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Abstract. In the present investigation, two methods were used for addition multiwall carbon
nanotubes (MWCNTy5) into carbon fiber (CF)/epoxy resin composite system. The mechanical
properties of the prepared samples were compared to show the best method for addition of
MWCNTs from point of view of mechanical properties. The introduction of carbon nanotubes
(CNTs) into fiber reinforced polymer composites has been achieved mainly via two routes:
mixing CNTs entirely throughout the matrix (matrix modification) or attaching CNTs onto
reinforcing fibers (interface modification). In all previous references the addition of CNTs
occur through one route from the two routes but in this research, we introduced MWCNT g into
CF/epoxy resin composite through the two routes at the same time. Three CF composite
samples were prepared CF/epoxy resin composite (C1), CF/ 1wt% MWCNTg /epoxy resin
composite (C2) in which MWCNTyg added via one route (epoxy resin system) and the third
sample was CF/ 1wt% MWCNTj / epoxy resin composite (C3) in which MWCNTjg added via
two routes (epoxy resin and CF fabric). The result shows that the mechanical properties of
C3>C2>Cl, for example, the flexural strength of C3 higher than C2 by 19% and C2 higher
than C1 by 51% respectively. This is because addition MWCNTg via two routes increase the
ability of good mixing of CNTg with epoxy resin and good dispersion of CNTs into the CF
fabric surface and this leads to improve the interface bonding between the CF and epoxy so
improve the mechanical properties.

1. Introduction
Many types of filler can be used with resin matrix composite materials but the most important one is
Carbon fiber CF and this is because its excellent engineering properties, such as high specific stiffness
and strength, performance to weight ratio, high thermal stability, high conductivity, corrosion
resistance and self-lubrication. Most obviously, CF used in the structural application that needs weight
reduction of the equipment as vehicles industries due to its high strength to weight ratio. CF reinforced
resin matrix composites have a lot of applications as in aerospace applications, turbomachinery, for
wind turbines applications in automotive energy systems, fuel cells, compressed gas storage and
transportation, antistatic and electromagnetic shielding applications. the carbon fibers reinforced
polymer matrix composites is widely used in automobile industries, aerospace, and marine during the
last few decades due to their good engineering properties such as high specific strength and stiffness,
lower density [1-5]. In The composite material system carbon fibers give strength and stiffness while
resin matrix provides the chemical and thermal resistance of the composite [4].

CF structures have crystallized graphitic basal planes with a non-polar surface. CF is chemically
inert this is because of the presence of high-temperature carbonization/graphitization step during the
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manufacturing process, CF has weak bonding with the matrix surface due to lipophobicity, and
excessive smoothness and fewer adsorption characteristics of CF. due to the inertness of CF,
improving at the fiber surface is needed in order to improve the interfacial bonding between
fiber/matrix for effective stress transfer at the interface [6-7]. Liu and Kumar have studied the existing
progress of carbon fiber structure, fabrication, and characterization including the addition of nanotubes
in precursor fiber to improve the mechanical properties [8]. However, the fundamental mechanical
properties of these composites such as longitudinal and transverse strength and toughness limited by
the weak interfacial bonding between reinforcing CF surface and polymer materials. It is a long
existing critical and important topic needed to discover for ensuring the continued development of CF
reinforced polymer composites for different composites applications [9-14].

According to this, many studies focused on probing an understanding the physicochemical
interaction at the fiber/matrix interface. For strong interfacial adhesion, adjusted level of hydrogen
bond and Vander Waals forces between the CF and matrix are required during composite fabrication.
In addition, the fiber/matrix interfacial adhesion energy should be higher than the cohesion energy of
the matrix. The modifications to CF structure made a big difference in improving the mechanical
properties of high performance polymeric composites but the focus to control the fiber/matrix
interfacial properties is still a major goal [13-14].

From the high-performance thermosetting resins, epoxy resins are the most important with different
applications. Epoxy resins have a lot of advantages and show unique properties. One of the most
common and important polymers is Epoxy resin due to its wide applications and wide variety of
industries. They are composed of polymeric molecules that are converted to a solid by polymerization.
The most important advantage of epoxy resins are the ability to be transformed from a low-viscosity
liquid (or thermoplastic state) into a hard, tough thermoset. Epoxy systems physically consist mainly
from two components: a resin and a hardener. The hardener is the responsible for the chemical
reaction, which turns the epoxy resin into a solid, cross-linked network of molecules. Epoxy resin is
defined as a thermoset polymer structure with high adhesion properties and cohesive strength because,
when cured, it is irreversibly rigid and relatively unchanged by heat. However, the term epoxy can
also be used to indicate an epoxy resin thermoplastic or cured state [11].

