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Abstract The study focuses on the influence and contribution of multi-walled Carbon-Nano tube (MWCNT) and boron 

carbide (B4C) to the mechanical properties of copper matrix composites. Different weight fractions of Nano-B4C and 

MWCNT-reinforced copper composites were prepared using the ultrasonic assisted stir casting methodologies. Various 

tests such as density, tensile, compression and hardness were conducted as per ASTM standards. The addition of 

reinforcements showed enhancements in the mechanical properties such as, compressive strength and hardness of the 

composites due to the uniform dispersion of the secondary reinforcement in the copper matrix and the self-lubricating 

effect of the MWCNTs. 
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I. INTRODUCTION 

A composite material is a material made from two or more 

constituent materials with significantly different physical or 

chemical properties; when combined it produces a material 

with characteristics different from the individual. It consists 

of matrix and reinforcement; matrix is the bulk of material 

holding the reinforcement together in position. Fibers or 

particulates embedded in matrix of another material are the 

best example of modern-day composite materials. The 

individual component remains separate and distinct within 

the finished structure in macroscopic level. 

Composites are preferred more because of Lighter, Stronger, 

less expensive compared   to traditional materials etc. 

Reinforcement is load bearing material and also provides 

additional properties like wear resistance, impact strength, 

corrosion resistance etc. Most commercially produced 

composite use polymer matrix often called as resin solutions. 

Most common polymers are polyester, vinyl ester, epoxy, 

phenolic, poly amide, polypropylene etc.  

Reinforcement may be fibers, flakes, particulates or whiskers 

etc. while fibers are classified as natural fibers and man-

made fibers.  

Composites are usually man-made materials but can also be 

sometimes natural such as wood. They are mostly formed by 

the combination of two different materials separated by a 

distinct interface. The properties of a composite as a whole 

are enhanced as compared to the properties of its 

components. The two phases that make up a composite are 

known as reinforcing phase and matrix phase. The 

reinforcing phase is embedded in the matrix phase and 

mainly provides strength to the matrix. The reinforcing 

phases usually found in composites are particulates, fibers or 

sheets and the matrix materials can be of the form of 

polymers, ceramics or metals.  

Normally in the composite material have a hard phase in the 

soft ductile matrix where the hard phase act as a reinforcing 

agent increase the strength and modulus, and soft phase act 

as matrix material. 

Composites are made up of individual materials referred to 

as constituent materials. There are two categories of 

constituent materials: matrix and reinforcement. At least one 

portion of each type is required. The matrix material 

surrounds and supports the reinforcement materials by 

maintaining their relative positions. The reinforcements 
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impart their special mechanical and physical properties to 

enhance the matrix properties. A synergism produces 

material properties unavailable from the individual 

constituent materials, while the wide variety of matrix and 

strengthening materials allows the designer of the product or 

structure to choose an optimum combination. 

Engineered composite materials must be formed to shape. 

The matrix material can be introduced to the reinforcement 

before or after the reinforcement material is placed into the 

mould cavity or onto the mould surface. The matrix material 

experiences a melding event, after which the part shape is 

essentially set. Depending upon the nature of the matrix 

material, this melding event can occur in various ways such 

as chemical polymerization or solidification from the melted 

state.       

  Composites offer significant weight saving over existing 

metal hence used for Aircraft bodies. Composite materials 

for trusses and benches used in satellites for space 

applications. Since coefficient of linear thermal expansion is 

low compares to monolithic materials. Unidirectional fiber 

composites have specific tensile strength about 4 to 6 times 

greater than that of steel and aluminium. 

 Composites are used for abrasive grinding and cutting 

wheels. Since these are formed from the Alumina, Silicon 

carbide, cubic boron nitride embedded in glass or ceramic or 

polymer matrix. Here matrix provides the base and abrasives 

provide the cutting edge. Unidirectional composites have 

specific modulus (ratio of stiffness to density) about 3 to 5 

times greater than that of steel and aluminium. High 

corrosion resistances of the composite fibers contribute to 

reduce life cost. Composite part can eliminate joints/ 

fasteners thereby providing parts simplification and 

integrated design. Fiber reinforced composites can be 

designed with excellent structural damping features.  

 The most important advantage associated with composites 

is their high strength and stiffness along with low weight. 

This high strength to weight ratio enables the greater usage 

of composites in space applications where being light and 

strong is given prime importance. Also, in composites the 

fibers present share the load applied and prevents the rapid 

propagation of cracks as in metals. Another advantage of 

composites is the flexibility associated with their designing 

method.  

It is because they can be moulded to form various shapes be 

it easy or complex. Composites with proper composition and 

manufacturing can withstand corrosive and high temperature 

environments. With all these advantages it is obvious to think 

why the composites have not replaced the metals. One major 

drawback linked with the composites is its high cost which 

is often due to the use of expensive raw materials and not due 

to the manufacturing processes. 

 

Classification of Composites 

Composite materials are commonly classified at following 

two distinct levels: 

• Matrix constituent 

• Reinforcement form 

 There are two classification systems of composite materials. 

