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Microstructural development during transient liquid phase diffusion (TLPD) bonding of extruded alumi-
num-based metal matrix composite (6061-15 wt.% SiCp) using 50-pm-thick copper interlayer was inves-
tigated by optical microscopy, scanning electron microscopy (SEM) together with SEM-based energy
dispersive x-ray spectroscopy (EDS). Microstructural changes in the joint region were examined for a
bonding temperature of 560 °C with five different holding time (20 min, 1 h, 2 h, 3 h, and 6 h) under two
different applied pressure (0.1 and 0.2 MPa). Kinetics of the bonding process was significantly accelerated
in presence of reinforcement (SiC). This acceleration is attributed to the increased solute diffusivity through
defects as well as decreased incubation time required for nucleation (SiC particles acting as nucleating

agent).
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1. Introduction

Silicon carbide (SiC) reinforced aluminum-based metal
matrix composites (AIMMC) show better properties as com-
pared to monolithic aluminum alloys, which make these
composites useful for aerospace and transportation industry
applications (Ref 1, 2). However, the difficulty encountered in
their joining poses a major problem in widespread industrial
applications (Ref 3). Mechanical fastening (bolting or riveting),
fusion welding, and solid-state diffusion bonding of such
composites involve several difficulties (Ref 4-11) such as
damage of reinforcement (for mechanical fastening); formation
of brittle phase (Al4C;), HAZ cracking & weld porosity (for
fusion welding); and excessive plastic deformation under high
applied pressure (for solid-state diffusion bonding).

Transient liquid phase diffusion (TLPD) bonding process,
which employs an ‘interlayer’ (often a pure metal) for the
formation of low melting point composition (e.g., eutectic), has
the advantage of low bonding temperature, low bonding
pressure, and less surface finish requirement over solid-state
diffusion bonding. However, completion of the TLPD bonding
process requires a long time mainly due to prolong isothermal
solidification stage. If isothermal solidification is not com-
pleted, residual liquid in the interlayer may solidify as brittle
phases impairing bond strength (Ref 12). For commercial
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application of this technique, understanding the microstructural
variation at the bond region in order to improve bond strength
as well as kinetics of the TLPD process particularly during
isothermal solidification is of great importance.

Although a number of investigations have been carried out
on TLPD bonding of different metals and alloys, reports on the
TLPD bonding of AIMMCs are limited (Ref 9, 13-15).
Furthermore, among different interlayer used in TLPD bonding
of monolithic aluminum-based alloys, the use of copper
interlayer has proved to be successful for joining conventional
aluminum alloys and bond strength comparable to that of the
parent material has been reported (Ref 16). Again, the
published literature on TLPD bonding of AIMMCs mainly
dealt with the development of bonding conditions using
different thickness of copper interlayer in order to achieve
adequate bond strength. For example, Shirzadi and Wallach
(Ref 9) achieved a bond strength of 359 Al/SiC (20 wt.% SiC)
composite as high as 92% of the parent material strength in low
pressure (0.1-0.2 MPa) TLPD bonding using a 7-pm-thick
copper interlayer in vacuum followed by isostatic pressing.
While studying TLPD bonding of SiC fiber reinforced AIMMC
with 10-pum-thick copper interlayer at 550 °C in air environ-
ment, Bushby and Scott (Ref 14) reported that higher bonding
pressure (20 MPa) was necessary in order to limit oxidation of
copper and maximize the bonded area to 80%. However, in
these investigations of TLPD bonding of AIMMC no explicit
correlation was made between bond microstructure and differ-
ent stages of the process. In these investigations, applied
bonding time is also kept low (maximum 2 h) without any
correlation with the completion of isothermal solidification or
homogenization of bond region. Also, no comparison of
process kinetics is made with monolithic system.

It is reported (Ref 17) that unlike monolithic alloy, AIMMC
reinforced with ceramic particles exhibits a high dislocation
density and defect-rich particle/matrix interface that accelerates
diffusion-assisted process like precipitation hardening. Since
TLPD bonding is diffusion controlled process, the presence of
SiC particle is expected to accelerate the bonding process of
AIMMC. The purpose of the present work is to characterize the
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microstructure of TLPD bonded AIMMC with respect to
process kinetics and mechanism in comparison with the
reported process kinetics and mechanism in monolithic system.

