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ABSTRACT 

 
The recent emergence of nano science and nano technology has added another dimension to the 

staple of the modern composite technology. Instead of micron diameter fibres and particles, nano 

particles are being incorporated into polymer matrices to form a composite blend known as polymer 

nano composites (PNCs). This study investigated the tensile response of polyester composites 

reinforced with petroleum-based carbon black (CB) nano particles. The composites were prepared 

with 1 to 11% volume fractions of carbon black nanoparticles using manual and machine dispersion 

methods. Tensile samples of 165 ×19.5 × 3.2 mm
3
 prepared using ASTM D638 Standard were tested 

in a Hounsfield (Monsato) testing unit. Results showed that tensile strength, percentage elongation 

and tensile toughness at fracture increased as the volume fractions of carbon black nanoparticles 

increased from 1% to 5% in both manual and machine prepared composites. It is important to note 

that the maximum tensile strength and percentage elongation at fracture occurred at 5% carbon 

black and as the volume fraction increased above this, tensile strength and elongation at fracture 

decreased. The machine mixed composite showed the highest improvement in the above tensile 

properties at this low volume fraction. The tensile modulus of manual mixed composite decreased as 

CB volume fraction increased. In contrast, modulus of machine mixed composite was constant from 

1% to 5% but increased as volume fractions increased from 7% to 11%. The above findings 

corroborated earlier findings in previous works which noted that nanocomposites have advantage 

over micro composites at low volume fractions especially with better dispersion of nanopariculates in 

polymer matrices. 
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1.0 INTRODUCTION 

For ages, polymers were reinforced with a 

variety of micron scale particles to form 

polymer micro composites. These particles 

which include silicates (mica, talc, silica and 

fibre glass), metal oxides (titania, alumina), 

calcium carbonate and carbon black (CB), 

were successfully used as additives or 

reinforcements to improve various 

properties of polymers [1]. At the particle 

volume fractions, on the order of 15-40% 

[2], the conventional composites ordinarily 

improved rigidity, but they sacrificed 

strength, elongation and toughness [1]. 

 The recent emergence of nano 

science and nano technology has enabled the 

production of nanoscale particles and hence 

added another dimension to the staple of 

modern composite technology. It has also 

enabled the re-evaluation of the traditional 

nanosized particles such as carbon black and 

fumed silica and their uses as reinforcing 

phases in polymer nanocomposites (PNCs) 

[2]. PNCs are materials in which nanoscopic 
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particles, typically 1-100 nanometres (nm) 

in at least one dimension, are dispersed in an 

organic polymer matrix in order to improve 

the performance properties of the polymer. 

 Nanoscale particles or nanoparticles 

possess extremely small feature size (1-100 

nm), high aspect ratio and high surface to 

volume ratio. As a result they exhibit 

remarkable physical, chemical, electrical, 

optical and even thermodynamic properties 

[3, 4, 5]. 

 The latest technique in harnessing 

the extra-ordinary behaviour of nanoscale 

particles is to disperse individual particles 

completely in the polymer matrices. This 

configuration optimizes the number of 

available reinforcing particles and the 

bonding between the particles and polymer 

matrix. It also maximizes the amount of 

particle surface and hence the area available 

for interaction with the polymer leading to 

large improvement in physical and 

mechanical properties. Literature survey 

shows that these improvements are achieved 

with less than 10% volume additions of 

nanoscale particles (typically on the order of 

1% to 5% for layered silicates and carbon 

nanotubes), which is in sharp contrast to 

conventional polymer fillers [2]. 

 It was observed that complete 

dispersion was one of the fundamental 

challenges surrounding the development of 

PNCs because there were strong cohesive 

and van der waals interactions at the 

nanoscale resulting in the tendency of the 

nanoscale particles to agglomerate [2, 6]. 

Another important challenging aspect of 

dispersing nanoparticles in polymers was 

the characterization of the particles and their 

state of dispersion in PNCs [6]. Obikwelu 

[7] noted that these challenges were real but 

local researchers on Nanotechnology should 

not be deterred but should explore and 

benefit from this technological frontier of 

the 21
st
 century. 