One of them is based on the matrix material (metal, ceramic, 

and polymer) and the second is based on the material 

structure: 

Classification of composites based on matrix material 

• Metal Matrix Composites (MMC): Metal Matrix 

Composites are composed of a metallic matrix (aluminium, 

magnesium, iron, cobalt, copper) and a dispersed ceramic 

(oxides, carbides) or metallic (lead, tungsten, molybdenum) 

phase. 

• Ceramic Matrix Composites (CMC): Ceramic Matrix 

Composites are composed of a ceramic matrix and embedded 

fibers of other ceramic material (dispersed phase). 

• Polymer Matrix Composites (PMC):  Polymer Matrix 

Composites are composed of a matrix from thermoset 

(Unsaturated Polyester (UP), Epoxiy (EP)) or thermoplastic 

(Polycarbonate (PC), Polyvinylchloride, Nylon, Polysterene) 

and embedded glass, carbon, steel or Kevlar fibers (dispersed 

phase). 

 

Classification of composite materials based on 

reinforcing material structure. 

• Particulate Composites 

Particulate Composites consist of a matrix reinforced by a 

dispersed phase in form of particles. Composites with 

random orientation of particles. Composites with preferred 

orientation of particles. Dispersed phase of these materials 

consists of two-dimensional flat platelets (flakes), laid 

parallel to each other. 

Fibrous Composites 

Short-fiber reinforced composites. Short-fiber reinforced 

composites consist of a matrix reinforced by a dispersed 

phase in form of discontinuous fibers (length < 

100*diameter). 

• Composites with random orientation of fibers. 

• Composites with preferred orientation of 

fibers. 

Long-fiber reinforced composites. Long-fiber reinforced 

composites consist of a matrix reinforced by a dispersed 

phase in form of continuous fibers. 

• Unidirectional orientation of fibers. 

• Bidirectional orientation of fibers (woven). 

 

• Laminate Composites 

When a fiber reinforced composite consists of several layers 

with different fiber orientations, it is called multilayer 

(angle-ply) composite. 
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Classification based on matrix constituents 

 

 

Figure1.1 Classification based on matrix constituents 

In matrix-based structural composites, the matrix serves two 

paramount purposes viz, binding the reinforcement phases in 

place and deforming to distribute the stresses among the 

constituent reinforcement materials under an applied force. 

polymers make ideal materials as they can be processed 

easily, possess lightweight, and desirable mechanical 

properties. High temperature resins are extensively used in 

aeronautical applications. Matrix also protects the fibers 

from environment, chemical corrosion or oxidation 

• Polymer Matrix Composites (PMC) 

Polymer matrix composites are composed of matrix from 

thermoset (unsaturated polyester, epoxy) or thermoplastic 

(polycarbonate, polyvinyl chloride, nylon, polystyrene) 

polymers and embedded glass, carbon, aramid fibers 

(dispersed phase). Polymers make ideal materials as they can 

be processed easily, possess lightweight, and desirable 

mechanical properties. 

Two main kinds of polymers are thermosets and 

thermoplastics. Thermosets have qualities such as a well-

bonded three-dimensional molecular structure after curing. 

They decompose instead of melting on hardening. Merely 

changing the basic composition of the resin is enough to alter 

the conditions suitably for curing and determine its other 

characteristics. They can be retained in a partially cured 

condition too over prolonged periods of time, rendering 

Thermosets very flexible. Thus, they are most suited as 

matrix bases for advanced conditions fiber reinforced 

composites. Thermosets find wide ranging applications in 

the chopped fiber composites form particularly when a 

premixed or moulding compound with fibers of specific 

quality and aspect ratio happens to be starting material as in 

epoxy, polymer and phenolic polyamide resins. 

Thermoplastics have one- or two-dimensional molecular 

structure and they tend to at an elevated temperature and 

show exaggerated melting point. Another advantage is that 

the process of softening at elevated temperatures can 

reversed to regain its properties during cooling, facilitating 

applications of conventional compress techniques to mould 

the compounds.  Resins reinforced with thermoplastics now 

comprised an emerging group of composites. The theme of 

most experiments in this area to improve the base properties 

of the resins and extract the greatest functional advantages 

from them in new avenues, including attempts to replace 

metals in die-casting processes. In crystalline thermoplastics, 

the reinforcement affects the morphology to a considerable 

extent, prompting the reinforcement to empower nucleation. 

• Metal Matrix Composites (MMC) 

Metal matrix composites are composed of a metallic matrix 

(aluminum, magnesium, iron, cobalt, copper) and a dispersed 

ceramic (oxides, carbides) or metallic (lead, tungsten, 

molybdenum) phase. Metal matrix composites, at present 

though generating a wide interest in research fraternity, are 

not as widely in use as their plastic counterparts. High 

strength, fracture toughness and stiffness are offered by 

metal matrices than those offered by their polymer 

counterparts. They can withstand elevated temperature in 

corrosive environment than polymer composites. Most 

metals and alloys could be used as matrices and they require 

reinforcement materials which need to be stable over a range 

of temperature and non-reactive too. However, the guiding 

aspect for the choice depends essentially on the matrix 

material. Light metals form the matrix for temperature 

application and the reinforcements in addition to the 

aforementioned reasons are characterized by high module. 

