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Abstract
In the current study, the nano-composites of unidirectional carbon and glass fiber reinforced-
epoxy resin with multi-walled carbon nanotubes (MWCNTs) were separately prepared by hand 
lay-up and hot pressing of fiber epoxy prepregs. Three types of MWCNT derivatives (parent-
CNT, low carboxylated CNT (LCCNT) and higher carboxylated CNT (HCCNT)) were dispersed 
into the epoxy resin/fiber composites. The improved mechanical properties observed in the 
three component composites could be attributed to the uniform dispersion of CNTs in epoxy/
fiber matrices, nanosize of the additives and the improved interfacial interactions between the 
composite components. The COOH functional groups could also be effective in the increase of 
mechanical traits because they induce the amphiphilic nature into CNTs for better dispersion 
and to generate the better glass fiber/epoxy (E/G) and carbon fiber/epoxy (E/C) interactions. 
HCCNT led to the best mechanical properties among all the samples due to its higher carboxyl 
content. HCCNT also changed the curing peak of epoxy in DSC and improved its thermal stability. 
For instance, the final residual mass for E/HCCNT was 15.4% at 600 °C compared to 13.92% 
for the pure epoxy while the values of 17.55 and 16.48% were observed at 500 °C for E/HCCNT 
and epoxy, respectively. The observed effect of COOH functionality on the void formation within 
the composite and on the better CNT dispersion in the matrix can be considered as an important 
observation for investigating the E/C/CNTs nanocomposites.
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1. Introduction
Multi-component materials, especially polymer composites 

are usually prepared in order to improve the characteristics 
of materials or provide samples with unique properties for 
using in applications such as sensors [1]. Also, these types 
of composites have present interesting usages in the fields of 
bio-composites [2-3], recycling [4], and also the laminated 
materials such as fiber/epoxy composites [5].

Glass fiber composites are one of the layered composites that 
have industrial applications [6], such as their employment in the 
airplanes and the radar antennas [7]. Carbon fiber reinforced 
composites have also been employed in the usages, e.g., railway 
interior applications [8] and fuel tank of launch vehicles [9]. 
Nevertheless, the cryogenic aging of the tanks and the micro-
cracks grown in the composite matrix due to the difference in the 
coefficients of thermal expansion of the composite components 
are from issues that accompany this composite type [10].

Despite the advantages of multi-layer composites, they have 
exhibited the weakness between layers, i.e., in perpendicular 
to the fiber direction [11] and also weak interlaminar shear 
resistance [12]. These mechanical issues can result in the 
important problems especially in the structural and construction 
applications. Thus, improve their transverse properties, for 
example by nano fillers can lead to the important development in 
these materials [13].

Carbon nanotubes (CNTs) due to their unique traits such as 
low coefficient of thermal expansion, have been widely used in 
recent years to strengthen the mechanical properties of various 
nanocomposites. Nevertheless, CNTs are still of interest for using 
in the various researches [14], and to improve the characteristics 
of fibrous composites [15]. Tendency to agglomeration in 
CNTs could result in unwanted stress concentrations that can 
be the starting point for failure during loading. The uniform 
dispersion of CNTs in the polymer matrix can be improved by 
growing the various functional groups on their surfaces [16]. 
Moreover, the good dispersion of CNTs into epoxy matrix can 
strongly affect the matrix-dominated mechanical properties via 
improving the interfacial stress transfer between the composite 
components by the bridging effect [17]. 

Incorporating the various nanoparticles into the epoxy resin 
and/or epoxy/fiber composite to enhance the characteristics 
of the polymer matrix is the typical method [18]. For example, 
Kim et al. [19] investigated the enhancement effect of MWCNTs 
on the crack growth resistance in the CNT/carbon/epoxy 
nanocomposites at a cryogenic temperature. Hossain et al. 
employed the XD-grade CNTs for reinforcing E/C composites 
[20]. Rana et al. developed reinforced E/C composites by adding 
single-walled CNTs into the epoxy matrix [21]. Taş and Soykok 
reported a remarkable improvement in the bending strength 
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by compositing CNTs with carbon fiber-based composites [22]. 
It is worthy of note that in our previous paper, the dynamic-
mechanical properties of the laminar E/C composites were 
improved by adding the carboxylated CNTs to the E/C matrix [5]. 

