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Abstract

In this study, wettability behavior of B4C substrate as well as B4C/crystalline rice husk ash and B4C/amorphous rice husk

ash substrates with two aluminum alloys were studied. The electrical resistivity, thermal expansion coefficients, and

thermal diffusivity of bilayer Al/B4C/rice husk ash composite fabricated by one-step pressureless infiltration were

measured and the obtained data were systemically analyzed using the Taguchi method and analysis of variance. Boron

carbide substrates after addition of amorphous or crystalline rice husk ash display good wettability with molten alumi-

num alloys. The results show that, electrical resistivity of Al/B4C/rice husk ash composites is mainly influenced by initial

preform porosity, while the coefficient of thermal expansion of composites is determined by the chemical composition of

infiltrated alloys. The measured values for coefficient of thermal expansion (10.5� 10�6/�C) and electrical resistivity

(0.60� 10�5 X.m) of Al/B4C/rice husk ash composites, fabricated according to analysis of variance’s optimal conditions

are in good agreement with those of the projected values (11.02� 10�6/�C and 0.65� 10�5 X.m, respectively). The

difference between the corresponding values obtained from verification tests and projected values, for electrical resist-

ivity and coefficient of thermal expansion are less than 5%. Finally, as a material selection approach, the strengths and

weaknesses of the composites have been graphed in the form of radar diagrams.
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Introduction

To make a lightweight material which possesses proper-
ties such as high thermal conductivity, low coefficient of
thermal expansion (CTE), and high strength at higher
temperatures, using high percentage of ceramics with
high strength and low CTE in a metallic matrix
would be desirable.1–4 These types of metal matrix com-
posites (MMCs) have attractive properties for armor
applications, multifunctional electronic packaging,
and support structures in optical systems.5–8 Among
the different MMCs, Al/B4C composites with a high
volume fraction of particulate reinforcement are a suit-
able and versatile option due to outstanding physical
properties of B4C particles.9,10 Infiltration of ceramic
preforms by liquid metals not only provides a
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constitutive route for the processing of composite
materials with high percentage of reinforcement, but
also offers the potential to produce graded composite
materials by variation of shape, size, and volume frac-
tion of the reinforcement in each layer.11–14 However,
in order to improve the quality of the final composite,
understanding the reactive wetting behavior of molten
alloys in contact with ceramic substrates at high
temperatures is essential. The study of the wetting
behavior at elevated temperatures, therefore, consti-
tutes one of the most important scientific aspects of
high-temperature liquid phase materials processing.15

In the previous study, successful fabrication of
bilayer graded Al/B4C/MgAl2O4 composite by pres-
sureless infiltration method as well as its promising
mechanical properties have been reported.16 In that
study, it was shown that addition of rice husk ash
(RHA) as a source of oxygen causes formation of
MgAl2O4 phase which improve the mechanical proper-
ties of final composite. Amongst the various known
biomasses, with abundant and renewable energy
sources, RH is not only a potential source of energy,
but also a value-added byproduct. RHs contain organic
substances and 20% of inorganic material. The main
elemental components of RH are C 37.05wt.%, H
8.80wt.%, N 11.06wt.%, Si 9.01wt.%, and O
35.03wt.%.7,17

In order to evaluate the effect of amorphous rice
husk ash (ARHA) and crystalline rice husk ash
(CHRA) incorporation on the wettability behavior of
B4C substrate and physical properties of bilayer Al/B4C
composite, a two-fold objective has been established for
this investigation. First, using the sessile drop method,
the wetting behavior of B4C substrate by two Al-Si-Mg
alloys has been investigated. The study also includes
analyzing the effect of incorporating CRHA and
ARHA into B4C powder-compact substrates. Second,
the effect of processing parameters on the physical
properties (CTE, electrical resistivity, and thermal dif-
fusivity) of Al/B4C/RHA composites has been studied.
Also, to determine the variability in the response par-
ameters in an experiment, analysis of variance
(ANOVA) has been used. This method provides a
means of estimating the percent contribution of each
of the parameters tested to the variability in the mea-
sured response variable.

Experimental procedure

Aluminum cubs were cut in the size of 10� 10� 10mm
from as-cast aluminum alloys to be melted on B4C,
B4C/CRHA, and B4C/ARHA substrates during the ses-
sile drop test. Chemical compositions of both starting
alloys used in this study are presented in Table 1. Based
on the test parameters, the prepared blocks were placed
on the top of loose beds of B4C powders and of mix-
tures of B4C/SiO2 (from RH) powders. The prepared
specimen was placed into a horizontal tube furnace,
and heated up to the test temperature at a rate of
20�C/min under nitrogen or argon atmosphere
(99.999% Ultra High Purity, O2< 2 ppm). During the
tests, the droplets were photographed to determine the
contact angle as a function of temperature and time.

