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Abstract 
In this paper we are going to describe the characterization and mechanical behavior of the Nickel Coated Graphite (NCG) particle 
reinforced Al6061 metal matrix composite. Many a times, the composites fail to answer the question or fail to serve the purpose for 
which it is fabricated to. This is due to the less wetting nature between the reinforcement and the matrix and the impossibility of 
higher percentage of reinforcement addition in to the matrix. However, metal coated reinforcements have been able to overcome these 
limitations to a very extent. NCG particles reinforced Al6061 matrix with various weight percentages were fabricated by Squeeze 
casting method. Samples of 0, 5 and 10 wt% reinforcement addition were synthesized and characterized. Finally some useful 
conclusions were made. 
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1. INTRODUCTION 

Development of newer materials with better performance for 
tribological applications has made researchers to come out 
with innovative and novel materials to be fabricated from 
conceptual methods [1]. Recently, Metal Matrix Composites 
(MMCs) have gone through such a transition [2]. Reinforcing 
on aluminum alloy is a new dimension of achieving improved 
mechanical properties while adhering to its natural properties 
such as good thermal and electrical conductivity and low 
density. Particularly properties like the thermal conductivity, 
thermal expansion and stiffness can be specifically regulated 
within a certain range [3-4]. 
 
Many reinforcements proved to yield same results on 
aluminum alloy [5]. The usual reinforcements inside 
aluminum matrix would be ceramics like SiC, Al2O3, AlN, 
B4C, TiC and TiB2 [6]. These reinforcements are either 
purchased or being processed using several techniques to 
fabricate out of. This makes the cost of reinforcement costlier 
[5]. Also such fabricated composites have proved to have low 
ductility than conventional alloys [6-7]. 
 
A promising, effective, economic and a good substitutional 
reinforcement with a self lubricating property could be 

graphite [8]. From older times, graphite has been recognized 
as a material having high strength to mass ratio, low density 
and a best solid lubricant [9]. Graphite fibre reinforcement has 
found wide application in polymer and epoxy based 
composites [10]. As well, graphite particle reinforcement has 
also found wide application in wear prone areas and in places 
where external lubrication is difficult or not possible [11]. 
Rohatgi et al. [12] also concludes that the rate of wear 
resistance is improved by mixing graphite particles into the 
alloy. 
 
In electronic industries, high temperatures and temperature 
cycles have a strong impact on the reliability of the assembly 
[13]. An improvement of durability of the electronic system 
can be achieved by using parts made out of Aluminum 
Graphite (Al-Gr), because the Al-Gr’s coefficient of thermal 
expansion (CTE) is very similar to the CTE of several 
ceramics and semiconductors [14]. Furthermore, Al-Gr has a 
lower density, in comparison to conventional materials as 
copper, which leads to a vital weight reduction [15]. Possible 
applications of parts made of Al-Gr are Base plates or coolers 
for power semiconductor devices, heat sinks and heat 
spreaders, Lids, substrates, interposer, USB flash drives, 
housings and similar complex structures, which are used in 
power electronics, microelectronics and optoelectronics [16]. 
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Though these benefits and applications overweighs it’s as cast 
alloy and ceramic reinforced one, the mode of manufacture, 
the difficulties entitled have confined the use of such good 
property metals to be applied in various engineering 
applications. The main problem faced with not only such 
composites but with almost all types and category of 
composite is being the property of wetting that must be 
exhibited between the matrix and the reinforcement [17]. If 
this phenomenon is better, good is the result of the bonding in 
fabricated composite and if poor then it results in inadequate 
bonding between the matrix and the reinforcement [18]. 
 