On the basis of this introduction, we incorporated 
parent-CNT, LCCNT and HCCNT into the E/C and E/G 
composites separately in order to verify the impact of COOH 
functionalization and its content on the mechanical behavior 
of E/C composite in perpendicular to the fiber orientation. 
The hand laminating and compression molding methods were 
employed to prepare the E/fiber/CNT nanocomposites.

The present study is important, because strengthen the 
fiber/epoxy composites is the essential requirement in these 
materials. Also, studying the effect of COOH content in the 
CNT nanoparticles on E/C characteristics is a new study 
that could be developed to other functionalities such as 
amide, hydroxyl, silane, etc. Also, based on the requirement 
of polymer engineers to the high modulus but lightweight 
materials, E/C/HCCNT can be considered as the interesting 
composite for structural applications.

2. Materials and experiment
2.1 Materials

The unidirectional carbon fiber, UD T200 with the surface 
area of 200 gr m-2 were supplied by PMP Co. (Tehran, Iran). The 
unidirectional glass fiber (L300E10C-0) with the surface area of 
300 gr m-2 was purchased from Metyx (Turkey). Bisphenol-A 
diglycidyl ether (Epikote 828) as the epoxy matrix was supplied 
by Momentive (USA) with epoxy group content of 5.34 mmol g-1. 
The dicyandiamide (DICY) curing agent with the melting point 
of 208-211 ºC and average particle size of 150 μm was obtained 
from AlzChem Co. (Germany). 1-Methylimidazol (DY070) 
purchased from Huntsman company (Unaited States) was 
employed as a curing accelrator. Three kinds of MWCNTs as the 
nano reinforcement filler were supplied by American Elements 
Company, USA (see Table 1). The length and true density of 
CNTs were 10-30 µm and 2.1 g cm-3, respectively.

Nano particle Special surface area 
(m2/g)

Outer diameter 
(nm)

COOH 
(wt%)

Parent-CNT 200 10-20 0

LCCNT 200 10-20 2

HCCNT 500 <8 3.86

 Table 1 The specifications of the used MWCNTs derivatives
 1. táblázat A használt MWCNT-származékok specifikációi

2.2 Instrumentation
A homogenizer (Polytron, PT6100, Kinematica) was 

employed to strongly agitate the epoxy/CNT mixtures and 
achieve the homogeneous dispersion of CNT nanoparticles 
within the prepared mixtures. The ultrasonic bath (LBS2 series, 
FALC instruments) was applied for the better dispersion of the 
CNT nanoparticles in the mixtures. The viscosity determination 
of the mixtures was accomplished via Brookfield viscometer 
(RVDV-II+Pro model) based on the ASTM D 2196 standard 
method. For this purpose, a certain quantity of the desired 
mixture (around 3 to 7 cc) was poured into the chamber of the 

device and the viscosity of the sample was measured at the desired 
temperature using Spindle 14. The curing behavior of the epoxy 
mixtures was analyzed via a differential scanning calorimetry 
(DSC) by using a NETZSCH DSC 200 F3 instrument. All 
experiments were conducted under a nitrogen flow of 50 mL min-1 
at the heating rate of 10 ºC min-1. Thermogravimetry analysis 
(TGA) measurements of the cured epoxy mixtures were carried 
out on STA thermal analyzer (STA625 model) at the heating rate 
of 10 ºC min-1 under a nitrogen atmosphere. The gel time of the 
uncured epoxy mixtures was recorded on the basis of ASTM 
D4217 standard test method by using a 15SB-90FA bath (Italy) 
at three different temperatures of 110, 120 and 140 ºC. WEGA/
TESCAN scanning electron microscope (Czech Republic) was 
employed to study the morphology of the nanocomposites and 
the MWCNs dispersion in the matrix. Before performing the 
microscopy analysis, the ready composites were coated with 
a thin film of gold under vacuum via sputter coater (K450X, 
EMITECH, England). 20 kV was chosen as a convenient voltage 
of SEM filament. The tensile tests were accomplished on the 
basis of the ASTM D3039 standard test method on a universal 
testing machine (UTM, 150 kN, Santam, Iran). The crosshead 
speed of the machine was constant at the rate of 2 mm min-1. The 
three point bending test was done according to ASTM D790-10 
standard test method with sample dimensions of 60 × 13 × 3 mm3 