Many researches about the Composites have been done. When epoxy resins are mixed with high-
strength carbon fibers, the product obtained is used in structural applications requiring high strength,
high stiffness and low weight. They are of relatively low density and they can be tailored to have
stacking sequences to provide high strength and stiffness in the directions of high loading [13-14].
Carbon nanotubes (CNTs) have been widely used in enhancing composites for its large specific
surface area, excellent mechanical properties, as well as good compatibility with the polymer [13].

Introducing CNTs to the surface of fibers to enhancement the interfacial properties of composites
considered as a hot topic. So far, several methods have been developed to introduce CNTs to the fiber
surface, such as chemical grafting and chemical vapor deposition. Both methods could effectively
introduce CNTs on the surface of CFs with strong adhesion, but the excessive chemical treatments and
the use of high temperature have hindered their practical application. Electrophoretic deposition is
another efficient way to introduce and incorporate CNTs in composites. However, it was woven
carbon fabric that was mostly used to receive CNTs, in which case CNTs were only deposited on part
of the fiber surface rather than all surfaces. Besides, the complicated process also limits its application
in industrial scale [15-18].

With comparison to above methods, sizing or coating fibers with CNT-containing sizing agent
exhibit excellent advantages for their simplicity and low-cost and show a great potential application in
industrial manufacturing of CNT/CF hybrid fibers [9-10].Generally, we can say that CNTs are used
with CF/polymer composites to produce hybrid CF/CNTg/ polymer composites in order to improve the
mechanical properties of CF/polymer composites [15-19]. Many experimental studies applied before
to introduce CNTjs into the CF/Epoxy resin system and from these researches we observed that the
addition of CNTjg occur via one route (epoxy resin or CF mat)[20]. Jianwei Zhang, Dazhi Jiang, Su
Jua, Hua-Xin Peng, improved mechanical properties of composite material based on carbon fiber (CF)
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reinforced epoxy resin by adding a small quantity of multi-walled carbon nanotubes (MWCNTs). 1 wt.
% MWCNTs were well dispersed in the epoxy resin and fiber filament wind process were used for
manufacturing the CF prepregs. The hybrid MWCNT/CF/epoxy composites were fabricated by laying
up technique. Investigation applied on tensile properties, interlaminar shear strength (ILSS) and
microstructures for the prepared composites [15].

In this work, a simple and clear method for addition of CNTg to the CF composite system was
produced. This technique depends on adding of CNTj to the CF/epoxy resin system through the two
routes of the composite system (epoxy polymer and CF mat). In this research MWCNTs was
introduced into CF and epoxy polymer separately in the first step. Then the MWCNTs/CF and
MWCNTs/epoxy polymer were mixed together to get the CF/MWCNTg/Epoxy Resin Composite.
MWCNTs was introduced into the CF composite system by divided the amount of MWCNTj into two
equal parts the first part added to epoxy polymer using ultrasonic bath sonicator and the second part of
MWCNTg sprayed into the surface of CF surface using spray gun then manufacture hybrid
CF/MWCNTg/Epoxy resin composite using 1% weight ratio from MWCNT;.

2. Experimental work

2.1. Materials

In this research the used fiber was T300 PAN carbon fiber manufactured from apolyacrylonitrile
precursor with moderate mechanical properties (strength; modulus) and with fiber yarn contains 3000
filaments purchased from Kunshan Samson composite material Co., Ltd, China. The polymer used in
this study is epoxy resin system with two components A epoxy (EPON 828) cured with B polyamide
(versamide 125) hardener. The used resin system purchased from Aladdin Company, China. The resin
system was prepared in proportions of 3:1 by weight. MWCNTg with a particle size 20-45 nm
obtained from Aladdin Co., Ltd, China.