Landry et al [19] tried methods of improving wettability of 
reinforcement with matrix by casting under 700 - 800°C 
temperature keeping under long time exposure in the melt but 
on solidification the segregation of reinforcement was 
unavoidable and became a heterogeneous composite. Steffens 
et al [20] tried to increase the wettability by fabricating with 
temperature above 900°C up to 1000°C where an interfacial 
reaction occurred between aluminum and the reinforcement 
which yielded brittle aluminum carbide that broke the 
composite due to expansion in humid environment. 
Stephenson et al [21] reported that coating of nickel on 
reinforcement and introducing inside the matrix produced a 
good wettable composite. This wettable wear resistance 
aluminum metal matrix composite is commercially used in 
automobile engine cylinder liner and brake rotor [22]. Ip et al 
[23], experiments the behavior of aluminum droplet on various 
substrates and uses sessile drop method to confine the contact 
angle to a minimum for coated reinforcement with aluminum 
matrix. He proves that the angle is very low to 4° on nickel 
coated graphite substrate. 
 
In this article, firstly we fabricate Aluminum Matrix 
Composite (AMC) reinforced with Nickel Coated Graphite 
(NCG) and AMC with separate dispersion of Nickel (Ni) 
powder and Graphite (Gr) powder as reinforcement using 
Squeeze casting method. Secondly, both types of composites 
were characterized for tensile, acoustic and hardness tests and 
the results were compared and tabulated. Thirdly, the 
microscopic examination of the tested samples was done to 
depict the nature of bonding and force between the matrix and 
the reinforcement. 
 
2. EXPERIMENTAL DETAILS 

2.1 Materials 

The aluminum (AA6061 T6) grade was used as the matrix 
material. It was purchased from PMC Corporation, as blanks 
and was used for casting. It has very good corrosion resistance 
and very good weldability. 

 
 

Fig - 1: Raw Material - AA 6061 T6 
 
This alloy also offers good finishing characteristics and 
responds well to anodizing. The composition of AA 6061 is 
given in table 1. 
 

Table - 1: Chemical composition of Al 6061 
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Mg Fe Si Cu Mn V Ti Al 

Weight 
% 

1.0
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7 

0.6
3 

0.3
2 

0.5
2 

0.0
1 

0.0
2 
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The reinforcement powder is Nickel coated Graphite from 
Chengdu Nuclear 857 Co., The particle size is -300 mesh. The 
particles were added as reinforcement with weight % of 0, 5 
and 10 within AA matrix.  
 

 
 

Fig - 2: Nickel Coated Graphite Powder 
 
The SEM image of NCG Powder sample is shown in Fig.3. 
The images clearly show uniform coating of nickel powders 
on each particulate of graphite. 
 

 
 

Fig - 3: SEM Image of Nickel Coated Graphite Powder 
 
Graphite powder used in this work is of 400 mesh size. It is 
added separately in to the matrix melt after preheating. The 
SEM images of the Graphite powder is shown in Fig.4. 
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Fig - 4: Images of Graphite Powder sample 
 
Nickel powder of 1micron size, 99.9% purity purchased from 
J & J Groups was used. The images of the sample are shown 
in Fig.5. 
 

 
 

Fig - 5: Images of Nickel Powder sample 
 
2.2 Squeeze Casting Unit 

The composites are fabricated with a squeeze caster machine. 
The melt is discharged out of the furnace by bottom pour path 
setup. The gravity poured sample is now squeezed through a 
squeezer ram with a pressure of 50T and a setting time of 
10secs. The experimental setup of this facility is shown in 
Fig.6. 
 

 
 

Fig - 6: Squeeze Casting Machine Setup 
 
2.3 Fabrication 

Initially, the furnace was turned on to heat to a temperature 
above 850°C and a holding time up to 1hr. Aluminum alloy 
blocks were dropped in to the furnace allowing it to melt in 
the furnace. Meanwhile the powders which are to be added as 
reinforcement were preheated at 600-800°C. The 

reinforcement is slowly added in to the aluminum matrix melt 
through a dispenser while maintaining a constant stirring of 
400 rpm for 6-7secs with a motorized stirrer. After ensuring 
the proper distribution of the reinforcement in to the matrix 
the drain plug is opened so that the melt flows through the 
pathway which is preheated to a temp of 650°C. The ram of 
the squeezer is now pushed forward so that the entire melt is 
subjected to a pressure of 50 tones with a setting time of 8-
10secs. This squeezing enhances the distribution of 
reinforcement uniformly in to the matrix there by minimizing 
the formation of pores in the cast samples. 
 