Infiltration tests for composites of Al/B4C/RHA
were conducted under the conditions shown in
Table 2. The effect of various parameters on the phys-
ical properties of composite was investigated using
the Taguchi method for design of experiments.18

Infiltration temperature, time, particle size, porosity
of preform, SiO2 crystallinity, and content in the bilayer
preform were used as parameters of infiltration process.
The fabrication method as well as fabrication condi-
tions have been discussed in detail elsewhere.16

Table 3 shows L12 Taguchi tables used for this study.

Table 2. Parameters and levels tested in this experiment.

Parameter Level 1 Level 2

B4C particle size (mm) 9/130 130/9

Porosity of

preform (%)

40/60 60/40

Alloy Low Mg High Mg

SiO2 content (wt.%) 10 5

Time (min) 60 120

Temperature (�C) 1150 1250

SiO2 crystallinity Crystalline Amorphous

Constants � Ar flow rate:

50 cm3/min.

� Alloy amount: 50g.

� Geometry and

size of cuboid

preform: for

each layer:

20� 10�50 mm.

Table 1. Chemical composition of aluminum alloys used in the experiments (wt.%).

Elements Si Mg Fe Mn Zn Al

Alloy 1 (Low Mg) 13.1 9.2 0.244 0.038 0.066 Base

Alloy 2 (High Mg) 12.7 13.5 0.277 0.038 0.055 Base
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Cuboid samples with the dimension of 3� 3� 2mm
were cut for thermo-mechanical measurements, while
thin plate of 10� 10� 1mm were used for X-ray
powder diffraction (XRD) analyses and electrical resist-
ivity measurement. The XRD tests were performed
using Philips �3040 XRD equipment (Cu Ka radiation,
anode excitation of 40 kV, and current of 30mA). CTE
values were measured by TMA 402 F1/F3 Hyperion�,
a Thermo-mechanical Analyzer—Vertical Dilatometer.
All samples were heated up and cooled down with the
rate of 20�C/min under protective atmosphere of high
purity nitrogen with the flow rate of 30 cm3/min.

Electrical resistivity was measured using four-
point probe technique (Lucas Labs S-302 Four Point
Probe) on the flat faces of the samples. The measure-
ment was conducted using direct current (DC) to
avoid skin effects associated with alternating current
(AC) in the matrix and transient polarization phenom-
ena in the ceramic component. The thermal diffusivity
(a) was measured by the laser flash method on square
samples of dimensions 8� 8� 1mm, using a Netzsch
LFA 457 MicroFlashTM diffusivity apparatus.
Measurements were done from room temperature up
to 300�C in an argon atmosphere.

Results and discussion

Wettability behavior of B4C, B4C/ARHA,
and B4C/CRHA substrates

Figure 1(a) shows the variations in contact angles with
temperature and time for the molten Al alloys on B4C
surfaces at 1200�C. As it can be seen from Figure 1, all
the systems show a similar behavior of the contact
angle vs. temperature and time over the entire tempera-
ture and time range, and the contact angle depends on
both the process atmosphere and the type of alloy

(Mg content). The contact angles decreased rapidly in
the initial several minutes (considering heating rate of
5�C/min, 20min) and then approaches a steady value
gradually, while the time needed to reach the steady
value changes with the altering alloys or atmosphere.
The final contact angles reach 51.8� (N2, low-Mg alloy),
48.3� (Ar, low-Mg alloy), 45.1� (N2, high-Mg alloy),
and 40.6� (Ar, high-Mg alloy) after 90min of heat pres-
ervation. These results are in good agreement with the
previous studies. Halverson et al.19 reported that final
contact angle of aluminum on B4C substrate can reach
to 66� in argon atmosphere after 180min heating at
1200�C. The observed difference between the reported
result19 and experimental result from this study could
be related to the presence of Si and Mg elements which
reduce the surface tension of aluminum alloys. The
lower surface tension of aluminum alloys in contact
with B4C in argon atmosphere (Figure 1(b)) can be
attributed to interface reactions which occur during
the contacting time.20 As it can be seen from Figure
1(b), magnesium content has more effect in reducing
the surface tension of aluminum alloys than type of
atmosphere.