on the universal testing machine (UTM, 150 kN, Santam, Iran). 
The Izod notched impact test was caried out on the basis of 
the ASTM D 256 standard test by using Zwick impact tester, 
model 5102. For investigating the lap shear strength of the 
prepregs based on the ASTM D1002 standard test, aluminum 
plates series 5000 were employed with 2 mm thickness and the 
dimensions of 25 mm ×102 mm. Aluminum surface was treated 
with sand blasting paper no. 150, degreased with distilled water 
and acetone and then dried in oven for 2 h in order to better 
adherence of prepreg to the plate. Then, one ply of prepreg with 
the dimensions of 25 mm × 17 mm was cut and put on the treated 
part of aluminum with the overlap region of 13 mm × 25 mm. 
The samples were cured in a hot press at 140 °C and 25 bar for 
45 min after which cooled to room temperature. Finally, the lap 
shear tests were carried out using a Santam tensile instrument 
(STM-150) with crosshead speed of 1.3 mm/min and load cell 
of 2000 kg. The lap shear strength was calculated by dividing the 
maximum force (to failure the sample) to the overlapping area. 
The hardness tests were carried out on Shore D hardness tester 
(GOTECH, GT-GS-MB).

For the fracture toughness measurements, the standard 
test method of ASTM D5045 was employed for providing the 
test requirements and the three-point single-edge notch bend 
(SENB) specimens. An initial crack (6 mm) was machined 
in the specimens and a natural crack was created by tapping 
on a fresh razor blade placed in the notch. The tests were 
accomplished in the flexure mode using a 150 kN Santam UTM 
instrument at a crosshead rate of 1.5 mm min-1 at ambient 
temperature. The fracture toughness values were computed in 
the terms of plane strain critical stress intensity factor, KIC, by 
using the following equation [23]:

 (1)
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where B and W are the thickness (cm) and the width (cm) 
of specimen, respectively, PQ is the critical load to propagate 
the crack (kN), and f(x) is a non-dimensional shape factor 
calculated via the following relationship [23]:

 (2)

where a is the crack length (cm) and  .

2.3 Preparation of the pure epoxy sample
A mixture of epoxy resin and the dicyandiamide (DICY) 

curing agent was obtained by mixing 7 phr of DICY with 
100 phr of epoxy resin. Then, the prapared mixture was 
homogenized at 3000 rpm via a homogenizer for 60 min at 
room temperature. At the last 3 min of the homogenization 
proccess, 1-methylimidazol (0.6 phr) was added as an curing 
accelerator to the mixture. The contents of DICY and the 
1-methylimidazol in the prepared composites were as the 
previously used in [5] and [23].

2.4 Preparing the mixtures of epoxy/MWCNT derivatives 
DICY (7 phr) and the MWCNT (0.2 phr) were properly 

mixed with 100 phr of the epoxy resin by using a glass rod and 
then the sonication at 25 ºC in an ultrasonic bath for 15 min. 
Afterward, the provided mixture was homogenized at 3000 rpm 
by a homogenizer for 60 min at ambient temperature. Then, 
1-methylimidazole (0.6 phr) was added to the mixture and 
additionally homogenized for 3 minuets at the same rate. This 
final mixture was sonicated (60 kHz) at 25 ºC for 15 min before 
being used for wetting the carbon fibre in order to providing 
the desirabale prepregs. The general protocol for preparation of 
the epoxy/MWCNT mixtures is shown in Fig. 1.

 Fig. 1 Schematic representation of the procedure taken for the preparation of E/CNT 
mixtures

 1. ábra Az E/CNT keverékek előállításánál alkalmazott eljárás sematikus ábrázolása

2.5 Preparation of the prepregs
A sample of carbon fiber was impregnated with the pure 

epoxy resin or the mixture of epoxy/MWCNT, such that the 
ratio of fiber to resin was kept at 50±2 wt% to assure all the 
fibers are homogeneously impregnated with the resin mixture. 
The prepared prepreg (impregnated single layer of the carbon 
fiber) was provided for the next processing stages of lay-up and 
curing via the hot press to leave the final composite samples. The 
simmilar protocol was used to providing the glass fiber prepregs.