 

 
 

Fig – 7: Images of Composite Fabrication 
 
The samples were fabricated as two sets: the first being the 
samples under reinforcement of NCG with 0, 5 and 10 wt% 
addition into the matrix melt and the second being the mixture 
addition of Ni powder and Graphite powder in the proportion 
of 0, 5 and 10 wt% in to the melt matrix. The cast samples 
were indexed so as to identify it for varying proportion of 
reinforcement mixture. 
 
2.4 Composite Material Testing 

The prepared samples were carefully machined to suit to the 
best standards for each testing. Here ASTM standard is 
followed for testing. Tensile samples were prepared with a 
diameter of 16 mm and length of 140 mm. The length of the 
reduced section is 80 mm and the diameter at the gauge 
section is 12 mm. 
 

 
 

Fig – 8: Samples for Tensile Test 
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The composites were tested for hardness in a microhardness 
testing machine. The samples were machined to the standard 
for hardness testing. After machining the samples were 
polished in papers of varying grit size. The polished samples 
were now placed on the tester for hardness testing. 
 
Structural examination of the so prepared composite and the 
tested sample were done with a Scanning Electron Microscope 
(SEM) under varying magnification and power. 
 
3. RESULTS AND DISCUSSION 

3.1 Tensile Testing 

The samples were tested under standard testing condition. The 
specimen after testing is shown in Fig.9. 
 

 
 

Fig – 9: Samples after Tensile Test 
 
The test values are tabulated in Table.2 and the corresponding 
output graph of as-cast aluminum, aluminum with separate 
dispersion of nickel - graphite powders and aluminum with 
nickel coated graphite powders are shown in Fig-10, 11 and 
12. 

Table – 2: Tensile Test Results 
 

Sample Peak Load 
(kN) 

UTS 
(MPa) 

% 
Elongation 

Al 6061 as-cast 10.245 91 16.257 

Al/Ni-Gr (5%) 10.01 88 7.857 

Al/Ni-Gr (10%) 9.55 84 7.443 

Al/NCG (5%) 20.095 178 12.6 

Al/NCG (10%) 21.23 183 11.4 
 
From the table it is evident that the percentage addition of 
NCG reinforcement has a positive effect on the tensile 
strength (UTS) when compared with the base alloy and with a 
reduction in % of Elongation. But a controversial effect is 
observed on reinforcing nickel and graphite powders 
separately.  
 

 
 

Fig – 10: Tensile Graph of As-cast Aluminum Sample 
 

 
 

Fig – 11: Tensile Graph of Al-Ni-Gr (5 wt%) Composite 
 

 
 

Fig–12: Tensile Graph of Al-NCG (5 wt%) Composite 
 
Devinder Yadav [24] reported that for 7% Ni addition in to 
matrix Al 1050 yielded an UTS increase of  60% comparing 
the base Al 1050 whereas here the result shows a 10% 
reduction in UTS for 5% of Ni addition in to the aluminum 
matrix. This reduction in UTS may be due to the formation of 
brittle Al3Ni phases at the region of interface [25]. It can also 
be found that the statement proposed by, Devinder Yadav [24] 
regarding the % of Elongation is true for our samples. It is 
noticeable that this reduction in % Elongation value is very 
drastic for separately dispersed composite when compared 
with coated reinforced composite. 
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Rams et al [25], proved that the wettability of carbon fibre 
reinforcement having coated with nickel gave better images to 
show that the matrix is mostly homogeneous which may yield 
better mechanical properties than uncoated reinforcement. 
With this proceeding we too have better results for strength 
(UTS) value of coated reinforcement compared with uncoated 
one. 
 