2.2. Epoxy system preparation

The used resin system is epoxy resin consists of two parts; part A (EPON 828) polymer and part B
(versamidel25) as curing agent. The calculated amount of part A were carefully weighed and then
added the required amount of part B, then we stirring the mixture for 30 min using magnetic stirrer to
prevent air trapping with low velocity rate then put in ultrasonic bath sonicator for 30 min to achieve
good mixing.[13]. In case of addition MWCNTg to CF based composite, MWCNT; was added first to
part A in suitable beaker with stirring for 30 min for to achieve homogenous mixture and for good
distribution, then put in ultrasonic bath sonicator for 3 hours to achieve good distribution of MWCNTj
in epoxy, second step by adding part B to the mixture in ultrasonic bath sonicator for 30 min and in
this case the epoxy called modified epoxy resin, the last step by use the matrix contain MWCNTjg with
CF to produce composite material [21].

2.3. Composite sample preparation

In this paper the hand lay-up technique was used to fabricate the composite material samples. For
good impregnation of carbon fiber with epoxy matrix roller and brush were used. First the epoxy resin
was prepared as explained in paragraph 2.2. The CF mats treated first with acetone in order to
eliminate the sizing. In the case of sample C1 CF mat was cut in to adaptable size of 250*250 mm. the
brush was used coating the epoxy resin on the surface of CF. Then put and aligned the epoxy-coated
fiber tape together layer above layer then the prepared composite was covered on both the sides with
iron sheets and kept between the fixed and movable die of the compression molding machine under
5MPa pressure for 24 hours. In the case of sample C2 the same procedure in step A was used but by
using modified epoxy resin instead of normal epoxy resin. In case of sample C3 the half amount of
MWCNT; was added to epoxy resin as illustrated in section 2.2 to prepare modified epoxy resin and
the other amount of MWCNTjg was dissolved in 100 ml ethanol and the mixture put in ultrasonic bath
soincator for 1 hour then this mixture put in spray gun and sprayed on the surface of CF mat then the
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CF mat put in oven at 40 °C for 1 hour to evaporate the ethanol. The both modified CF mat and epoxy
were ready to use the same procedure in case of sample C1 prepare the composite sample C3.

2.4. Mechanical testing

The tensile test machine used in this research was universal testing machine (WDW-100), purchased
from Fangrui Technology Co., Ltd. Changchun, China) which used to measure all mechanical
properties for the prepared samples.

2.4.1. Interlaminer shear strength test results. According to the standard (ASTM D 2344) Short Beam
Shear Test Method can be considered as interlaminar shear test method that can be used to determine
shear strength of unidirectional lamina. It is used mainly as quality control test and a materials
screening. The test is relatively simple and a test can be done fast. We calculated and reported the
average value for five specimens of each sample.

2.4.2. Flexural test (the three-point bending test). Flexural strength can be defined as the maximum
stress developed when a specimen with bar shape is subjected as single beam to a bending force
perpendicular to the bar. The Flexural test was processed according to ASTM D790 with specimen
dimensions 12.7mm width, 200mm length and with span to thickness ratio = 32:1. For each sample
five specimens were tested and the reported value is the average value for the five specimens.

2.4.3. The tensile test. According to ASTM D3039 the sample specimen with 12.7mm width, 203mm
length and with thickness depend on a number of layers was used for the tensile test. We calculated
and reported the average value for five specimens of each sample. The Standard Flat shape for tensile
specimens is shown in figure 1.

38mm Aluminum

38mm

203mm
Figure 1. Standard Shape of tensile specimens.

2.5. Samples abbreviations
The abbreviations and formulations of the prepared samples used in this research explained in table 1.

Table 1. Details of sample composition

Sample Composition
abbreviations
C1 6layers[CF+ epoxy resin]
Cc2 6 layers [CF+ 1wt% MWCNTs+epoxy matrix]
MWCNT;s added via one route.
C3 6 layers [CF+ 1wt% MWCNTs+epoxy matrix]
MWCNT; added via the two routes.