Most metals and alloys make good matrices. However, 

practically, the choices for low temperature applications are 

not many. Only light metals are responsive, with their low 

density proving an advantage. Titanium, Aluminium and 

magnesium are the popular matrix metals currently in vogue, 

which are particularly useful for aircraft applications. If 

metallic matrix materials have to offer high strength, they 

require high modulus reinforcements. The strength-to- 

weight ratios of resulting composites can be higher than most 

alloys. The melting point, physical and mechanical 

properties of the composite at various temperatures 

determine the service temperature of composites. Most 

metals, ceramics and compounds can be used with matrices 

of low melting point alloys. The choice of reinforcements 

becomes more stunted with increase in the melting 

temperature of matrix materials. 

• Ceramic Matrix Composites (CMC) 

Ceramic matrix composites are composed of a ceramic 

matrix and embedded fibers of other ceramic material 

(dispersed or reinforcing phase). Ceramics can be described 

as solid materials which exhibit very strong ionic bonding in 

general and in few cases covalent bonding. High melting 

points, good corrosion resistance, stability at elevated 

temperatures and high compressive strength, render ceramic-

based matrix materials a favor for applications requiring a 

structural material that doesn’t give way at temperatures 

above1500ºC. Naturally, ceramic matrices are the obvious 

choice for high temperature applications. 
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II. OBJECTIVE AND METHODOLOGY 

The objective of this research work is to introduce Cu/ CNT 

and B4C particulate metal matrix composites where the CNT 

and B4C are used as reinforcement material and Copper (Cu) 

is used as matrix material. The different weight percentage 

of reinforcement will be added to matrix and liquid casting 

technique for the preparation of Cu/ CNT and B4C metal 

matrix composites thus the developed composites will be 

tested for compression strength and Hardness. 

2.1 OBJECTIVES 

The objective of the present research work is development 

and characterization of the Copper based CNT and B4C 

reinforced metal matrix composites. 

• Development of Copper based CNT and B4C 

reinforced hybrid metal matrix composite by stir 

casting method. 

• Fabrication of different hybrid composites castings, 

by adding varying percentage of CNT and B4C to the 

molten metal. 

• Preparation of specimens for testing according to 

ASTM standard. 

• Experimental investigation of various Mechanical 

properties like Compression and Hardness on 

developed composites.  

2.2 METHODOLOGY 

The methodology followed for the research work. 

 

3. MATERIALS 

The matrix and the reinforcement materials are 

procured from suppliers and the details are as 

mentioned in Table 1.1. 

Material Manufacturer/Suppliers Quantity 

Copper Fenfee  Metallurgicals,  Uttarahalli, 

Bangalore 

30 kg 

CNT Go Green Products, No. 225 E, 1st 

floor, Gandhi Road Alwarthirunagar, 

Chennai.-600087. 

500 g 

B4C Go Green Products No. 225 E, 1st 

floor, Gandhi Road Alwarthirunagar, 

Chennai.-600087. 

500 g 

Table 1.1: Details of Material Procurement 

Reinforcement’s compositions are selected based on the 

previous work done by many researchers. In many literatures 

authors have mentioned the reinforcement percentage should 

be less than 10% for Copper and 2% for CNT, if it is more 

than 10% reinforcement will not mix with the casting 

properly and there is a chance of agglomeration of particles. 

So, in the present study reinforcement compositions are 

limited to above mentioned weight percentage. 

 Copper(Cu) 

Copper is non-polymorphous metal with face centred 

cubic lattice zinc addition produces a yellow color, and 

nickel addition produces a silver colour. Melting temperature 

is 1083 °C and density is 8900 kg.m-3, which is three times 

heavier than aluminium. The heat and electric conductivity 

of copper is lower compared to the silver, but it is 1.5 times 

larger compared to the aluminium. 

    
Figure1.2: Copper billets cut into small pieces 

 

 Carbon Nanotubes (CNT) 

Carbon nanotubes (CNTs) are procured from Go Green 

Products, these cylindrical carbon molecules have unusual 

properties, which are valuable for nanotechnology, 

electronics, optics and other fields of materials science and 

technology. In particular, owing to their extraordinary 

thermal conductivity and mechanical and electrical 

properties, carbon nanotubes find applications as additives to 

various structural materials. 

 
Figure 1.3: Carbon Nano Tubes (CNT) 

 Boron Carbide(B4C) 

Boron carbide is an extremely hard and covalent material 

used in tank or armour, bullet proof vests, engine sabotage 

powder as well numerous industrial applications. With a 

Vickers hardness of >30GPA, it is one of the hardest known 

materials, behind cubic boron nitride and diamond  Boron 

carbide was discovered in 19th century as a by-product of 

reactions involving metal borides, but its chemical formula 

was unknown, Approximately B4C. The ability of boron 
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carbide to absorb neutrons without forming long lived 

radionuclides makes it attractive as an absorbent for neutrons 

radiations arising in nuclear power plants and from 

antipersonnel-neutron bombs. 