 In recent years, the successful use of 

nanoscale particles in PNCs enabled new 

combinations of mechanical, electrical, 

magnetic, optical, chemical and surface 

properties and their applications in many 

industries such as automotive, electronics, 

packaging, aerospace, information, 

pharmaceuticals, biomedical, energy, sports 

goods and personal care. Recent market 

surveys have estimated global consumption 

of PNCs at tens of millions of pounds, with a 

potential annual average growth rate of 

24%, to almost 100 million pounds 

(45.4x10
6
 KG) in 2011, at a value exceeding 

500-800 million dollars [2]. 

 Carbon black is essentially elemental 

carbon in the form of extremely fine 

particles having a partially amorphous 

molecular structure. It is classified as 

aggregated traditional particle with 

nanoscopic dimension (1-100 nm) and high 

electrical conductivity but low aspect ratio 

[2]. Carbon black is among the nanoscale 

particles produced in commercial (tonne) 

quantities [4]. Depending on the method of 

production, average primary particle 

diameters in several commercially produced 

carbon blacks range from10-500 nm, while 

average primary aggregate diameters range 

from 100-800 nm [8, 9, 10]. 

 Carbon black was one of the long 

established nanotechnology applications 

and nanomaterial used to modify the 

mechanical, electrical and other physical 

properties of polymers [4, 11]. Freedonia 

Research Group report [12], showed that 

carbon black was the dominant nano powder 
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and in 2005 alone carbon black constituted 

the only nanomaterial for conductive 

applications. 

 

2.0 OBJECTIVE OF THE STUDY 

The objective of this work was to investigate 

the monotonic tensile properties of carbon 

black reinforced polyester, especially at low 

volume fractions of carbon black 

nanoparticles.  This work is an attempt at 

nanostructure fabrication and to get into the 

mainstream of the technological frontiers of 

the 21
st
 century. 

 

3.0MATERIALS AND METHODS 

 

3.1 Materials 

The carbon black used in this study 

was obtained from the Carbon Black Plant 

of Warri Refinery and Petrochemical 

Company Limited, Warri, Delta State of 

Nigeria. The carbon black was an already 

characterized nanoparticle in pellet form and 

of ASTM N330 grade. Figure 3.1 below 

shows the electron microgragh of a 

reinforcing grade carbon black (N330) while 

figure 3.2 is the same image obtained by 

numerical simulation [13]. 

 

 

 

 

 

 

 

F

ig. 3.1: Electron micrograph of a reinforcing grade carbon black (N330) 

Fig. 3.2: Aggregates obtained by numerical simulation 

 

 The matrix material used in this 

study was three-component unsaturated 

polyester resin system purchased from Nycil 

Nigeria Limited, Ikeja, Nigeria.. It consisted 

of polyester resin, catalyst [methyl ethyl 

ketone peroxide (MEKP) - Butanox 

HBO-50] and accelerator (cobalt), mixed in 

proportions of 64:2:1 respectively. The 

mould release agent was petroleum jelly 

(Vaseline) dissolved in paint thinner (made 

by Henry Vester Ltd, Lagos, Nigeria). 

3.2     METHODS 

3.2.1 Composite Fabrication 

Wooden mould, electric motor and stainless 

steel impeller blade, James Harris type [14] 

were used to disperse the carbon black 

particles and cast the tensile samples. The 

carbon black was dried in an electric oven at 

a temperature of 200
o
C for 12 hours in the 

Solid State Laboratory of the Department of 

Physics and Astronomy, University of 

Nigeria, Nsukka. Volume fractions of 

unsaturated polyester resin, catalyst, 

accelerator and carbon black were measured 

out for compounding/mixing. Prior to the 

measuring out of the volume fractions of the 
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constituents, the dried and pelletized carbon 

black were fractured or de-pelletized using a 

spatula. 