2.6 Preparing the composite samples 
The proper number of the carbon/epoxy prepregs were laid 

up and the prepared hand lay up laminate was placed between 

two layers of teflon film in an steel frame with the favoraite 
thikness. The thickness of the frames used here were on the 
basis of the corresponding ASTM standard test method 
for each mechanical test. Then, the compression-molding 
of the hand lay up sample via hot pressing at 140 °C under 
30 bar for 1.5 h left the final nanocomposites. After cooling 
the cured samples to ambient temperature, specimens with 
the certain dimensions were cut for using in the desired tests. 
The glass fiber reinforced samples were also prepared by the 
same methodology as used for the carbon fiber-incorporated 
composites.

2.7 Resin content of the prepregs and the nanocomposites
Thermal pyrolysis method at the elevated temperature was 

used to determine the resin content of the glass fibers-based 
composites. In other words, the difference between the initial 
and final weights of the nanocomposite after completely 
burning of epoxy matrix, was designated as the resin content. 
Due to the thermal dcomposition of carbon fiber at the elevated 
temperatures higher than 600 ºC, acid digestion protocol was 
applied to evaluating the resin content of the E/C composites. 
In other words, the given amounts of the composite (initial 
weight) were soaked in sulphoric acid and after completely 
dissolving the resin, H2O2 was slowly poured into the mixture. 
At the end, after washing the acid digested sample with 
deionized water and then drying it, the dried carbon fiber was 
weighed (final weight) and the difference between the final and 
initial weights was designated as the resin content. 

2.8 Flow test
To determine the epoxy resin flowed from the fiber prepreg 

under the given pressure, the several samples of the prepreg 
(with known dimensions) were cut and placed under the hot 
press at 30 bar and 135 ºC for 15 min. Then, after cooling the 
sample to room temperature, the weight loss of the initial 
prepreg was defined as the resin flow.

3. Results and discussion
3.1 Viscosity of the epoxy mixtures

The viscosity of the epoxy resin mixtures was obtained at 
three temperatures and the results were tabulated in Table 2. 
It was found that the MWCNTs and its derivatives led to the 
increased viscosity in the nanocomposites as compared to the 
pure epoxy resin. Whereas the significant differences were not 
observed between the viscosities of the CNT-contained epoxy 
mixtures. 

Sample
Viscosity (cP)

30 ºC 60 ºC 90 ºC

E 11660 375 75

E/Parent-CNT ~13300 ~460 ~112

E/LCCNT ~13400 ~470 ~114

E/HCCNT ~13450 ~480 ~115

 Table 2 The viscosity results of the epoxy resin and its nanocomposites
 2. táblázat Az epoxigyanta és nanokompozitjainak viszkozitási eredményei
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3.2 Resin content of the samples
After the resin content determination of the nanocomposites, 

the values of 45% ± 2 and 40% ± 2 were obtained for E/C and 
E/G samples, respectively. While, the flow test results showed 
that ~18% ± 1 of the resin is flowed from the epoxy-wetted 
carbon and glass prepregs.

3.3 DSC analysis of the uncured epoxy
The DSC results of the different epoxy formulations can 

be observed in Fig. 2. It can be found that the curing peak of 
epoxy resin has been shifted to the lower temperatures after 
incorporating CNTs to the epoxy samples. It can be seen that 
the curing temperature range has decreased from ~120-187 °C 
for the pure epoxy resin to ~115-176 °C for the CNTs contained 
nanocomposites. This decrement of the curing temperatures can 
be related to the accelerating effect of CNT on the epoxy curing 
process due to its nanoscale size and COOH functional groups. It 
is worthy of mention that the heat of curing reaction (mJ mg-1) for 
the nanocomposites were ~1 to 3.7% higher as compared to the 
pure epoxy showing the promoting effect of CNT on the epoxy 
curing.