 
Figure 1.4: Boron carbide 

 

III. EXPERIMENT 

3.1 Fabrication of Test Specimens. 

The microstructure of any material is a complex function of 

the casting process, subsequent cooling rates. Therefore, 

composites fabrication is one the most challenging and 

difficult task. Stir casting technique of liquid metallurgy was 

used to prepare Copper Alloy Composites. 

• Copper based MMC preparation by Stir 

Casting 

A stir casting setup as shown in Figure 1.5, Consist of a 

Coke fired Furnace and a stirrer assembly, which was used 

to synthesize the composite. Figure1.6   gives the schematic 

diagram of a typical stir casting setup. 

  
Figure. 1.5 Graphical representation of stir casting setup 

 

• Composite Preparation Furnace 

        A coal fired 10kg capacity furnace was used for 

melting the Copper. Figure 4.9 is the picture of the melting 

furnace used for the present research work. The temperature 

range of the furnace is more than 20000 C. Figure 4.6 shows 

the Crucibles for pouring the molten metal and copper 

Ingots. 

Preheating of reinforcement 

       Muffle furnace, was used to preheat the particulate to 

a temperature of 5000C. It was maintained at that 

temperature till it was introduced into the copper and copper 

alloy melt. The preheating of reinforcement is necessary in 

order to reduce the temperature gradient and to improve 

wetting between the molten metal and the particulate 

reinforcement. 

 

• Melting of Matrix alloy 

       The melting range of CU alloy is of 1000 – 10830C. 

A known quantity of Copper ingots were loaded into the 

Graphite crucible of the furnace for melting. The melt was 

super-heated to a temperature above 15000C and maintained 

at that temperature. 

 The molten metal was then degassed using Hexo chloro 

ethane tablets for about 8 min. Figure 1.6(b) and Figure 

1.6(c) gives the photographic image of crucible and Molten 

Metal respectively. 

   
(a)                      (b)    (c) 

Fig 1.6 (a) External View of coal fired Furnace, (b) 

Crucibles, (c) Molten Metal 

• Mixing and Stirring 

      Alumina coated stainless steel impeller was used to 

stir the molten metal to create a vortex. The impeller was of 

centrifugal type with 3 blades welded at 450 inclinations and 

1200 apart. The stirrer was rotated at a speed of 300 – 400 

rpm and a vortex was created in the melt. The depth of 

immersion of the impeller was approximately one third of the 

height of the molten metal. From the bottom of the crucible. 

The preheated particulates of CNT and BORON CARBIDE 

were introduced into the vortex at the rate of 100gm/min. 

Figure 1.7(a) shows the process of adding reinforcing 

material Chopped CNT and B4C. Stirring was continued 

until interface interactions between the particles and the 

matrix promoted wetting. The melt was superheated to 

temperature of 15000C it was poured into the preheated die.  

  

(a)                               (b) 
Fig 1.7: (a) Reinforcement materials being added to the 

molten matrix, (b) Pouring Molten Metal into the mould 
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3.2 MACHINING 

 
Figure:1.8 Machining of Casted Product 

The casted specimens obtained were machined on a Lathe 

according to ASTM standards for Wear and Corrosion Tests.  

The specimens are fabricated as per ASTM standards, as 

such the corrosion test specimens fabricated as per ASTM G 

31 – 72 with Ø20 mm and length 20 mm, wear test specimens 

as per ASTM G99 standards with a diameter of 6 mm and a 

length of 30 mm. 

Composition of Specimens Prepared 

Table 1.2. Composition of developed Copper metal matrix 

composite. 

Specification CNT% B4C% COPPER % 

C 0 0 100 

C1 0.5 1 98.5 

C2 0.5 3 96.5 

C3 0.5 5 94.5 

C4 1.0 1 98.0 

C5 1.0 3 96.0 

C6 1.0 5 94.0 

C7 1.5 1 97.5 

C8 1.5 3 95.5 

C9 1.5 5 93.5 

  

3.3 TESTING 

1. Compression Test 

Specimens were machined in according with ASTM E9 

standards, diameter=20mm and length=20mm and test were 

conducted using a computerized UTM. Compressive 

strength of the specimen was evaluated in terms of MPa. 

Three specimens for each composites composition were 

tested and average results are noted down.    

 

Figure. 1.9 Compression Specimens before Test 

 

 
Figure 1.10 Compression Specimens after Test 

2.  Hardness Test 

 
Figure 1.11 Brinell hardness testing machine. 