2. Experimental Procedure

2.1 Material

As-received material for TLPD bonding was an extruded
rod of AIMMC consisting of 6061 matrix alloy and 15 wt.%
(12.93 vol.%) silicon carbide (SiC) particulate reinforcement.
The material was supplied by Regional Research Laboratory,
Thiruvanantapuram, India, in the form of cast billet with 23 um
average size of SiC particles. The cast billet was then extruded
at National Metallurgical Laboratory, Jamshedpur, India, into a
rod at 415 °C temperature with an extrusion ratio 20:1. The
nominal composition of 6061 alloy (Ref 18) is given in Table 1.
In addition it contains some iron (0.6 wt.%) as an impurity,
which was confirmed by optical emission spectroscopy. The
density of this as-received extruded AIMMC was also mea-
sured by water displacement method.

2.2 Specimen Preparation for Bonding

The extruded rod was machined to produce discs of 15 mm
diameter and 10 mm height. As a result the faying surfaces of
discs became perpendicular to the extrusion direction. The
faying surfaces of discs were polished to 1 um finish. Pure
copper (99.97 wt.%) foil of 50 pm thickness was used as
interlayer. The interlayer was punched out to a diameter of
15 mm for bonding. The interlayer and polished faying
surfaces of discs were finally rinsed in acetone and dried by a
hot air blast just before bonding.

2.3 TLPD Bonding

The interlayer was placed between the polished faying
surfaces of the two AIMMC discs. This assembly was then set
by an adhesive tape and inserted inside the diffusion bonding
unit. The bonding was carried out in a programmable electric
furnace keeping bond centerline horizontal. A thermocouple
inserted into the drilled hole in one of each pair of discs was
used to monitor bonding temperature. The argon gas was flown
into the bonding chamber at a rate 5 L/min to maintain inert
atmosphere. The bonding temperature was kept at 560 °C,
which is above the eutectic temperature (548 °C) of Al-Cu
system (Ref 19) and below the solidus temperature (582 °C) of
6061 matrix alloy (Ref 18). The specimens were heated to the
bonding temperature (560 °C) at a rate of 6 °C/min, held at that
temperature for five different lengths of time (bonding time)
viz. 20 min, 1 h, 2 h, 3 h, and 6 h and cooled down to a
temperature of 540 °C inside the furnace. Then the specimens
were taken out of the furnace and cooled in still air at room
temperature. Two different pressures, 0.1 and 0.2 MPa, were
applied for bonding.

Table 1 Chemical composition of 6061 alloy (wt.%)

Mg Si Cu Cr Al

1.0 0.6 0.3 0.2 rest

Journal of Materials Engineering and Performance

2.4 Optical Metallography

Bonded cylindrical samples were sectioned perpendicular to
the bonding plane using a low speed diamond cutter. The
section was polished to 1 pm finish and etched with Kellers
reagent (2.5% HNOs, 1.5% HCI, 0.5% HF, and balance H,0).
Both qualitative and quantitative study of microstructure
around bond interface was carried out using optical microscope
with digital photomicrography and image analysis facility
(ZEISS, Imager.A1m; Dewinter, MICROCAM 5.01). Interface
width, grain size (ASTM grain size number), and SiC particle
size were measured. Interface width was measured at ‘periph-
ery’ and ‘central zone’ of the bond interface. The bond
centerline had 15 mm length. The two edges of bond center-
line, with each edge of 3.5 mm length, were considered as
‘periphery’. The remaining part at the middle of 8 mm length
was considered as ‘central zone’. The size of SiC particle was
considered as an average of major axis and minor axis
approximating the particle shape to be an ellipse in two
dimension.

2.5 SEM and EDS Analysis

As-polished section was examined around bond interface
under scanning electron microscope (JEOL, JSM-5800).
Microstructures were studied with both backscattered electron
image mode and secondary electron image mode. Reasonable
phase contrast was achieved in backscattered electron image
mode. Accordingly different phases were identified by EDS
spot analysis. Also the progress of diffusion was studied by line
scan. The line scan for concentration variation of copper was
carried out along a line of 600 um length lying perpendicular to
the bond interface keeping bond centerline approximately at the
middle.

