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Abstract - To improvise heat sinks performance, heat transfer rate needs to be increased; based on Newton’s Law of 
Cooling. Literature review suggested that materials for heat sinks are unexplored so far. Hence this research focuses on novel 
class of materials engineered by dispersing ceramic particles in conventional aluminium alloys. Aluminium metal matrix 
composites (AMCs) reinforced with micron-sized cubic boron nitride (CBN), Silicon Carbide (SiC) and Aluminium oxide 
(Al203) particles were fabricated by bottom tapping stir casting method. By characterizing, all three fabricated different 
composition (BN, SiC, Al203) AMCs in which Aluminium Boron Nitride (Al/BN) composites exhibits expected results. The 
result shows significant enhancement in thermal conductivity of Al/BN composites than conventional Aluminium Alloy 
6061 (AA 6061) and other ceramic reinforced AMCs. 
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I. INTRODUCTION 
 
The concept for this elementary work initially arises 
from a thirst to improve the design and performance 
of large area density compact heat exchangers. 
Several researchers concentrated only on fin 
architectures [1-4] but not in materials. Aluminium 
alloy is used as a fin material because of its light 
weight, economical and better heat dissipation 
capabilities. AMC finds applications in automobile, 
aeronautical and other Engineering applications. The 
properties of AMCs can be tailored to the demands of 
different industrial applications by suitable 
combinations of matrix, reinforcement and processing 
route [5]. AMCs systems offer superior combination 
of properties (profile of properties) in such a manner 
that today no existing monolithic material can rival 
[6]. Lot of similar research works carried out to 
improve the tribological properties of AMCs by 
choosing Silicon Carbide (SiC), Alumina (Al203), 
Titanium Carbide (TiC), fly ash and natural leaf ashes 
as a reinforcement, the Al matrix composites have 
been fabricated and the mechanical properties such as 
tensile strength, hardness, and wear resistance are 
studied [6-10]. Many researchers focused only on 
development of AMCs and studied the mechanical 
and tribological properties [10] only and paid least 
focus on heat transfer properties that also ended up in 
vain.  
 
Diamond & Cubic boron nitride (CBN) [12] are 
referred as the best thermal conductors. In research 
community, there is no focus on preparation of 
Al/BN composites for heat transfer applications. 
Even though, there are some studies carried out on 
the effect of BN fillers in polymer matrix composites 
[3] but not in AMCs for automobile applications. Stir 
casting [14] is the best cost efficient method for 
preparation of AMCs. In this method, two step 

processing and bottom tapping [11, 15] are the recent 
advancements in stir casting process to achieve 
uniform distribution. The prepared AMCs are 
characterized using pin fin apparatus [16] and 
analyzed the heat transfer characteristics along the fin 
Length. 
 
II. FABRICATION AND TESTING 
 
In stir casting method, Key challenges are 
agglomeration and non-uniform dispersion of 
particles. To overcome this, two stage mixing process 
is used to produce quality AMC’s [15].  Sequential 
process is as follows. Before starting actual process, 
5% Silicon Carbide Micron size was preheated at a 
muffle furnace up to 600°C temperature for 45 
minutes to remove moisture which improves 
wettability between the reinforcement and molten 
matrix.  In stir casting process, Bought out AA 6061 
T6 bars of 1000 g are placed in a crucible and heated 
up to 630°C [15] which keeps AA 6061 in semisolid 
state which also promotes wettability nature of the 
reinforcement.  The stirrer speed is gradually 
increased to create the outward to inward [15] metal 
flow pattern. After attaining the turbulence flow, kept 
stirring speed as 500 rpm [15]. The stirring process is 
carried out with argon gas to avoid oxidation. Here 
5% SiC was incorporated with AA 6061 slowly and 
steadily near by the eye of vortex manually with the 
help of hopper [15].  Reinforcement flow rate kept as 
0.1g per second accountable to 12 minutes approx. 
Here, 2% Mg was added as wetting agent. After 12 
minutes of stirring semisolid slurry molten metal was 
reheated to 900°C to ensure slurry in liquid state. 
Then stirrer speed was gradually lowered to zero and 
composite slurry was poured into preheated (500°C) 
mould (die) through bottom tapping arrangement. 
Then it was air quenched quickly [15] to reduce the 
settling time of the particles in the matrix. The above 
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cycle was repeated with different (Al203, BN of 
Micron Size particles) reinforcements of same 5% 
volume fraction to fabricate varied composition 
different AMCs. All composite casted specimens 
were machined & drilled for testing. Specimen was 
fitted across a long rectangular duct. With the help of 
pin-fin apparatus testing was conducted [16], one end 
of the fin projected outside the duct and it was heated 
by a heater. Temperature at five points along the 
length of the fin was measured by the thermo couples. 
The arrangement ensures the temperature distribution 
along the fin. Thermal Conductivity, diffusivity and 
heat transfer coefficient are measured by standard 
formulas ܰݑc ܿܪ 


C ܴܽ ܭ = 

మ
 

[17]. Then, the tested composite samples are cut into 
a 10 x 10 mm using abrasive cutter and 
characterization done using Scanning Electron 
Microscope (SEM). 
 