 Fig. 2 DSC thermographs of the uncured epoxy resin and its mixtures with 
MWCNTs

 2. ábra A kikeményítetlen epoxigyanta és MWCNT-vel alkotott keverékeinek DSC 
termográfiája

3.4 Gel time determination of the epoxy resin mixtures
Gel time value is the essential parameter required to 

evaluating the optimized condition of the prepregs preparation. 
In other words, at the gel point, the prepregs processing and/or 
preparation could be difficult. On the other hand, the parameter 
implies the reactivity of the corresponding accelerator [35]. In 
this test, during the heating period, the samples were stirred 
continuously with a glass rod. The resin viscosity was firstly 
decreased due to the increased molecular movements and then 
was increased gradually that attributed to the crosslinks created 
between the epoxy chains. Afterward, it showed an elastic 
behavior (rubber like) and finally reached the gel state that at 
this point, the recorded time was designated as a gel time. The 
gel time of different samples was measured at the temperatures 
of 100, 120 and 140 °C and the obtained data were tabulated 
at Table 3. It can be found that the gel time of the epoxy/CNTs 
mixtures is decreased at 100 and 120 °C in comparison to the 
pure epoxy resin, while all the samples were gelled at ~3 min 

at 140 °C. This can be attributed to the increasing effect of 
carbon nanotubes on viscosity and gelling process of epoxy. 
This reduce of gel time upon increasing temperature, is logical 
due to increasing the molecular movements after temperature 
increment.

Sample
Gel time (min)

100 ºC 120 ºC 140 ºC

E/C ~37 ~12.0 ~3

E/C/Parent-CNT ~25 ~11.6 ~3

E/C/LCCNT ~24 ~11.0 ~3

E/C/HCCNT ~22 ~10.2 ~3

 Table 3 The gel time values of the epoxy resin mixtures
 3. táblázat Az epoxigyantakeverékek gélesedési ideje

3.5 TGA analysis of the cured epoxy mixtures
TGA analysis results for the cured epoxy resin and its 

nanocomposites with Parent-CNT, LCCNT and HCCNT are 
shown in Fig. 3. It is obvious that CNT derivatives (0.2 phr) 
have not been caused the observable effect on the thermal 
degradation temperature of pure epoxy. While, pursuant to 
the residual content of the samples at various temperatures 
(e.g., 500 and 600 °C), it can be concluded that the carbon 
nanotube samples improve thermal stability of pure epoxy 
resin. On the other word, the solid content of the pure epoxy, 
E/parent-CNT, E/HCCNT and E/LCCNT were 16.48, 16.44, 
16.76 and 17.55% at 500 °C and 13.92, 14.3, 14.3 and 15.44% 
at 600 °C, respectively. It is clear that HCCNT has been led to 
the highest thermal stability in the epoxy as compared to other 
nanoparticles, because it contains the more COOH content 
(and also the higher polarity) in comparison to other two CNTs.

 Fig. 3 TGA traces of the cured epoxy resin and its nanocomposites with MWCNTs
 3. ábra A kikeményedett epoxigyanta és nanokompozitjainak MWCNT-vel készült 