3. Results and Discussion

The microstructure of as-received extruded AIMMC as shown
in Fig. 1 clearly reveals bands of SiC-rich areas along the
extrusion direction as well as some porosity near the particle
cluster (band). The presence of porosity is also indicated in the
measured density of the composite (2.72 g/cm?) that shows lower
value than the theoretical density of composite (2.77 g/cm?®)
based on the calculation from the reported density (Ref 18, 20) of
6061 matrix alloy (2.70 g/cm®) and SiC (3.21 g/em®). The
presence of bright FeAl; intermetallic phase (containing about
61 wt.% Al) is confirmed by SEM backscattered image (Fig. 1¢)
and EDS Spot analysis. Chemical analysis by optical emission
spectrometer indicates the presence of about 0.6 wt.% iron
impurity in the composite. The presence of iron impurity (about
0.7 wt.%Fe) in 6061 alloy was reported (Ref21). Also, the report
on the presence of FeAl; in AIMMC containing iron impurity was
published (Ref 14). The formation of FeAl; phase even for iron
content less than 0.6 wt.% is not unexpected since iron has got
very little solubility in aluminum as confirmed from Fe-Al phase
diagram (Ref 19).

Optical microstructures of TLPD bonded specimens in
etched condition representing the bond interface in central zone
is shown in Figs. 2 and 3. SEM backscattered images of the
bond interface are presented in Figs. 4 and 5. The specimens
with minimum bonding time (20 min) exhibit isothermally
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Fig. 1 Microstructure of as-received extruded 6061-SiCp compos-
ite. (a) Optical image: bands of SiC along extrusion direction. (b)
SEM secondary electron image: SiC bands and porosity. (c) SEM
backscattered image: presence of FeAls

solidified grains (mainly of primary o) adjacent to bond
interface (Figs. 2a and 3a). Furthermore, the presence of CuAl,
phase (containing about 54 wt.% Cu) is observed (Fig. 4)
adjacent to the bond interface. It is to be noted that as-received
AIMMC (unbonded) does not contain any CuAl, intermetallic
phase. This observation indicates that isothermal solidification
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started before 20 min of bonding time and CuAl, phase is
likely to precipitate out in isothermally solidified zone during
cooling from bonding temperature as solubility of Cu in
primary o decreases with decreasing temperature following
solvus curve.

Based on the study of monolithic system, the TLPD bonding
process was described as consisting of four stages by previous
investigators (Ref 12, 22, 23), namely, (I) dissolution of
interlayer, (II) homogenization of liquid (widening of liquid to
its maximum width), (IIT) isothermal solidification, and (IV)
homogenization of bond region. Liu et al. (Ref 24) outlined an
analytical model that accounts for the fact that the dissolution
front proceeds into the interlayer as well as the parent metal.
Using Liu et al’s equations the time for complete dissolution of
the interlayer is of the order of seconds, as was also calculated
by Tuah-Poku et al. (Ref 23). However, analytical models have
not been developed to fully describe the widening process of
liquid (stage II) and, in fact, there is no discrete boundary in
time between stages I and II. Once the interlayer is dissolved,
the width of the liquid zone becomes greater than the initial
interlayer width. Hence the process of widening occurs
concurrently with dissolution. Nakao et al. (Ref 25) and
Tuah-Poku (Ref 23) reported that the time required for the
liquid widening process (stage II) is of the order of minutes. In
present study, heating from eutectic temperature (548 °C) to the
bonding temperature (560 °C) at a rate 6 °C/min takes 2 min. It
is possible that the first two stages (dissolution of interlayer and
widening of liquid) are completed during heating to the
bonding temperature. Therefore, liquid widening process
completes and isothermal solidification starts before 20 min
of holding.

The presence of 15 wt.% SiC particle in 6061 aluminum
matrix is expected to have significant effect on TLPD bonding
process as compared to pure monolithic system. Microstruc-
tural study reveals the segregation of SiC particles at bond
centerline with isothermally solidified zones on both sides.
During bonding the bond centerline was kept horizontal. Since
no preferential segregation occurs toward the lower AIMMC
disc, this is not the case of gravity segregation. According to
published literature (Ref 26) on general solidification charac-
teristic of SiC reinforced AIMMC, the primary o is very
efficient at rejecting SiC, and pushing the particles ahead of the
solid/liquid interface. In this regard a critical velocity (V) of
solid/liquid interface has been reported (Ref 21), below which
the SiC particles are pushed by the moving interface and above
which they are engulfed. Since the first two stages of TLPD
bonding (dissolution of interlayer and widening of liquid) are
very fast, the velocity of solid/liquid interface is also very high.
As a result SiC particles are not pushed by the solid/liquid
interface away from the bond centerline during widening of
liquid. The next stage, isothermal solidification, is slow due to
solid-state diffusion controlling the process and takes several
hours for completion. During isothermal solidification due to
low velocity of solid/liquid interface, most of the SiC particles
are pushed by the moving solid/liquid interface, as evident in
the present work. As a result, particles segregate at bond
centerline along with liquid phase and the residual liquid gets
solidified during cooling. This aggregate of residual liquid and
segregated SiC particles may be called as ‘segregation zone’
and the width of this segregation zone may be termed as
‘interface width’. This is schematically shown in Fig. 6. The
measured interface width at central zone and at periphery of
bond interface is presented in Table 2. At 20 min bonding time
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Fig. 2 Optical microstructures of bonded specimens at central zone of bond interface at 0.1 MPa pressure. (a) 20 min, (b) 1 h, (¢c) 2 h, (d) 3 h,