III. RESULTS AND DISCUSSION 
 
3.1. Pin-Fin Apparatus  
Start heating the fin by switching ON the heater 
element and adjusted the voltage on dimmerstat to 
100 volts (Increase slowly from 0 to onwards) and 
after attaining equilibrium state lower  down voltage 
on dimmerstat to 50volts wait until equilibrium state 
of temperature then noted down  the thermocouple 
reading 1 to 5. When steady state was reached, 
recorded the readings T1 to T5 as below in table-1 
with standard value of 50 Volts & 0.5 Amps current 
for all the samples. The above cycle of experiments 
was repeated for all composite specimens and AA 
6061 to make comparison analysis.  

MATERIAL Temperature in    ̊C 
T1 T2 T3 T4 T5 Ts 

AA 6061 T6 60 58 53 52 51 54
.8 

AA 6061 T6 + 
5% Al2O3 92 86 85 80 72 83 

AA 6061 T6 + 
5% SiC 80 81 76 70 69 75

.2 
AA 6061 T6 + 

5% BN 96 89 84 79 78 85
.2 

Table – 1 Temperature Distribution at different points 
obtained from Pin Fin Apparatus  

 
3.2. Scanning Electron Microscope 
Figure.1.a shows the SEM micrograph image of pure 
Aluminium Alloy 6061 casted/fabricated using 
bottom tapping stir casting method. Figure 1.b shows 
the SEM micrograph image of casted specimen 
(Al/Al203 Composite) containing 5% Silicon Carbide 
(SiC) by weight dispersed in AA 6061 produced by 
two step mixing process using same processing route 
through which Figure.1.c . Al/SiC composites & 
Figure.1.d Al/BN composites were prepared. 
In two step mixing process, first step includes 
breaking of gas layers present in the reinforcement 

particles by means of mechanical stirring during semi 
solid state. In first phase α-Al nuclei were present 
hence it promotes more force on reinforcement 
particles during stirring process. More force was due 
to abrasion and collision which enhanced/improved 
good wettability.  
 

 
Fig.1.a, 1.b, 1.c & 1.d - SEM Micrograph of  Aluminium Alloy 
6061 (AA6061), AA 6061+5% Aluminium Oxide, AA 6061+5% 

Silicon Carbide & AA 6061+5% Boron Nitride 
In the second step, Molten (Semi solid) slurry was 
reheated again to liquidus state and again stirred for 
good wettability between the reinforcement particles 
and metal matrix (Molten Slurry). Thus, uniform 
dispersion of reinforcement particles encircled with 
green color was achieved as shown in Figure 1.b & 
1.d. Even, some reinforcement Particles greatly 
interacted with each led to cluster which are encircled 
in blue color as shown in Figure 1.b, 1.c & 1.d. 
Orange encircled regions are blow holes formed 
during casting process. 

 
Fig.2.a. & 2.b. Heat Transfer Coefficient & Thermal 

Conductivity of Fabricated different AMCs at Different 
Composition 

The Figure 2.a & 2.b shows the heat transfer 
coefficient and thermal conductivity comparison 
chart of AA 6061 by adding various compositions of 
ceramic fillers with varied weight by volume. From 
the graph, it evidently shows that by CBN contents in 
Al matrix have tremendous raise in both heat transfer 
coefficient and thermal conductivity than the other 
ceramic fillers. From which Cubic Boron nitride 
(CBN) fillers are identified as suitable reinforcement 
particles to progress with the objective of the research 
than Aluminium oxide and silicon carbide.  This 
Cubic Boron nitride (CBN)  filler reduces the thermal 
contact resistance in the matrix. From the graph, it 
evidently shows that by adding CBN contents in 
Aluminium matrix, there is a decrease in thermal 
contact resistance i.e. it reduces/lowers coefficient of 
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thermal expansion which in turn improvises 
diffusivity & thermal conductivity of the material. 

 
Fig. 3.a. 3.b. 3.c. & 3.d.Temperature Simulation of Pure AA 
6061, Pure AA 6061+Al2O3, Pure AA 6061+SiC & Pure AA 

6061+BN  from points T1 to T5 under natural convection 
The simulation using Ansys was carried out to 
validate the experimental results obtained from pin-
fin apparatus. The results from pin fin experimental 
values with the simulation temperature distribution 
values have negligible or allowable variance (within 
5%) matching with the values mentioned above 
(Table.1) in the temperature distribution at various 
points of pure AA 6061 & fabricated AMCs. 
 
CONCLUSION 
 
 Two step mixing process is the best promising 

way to produce good quality AMCs by bottom 
tapping stir casting method i.e.) in liquid 
metallurgy route.  

 Although uniform dispersion of reinforcement 
particles was achieved through stir casting 
method as per SEM image, in some parts clusters 
were also found.  

 Among three different compositions fabricated 
CBN fillers have shown promising results rather 
other alumina & silicon carbide fillers.  

 In pin fin apparatus results, when heat transfer 
coefficient (Figure.2.a) increases and thermal 
conductivity (Figure.2.b) of the fabricated AMCs 
enhances irrespective of constant specific heat 
values under natural convection without 
insulation.   

 The fabricated Al/BN composite exhibits high 
thermal conductivities along heat transfer 
coefficient (10%) compared to those of currently 
used heat transfer aluminum alloys, and they 
represent the best hope for enhancement of 
further heat transfer from hybrid composites.  

 The potential benefits of the Al/BN composite 
and hybrid composites will be estimated in future 
as extension work of this preliminary research. 
Al/BN Composites can be used for electronics & 
automotive industry where heats transfer 
applicable. 
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