TGA nyomai

3.6 SEM microscopy
The SEM micrographs of E/C and its nanocomposites with 

MWCNT derivatives [9], were explained based on the voids 
appeared in the sample matrices and on the uniformities 
of the micrographs, as Seki interpreted the SEM images of 
polyester/jute fiber/epoxy composites on the basis of the holes 
observed between the fiber and resin [24]. The large holes in 
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the micrograph of the pure E/C composite indicate the weaker 
bondings between the epoxy and the fiber. These voids become 
even greater when the parent carbon nanotube is added to the 
E/C composite. The SEM micrographs of the nano-composites 
contained either LCCNTs or HCCNTs exhibited no remarkable 
holes/voids in the E/C interface indicating the enhanced 
bonding between the components. Additionally, the SEM 
micrograph of E/C/parent-CNT was found to be rougher in the 
surface than other nanocomposites maybe due to its tendency to 
agglomeration and inappropriate dispersion in comparison to 
E/C/LCCNT and E/C/HCCNT. On contrary, the micrographs 
of E/C/LCCNT and E/C/HCCNT demonstrate the enhanced 
smoothness and uniformity that can be atrributed to fine 
dispersion of these CNTs into the polar epoxy matrix. The polar 
COOH groups remarkably participate in hydrogen bonding 
and also in dipole-dipole interactions consequently enhance 
the compatibility of these nanoparticles with epoxy resin. Here, 
the oxidized MWCNTs can be amphiphilic materials because 
of presence of the bearing polar COOH groups and the non-
polar carbonaceous backbone. This amphiphilic nature allows 
them to having the π- π and non-polar interactions with the 
carbon fibers and to create the dipole-dipole interactions in 
the same time with the polar segment of epoxy. Beside these 
stacking forces, the carboxylated CNTs can covalently link to 
the epoxy chains through reaction of epoxy rings with carboxyl 
groups. Further, the chemical bonding between epoxy and 
COOH groups can be accelerated by DICY curing agent (Fig. 
4). Due to these interfacial interactions, LCCNT and HCCNT 
acquire the better dispersion into epoxy resin causing the 
smooth appearance and the better mechanical properties. 
Similar interfacial interactions were previously observed from 
SEM images by Ma et al., i.e., they demonstrated that silylated-
CNTs are dispersed more uniform than pure CNT into epoxy 
matrix [25].

 Fig. 4 The expected interactions between carboxylated CNTs and composite 
components

 4. ábra A karboxilezett CNT-k és a kompozit komponensek várható kölcsönhatásai

SEM images for the E/G composites can be seen in Fig. 5. 
It can be seen that the image of the pure E/G composite is 
smoother and smoother than the prepared nanocomposites. 
After adding Parent-CNT into the composite bulk, its 
hydrophobicity could be led to create some voids between 
the resin and the fibers. As found for the carbon fiber-based 
nanocomposites, here, LCCNT and HCCNT also were found 
to be smoother in SEM image and better in dispersion as can 
be seen in the micrographs. In other words, the uniformity and 
smoothness of the microscopic images were as the order of 
HCCNT > LCCNT > Parent-CNT.

 Fig. 5 SEM images of (a) E/G, (b) E/G/Parent-CNT, (c) E/G/LCCNT and (d) E/G/
HCCNT

 5. ábra (a) E/G, (b) E/G/Parent-CNT, (c) E/G/LCCNT és (d) E/G/HCCNT SEM-
képei

3.7 Mechanical properties of E/C/CNT nanocomposites
The order of E/C < E/C/Parent-CNT < E/C/LCCNT < E/C/

HCCNT was found for the flexural modolus values of the 
samples (Table 4). Among the samples, HCCNT showed the 
highest impact on the flexural modolus. It is worthy of note 
that the rising impact of CNTs on flexural modolus of E/C 
composite have also reported in [22]. The increasing order was 
found in the bending strength values similar to the flexural 
modolus data (Table 4). In this case, E/C/HCCNT with 
bending strength of 85±8 MPa was seen to be the strongest 
sample in the bending deformation among the samples. In 
the bending tests perpendicular to the UD fibers, the epoxy/
fiber interface intractions are not dominant parameter on the 
mechanical charcateristics. This can be etributed the fact that 
the fibers are distinc from each other in this direction, while 
the epoxy/CNT interactions are dominant and could influence 
on the mechanical characteristics of the UD fiber-based 
nanocomposites.
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On the basis of the fracture toughness results (Table 4), it is 
obvious that the CNT samples have exhibited the improving 
effect on the fracture toughness values for the corespounding 
composites as obsrved in the bending analysis of the samples. 

Impact resistance is defined as the material resistance to 
breaking under a shock loading or the fracture under the 
applied force at the high speed (low period of time) [26]. The 
growthing order of E/C < E/C/Parent-CNT < E/C/LCCNT < 
E/C/HCCNT was observed for the studied samples as apeared 
for othe mechanical characteristics. The enhancing effect of the 
pure MWCNT nanoparticles on the fracture toughness of the 
E/C composites have also been explained in [27] that can be 
useful for the better realization of the results in the present study.