and (e) 6 h

the interface width at central zone is somewhat similar (slightly
greater) to that at periphery. However, with increasing bonding
time interface width at central zone decreases continuously and
always remains lower than that at periphery. This phenomenon
indicates that during TLPD bonding under pressure (0.1 and
0.2 MPa) liquid-particle aggregate at interface moves toward
periphery and flows out. The evidence of leak out of liquid-
particle mixture has been observed. The interface width at
periphery exhibits decrease and occasional increase depending
on the flow of liquid-particle aggregate from center to periphery
and from periphery to outside. Prolong holding (6 h bonding
time) reduces the interface width at periphery to the greatest
extent (143 pm under 0.1 MPa and 134 pm under 0.2 MPa).
Also, with increasing bonding time reduction of interface width
at central zone is more at higher pressure (0.2 MPa) than at
lower pressure (0.1 MPa). This again indicates more mass flow
toward periphery under higher pressure. It is important to note
that specimens with 3 and 6 h bonding time (for both the
pressures 0.1 and 0.2 MPa) exhibit negligible interface width at

Journal of Materials Engineering and Performance

central zone with least segregation of SiC particles as shown in
Figs. 2d, 2e, 3d, and 3e. Furthermore, the bond interface is
hardly discernible and grain continuity exists across the
interface indicating the completion of isothermal solidification
in 3 h of bonding time. The EDS spot analysis at bond interface
of the specimen with 3 h bonding time and 0.2 MPa pressure
exhibits the presence of 2.11 wt.% Cu. According to Al-Cu
phase diagram (Ref 19), at bonding temperature (560 °C) the
maximum solubility of copper in primary o is 4.35 wt.%.
Therefore, the copper content of 2.11 wt.% indicates the
presence of primary o grains. This further confirms the
completion of isothermal solidification.

Microstructural study also reveals that during isothermal
solidification, when the solid/liquid interface unidirectionally
moves toward bond centerline, few SiC particles are not pushed
by the solid/liquid interface, rather they get engulfed (Figs. 2,
3, and 7). However, majority SiC particles are pushed by solid/
liquid interface and segregated around bond centerline forming
‘segregation zone’ as discussed earlier. In fact the critical
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Fig. 3 Optical microstructures of bonded specimens at central zone of bond interface at 0.2 MPa pressure. (a) 20 min, (b) 1 h, (c) 2 h, (d) 3 h,

and (e) 6 h
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Fig. 4 SEM backscattered image of bonded specimens with lower
bonding time (20 min, 0.2 MPa)

750—Volume 17(5) October 2008

velocity depends on several factors including particle size. The
critical velocity (V) is inversely related to the particle size (Ref
21). Therefore, bigger particle has lower V. and is likely to be
entrapped, whereas smaller particle having higher V. is likely to
be pushed by advancing solid/liquid interface. The size of the
SiC particles at ‘segregation zone’ (containing particles pushed
by the solid/liquid interface during isothermal solidification)
and at isothermally solidified zone (containing engulfed
particles) was measured. The particles in isothermally solidified
zone (engulfed particles) are found to be much bigger (size
range: 22-30 pm) than the particles in segregation zone (size
range: 12-15 pum), as expected. It is also interesting to note that
these engulfed SiC particles act as the nucleation sites for
isothermal solidification. In isothermally solidified zone,
around SiC particles relatively finer grains (ASTM grain size
number 6) are observed (Fig. 7). Away from particles the grains
are relatively coarser (ASTM grain size number 4) and size of
these coarser grains of isothermally solidified zone appears
similar to the grains of the base metal. Since the recrystalli-
zation temperature range of commercial aluminum alloys is
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Fig. 5 SEM backscattered image of bonded specimens with higher
bonding time. (a) 3 h, 0.1 MPa (near periphery); (b) 3 h, 0.2 MPa
(near periphery)

340-410 °C (Ref 27), during extrusion of parent AIMMC at
415 °C fine recrystallized grains (ASTM grain size number 8)
appear (Fig. la). During bonding at 560 °C these recrystallized
grains of base metal as well as isothermally solidified grains
grow to larger size.