Hardness, which is the resistance of the specimens to 

deformation, is a measure of their resistance to plastic or 

permanent deformation. The static indentation test was the 

test used in the present study to examine the hardness of the 

specimens in which a ball indenter was forced into the 

specimens being tested. The relationship of the total test 

force to the area or depth of indentation provides the measure 

of hardness. The hardness tests were conducted in 

accordance with the ASTM E10 standards. The hardness test 

indenter of diameter 5mm was used and load of 250 kg was 

applied over the specimens of diameter 20mm for a period of 

30 seconds. Three readings were taken for each specimen at 

different locations in order to circumvent the possible effects 

of particle segregation. Hardness is described as a measure 

of material resistance to surface indentation and may be 

thought of as a function of the stress. The hardness is a 

surface property measured by resistance to abrasion or wear, 

cutting, machining and crusting. Thus hardness is surface 

property measured by resistance to indentation or penetration 

by some hard body.  

 
Figure 1.12 Hardness test specimens before test 

 
Figure 1.13 Hardness test specimens before test 
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IV. RESULTS 

1. Compressive Test Results 

The table shows the effect of CNT and B4Con 

compressive strength of copper hybrid composites. It can be 

seen that the compressive strength of the hybrid composites 

increases monotonically as the reinforcement contents are 

increased. The increase in compressive strength is mainly 

due to the decrease in the inter-particle spacing between the 

particles. Since B4C are much harder than copper alloys. The 

presence of CNT and B4C resist deforming stresses, thus 

enhance the compressive strength of the composite material. 

The figure 5.6 shows the load displacement curves for 

compressive loading of various combinations of CNT and 

B4C.The effect of addition of reinforcements on UCS of the 

composites is presented in graphs.  

It is observed that the UCS of the composites 

monotonically increases as the particulate content is 

increased up to 1.5 Wt. % of CNT and it decreases beyond 

1.5 Wt.%.  The increase in strength can also be attributed to 

the addition of B4C which impart strength to the matrix alloy 

there by enhancing resistance to compression. There is a 

reduction in the inter-special distance between particulates, 

which cause an increase in the dislocation pile-up as the 

particulate content increases [44]. This leads to restriction to 

plastic flow due to the random distribution of the particulate 

in the matrix, thereby providing enhanced strength to 

composites. At lower percentage of reinforcement, the 

decrease in the strength may be due to poor bonding of CNT 

particles. Further, the compressive strength increases from 

1279.43 MPa to 1548.33 with the addition of Boron carbide 

and CNT reinforcements thereby validating the addition of 

reinforcements, also the % reduction diminishes with the 

addition of reinforcements, i.e., from 6.52 to 3.73, this is 

majorly due to the addition of Boron carbide along with the 

CNT that will enhance its ability to withstand the 

compression and give better strength capabilities, thereby 

reducing % compression in the specimens.  

Table – 4.1 Compressive Strength for different specimens 

Specimen 

Designatio

n 

wt% 

of 

CU 

wt% of 

CNT 
wt% of  

B4C 

Peak 

Load 

(KN) 

Compressive Strength 

(N/mm2) 

        C 100 0 0 600 1279.43 

C1 98.5 0.5 1 600 1332.28 

C2 96.5 0.5 3 600 1359.43 

C3 98 1.0 1 600 1385.54 

C4 96 1.0 3 600 1446.12 

C5 97.5 1.5 1 600 1511.7 

C6 95.5 1.5 3 600 1548.33 

 

Figure 1.14 Compressive strength for different 

specimens 

Table: 4.2  % Reduction for different specimens 

Specimen 

Designatio

n 

wt% 

of 

CU 

wt% 

of 

CNT 

wt% of  

B4C 

Peak 

Load 

(KN) 

% Reduction 

        C 100 0 0 600 6.52 

C1 98.5 0.5 1 600 5.58 

C2 96.5 0.5 3 600 5.13 

C3 98 1.0 1 600 4.88 

C4 96 1.0 3 600 4.27 

C5 97.5 1.5 1 600 3.94 

C6 95.5 1.5 3 600 3.73 

 

 

Figure 1.15 % Reduction for different specimens 

2. Hardness Test Results 

Hardness, which is the resistance of the specimens to 

deformation, is a measure of their resistance to plastic or 

permanent deformation. The static indentation test was the 

test used in the present study to examine the hardness of the 

specimens in which a ball indenter was forced into the 

specimens being tested. The hardness is a surface property 

measured by resistance to abrasion or wear, cutting, 

machining and crusting. Thus hardness is surface property 

measured by resistance to indentation or penetration by some 

hard body.  

The test results are tabulated for the as cast conditions. 

The graph shows the effect of addition of reinforcement on 
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the hardness of the composites. It is evident that as the 

percentage of reinforcement is varied by weight, the 

hardness of the composites increases. It is also observed that 

the hybrid composite shown good hardness property. 

Various other researches also reported that addition of CNT 

in metal alloys could lead to improved strength and hardness. 

Table: 4.2 Hardness test Results 

Specimen 

Designati

on 

wt% 

of CU 

wt% of 

CNT 
wt% of 

B4C 
BHN 

C 100 0 0 75.24 

C1 98.5 0.5 1 76.34 

C2 96.5 0.5 3 76.72 

C3 98 1.0 1 78.16 

C4 96 1.0 3 83.08 

C5 97.5 1.5 1 85 

C6 95.5 1.5 3 86.15 

 

Figure: 1.16  BHN for different specimens. 