3. Result and discussion

3.1. Tensile test result
From figure 2 the tensile properties of prepared composite samples can be seen. The figure shows that
there are three tensile strength values for three composite samples based on CF and have the same
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number of CF layers. The composite sample Clis based on CF/epoxy resin, the second composite
sample C2 is based on CF/1wt% MWCNTg/Epoxy resin in which CNTS added via one route and the
third composite sample C3 is based on CF/1wt% MWCNTgs/Epoxy resin in which CNTg added via two
routes. The results show that the tensile strength of sample C2 is higher than the tensile strength of
sample C1 by 9 %. The enhancement achieved due to addition of 1wt % of MWCNTj in to CF/epoxy
resin can be explained due to a stronger resin matrix caused by MWCNT  reinforcement and enhanced
matrix fiber interfacial interactions based on CNTg incorporation. The results show also that C3 is
higher than C2 by 10%.This is because adding of MWCNTjg through two routes in the same time (via
epoxy resin and CF mat) increase the possibility for good mixing and good dispersion of CNTy in to
the CF/epoxy resin composite system and this lead to stronger of resin matrix and improve matrix-
fiber interfacial interactions so increase the tensile strength.

Tensile strength(Mpa)

500
450
O Tensile
400 strength(Mpa)
350

C1 c2 C3

Figure 2. Tensile strength C1, C2 and C3.

3.2. Flexural test result

Figure 3 shows the flexural strength results of the three composite samples. From figure (3), it can be
seen that the flexural strength of sample C2 is higher than the flexural strength of sample C1 by 51 %.
The enhancement achieved due to adding of 1wt % of MWCNTj into CF/epoxy resin can be due to a
stronger resin matrix caused by adding MWCNTS and enhanced matrix fiber interfacial interactions
based on CNTjy incorporation. The results show also that the flexural strength of C3 is higher than C2
by 19%.This is because adding of MWCNTj through two routes at the same time (via epoxy resin and
CF mat) increase the possibility for good mixing and good dispersion of CNTj into the CF/epoxy resin
composite system and this lead to stronger of resin matrix and improve matrix-fiber interfacial
interactions so improve the tensile strength.

Flexure strength (Mpa)
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Figure 3. Flexural strength of C1, C2 and C3.
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3.3. Interlaminer shear strength test results

Figure 4 shows the interlaminer shear strength of the prepared composite samples. The results show
that Interlaminer shear strength of sample C2 is higher than the Interlaminer shear strength of sample
C1 by 33 %. The enhancement achieved due to adding of 1wt % of MWCNTj into CF/epoxy resin can
be due to a powerful resin matrix caused by adding MWCNTg and enhanced matrix fiber interfacial
interactions based on CNTjg incorporation.

Interlaminar shear strength (Mpa)

80
60
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Figure 4. Interlaminer shear strength of C1, C2 and C3.

The results show also that C3 is higher than C2 by 21 %.This is because the addition of MWCNTg
through two routes at the same time (via epoxy resin and CF mat) increase the possibility for good
mixing and good dispersion of CNTg into the CF/epoxy resin composite system and this lead to
stronger of resin matrix and improve matrix-fiber interfacial interactions so improve the Interlaminer
shear strength.

4. Conclusion

The introduction of CNTjg to the CF/epoxy resin matrix is one of the most effective methods for
improving and enhancing the interface between CF and epoxy resin and so improving the structural
properties as mechanical characteristics of the CF/epoxy resin composite. It was found that the method
of adding CNT;s into the CF composite system play important rule for increasing the interface bonding
between CF an epoxy polymer which leads to increase the mechanical properties of the prepared
composite. Three composite samples based on CF and epoxy resin were prepared C1[CF/epoxy resin
composite], C2IMWCNTs/CF/Epoxy resin composite] in which MWCNTs added via epoxy resin and
C3[CF/MWCNTs/Epoxy resin composite] in which MWCNTs added via CF and epoxy resin. The
results show that the mechanical properties of C2 as flexural strength, tensile strength and interlaminer
shear strength higher than C1 by 51%, 9 % and 33 % respectively. This is because adding of
MWCNT; to the CF/epoxy resin composite improves the epoxy bonding and the interface bonding
between CF and epoxy so improve the mechanical properties. It was found that tensile strength;
flexural strength and interlaminer shear strength of C3 higher than that of C2 by 10%, 19% and 21%
respectively. This is because adding of MWCNTjg via two routes (epoxy resin and CF mat) improves
the probability of good and homogenous mixing with epoxy resin and also good dispersion of
MWCNT;s on the surface of CF mat which leads to stronger the epoxy adhesion and improves the
interface between CF and epoxy so improve the mechanical properties.
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