Rarely any literature deals with joining of AIMMC by
TLPD bonding process in relation to its process mechanism.
Also, literature on TLPD bonding mechanism specifically for
joining pure aluminum or aluminum alloys using Cu interlayer
is limited. Natsume et al. (Ref 12) investigated the mechanism
of TLPD bonding for joining pure Al by 50 pm Cu interlayer at
570 °C up to a maximum bonding time of 1 h. According to
their experimental data, melting of interlayer took about 15 s.
Liquid widened to its maximum width of 460 pm (W) in
60 s. Specimen was not held at bonding temperature till the
completion of isothermal solidification. Up to 1 h of maximum
holding, liquid width decreased to 406 um through isothermal
solidification. Whereas in the present investigation, in 1 h of
bonding time the interface width at central zone has reduced to
107 pm for 0.1 MPa pressure and 86 pm for 0.2 MPa pressure.
This indicates much faster kinetics of isothermal solidification
for AIMMC than the pure monolithic system. However,
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Fig. 6 Schematic representation of bond region during isothermal
solidification

Natsume et al. did not continue experimentation till the
completion of isothermal solidification. Therefore, the total
duration of isothermal solidification for joining aluminum (pure
monolithic system) cannot not be obtained directly from their
experimental data. On the other hand, Tuah-Poku et al. (Ref23)
fundamentally dealt with TLPD bonding process for monolithic
systems and developed analytical rate expressions for different
stages of bonding. They developed the following equation for
isothermal solidification stage:

(Eq 1)

where y is the displacement of solid/liquid interface during a
time of isothermal solidification #, ¢ and m are constants.
Obviously, ¥y = (Wiax— W)/2, where W is the total width of
the liquid in time ¢ and W, is the maximum liquid width.
Fitting the experimental data for isothermal solidification as
reported by Natsume et al. to Eq 1, the following equation
originates:

log y = 1.0362 log ¢ — 2.3488

log y =c+mlogt

(Eq 2)

Putting y = Wiax/2, that is, 230 pm in Eq 2, the duration of
isothermal solidification is found out to be 35,153 s (about 9 h
46 min). Therefore, for joining pure Al by 50 pm Cu interlayer
at a bonding temperature of 570 °C, isothermal solidification
takes about 9 h 46 min for completion. However, in the present
study for joining 6061-15 wt.% SiCp by 50 um Cu interlayer at
560 °C with applied pressure, the completion of isothermal

Volume 17(5) October 2008—751



Table 2 Interface width at central zone and periphery

Interface width, pm
(mean +standard deviation)

Bonding Bonding

pressure time at central zone at periphery

0.1 MPa 20 min 230+15 185+10
1h 107+8 177+17
2h 93+11 183+16
3h Negligible 163+18
6 h Negligible 143£15

0.2 MPa 20 min 223+17 205+18
1h 8610 173+ 14
2h 73+8 171+15
3h Negligible 196+17
6h Negligible 134£11

iy
T

Fig. 7 SiC particles acting as nucleation site for isothermal solidifi-
cation (0.2 MPa, 1 h)

solidification takes much lesser time (3 h). This is attributed to
three major factors. Firstly, in the present study AIMMC
contains substantial amount (15 wt.%) of SiC particles. The
presence of SiC particles in the metallic matrix leads to the
formation of defect-rich interfacial region of high dislocation
density, mainly due to the difference in coefficient of thermal
expansion between metallic matrix and SiC particles (Ref 17,
28-31). Coefficient of thermal expansion of 6061 matrix alloy
and SiC particle are 23.6 % 107%K and 5.5x107%/K, respec-
tively (Ref 18, 20). Therefore, it is likely that the particle/matrix
interface is largely responsible for accelerated diffusion of
solute into the base metal. In addition, as discussed earlier, the
composite contains some porosity. As a result, diffusion
becomes much faster (short circuit diffusion) since the activa-
tion energy for short circuit diffusion is considerably smaller
than that for lattice diffusion (Ref 32). Secondly, due to
application of pressure some part of liquid flows out of
periphery, reducing the amount of liquid to be solidified
isothermally. Thirdly, as discussed earlier, some SiC particles
act as nucleation site to accentuate isothermal solidification
process.