 Manual and Machine mixing 

methods were used for the composite 

preparation. Prior to mixing, cobalt 

accelerator was added to the unsaturated 

polyester resin and the moulds were 

uniformly rubbed with mould release agent 

and dried. The composites were prepared 

with 1, 3, 5, 7, 9, 11% volume fractions of 

carbon black. Tensile samples were cast 

with the moulds. 

 

3.2.2   Manual Mixing 

Carbon black was added carefully and 

gradually to the solution of pre-accelerated 

polyester resin to avoid the loss of carbon 

black. The composite mixture was stirred 

and observed to ensure that the carbon black 

mixed well with the matrix or until a 

homogeneous mixture was obtained. 

Measured volume of catalyst (MEKP) was 

added and stirred for 5 minutes. The mixture 

was cast in a wooden mould prepared 

according the ASTM standard D 638 and 

allowed to cure. The cured composite was 

later demoulded. The above procedure was 

followed in preparing the composites at the 

specified volume fractions of carbon black. 

3.2.3     Machine Mixing 

The same procedure was followed as in the 

manual mixing except that the initial mixing 

of the pre-accelerated polyester resin and 

carbon black was done with a motorized 

stirrer. The mixture was stirred at an 

impeller speed of 1200 r.p.m for 15 minutes. 

The impeller speed was less than the speed 

of 1780 r.p.m used in an earlier work by 

James Harris [14]. This was followed by 

addition of measured volume of catalyst and 

manual stirring of the mixture for 5 minutes, 

pouring of the mixture into the mould and 

allowing it to cure. This procedure was 

repeated for different volume fractions of 

carbon black.  

3.3  TENSILE TESTING OF THE 

COMPOSITE SAMPLES 

The cured polyester- carbon black 

composites were cut into tensile samples 

according to the ASTM standard D 638 for 

further analysis and studies. The tensile test 

pieces were parallel-sided strips, 165mm 

long, 19.5mm wide and 3.2mm thick. A 

minimum of ten samples were tested in each 

case and the tests were carried out several 

days after curing. Hounsfield (Monsanto) 

Tensometer (serial no: 8889) was used in 

performing the tensile tests. 

 

4.0 RESULTS AND DISCUSSION 

4.1  RESULTS 

The test values presented below were 

averages. For each volume fraction, ten 

samples were tested. Figures 4.1-4.4 show 

the values and graphs of the tensile strength, 

tensile modulus, percentage elongation at 

fracture and tensile toughness of the manual 

and machine mixed composites versus the 

carbon black volume fractions.



 
 

 

 

4.2 DISCUSSION 

Figure 4.1 shows the graph of tensile 

strength of the composites at different 

volume fractions of carbon black. Results 

showed that the tensile strength increased as 

the volume fractions increased from 1 to 

5%, but decreased as the volume fraction 

increased beyond 5%. However, the tensile 

strength of the cast neat resin was lower 

compared to the composites at low volume 

fractions of 1 to 7%. This demonstrated that 

addition of carbon black nano particles 

improved the tensile strength of the 

composites at low volume fraction but 

degraded/lowered the tensile strength at 

higher volume fraction. Tensile strength 

recorded optimum at 5% volume fraction of 

carbon black for both manual and machine 

prepared composites. However, the machine 

prepared composite showed the highest 

tensile strength of 28.24 MPa compared to 

26.43 MPa obtained for manual prepared 

composite. The tensile strength continued to 

decrease at higher volume fraction of 15 to 

35%. The higher tensile strength at volume 

fraction range might be attributed to better 

dispersion of carbon black in the polyester 

resin matrix, better wettability and 

interfacial bond. The lower tensile strength 

of the composites at higher volume fraction 

could be due to a number of reasons such as 

weak interfacial bonding at carbon black and 

polyester matrix interfaces, agglomeration 

of carbon black particles, process-related 
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defects such as observed porosity [15]. The 

decrease of tensile properties at higher 

volume fraction had been observed in 

previous studies [16, 17, 18, and 19]. 