The hardness of the samples was conducted based on Shore D 
hardness test. As can be seen in Table 4, the CNT samples led 
to the increasing effect on the hardness of the E/C composite 
that the maximum values were observed for E/C/HCCNT. It 
is interesting to mention that the similar Shore D values have 
been presented by Zakaria et al. [28] for other carbonous 
material (graphite) as a reinforcing filler.

The results of the lap shear test tabulated in Table 4, show the 
higher lab shear strength for E/C nanocomposites containing 
CNTs compared to the pure epoxy. This can be atributed to the 
better missibility/bondings between the nanoparticle and the 
E/C composites. HCCNT due to its higher polarity exhibited the 
more increasing effect on the values of the lap shear strength as 
compared to other two CNT samples. Also, CNTs and COOH 
functionality can lead to adhesive propertied of the prepregs to 
the aluminium plates as. For example of the effect of nanopartices 
on the lap shear srtength, the lab shear strength values of the 
pure epoxy adhesive and its nancomposites with nanoalumina 
were found to be in the range of 4.39-6.83 MPa [29]. 

Generally, the same increasing order observed in all the 
mechaniccal tests for the samples can  be assigned to the inherent 
reinforcing ability of the CNTs and also to the good interactions 
between the composite components thereby which the transfer 
of the impact energy between the phases of the composites can 
be improved. CNTs can form the interactions in the form of Van 
der Waals and π – π interactions with the E/C matrix. However, 
HCCNT and LCCNT can even form the conalant bonds with 
epoxy chains via their COOH functional groups. Moreover, the 
amphiphilic characteristic of HCCNT (COOHs interact with 
the epoxy segments, wherase the carbonous parts interact with 
the carbon fiber) could lead to the improvement effect on the 
E/C interface cohesion and the better stress transfer from epoxy 
to fiber and conversely, from fiber to epoxy. Also, the HCCNT 
polarity can be led to enhance its dispersion in the epoxy matrix 
(as seen in its uniform and free of void SEM micrograph) that 
the proper dispersion is very important to reaches the favorite 

properties. Althought the effects of LCCNT and HCCNT were 
more than that of  Parent-CNT due to their amphiphilic nature 
and the higher COOH content as compared to the pure CNT. The 
better performances of LCCNT and HCCNT on comparison to 
Parent-CNT are expectable owing to their better bondings with 
the polar epoxy resin due to their COOH functionality. It can 
clearly that the values of E/C/LCCNT are higher than that of 
Parent-CNT, however the diameter of LCCNT and parent-CNT 
is equal to ~10-20 nm. Thus, it is concluded that the effect of 
COOH content on the fracture toughness values is remarkable 
and more predominant in comparison to the diameter of CNTs.

3.8 Mechanical properties of E/G/CNT nanocomposites
As shown in Table 5, the order of E/G/HCCNT > E/G/LCCNT 

> E/G/Parent-CNT > E/G was observed for the values of bending 
strength and flexural modulus of the E/G-based samples. This 
could be due to the inherent reinforcing properties of carbon 
nanotubes and different quantities of COOH functional group 
on the CNTs surfaces. In order to confirm the experimental data, 
the results were compared with the reported ones in literature, 
the results of the present study were in accordance to the ones 
published in literature. For instance, the improvement in 
modulus and bending strength of E/G composite was developed 
by adding CNTs into them [30-31].

Based on the results of the fracture toughness test (Table 5), 
Parent-CNT exhibits a higher fracture toughness than the 
E/C composite, which can be attributed to the small size of 
the nanoparticles and the intrinsic high modulus of CNTs 
that inherently strengthen the epoxy resin. While, the better 
performance of HCCNT and LCCNT than that of Parent-
CNT can be due to their better interactions with the composite 
components. The enhancing effect of CNTs on fracture 
toughness of E/G composite have also been observed in [30]. 

Here, the increasing effects were laso found for CNTs on 
the impact test results of the glass fiber-based nanocomposites 
similira to other mechanical properties. The imrovment effect 
CNTs on the impact strength of E/G composites have also been 
reported by Zulfli et al. [30].

The similar changes were observed in the lap shear strength 
values of the samples (Table 5). This can be assigned to the 
improving effect of CNTs on the adherence between the glass 
prepreg and aluminum plates and also to their reinforcing 
effect on the fiber. The similar alterations were obsrved in the 
lap shear strength values of the samples (Table 5). It should be 
noted that the increases impacts on lap shear strength of epoxy 
material by CNTs have been reported in some studies [32-33].