Many researches have been done to investigate the
effects of interface reaction on the wetting behavior of
Al/B4C, but its wetting mechanism is subject to contro-
versy. Viala et al.21 and Arslan et al.22 believe that in
Al/B4C system, the wetting is only associated with
the formation of Al3BC, while the formation of AlB2

and AlB12 phases has no significant effect on wetting
due to the fact that B4C particles are generally sur-
rounded by Al3BC crystals. This result is in agreement
with the work of Fujii et al.23 who did not detect
uniformly distributed a-AlB12 and AlB2 crystals
throughout the BN–Al interface. However, Lin
et al.24 and Kharlamov25 consider that the wettability
of B4C by pure Al is determined by the formation of

Table 3. Standard L12 Taguchi table for pressureless infiltration of this study.

Number Particle size Porosity Alloy SiO2% Time Temp. Crystallinity

1 1 1 1 1 1 1 1

2 1 1 1 1 1 2 2

3 1 1 2 2 2 1 1

4 1 2 1 2 2 1 2

5 1 2 2 1 2 2 1

6 1 2 2 2 1 2 2

7 2 1 2 2 1 1 2

8 2 1 2 1 2 2 2

9 2 1 1 2 2 2 1

10 2 2 2 1 1 1 1

11 2 2 1 2 1 2 1

12 2 2 1 1 2 1 1
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different reaction products, where the Al3BC phase
makes a considerable contribution to the wettability.

Figure 2 shows the changes in contact angle of two
different aluminum alloys on different substrates of
B4C/RHA substrates with different weight percentage
of RHA. As it can be seen from the mentioned figures,
increasing the amount of RHA in all the conditions

causes an augmentation in molten drop contact angle.
This increment will be intensified when CRHA was
incorporated into the substrate. As it can be seen
from Figure 2, incorporation of crystalline silica to
B4C powders increases the contact angle of aluminum
alloys on B4C/RHA but does not make the substrate
non-wettable by neither of the aluminum alloys.

Figure 2. Variation of alloy contact angle (�) as a function of temperature and time during the isothermal periods (1200�C) in trials

performed with different chemical composition of Al alloy on B4C/RHA substrates, (a) B4C/10wt.% ARHA, (b) B4C/10wt.% CRHA, (c)

B4C/20wt.% ARHA, and (d) B4C/20wt.% CRHA tested in argon and nitrogen atmospheres.

Figure 1. Variation of droplet (a) contact angle and (b) surface tension as a function of temperature and time during the isothermal

period of 1200�C in trials performed in argon and nitrogen atmosphere.
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The minimum and maximum contact angles are
belonged to the high Mg alloy on B4C/10wt.%
ARHA and low Mg alloy on B4C/20wt.% CRHA
with the value of 42� and 73�, respectively.

According to Young–Dupre’s equation,26 the con-
tact angle, �, can be decreased by increasing the surface
energy of the solid, csl, decreasing the solid/liquid inter-
facial energy, csl, or by decreasing the surface tension
of the liquid, clv. During heating, the silicon is believed
to diffuse from the B4C/SiO2 substrates into the molten
Al drop. The silicon concentration will therefore
increase in the contacting surface of Al drop with sub-
strate because of the silicon diffusion. As the wetting
test goes on, the silicon can reduce the surface tension
of molten aluminum, and thus clv is decreased

27 by the
adsorption of silicon on the interface and surface of the
liquid. On the other hand, the solid/liquid interfacial
energy, csl, can also be decreased due to the enrichment
of silicon on the interface. As a result, the contact
angle, �, will be decreased.28 Figure 4 shows the cross
section of the high Mg alloys in contact with B4C/
20wt.% ARHA. As it can be seen, the concentration
of Si is higher in the surface of alloy which is in contact
with ceramic substrate. It can be attributed to the free

Si which can be released during the reaction of RHA
particles with molten aluminum during the process.

Physical properties of Al/B4C/MgAl2O4 composites

In this study RHA was used as an oxygen source to
form in situ MgAl2O4 phase in reaction with Al-Mg-Si
alloy during infiltration process.7,17 Microstructure
evaluation and phase characterization as well as possi-
ble chemical reactions between amorphous and crystal-
line silica derived from RH and B4C with aluminum
alloys have been discussed in our previous works exten-
sively.16,29 Figure 5 shows the abrupt changes in
the microstructure of bilayer Al/B4C/RHA compos-
ite fabricated according to L7 test condition. It can be
seen, in the layer with smaller B4C particles size, more
ceramic phases have been formed which is due to
the high surface area of the fine B4C particles which
causes higher reaction of Al with B4C than in the
layer which contains B4C of large size. MgAl2O4,
Al4C3, Al3BC, Al8B4C7, and AlB2 are the main ceramic
phases that were detected by XRD in the prepared
composites.16 It has been reported that the phase com-
position of Al/B4C composites is highly depended on