Agglomeration and incorporation between 

particles and matrix were the main factor for 

the trend. The adsorption of the carbon filler 

limited wettability in the polyester matrix 

phase resulting in poor interface adhesion of 

carbon black particles to the polyester resin 

matrix and inefficient stress transfer 

between the particle-matrix interface as load 

was applied [20, 18, 17] 

 Figure 4.2 shows the graph of tensile 

modulus of the composites at different 

volume fractions. Tensile modulus of 

manual mixed composite decreased as the 

filler loading increased from 1-11%. In 

contrast, the tensile modulus of the machine 

mixed composite was virtually constant 

between 1-5% but increased as the filler 

loading increased from 5-11%. The tensile 

modulus values for both composites were far 

below that of the cast resin at this filler 

range. The highest modulus of machine 

mixed composite was obtained at 11% filler 

loading (375 MPa) while that of the manual 

mixed type was highest at 1% filler loading 

(416.67MPa). The tensile modulus was 

mainly influenced by the shape factor 

(structure) than particle size of carbon black. 

Essentially spherical aggregates loaded in a 

polymer would inhibit the elasticity of the 

polymer to a degree, but when these 

aggregates had a certain shape factor (long 

dimension), they acted as if they were short 

fibres and interfered with the elastic 

mobility of the polymer in which they were 

dispersed. The variation in tensile modulus 

responses of the manual and machine mixed 

composites might be attributed to the extent 

of dispersion of carbon black particles in the 

matrix phase.  

 Figure 4.3 shows the plot of 

percentage elongation at fracture of the 

composites versus the volume fraction. The 

values of elongation at fracture of both 

composites generally increased as the 

volume fraction increased from 1 to 5% 

compared to elongation at fracture of the 

cast resin (1.03%). However, elongation at 

fracture of both composites peaked at 5% 

volume fraction and decreased as the 

volume fraction increased beyond 5%. The 

machine mixed composite exhibited a more 

significant increase in elongation at fracture 

(1.82%) at this peak than that of the manual 

mixed composite (1.39%). The high 

improvement of the composites’ elongation 

can be attributed to the effect of adhesion 

between the fillers and polyester matrix at 

this low volume fraction range [16] and 

better dispersion especially for the machine 

mixed composite [6]. 

 A plot of tensile toughness versus 

filler loading is shown in figure 4.4. 

Machine mixed composite showed higher 

toughness than the manual mixed 

composite. The highest toughness value of 

2.69 J for the machine mixed composite was 

recorded at 3% volume fraction while the 

highest for manual mixed composite was 

1.78 J at 11% volume fraction. The machine 

mixed composite was tougher than the cast 

neat resin from 1 to 7% and fell below that 

of the cast neat resin between 9 and 11% 

volume fraction. Manual mixed composite 

proved tougher than cast neat resin from 1 to 

11% volume fraction. 

 Since toughness is a measure of 

energy needed to deform a material to 

failure, the result demonstrated that higher 
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energy was required to break samples of the 

machine mixed composite from 1 to 5% 

volume fraction while lesser energy was 

needed to break the manual mixed samples 

from 1 to 11% volume fraction. This 

behaviour could be attributed to the mixing 

methods. An earlier study by Francoise, et al 

[13] indicated that physical properties of 

carbon black filled composite, even 

composites apparently consisting of similar 

matrices and similar carbon black might 

behave differently when prepared by 

different mixing methods. 

 

5.0 CONCLUSION 

The results of the study showed that tensile 

strength, percentage elongation and tensile 

toughness at fracture increased as the carbon 

black volume fraction increased at the low 

particle volume range (1 to 5%) for both 

manual and machine prepared polyester 

resin/carbon black composites above that of 

the cast neat resin. Machine mixed 

composite showed the highest improvement 

in the above tensile properties at the low 

filler range (1-5%). It is important to note 

that the maximum tensile strength and 

percentage elongation at break occurred at 

5% filler loading and as filler loading 

increased both tensile properties decreased. 

Tensile modulus of the manual mixed 

composite decreased as the filler loading 

increased. In contrast, the tensile modulus of 

the machine mixed composite was constant 

from 1-5% filler loading but increased as the 

filler loading from 7-11%. 
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