 

V. CONCLUSIONS 

The present research work on preparation of Carbon Nano 

Tube and Boron carbide reinforced Copper metal matrix 

composite by stir casting and evaluation of mechanical 

characteristics has led to following conclusions. 

 Copper/ Carbon Nano Tube / Boron carbide composites 

have been successfully developed and fabricated using stir 

casting technique. 

 The compressive strength increased from 1279.43 MPa to 

1548.33 MPa, while % reduction dropped down from 6.52 

to 3.73, this is majorly due to the bonding of 

reinforcements with the matrix phase that will ultimately 

enhance its ability to resist compression. 

 The hardness increased from 75.24 to 86.15, the increase 

in hardness is probably attributed to the fact that the hard 

Boron carbide reinforcements act as barriers to the 

movement of the dislocations within the matrix. An 

improvement in hardness is observed for C6 composites 

when compared with C Specimen 

REFERENCES 

[1] Wang, X.; Li, Qunqing; Xie, Jing; Jin, Zhong; Wang, Jinyong; Li, Yan; 

Jiang, Kaili; Fan, Shoushan (2009). "Fabrication of Ultralong and 

Electrically Uniform Single-Walled Carbon Nanotubes on Clean 

Substrates". Nano Letters. 9 (9): 3137–3141. Bibcode: 

2009NanoL...9.3137W. CiteSeerX 10.1.1.454.2744, doi: 

10.1021/nl901260b. PMID 19650638. 

[2] Gullapalli, S.; Wong, M.S. (2011). "Nanotechnology: A Guide to Nano-

Objects" (PDF). Chemical Engineering Progress. 107 (5): 28–32. 

[3] Mintmire, J.W.; Dunlap, B.I.; White, C.T. (1992). "Are Fullerene Tubules 

Metallic?” Phys. Rev. Lett. 68 (5): 631–634. Bibcode: 1992PhRvL. 

68.631 M. doi:10.1103/PhysRevLett.68.631. PMID 10045950. 

[4] Dekker, C. (1999). "Carbon nanotubes as molecular quantum wires". 

Physics Today. 52 (5): 22–28. Bibcode: 1999 PhT.52e.22D. 

doi:10.1063/1.882658. 

[5] Martel, R.; Derycke, V.; Lavoie, C.; Appenzeller, J.; Chan, K.; Tersoff, 

J.; Avouris, Ph. (2001). "Ambipolar Electrical Transport in 

Semiconducting Single-Wall Carbon Nanotubes". Phys. Rev. Lett. 87 

(25): 256805. Bibcode: 2001PhRvL.87y6805M. 

doi:10.1103/PhysRevLett.87.256805. PMID 11736597. 

[6] Gray, Theodore (2012-04-03). The Elements: A Visual Exploration of 

Every Known Atom in the Universe. Black Dog & Leventhal Publishers. 

ISBN 9781579128951.  

[7] Ridgway, Ramond R "Boron Carbide", European Patent CA339873 (A), 

publication date: 1934-03-06. 

[8] Balakrishnarajan, Musiri M.; Pancharatna, Pattath D.; Hoffmann, Roald 

(2007). "Structure and bonding in boron carbide: The invincibility of 

imperfections". New J. Chem. 31 (4): 473. doi:10.1039/b618493f. 

[9] Zhang FX, Xu FF, Mori T, Liu QL, Sato A, Tanaka T (2001). "Crystal 

structure of new rare-earth boron-rich solids: REB28.5C4". J. Alloys 

Compd. 329: 168–172. doi:10.1016/S0925-8388(01)01581-X. 

[10] Greenwood, Norman N.; Earnshaw, Alan (1997). Chemistry of the 

Elements (2nd ed.). Butterworth-Heinemann. p. 149. ISBN 0-08-037941-

9. 

[11] Domnich, Vladislav; Reynaud, Sara; Haber, Richard A.; Chhowalla, 

Manish (2011). "Boron Carbide: Structure, Properties, and Stability under 

Stress" (PDF). J. Am. Ceram. Soc. 94 (11): 3605–3628. 

doi:10.1111/j.1551-2916.2011.04865.x. Retrieved 23 July 2015. 

[12] Bhaskar Chandra Kandpal, 2Jatinder Kumar, 3Hari Singh, “Production 

Technologies of Metal Matrix Composite: A Review”IJRMET Vol. 4, 

Issue 2, Spl - 2 May - October 2014. 

[13] Ektarawong, A.; Simak, S. I.; Hultman, L.; Birch, J.; Alling, B. (2014). 

"First-principles study of configurational disorder in B4C using a 

superatom-special quasi-random structure method". Phys. Rev. B. 90 (2): 

024204. arXiv:1508.07786 , Bibcode:2014PhRvB.90b4204E. 

doi:10.1103/PhysRevB.90.024204. 

[14] Ektarawong, A.; Simak, S. I.; Hultman, L.; Birch, J.; Alling, B. (2015). 