In the hardness tests (Table 5), it was observed that Parent-
CNT nanoparticles do not have a significant effect on the 
hardness of E/G composites, while the effects of LCCNT and 

Sample Hardness 
(Shore D)

Lap Shear Strength  
(MPa)

Impact Strength
(J m-2)

Fracture Toughness
(MPa m1/2)

Bending Strength  
(MPa)

Flexural Modulus  
(GPa)

E/C 64±1.2 10.7±0.8 86±1.2 6.4±0.37 45±5.5 5.4±250

E/C/Parent-CNT 65±1.0 11.0±0.8 96±8.0 6.9±0.39 47±6.0 5.8±300

E/C/LCCNT 69±0.7 11.4±0.5 97±5.0 10.9±0.6 70±6.0 6.5±150

E/C/HCCNT 73±1.7 12.0±0.7 100±6 11.1±0.4 85±8.0 8.3±300

 Table 4 The mechanical characteristics of the carbon fiber-based samples
 4. táblázat A szénszál alapú minták mechanikai jellemzői
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HCCNT derivatives are more significant. This can be related to 
the increase of interfacial interactions in the nanocomposite and 
also to  intrinsic reinforcing effect of CNTs. As a comparision 
with the reported studies, it was found that Mahadevaswamy et 
al. have also observed an increasing effect of MWCNTs on the 
hardness of E/G matrix [31].

It is clear that the presence of COOH functionality on the 
CNTs surface can play an important role on the mechanical 
properties of the prepared nanocomposites. These observations 
can be explained through the type of functional groups, the 
nature of glass fiber and epoxy resin, and the CNT distribution 
in nanocomposite bulk. It is expected that the COOH-
functionalized CNTs exhibit stronger interactions with the 
fiber (containing SiO2 units) and epoxy (containing OH and 
epoxide groups) than the parent-CNT. However, due to their 
weaker interactions with the composite bulk, the pure-CNT has 
revealed the less reiforement in the E/G composites compared 
to the functionalizec-CNTs. The properties can be a function 
of nanoparticle distribution in the texture of composites, the 
strength of E/G and nanoparticle/epoxy interactions, and the 
potential of nanoparticles to agglomerate. In general, fillers can 
strengthen polymers by four mechanisms, 1- inherent strength 
of the filler, 2- reducing the movements of polymer strands, 
3- improving the interaction between composite ingredients 
and 4- interlayer stress transfer. Here, parent-CNT cannot create 
better interactions with epoxy fibers than LCCNT and HCCNT, 
thereby which the mechanical characteristics of E/G/Parent-CNT 
was found to be lower than the samples containing functionalized 
nanoparticles. Moreover,the imaginable accelerating effect of the 
functionalized CNTs on the curing process of epoxy (represented 
in Fig. 4) can also be occurred and effective in the case of E/G 
composites. The positive effect of pure carbon nanotubes on 
these mechanical property can be related to its inherent strength. 
But in the case of functionalized CNTS, the functionalization 
can affect on the CNT dispersion and E/G intractions as well as 
intrinsinc reinforcing effect of CNTs.

4. Conclusions
The multi wall carbon nanotube and its derivatives were 

successfully incorporated within the E/C and E/G composite 
separately via the hand lay up of the fiber prepregs and then 
compression moulding by using hot press. The SEM analysis 
confirmed the good dispersion of HCCNT and LCCNT samples 
into the epoxy/fiber matrices as compared to the Parent-CNT. 
The mechanical analyses showed the improveing effects of the 
carbon nanotube samples on the epoxy/fiber matrices as the order 
of HCCNT > LCCNT > Parent-CNT. In other words, HCCNT 
considerablely improves the mechanical characteristics of the 
nanocomposites in comparision to LCCNT and Parent-CNT. 

This could be ascribed to its higher COOH content as compared 
to other CNTs. Undoubtedly, COOH functionality can induce 
amphiphilic nature into CNT and  affcet the CNT dispersion in 
the epoxy and its iteractions with the composite components. 
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