Figure 3. Variation of alloy surface tension (rlv) as a function of temperature and time during the isothermal periods (1200�C) in

trials performed with different chemical composition of Al alloy on B4C/RHA substrates, (a) B4C/10wt.% ARHA, (b) B4C/10wt.%

CRHA, (c) B4C/20wt.% ARHA, and (d) B4C/20wt.% CRHA tested in argon and nitrogen atmospheres.
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Figure 4. BSE micrographs of the cross section of the molten High Mg aluminum alloy droplets on B4C/20 wt.% ARHA at 1200�C for

90 min.

Figure 5. SEM micrograph of both layers of fabricated composite according to configuration L7.
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Figure 6. CTE values obtained during the four cycles of heating and cooling between 25�C and 250�C on Al/B4C/MgAl2O4

composites.

CTE: coefficient of thermal expansion.

Table 4. CTE values calculated from heating curves of thermal strain response curve of

Al/B4C/MgAl2O4 composites, obtained during the four cycles of heating and cooling.

Composites ep ec �et (10�3) CTE (10�6/�C)

L2 0.0007634 0.002212 1.594 15.30

L3 0.0003353 0.001946 1.106 12.43

L4 0.0003829 0.001975 1.327 13.11

L5 0.0003075 0.001838 1.097 12.34

L6 0.0005228 0.002188 1.133 12.90

L7 0.0005652 0.002207 1.155 12.97

L8 0.0004024 0.002185 1.131 12.76

L9 0.0007351 0.002426 1.350 13.23

L10 0.0002732 0.001761 1.039 11.49

CTE: coefficient of thermal expansion.
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Figure 7. Thermal strain response curves recorded during the four cycles between 25 and 250 and 300�C on (a) L2, and (b) L10-Al/

B4C/MgAl2O4 bilayer composite.

Table 5. Pooled ANOVA table for minimum CTE value of Al/B4C/MgAl2O4 composite.

Column Factors

Sum of

squares Variance

Contribution

percentage

1 B4C particle size 0.81 0.81 7

2 Porosity of preform 1.71 1.71 15

3 Alloy 3.91 3.91 35

4 SiO2 content 0.004 Pooled –

5 Time 0.34 0.34 3

6 Temperature 1.44 1.44 13

7 SiO2 crystallinity 2.38 2.38 21

Error 0.65 6

Total 10.94

CTE: coefficient of thermal expansion; ANOVA: analysis of variance.
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the following factors: (a) thermal or chemical treatment
of boron carbide before metal infiltration, (b) the time
and temperature of composite densification, and (c) the
heat treatment processes after composite fabrication.30,31

Thermo-mechanical analyses

CTE values of all starting materials including amorph-
ous and crystalline SiO2, Al-13Si-14Mg, and Al-13Si-
9Mg were reported elsewhere.32 Figure 6 shows CTE
values obtained from thermal strain response curves of
all fabricated Al/B4C/RHA composites. As it can be
seen L10 composite has the lowest CTE values

Figure 8. Electrical (a) conductivity and, (b) resistivity of monolayer and bilayer Al/B4C/MgAl2O4 fabricated composites.

Table 6. Optimum process parameters for minimum CTE value

of Al/B4C/MgAl2O4 composite.

Parameters Proposed levels

B4C particle size (lm) 130/9

Porosity of preform (%) 60/40

Alloy Low Mg

SiO2 content (wt.%) 10

Time (min) 60

Temperature (�C) 1150

SiO2 crystallinity Crystal

CTE: coefficient of thermal expansion.
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(11.49� 10�6/�C) among others followed by L5 com-
posite (12.34� 10�6/�C). The thermal response results
(ep, ec, and Det) of all Al/B4C/RHA fabricated compos-
ites from the heating of the first cycle to the cooling of
the forth cycle are shown in Table 3. As it can be seen
from Figure 6 and Table 4 lowest factors are belonged
to the Al/B4C/RHA composites with lowest CTE
values. In comparison to values obtained for Al/SiC/
RHA composite,14 although CTE values of Al/SiC/
RHA composites are less than that of Al/B4C/RHA
composites, the latter has higher Det values.

