formed between the TiAl3 layer and the Al-
Ceramic composite.

In a word, 600 to 800 �C is an appropriate temperature
range for active Ti to react with Si on SiC particle surfaces and
Al to form Ti7Al5Si12, which may enhance the connection
between metals and Al-Ceramic composite.

As it is said in the introduction, if Ti can react with the
surface of SiC particles at a certain temperature, it can improve
the wettability on the surface of Al-Ceramic composite at this
temperature. According to the analyses above, it can be inferred
that Ti cannot improve the wettability on the surface of Al-
Ceramic composite at 550 �C, but it can improve the wettabil-
ity at 600, 700, 800, and 900 �C.

3.3 Chemical Potential Model

When Ti and Al-Ceramic composite were welded at 700 and
800 �C, the generation of TiAl3 compound depended on the
segregation of Al. During the segregation process, Al atoms
were transferred from the enrichment area to the poor area,
which was an uphill diffusion. The driving force for the uphill
diffusion must be discussed.

An element�s diffusion behavior depends on its chemical
potential. Atoms were always transferred to the low chemical
potential areas from the high ones. In this work, chemical
potential of the Ti-Al-Si ternary alloy was calculated by the
Miedema model and Toop model.

It was known that chemical potential is the partial molar free
energy:

li ¼
@G

@xi
; ðEq 1Þ

where li is the Chemical potential, xi is the Mole fraction,
and G is the System free energy.

The free energy consists of ideal free energy (GI) and excess
free energy (GE).

G ¼ GI þ GE: ðEq 2Þ

The free energy of ternary alloy is given in the following
formula:

GI ¼ xiG
�
i þ xjG

�
j þ xkG

�
k þ RT ½xi ln xi þ xj ln xj þ xk ln xk�

ðEq 3Þ

where G�
i , G

�
j , and G�

k are the mole free energy.
According to the Toop equation,

GE
ijk ¼

xj
1� xi

GE
ij xi; 1� xið Þ þ 1� xi � xj

1� xi
GE

ik xi; 1� xið Þ

þ 1� xið Þ2GE
jk

xj
1� xi

;
1� xi � xj
1� xi

� �
;

ðEq 4Þ

where GE
ijk is the free energy of i-j-k ternary alloy; GE

ij , G
E
ik,

and GE
jk are the free energy of i-j binary alloy, i-k binary al-

loy, and j-k binary alloy, respectively.

Fig. 3 The changing trend of lAl with the increase of Ti fraction

Fig. 4 Shear strength of the joints welded at different temperatures
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GE
ij ¼ DHij � TDSEij ; ðEq 5Þ

where DHij is the enthalpy of binary alloy, and DSEij is the ex-
cess entropy of binary alloy.

According to Tanaka�s theory,

DSEij ¼ DHijð1=Tm;i þ 1=Tm;jÞ=14; ðEq 6Þ

where Tm,i, Tm,j are the melt point.
Substituting Eq 6 into 5 gives

GE
ij ¼ DHij 1�

T 1
Tm;i

þ 1
Tm;j

� �
14

2
4

3
5: ðEq 7Þ

The derivations above indicate that the excess entropy of
ternary alloy can be calculated from the excess entropy, and the
excess entropy of binary alloy can be calculated from the
enthalpy. According to the Miedema Model,

DHij ¼ fij
xi 1þlixj ui�uj

� �� 	
xj 1þljxi uj�ui

� �� 	
xiV

2=3
i 1þlixj ui�uj

� �� 	
þ xjV

2=3
j 1þljxi uj�ui

� �� 	
ðEq 8Þ

fij ¼ 2pV 2=3
i V 2=3

j �
q
p Dn

1
3
ws

� �2

�ðDuÞ2 � a r
p

n
1
3
ws

� ��1

i
þ n

1
3
ws

� ��1

j

; ðEq 9Þ

where Vi, Vj are the molar volume, (nws)i, (nws)j are the aver-
age electron density of Wigner–Seitz, ui, uj are the elec-

tronegativity, and p, q, r, l, a are the empirical parameters.
The physical parameters and empirical parameters can be

found in the literature (Ref 28). GI can be calculated based on
the free energy of Ti, Al, and Si according to Eq 3, GE can be
calculated according to Eq 4, and chemical potential can be
calculated according to Eq 1 and 2.

It is a three-dimensional problem to discuss how the
chemical potential was influenced by Ti, Al, and Si elements.
According to the composition of Al-Ceramic composite, the
proportion of Al and Si can be set as 30:70. With this limiting
condition, the three-dimensional problem turns into an intuitive
two-dimensional problem.

Figure 3 is the result of the chemical potential calculation
that shows how the chemical potential of Al (lAl) changes with
the Ti fraction (XTi) increasing. It can be seen that the chemical
potential of Al increases with the increase of Ti fraction when

Fig. 5 Fracture morphology of the joints welded at different temperatures: (a) 550 �C, (b) 600 �C, (c) 700 �C, (d) 800 �C, (e) 900 �C
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Ti fraction is below 0.56 and decreases with the increase of Ti
fraction when Ti fraction is above 0.56. At the initial stage of
welding, xTi at the Ti-interface (the interface between Ti alloy
and Al liquid film) was 1, and xTi at the composite interface
(the interface between Al liquid film and Al-Ceramic compos-
ite) was 0. The value of lAl at the Ti-interface was greater than
the one at the composite interface, so Al atoms were transferred
from the composite to the Ti side. When Ti7Al5Si12 was
generated, the content of Ti was near 50%, and lAl in this area
was very high, which drove Al atoms segregating to the Ti-
interface. That can also explain the deficiency of Al in the
Ti7Al5Si12 compound.