The result of line scan shows an occasional rise in copper
concentration due to the presence of copper-enriched phase
CuAl,. However, on a gross scale, distribution of copper in the
matrix for 6 h of bonding is found to be uniform across the

752—Volume 17(5) October 2008

A\

20kU  18um

Fig. 8 CuAl, precipitation at grain boundary in isothermally solidi-
fied zone for the TLPD after 3 h, 0.2 MPa. (a) Optical image, (b)
SEM backscattered image

Fig. 9 CuAl, precipitation at microvoids in isothermally solidified
zone (6 h, 0.2 MPa)

bond centerline. This indicates homogenization of bond region.
The CuAl, phase is found to be present at bond interface
(segregation zone) as well as in isothermally solidified zone. At
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the bond interface CuAl, forms through eutectic solidification
of residual liquid during cooling. At the bonding temperature
this residual liquid remains intermixed with segregated SiC
particles. SEM backscattered image (Fig. 4) clearly reveals that
during cooling CuAl, preferentially nucleates on SiC particles
at bond interface. The lower the bonding time, the more CuAl,
phase is present at the bond interface than in isothermally
solidified zone. As bonding time increases further, the diffusion
of Cu away from the bond interface gradually ceases CuAl,
formation at interface. For higher bonding time (Fig. 5) CuAl,
phase is mostly found to appear in the isothermally solidified
zone away from the interface. Isothermally solidified zone
contains the grains of primary o. During cooling from bonding
temperature, as the solubility of Cu decreases, CuAl, precip-
itates out of primary o at high-energy sites such as grain
boundary or microvoids. Optical and SEM backscattered image
of a typical three armed CuAl, precipitate at the junction of
three grain boundaries present in the isothermally solidified
zone is shown in Fig. 8. This precipitate is found to be present
at a distance of 250 pum from the bond interface. It is important
to note that, in the present investigation, the CuAl, phase is
found to be present up to a maximum distance of 280 pm on
each side of the bond centerline. Therefore, the width of the
total affected zone in TLPD bonding is about 560 um. Figure 9
represents the precipitation of CuAl, at microvoids in the

20kV 108um

Fig. 10 Segregation of Fe,Als at bond interface. (a) 1 h, 0.2 MPa
(near central zone); (b) 6 h, 0.2 MPa (near periphery)
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isothermally solidified zone. The pebble-shaped intermetallic
phase (Fe,Als, containing 56 wt.% Al) of iron impurity is
found to be segregated mainly at bond interface (Fig. 10). It is
likely that during isothermal solidification Fe,Als particles are
pushed by solid/liquid interface and thereby segregate at bond
interface (segregation zone) along with SiC particles. The high
melting point of Fe,Als (1169 °C) and the stability of Fe,Als
phase around bonding temperature (560 °C) as obtained from
the phase diagrams of binary Fe-Al and ternary Al-Cu-Fe
systems (Ref 19, 33) further confirm this possibility.

4. Conclusion

(1) The TLPD bonding process of 6061-SiCp composite
occurs much faster than that of pure aluminum. Isother-
mal solidification takes only 3 h, which is about one-
third the time taken in pure system. Bond region gets
homogenized in 6 h.

(2) The engulfed SiC particles acting as nucleation site accel-
erate isothermal solidification. During isothermal solidifi-
cation majority SiC particles are not engulfed and are
pushed by the moving solid/liquid interface. These parti-
cles segregate at the bond interface along with residual
liquid. Simultaneously, under applied pressure the mass of
residual liquid and segregated SiC particles at bond inter-
face gradually moves toward periphery and ultimately
flows out with increasing bonding time. This reduces the
amount of residual liquid to be solidified, thereby shorten-
ing the duration of isothermal solidification.

(3) The CuAl, phase is found to be present at the bond
interface (segregation zone) as well as in isothermally
solidified zone. At the bond interface CuAl, forms
through eutectic solidification of residual liquid during
cooling and it preferentially nucleates on segregated SiC
particles. The lower the bonding time, the more is the
proportion of CuAl, phase present at the bond interface.

(4) As bonding time increases further, the diffusion of Cu
away from the interface gradually ceases CuAl, forma-
tion at the bond interface and the CuAl, phase is mostly
found to appear in the isothermally solidified zone away
from the interface in the form of precipitate at high-
energy sites (grain boundary, microvoids, etc.).

(5) Pebble-shaped Fe,Als phase of iron impurity segregates
mainly at the bond interface.
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