Figure 7 shows thermal strain response curves rec-
orded during the four cycles between 25 and 250 and
300�C on L2 and L10-Al/B4C/RHA bilayer composite.
The thermal expansion response of the composite
appears in a hysteresis loop. By increasing the tempera-
ture, the matrix becomes soft and the thermal stress
induced by thermal mismatch between ceramic particles
and aluminum thus causes the plastic flow of the matrix.

Essentially this response should be considered to be
an intrinsic expansion/contraction response of compos-
ite. During cooling stage, with the further decrease of
temperature, thermal stress is built up on already
stressed sample. When the sample is in its lowest tem-
perature for a several minutes, initially a slightly
tumbled thermal expansion response can be seen.
Then, by increasing the temperature, the composite
starts contracting. It can be attributed to the thermal
stress within matrix that has just reached a level higher
than the yield strength of the aluminum during the
short isothermal at highest temperature, causing the
plastic flow of matrix.33

Results of the pooled ANOVA for the CTE values of
Al/B4C/RHA are shown in Table 5. Table 5 indicates
that, at the levels studied, the parameter that affects the
CTE values of the composites most significantly is
chemical composition of alloy. Its relative contribution
to the variance in composite CTE is 35%. SiO2

crystallinity process also has a significant effect on
CTE value of the composite, contributing 21% of the
variance.

Considering experiment parameters and levels
designed for this study, the minimum CTE value can
be obtained by using the process parameters, tabulated
in Table 6. When using these process parameters, the
projected CTE value is 11.02� 0.8� 10�6/�C.

According to the optimum parameters proposed by
ANOVA for minimum CTE value, the verification test
has been done. The measured CTE was 10.5� 0.7�
10�6/�C. This result is in good agreement with the pro-
jected values (11.02� 0.8� 10�6/�C).

Electrical resistivity

Electrical resistivity of starting alloys used in this study
has been measured and reported in previous work,14

indicating that alloying causes an increase in electrical
resistivity of pure aluminum (3.05� 10�8 X.m) to
3.7� 10�8 X.m for Al-13Si-9Mg and 4.05� 10�8 X.m
for Al-13Si-14Mg. This outcome can be attributed to
two main reasons: (a) to the incorporation of metal

Table 7. Pooled ANOVA table for maximum electrical resistivity of Al/B4C/MgAl2O4 composite.

Column Factors Sum of squares Variance Contribution percentage

1 B4C particle size 2.68Eþ11 Pooled –

2 Porosity of preform 1.58Eþ13 1.58Eþ13 31

3 Alloy 4.39Eþ12 4.39Eþ12 8

4 SiO2 content 9.93Eþ12 9.93Eþ12 19

5 Time 1.01Eþ11 Pooled –

6 Temperature 9.06Eþ12 9.06Eþ12 17

7 SiO2 crystallinity 1.09Eþ13 1.09Eþ13 21

Error 2Eþ12 4

Total 5.04Eþ13

ANOVA: analysis of variance.

Table 8. Optimum process parameters for

maximum electrical resistivity of Al/B4C/MgAl2O4

composite.

Parameters Proposed levels

B4C particle size (lm) 130/9

Porosity of preform (%) 60/40

Alloy Low Mg

SiO2 content (wt.%) 5

Time (min) 60

Temperature (�C) 1150

SiO2 crystallinity Crystal

3754 Journal of Composite Materials 52(27)



atoms into the same crystal lattice, i.e. silicon atoms in
the structure of a-aluminum, hence, a mixed crystal is
formed. In this new distorted structure, the electrons
find difficulty in moving from atom to atom. Thus,
the resistance of the alloy becomes greater. (b) Like in
the case for CTE value it can be due to the formation of
Mg2Si, which has higher electrical resistivity than pure
aluminum.

Figure 8 shows the electrical resistivity and conduct-
ivity of all monolayer and bilayer Al/B4C/RHA fabri-
cated composites. Among all Al/B4C/RHA bilayer
fabricated composites, highest electrical resistivity
(4.39� 10�6 X.m) and lowest electrical conductivity
(2.28� 105 X�1.m�1) are belonged to L10 composite.
The factors that make L10-Al/B4C/RHA bilayer com-
posite the sample with highest electrical resistivity value
could be low temperature and short time of infiltration
procedure. Those factors prevent reaction of B4C with

Figure 10. Radar graphs for all fabricated bilayer Al/B4C/MgAl2O4 composites.

Figure 9. Thermal diffusivity of Al/B4C/MgAl2O4 bilayer

fabricated composite at different temperatures.

