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Abstract. In this study, explosive cladding of aluminum 5052-aluminum 1100 plates with silicon
carbide particles spread between them is attempted. The percentage of silicon carbide particles is
varied from 6% to 12% by wt., keeping other parameters viz., standoff distance, loading ratio, flyer
and base plate thickness and preset angle as constant. The influence of silicon carbide (SiCp) on the
interface microstructure and strength are discussed and correlated with the conventional explosive
clad. The interface microstructure reveals a smooth interface free from defects and an increase in
silicon carbide particles enhances the strength of the dissimilar aluminum explosive clad.
Introduction
Hybrid aluminium composites, having one or more reinforcements, are extensively employed in
aerospace, marine, automotive and defence applications. Hybrid composites exhibit superior
mechanical properties viz., higher hardness, fracture toughness, fatigue resistance and creep
resistance [1]. In addition, these composites show higher corrosion and wear resistance and thereby,
are excellent replacement for conventional metals and alloys [2]. The choice of processing
condition, fabrication process and the choice of reinforcement significantly improve the mechanical
and metallurgical properties of hybrid composites.
Various researchers prepared and analysed the metallurgical and mechanical properties of
hybrid composites through powder metallurgy techniques. Few of the salient contributions are
summarized here. Rana et al. prepared silicon carbide reinforced aluminium alloy composites by
melt-stir casting assisted with ultrasonic vibrations [3]. They concluded that the ultrasonic vibration
improves the grain refinement and promote uniform distribution of the reinforcements. Afkham et
al. employed aluminium nano particles as reinforcement in the preparation of aluminium matrix
composites and reported better mechanical properties [4]. In this context, Ma et al. recommended
the usage of smaller grain sized reinforcements for attaining high wear and mechanical properties
[5]. In another study, Dasari et al. examined the mechanical properties of liquid infiltrated
aluminium alloys reinforced with graphene oxide and reduced graphene oxides [6].
Shirvanimoghaddam et al. studied the improvement in hardness and tensile strength of boron
carbide, titanium diboride and zirconium silicate reinforced aluminium alloy composites [7].
Though significant research on hybrid aluminium composites was performed in powder metallurgy
technique, studies on the preparation of silicon carbide reinforced dissimilar aluminium composites
by explosive cladding is scarce. In this study, Al 5052 and Al 1100 aluminium plates are
explosively cladded with varied percentage of silicon carbide particles spread on the base plate.
The influence of silicon carbide on microstructure and mechanical strength of the dissimilar
aluminium clad is reported.
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Experimental
A parallel explosive cladding configuration with silicon carbide particles placed at the base plate
was attempted (Fig. 1). Silicon carbide particles of varied proportion (6-12 %, by wt. of flyer plate)
are dispersed in the mid region of the base plate (Al 1100), having dimension 80 mm X 60 mm X 5
mm. Al 5052 plate (80 mm X 60 mm X 2 mm) is positioned 5 mm above the base plate (standoff
distance).The chemical composition of parent metals are given in Table 1. Commercial chemical
explosive (detonation velocity-4000 m/s, density-1.2 g/cm3) was packed above the flyer plate at a
constant loading ratio, R of 0.8, and the detonator was positioned on one corner of the explosive
pack. The experimental conditions were fixed based on the trial experiments.

Fig.1 Explosive cladding with silicon carbide particles
Table 1 Chemical composition of participant metals
Material

Composition (wt. %)
Cu

Mn

Si

Mg

Zn

Fe

Cr

Ti

Al

Al 1100

0.0292

0.0177

0.101

0.0169

0.0158

0.479

-

-

Bal

Al 5052

0.1

0.4

0.4

4.2

0.25

0.4

0.15

0.15

Bal

Post cladding, the specimens for metallographic observations were sectioned parallel to the
detonation direction, following standard metallurgical procedures viz., grinding, polishing and
etching (Kellers reagent-5 ml HF, 10 ml H2SO4, 85 ml H2O for 20 s). The post cladding
metallographic analysis was performed in a VERSAMAT–3 optical microscope equipped with
Clemex image analyzing system. Vickers micro-hardness measurement across the explosive clads
were conducted on a ZWICK micro-hardness tester applying 100 g load (ASTM E 384 standard)
and the results are presented.
Results and discussion
Microstructure. The interface microstructure of the SiCp dispersed hybrid aluminum explosive clad
are shown in Fig. 2(a-d). The interface exhibit a smooth interface free from jet trapping or
formation of any reaction compounds. The interfaces reveal the dispersion of silicon carbide
particles (SiCp), visible as a continuous black patch. The thickness of black region increases with
the percentage of silicon carbide employed at the middle of the dissimilar aluminum clad interface.
The silicon carbide particles, with reduced size, are distributed uniformly across the interface. The
grains closer to the interface are smaller and oriented towards the direction of detonation.
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Fig. 2 Microstructure of the Al5052-Al 1100 explosive clad
(a) 6 % SiCp (b) 8 % SiCp (c) 10 % SiCp (d) 12 % SiCp
The interface microstructure of dissimilar aluminium (Al 5052-Al 1100) explosive clad with 6%
of SiCp is shown in Fig. 2.a. It is observed that the silicon carbide particles are uniformly
distributed across the interface. The interface exhibit a straight interface, free from trapping of
escaping jet or formation of continuous molten interlayer. The thickness of silicon carbide particles
at the interface is measured as 1.39 mm. However, it increases to 1.48 mm, when the quantity of
silicon carbide is enhanced to 8 % (Fig. 2.b). Formations of cluster or agglomerations of SiCp
particles are not observed at the interface (Fig.2.b). The SiCp layer’s thickness at the dissimilar
aluminium clad interface further increases to 1.54 mm, when the concentration reaches 10 %
(Fig.2.c). On the contrary, for a 12 % SiCp concentration, the micrographs (Fig. 2.d) reveal
agglomeration and particle clusters of Al2SiC, identified by EDS analysis. Formation of
agglomeration or clusters is consistent with the reports of Dhas et al [8]. The concentration of
silicon carbide particles at the interface holds a significant effect on the micro-hardness of the
interface as well (detailed in the next section).
Hardness.The average of three Vickers micro-hardness measurements at equal intervals from the
cross sections of silicon carbide reinforced dissimilar aluminum explosive clad is shown in Fig.3.
Post clad hardness of both aluminum grades are higher than the pre clad conditions (Al 1100- 47
Hv, Al 5052-74Hv) following high pressure and the cold deformation experienced during the high
impact collision. This is consistent with the earlier reports of Saravanan et al [9-11]. There is no
significant variation in the hardness at the hardness of silicon carbide particles.
Conclusions
The present study reports the influence of varied percentage of silicon carbide on the microstructure
and micro-hardness of Al 5052-SiCp-Al 1100 explosive clads. The following salient conclusions
are drawn from this experimental study:
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1. The introduction of silicon carbide as reinforcement in aluminium composites significantly
improves the strength characteristics.
2. The Al 5052-SiCp-Al 1100 explosive clad with 10 % silicon carbide exhibit better strength.
3. As the concentration of silicon carbide particles enhances its thickness on the interface
increases as well.
4. The enhancement in the mechanical properties of silicon carbide reinforced dissimilar
aluminium explosive clads promises to be a potential candidate for marine and offshore
structural applications
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