"Configurational order-disorder induced metal-nonmetal transition in 

B13C2 studied with first-principles superatom-special quasirandom 

structure method". Phys. Rev. B. 92: 014202. arXiv:1508.07848 Freely 

accessible. Bibcode: 2015PhRvB.92a4202E. 

doi:10.1103/PhysRevB.92.014202. 

[15] Sairam, K.; Sonber, J.K.; Murthy, T.S.R.Ch.; Subramanian, C.; Hubli, 

R.C.; Suri, A.K. (2012). "Development of B4C-HfB2 composites by 

reaction hot pressing". Int.J. Ref. Met. Hard Mater. 35: 32–40. 

doi:10.1016/j.ijrmhm.2012.03.004. 

[16] Solozhenko, V. L.; Kurakevych, Oleksandr O.; Le Godec, Yann; 

Mezouar, Mohamed; Mezouar, Mohamed (2009). "Ultimate Metastable 

Solubility of Boron in Diamond: Synthesis of Superhard Diamondlike 

BC5". Phys. Rev. Lett. 102 (1): 015506. 

[17] M. S. Nagorka, C. G. Levi, G. E. Lucas and S. D. Ridder: Mater. Sci. Eng. 

A 104 (1991) 277–289. 

[18] M.K. Surappa, P. K. Rohatgi, Preparation and properties of cast 

aluminium-ceramic particle composites, Journal of materials science, 

16(1981), p 983-993. 

[19] R. Zitoune, M. El Mansori, K. Vijayan, Tribo-functional design of double 

cone drill implications in tool wear during drilling of copper 

mesh/CFRP/woven ply, Wear, 302 (1–2) (2013), pp. 1560-1567. 

[20] S.F. Moustafa, A. Torres-Islas, S. Serna, M. Acosta-Flores, R.A. 

Rodriguez-Diaz, J. Colin, Corrosion, electrical and mechanical 

performance of copper matrix composites produced by mechanical 

alloying and consolidation, Int. J. Electrochem. Sci., 10 (2015), pp. 1728-

1741. 



International Journal for Research in Engineering Application & Management (IJREAM) 

ISSN : 2454-9150    Vol-07,  Issue-02, MAY 2021 

484 | IJREAMV07I0274189                          DOI : 10.35291/2454-9150.2021.0275                    © 2021, IJREAM All Rights Reserved. 

 

[21] Poulami Majietal, N. Ekere, C. Best, R. Bhatti, Investigation of thermal 

management materials for automotive electronic control units, Appl. 

Therm. Eng., 31 (2011), pp. 355-362. 

[22] Anish Upadhyaya, A. Kumar, P.R. Sengupta, P.K. Dutta, R.B. Mathur, 

Improving the mechanical and thermal properties of semi-coke based 

carbon/copper composites reinforced using carbon nanotubes, J. Adv. 

Mater. Lett., 5 (5) (2014), pp. 265-271. 

[23] Kovalchenko, P. Ozga, W. Maziarz, J. Pstrus, B. Kania, P. Bobrowski, et 

al., Microstructure and properties of bulk copper matrix composites 

strengthened with various kinds of CNT nanoplatelets, Mater. Sci. Eng., 

A, 628 (2015), pp. 124-134. 

[24] Kime, T. Yener, I. Altinsoy, M. Ipek, S. Zeytin, C. Bindal, The effect of 

sintering temperature on some properties of Cu–SiC composite, J. Alloys 

Compd., 509 (2011), pp. 6036-6042. 

[25] F.Wan, M. Abdel hameed and A. Fathy, “Preparation and Characteristics 

of Cu-Al2O3nanocomposite”, Journal on Mechanical Design and 

Production, Vol. 1 Issue 25-33, 20 November-2011. 

[26] Bhaskar Chandra Kandpal, Jatinder Kumar, Hari Singh, “Production 

Technologies of Metal Matrix Composite: A Review ”, IJRMET Vol. 4, 

Issue 2, Spl - 2 May - October 2014 

[27] Prabhakar Rao, Jayashree PK, Gowri Shankar MC, Kini A, Sharma SS, 

Shetty R. “Review on Effect of copper  on Stir Cast Aluminium Metal 

Matrix Composites”. Inter-national Journal of Current engineering and 

Technology. 

[28] F Shehata, Al-Hajri M., Petraroli M., Hotton B., Lam P.C., “Influence of 

silicon carbide particulate reinforcement on quasi static and cyclic fatigue 

fracture behavior of 6061 Aluminium alloy composites” Materials 

Science and Engineering A325 (2002) 202-214. 

[29] Kenneth Kanayo Alaneme, Development of high strength magnesium 

based composites using elemental nickel particulates as reinforcement, 

Journal of Materials Science, 37, pp 24672474, 2002.  

[30] Kapoor, R., Vecchio, K.S., “Deformation behavior and failure 

mechanisms in particulate reinforced 6061 Al metal matrix composites, 

Materials Science and Engineering A202 (1995) 63-75.  