Bahrami et al. 3755



aluminum to form secondary phases such as Al3BC
and Al8B4C7 which their presence were confirmed
by XRD patterns of Al/B4C/RHA composites.16

These phases have electrical resistivity less than B4C
and consequently reduce the electrical resistivity of
Al/B4C/RHA composites. Therefore, the less reaction
of B4C with matrix, the more electrical resistivity of
Al/B4C/RHA.

Results of the pooled ANOVA for electrical resist-
ivity of Al/B4C/RHA graded composite are shown
in Table 7. It can be concluded from Table 7 that, at
the levels studied, the parameter that affects the elec-
trical resistivity of graded composites most significantly
is preform porosity followed by SiO2 crystallinity. Their
relative contribution to the variance in the electrical
conductivity values are 31% and 21%, respectively.
Preform porosity will define the amount of ceramic
phases in the composite, therefore it is easy to visualize
that by increasing the porosity of each layer electrical
resistivity will decrease.

The minimum electrical resistivity can be obtained
by using the processing parameters, shown in Table 8.
When using these process parameters, the projected
electrical resistivity is 0.65� 10�5� 0.4� 10�6 X.m.

The verification test has been done according to the
optimum parameters proposed by ANOVA for min-
imum electrical conductivity. The measured electrical
conductivity was 0.60� 10�5� 0.6� 10�5 X.m. This
result is in good agreement with the projected values
(0.65� 10�5� 0.4� 10�6 X.m).

Thermal diffusivity

As it was reported before, the thermal diffusivity of the
starting alloys changes from 97.3mm2/s for pure alu-
minum to 36.2mm2/s and 25.6mm2/s for Al-13Si-9Mg
alloy and Al-13Si-14Mg alloy, respectively, due to the
formation of a distorted structure of aluminum after
addition of alloying elements of Si and Mg.14

Figure 9 shows thermal diffusivity of all fabricated
Al/B4C/RHA composite. As it can be seen, L9 and L4
samples have highest thermal diffusivity in compassion
with other composites. Considering Tables 1 and 2,
the common factors between these two configurations
are use of Al-13Si-9Mg alloy as a matrix which has
higher thermal diffusivity than Al-13Si-14Mg alloy.
Also, a low percentage of SiO2 is associated with a
reduced product formation. Except L9 and L4 config-
urations, the rest almost have the close range thermal
diffusivity values. However, L5, L10, and L7 with
lowest thermal diffusivity values are fabricated using
Al-13Si-14Mg alloy. Therefore, it can be concluded
from the results presented for the Al/B4C/RHA com-
posites that chemical composition of matrix alloy gov-
erns the thermal properties of composite, despite all the

fabricated composites consist of a high percentage of
ceramic particles.

As a material selection approach, according to the
presented results in this study and previous work,16 the
strengths and weaknesses of the composites have been
graphed in the form of radar diagrams in Figure 10.
These graphs summarize all physical and mechanical
properties of fabricated Al/B4C/RHA composites, spe-
cifically, the bending strength, modulus of elasticity,
electrical resistivity, CTE, and thermal diffusivity, in
the one graph and make the materials selection easier
and more applicable.

Conclusions

Based on the above discussed results within the frame-
work of the conducted experiments and within the par-
ameters and levels defined for this project, the following
conclusions can be drawn:

1. The reaction products of aluminum with boron car-
bide particles govern the wettability behavior of B4C
substrates. The formation of the B-rich phases
improves the wettability of B4C by aluminum alloys.

2. Addition of ARHA or CRHA to boron carbide sub-
strates does not make the system non-wettable in
contact to both aluminum alloys used in this study.
The maximum obtained contact angle and surface
tension of molten metal in contact with B4C/RHA
are 73� and 780mN/m, respectively which are indi-
cative of a wettable system.

3. Among all the processing parameters considered in
the study for preparation of Al/B4C/RHA compos-
ites, chemical composition of alloys has the most
significant effect on CTE value, with a contribution
percentage of 35%.

4. The electrical resistivity of the composites is mostly
affected by the initial preform porosity, with a con-
tribution percentage of 31%, which defines the
amount of metallic or ceramic phase in the final
composition of the composite.

5. The measured values for CTE (10.5� 10�6/�C) and
electrical resistivity (0.64� 10�5 X.m) of Al/B4C/
RHA composites, fabricated according to
ANOVA’s optimal conditions are in good agreement
with those of the projected values. The difference
between the corresponding values obtained from
verification tests and projected values, for electrical
resistivity and CTE are less than 5%.
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