3.2 Microhardness Test 

Microhardness test for the prepared samples is conducted as 
per the test specification and conditions on a Vickers Hardness 
tester. The applied load for indentation on a diamond indenter 
is 0.3 kg and the time of indentation is 10 secs for all samples. 
The results of the readings observed are tabulated in Table.3. 
It is evident from the table values that the impact of NCG 
reinforcement is better than Ni-Gr reinforcement as expected. 
The values of the Ni-Gr for both wt% additions happen to be 
greater than the as-cast sample but it could have been even 
better if the formation of intermetallic could have been 
avoided. Devinder Yadav [3] has reduced the formation of 
intermetallic by the process of fabricating the samples through 
friction stir processing (FSP). However, the greater values of 
composites than its alloy have given satisfactory results. 
 

Table – 3: Hardness Test Result 
 

Sample 
Vickers Hardness Number Average 

Hardness Trial 1 Trial 2 Trial 3 

Al 6061 
as-cast 

65.7 67.2 65.7 66.2 

Al/Ni-Gr 
(5%) 

68.7 70.2 71.8 70.2 

Al/Ni-Gr 
(10%) 

77 75.2 78.8 77 

Al/NCG 
(5%) 

75.2 75.2 77 75.8 

Al/NCG 
(10%) 

91.4 84.8 89.1 88.4 

 
3.3 SEM Examination of Tensile Tested Samples 

The fracture area examination under Scanning Electron 
Microscope (SEM) reveals several facts that have made the 
composites to exhibit such mechanical property enhancement.  
In Fig.13 (a & b) shows the micrographs on Ni-Gr 
reinforcement taken with lower magnification. This image 
confirms the existence of medium and higher size of voids that 
affect the mechanical properties. Whereas, the micrographs of 
the sample with NCG coating shown in Fig.13(c & d), clearly 
conveys less formation of voids on the fractured surface of the 
samples. This gives the sample in Fig. c and d to be more 
ductile in nature than the samples in Fig. a and b. 
 

 
 

(a)                                       (b) 
 

 
 

(c)                                       (d) 
 
A closer examination of the casted composite samples shows 
that in Fig. e and f the grain boundaries are very distinct also 
the nickel is found to be distributed in aluminum matrix. Here 
the graphite particles are found only as traces on the fracture 
surface. This distribution is the reason for having low value of 
hardness compared with NCG composites. 
 

 
 

(e)                                    (f) 
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(g)                                    (h) 
 

Fig-13: Fracture morphology of AA6061 composites 
containing Ni-Gr and NCG reinforcements: Under low 

magnification (a) 5 wt% Ni-Gr, (b) 10 wt.% of Ni-Gr, (c) 5 
wt.% NCG, (d) 10 wt.% NCG,  Under high magnification (e) 
5 wt% Ni-Gr, (f) 10 wt.% of Ni-Gr, (g) 5 wt.% NCG, (h) 10 

wt.% NCG 
 
The Fig. g and h shows the wetted graphite inside the 
aluminum matrix. This is because of the NCG reinforcement 
added which gave better UTS and hardness values. Also we 
can signify the macroscopic brittle fracture and microscopic 
ductile fracture from the images. In Fig. g Graphite particles 
remain intact in several places which provide evidence to the 
existence of good bonding between the aluminum matrix and 
reinforcement particles. 
 
CONCLUSIONS 

1. The tensile test values predicted good results for NCG 
reinforced composite than for ordinary reinforced ones. 
2. The NCG reinforced composites were able to achieve better 
hardness values than that of the as-cast samples and separately 
dispersed reinforcements. 
3. The SEM micrograph very clearly shows less formation of 
voids in NCG reinforced composites. This reduces the 
brittleness and retains the ductility to some extent and then 
allows for fracture. 
4. Graphite being less dense was thought to float or get 
skimmed away by the melt when more percentage needs to be 
added. But with nickel coating on graphite we were able to 
achieve graphite particles a little denser than graphite. It is 
also due to this reason we are able to go in for higher 
percentage of graphite addition. 
5. The intact bonding between the reinforcement and the 
matrix plays a vital role in deciding the behavior of composite. 
We have achieved this intact layer by reducing the layer of 
segregation and improving performance. 
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