[31] N Sata et al, Materials Science & Engineering A: Structural Materials; 

properties, Microstructure and processing, Vol.A197, N 1, Jun 30 1995, 

pp 11-18. 

[32] Alexey Mosh Kovich, W.R. Amitusko, Modelling of Cu-Al2O3 metal 

matrix composite prepared by powder metallurgy route, Int. J. Eng. Adv. 

Technol. 3, (2013) 330–332. 

[33] M. Han, R. Othman, Z. Hussain, Mechanical alloying and sintering of 

nanostructured tungsten carbide-reinforced copper composite and its 

characterization, Mater. Des. 32 (2011) 3293–3298. 

[34] Q. Zhank, X. He, S. Ren, L. Zhang, M. Wu, C. Guo, W. Cui, X. Qu, 

Preparation of copper–diamond composites with chromium carbide 

coatings on diamond particles for heat sink applications, Appl. Therm. 

Eng. 60 (2013) 423–429. 

[35] L. Li, X.H. Qu, X.B. He, B.H. Duan, S.B. Ren, M.L. Qin, Thermo-

physical and mechanical properties of high volume fraction SiCp/Cu 

composites prepared by pressureless infiltration, Mater. Sci. Eng., A 489 

(2008) 285–293. 

[36] Gongjun, L. Liu, Friction and wear properties of copper based composites 

reinforced with micro and nano-sized Al2O3 particles, 8th Int. conf. 

Tribol., 30th Oct-1st Nov. 2014, Sinaia, Romania, 2014, pp. 357–358. 

[37] Jena, Yaximo, Modeling of burr size in drilling of aluminum silicon 

carbide composites using response surface methodology, Eng. Sci. 

Technol. 19 (2016) 1199–1205. 

[38] Entezarian L, M Xiu Development of empirical relationships for 

prediction of mechanical and wear properties of AA6082 aluminum 

matrix composites produced using friction stir processing, Eng. Sci. 

Technol. 19 (2016) 1132–1144. 

[39] Yohsimo, Z. Abdel-Hamid, A.M. Abd-Elahi, Copper matrix SiC and 

Al2O3 particulate composites by powder metallurgy technique, Mater. 

Lett. 53 (2002) 244–249. 

[40]  J. Fathy, S. Emmer, J. Bielek, Thermal conductivity of Cu–graphite 

composites, Int. J. Therm. Sci. 90 (2015) 298–302. 

[41] F. Tang, J. Ying, Y. Wang, S. Du, Z. Liu, Q. Huang, Effects of CNT 

content on the microstructure and properties of copper matrix composites, 

Carbon 96 (2016) 836–842. 

[42] W. Tjong, L. Zhou, K. Peng, J. Zhu, L. Wan, Effect of tungsten addition 

on thermal conductivity of graphite/copper composites, Compos. Part B 

Eng. 55 (2013) 1–4. 

[43] [H. Yin, M. Chug, H. Zhang, A. Tang, B. Ren, X. He, Microstructure and 

thermal properties of copper matrix composites reinforced by chromium-

coated discontinuous graphite fibers, Appl. Therm. Eng. 73 (2014) 739–

744. 

[44] D.D. Zhou, Y.F. Kwon, Z.J. Lu, Microstructural characteristics and 

formation mechanism of direct laser-sintered Cu-based alloys reinforced 

with Ni particles, Mater. Des. 30 (2009) 2099–2107. 

[45] W. Manchang, M. Heilmaier, L. Schultz, High-strength pearlitic steel–

copper composite wires for conductors in pulsed high-field magnets, 

Mater. Sci. Eng., A 303 (1–2) (2001) 127–133. 

[46] W. Grünberger, M. Heilmaier, L. Schultz, High-strength, high-nitrogen 

stainless steel–copper composite wires for conductors in pulsed high-field 

magnets, Mater. Lett. 52 (3) (2002) 154–A.S.  

[47] Hamada, A. Khosravifard, A.P. Kisko, E.A. Ahmed, D.A. Porter, High 

temperature deformation behavior of a stainless steel fiber-reinforced 

copper matrix composite, Mater. Sci. Eng., A (2016), 

http://dx.doi.org/10.1016/j.msea.2016.03.084. 

[48] C. Saldana, S. Swaminathan, T.L. Brown, W. Moscoso, J.B. Mann, W.D. 

Compton, S. Chandrasekar, Unusual applications of machining: 

controlled nanostructuring of materials and surfaces, ASME J. Manuf. 

Sci. Eng. 132–3 (2010) 030908. 

[49] T.L. Brown, S. Swaminathan, S. Chandrasekar, W.D. Compton, A.H. 

King, K.P. Trumble, Low-cost manufacturing process for nanostructured 

metals and alloys, J. Mater. Res. 17 (10) (2002) 2484–2488. 

[50] P. Iglesias, A.E. Jiménez, M.D. Bermúdez, B.C. Rao, S. Chandrasekar, 

Steel machining chips as reinforcements to improve sliding wear 

resistance of metal alloys: study of a model Zn-based alloy system, Tribol. 

Int. 65 (2013) 215–227.  