3.4 Mechanical Properties and Fracture Characteristics of
the Joints

Figure 4 shows the shear strength of the joints achieved at
different temperatures. The results show that the joints welded
at 700 �C had the maximum shear strength of 40.9 MPa. The
shear strength of the joints was first increased with the
temperature rising when it was welded below 700 �C, and
then decreased with the temperature rising when it was welded
above 700 �C.

Figure 5 shows the fracture morphology of the joints welded
at different temperatures. The EDS results of the areas marked
in Fig. 5 are listed in Table 2. At welding temperature 550 �C,
the wear scars on the Ti alloy interface still exist (Fig. 5a). The
EDS result shows the fracture was Ti alloy with some Al and Si
atoms dissolved in. Metallurgical bonding between Ti alloy and
Al-Ceramic composite did not appear. As the connection
between Ti and Al-Ceramic composite mainly depended on
the atom diffusion and the binding force was small, the shear
strength of the joints welded at 550 �C was low.

The fracture morphology of the joint obtained at 600 �C is
shown in Fig. 5(b). Areas 2, 3, and 4 in Fig. 5(b) were
examined by EDS, and the results are shown in Table 2. Area 2
is Ti7Al5Si12 adjacent to large SiC particles of the Al-
Ceramic composite; Area 3 is Ti7Al5Si12 adjacent to Al alloy
and small SiC particles of the Al-Ceramic composite; Area 4 is
Al alloy with a high volume of Si, torn off from Al-
Ceramic composite. The fracture occurred at the interface
between Ti7Al5Si12 and Al-Ceramic composite with some Al
alloys torn off from the composite.

Figure 5(c) shows the fracture characteristics of the joint
welded at 700 �C. The EDS results of Areas 5, 6, and 7 are
listed in Table 2. Areas 5 and 6 are Ti7Al5Si12 and Area 7 is
SiC which were examined by EDS. The SiC particles were
peeled off from Al-Ceramic composite. The fracture of the joint
occurs at the interface between Ti7Al5Si12 and Al-
Ceramic composite with some SiC particles peeled off from

the composite, indicating that the binding force between
Ti7Al5Si12 and SiC at 700 �C is greater than the ones at other
temperatures.

Figure 5(d) shows the fracture morphology of the joint
achieved at 800 �C. The EDS of Area 8 shows that the fracture
is mainly constituted by Ti7Al5Si12. The Ti7Al5Si12 compound,
generated at 800 �C, has recrystallized which is obviously
different from the morphology formed at 600 and 700 �C. The
grain boundaries were not completely filled. The fracture
belongs to brittle intergranular fracture.

Figure 5(e) shows the fracture characteristics of the joint
welded at 900 �C. The EDS result of Area 9 shows that the
joint fractured at the interface between TiAl3 and Al-
Ceramic composite which is completely different from the
previous situations. The TiAl3 grains on the fracture are all
intact. The fracture also belongs to brittle intergranular fracture
and the shear strength is extremely low.

Generally, Ti7Al5Si12 is generated from the reaction between
Ti, Al, and SiC (covered by Si) at the welding temperature above
600 �C, and could attach to the surface of Al-Ceramic compos-
ite. Thus, the generation of Ti7Al5Si12 leads to a change from the
‘‘metal/SiC particles interface’’ to ‘‘metal/Ti7Al5Si12/SiC parti-
cles interface,’’ which can decrease the residual stress after
welding, improve the wettability on the surface of Al-
Ceramic composite, and enhance the welding quality.

4. Conclusions

(1) The interfacial reaction between Ti and Al-
Ceramic composite happened at the welding temperature
above 600 �C. There was a systematic switch from Ti/
Ti7Al5Si12/composite at 600 �C and Ti/TiAl3/
Ti7Al5Si12/composite at 700 �C to Ti/Ti7Al5Si12/TiAl3/
Ti7Al5Si12/composite at 800 �C and Ti/Ti7Al5Si12/
TiAl3/composite at 900 �C.

(2) The Miedema and Toop models were used to calculate
the chemical potential of the Ti-Al-Si ternary alloy. The
results indicated that the chemical potential of Al first
increased with the increase of Ti fraction when Ti frac-
tion was below 0.56, and then decreased with the in-
crease of Ti fraction when Ti fraction was above 0.56.
The segregation of Al at 700 or 800 �C was an uphill
diffusing that was driven by chemical potential.

(3) The maximum shear strength of the joints is 40.9 MPa,
found in the joint welded at 700 �C. The fracture of the
joints occurred at the interface between Ti7Al5Si12 and
Al-Ceramic composite with some SiC particles peeled
off from the composite.

Table 2 EDS analyses of the points in Fig. 5 (at.%)

Element Ti Al Si C Possible phase

Area 1 96.59 0.26 3.15 Ti[Si,Al]
Area 2 33.28 12.25 54.47 Ti7Al5Si12
Area 3 27.14 31.05 41.81 Ti7Al5Si12
Area 4 0.37 89.50 10.13 Al[Si,Ti]
Area 5 37.96 10.88 51.16 Ti7Al5Si12
Area 6 26.56 17.97 55.47 Ti7Al5Si12
Area 7 0.83 55.81 43.37 SiC
Area 8 34.77 13.23 52.00 Ti7Al5Si12
Area 9 30.18 59.26 10.56 TiAl3
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(4) The generation of Ti7Al5Si12 led to a systematic switch
from the ‘‘metal/SiC particles interface’’ to ‘‘metal/
Ti7Al5Si12/SiC particles interface,’’ which reduced the
differences in physiochemical properties between SiC
ceramic and metals, decreased the residual stress after
welding, enhanced the welding quality, and improved
the wettability on the surface of Al-Ceramic composite.
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