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Abstract— Carbon nanotubes (CNTSs) got great attention
because of their interesting physical and mechdnica
properties. Due to these interesting propertieseobsd

at the nanoscale have motivated scientific communit
utilize CNTs as reinforcement in composite matsridh

the present study, different CNTs and epoxy nano-
composites with different wt% (1, 2, 3, and 4%)f-of
MWCNTs were prepared and their surface morphology
and orientation has been investigated in detailrtker,

the surface investigation, electrical and mechahteats
were carried out on CNTs-filled and unfilled epoaty
maximum sonication time 30 minute to identify the
loading effect on the properties of the materials.
Experimental results depicts well dispersion of f-
MWCNTSs, significant improvement that the resistiat
pure epoxy decreased from®10.m to average valug0®
OQm with 1, 2, 3, and 4wt% f-MWCNTs. The 4.5wt%
CNTs/epoxy was attributed to poor dispersion of f-
MWCNTs in the nanocomposte. The hardness of
nanocomposite loading 1, 2, 3, 4wt% of CNTSs, inseea
20.7%, 23.02%, 25.62%, 29.09% respectively as
compared to pure epoxy. We believe that our styafeg
obtaining CNT-reinforced epoxy nanocomposites is a
very promising technology and will open a new ddars
fields of aviation, aerospace, marine and sportjogds.
Keywords—Carbon nanotubes, epoxy, composite
materials, surface morphology, electrical resistiui

l. INTRODUCTION

Carbon nanotubes (CNTs), with their interesting
electrical, mechanical and thermal properties cowbi
with their dimensions have become important for ynan
applications in nanotechnology such as nano-wires,
transistors, field emitters, reinforced nano-conigssand
conducting filler in insulating materials. [1] Redag
extraordinary mechanical properties CNTs is useillas

to improve the mechanical properties of polymer
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composites. Furthermore, to strengthen variousttral
materials CNTs are used as additives in tiny poréa.
baseball bats, golf clubs, or car parts [2-3]. idt
considered as one of the strongest materials inetse
having Young’'s modulus 270 - 950 GPa and tensile
strength of 11 - 63 GPa. This strength is due twalemt
bonds formed between the individual carbon atom$]4

In polymer composite materials covalent? bpnds
between carbon to carbon and hydrogen atoms is
responsible for specific strengtolymer composite have
desirable properties to enhance the reinforce MWENT
however the mechanical properties of composite also
depend on the quality of CNTSs, dispersion, aligninzerd
interfacial bonding between CNTs and the matrixeSgh
composites have excellent properties in the fiefd o

aerospace application, electronics and automotive
industries. Several reports have concluded the
enhancement in mechanical properties of non

functionalized CNT based polymer nanocomposites due
to better surface interfaces but in some repor&snital
functionalization have been utilized in order tophove

the efficiency [6-8] Recently, more research intése
explode towards the functionalized multi-walled &ar
Nanotubes on epoxy matrix composites due to their
extensive potential applications in different fiele.g.
electronics, aerospace automotive and sports indsist
Zhouet al.[9] prepared CNTs epoxy composite material
which is obtained using ultra sonication method,
mechanical test results showed that modulus, tensil
strength and fracture toughness properties enhabge
different loading of CNTs as compare to pure epdut,

in higher loading system the poor dispersions off€

the composite. Masest al. [10] studied the mechanical
properties of CNTs epoxy composite material. The
0.1wt% CNTs results showed the young modulus and
tensile strength is increases by 1.2% and 5.5%
respectively compare to pure epoxy. Husatml. [11]
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has prepared the CNTs epoxy composite materiahgavi
CNTs different loading weight percentages and fotlad

the flexural and tensile modulus was improved as
compare to pure epoxy. Womg al.[12] also studied that
there was a significant improvement in young's mosu
hardness and tensile strength of CNTs functionadize
non- functionalize composite material. In the pntse
study, we demonstrated successfully the disperstdns
functionalized MWCNTSs in epoxy resin with different
wt% and sonication time using a microfluidic proxas
and their effect on the structural, mechanical and
electrical properties. Analysis and microstructprevide
new insight occur during process.

Il. EXPERIMENT
2.1. Method and Material:
The materials used in this study were of analytgralde.
Functionalized Multiwall carbon nanotubes with NH
content (f-MWCNTS) purity ~ 95%, were obtained from
Chengdwrganic Chemicals Co. Ltd Chinese Academy of
Sciences. Epoxy resin (5052) and Hardener
(dicyandiamide) was provided by National Center for
Physics (NCP) Islamabad, Pakistan.
In the present work the f-MWCNTSs/epoxy
nanocomposites were prepared by solution mixing
method. These epoxy composites were prepared mgtak
loading of -MWCNTs 1,2,3,4 and 4.5wt% in the epoxy
resin. The f-MWCNTs were first dispersed in ethanol
solution and placed on sonication only for 10 ménut
after complete evaporation of ethanol the f- MWCNTs
was added to the known amount 15g epoxy resin and
sonicated for 10 minute at temperature 69°C.After
sonication 5.0g mixture of -MWCNTs/epoxy added to
1.9g hardener, then mixed through glass rod inakdre
and placed in a column which is our first requiaegle.
The rest of 10.0g mixture of f-MWCNTSs/epoxy is aga
placed on sonication for 10 minute heated at teatpes
69°C, again 5.0g mixture of -MWCNTSs/epoxy added to
hardener which is our second require sample hatting
same percentage of f-MCNTSs but only the sonicdiime
was changed. The same process was practice foeshe
of 5.0g mixture which is our next sample. Usin@ th
above procedure we have prepared different comgosit
samples containing f-MCNTs 1,2,3,4 and 4.5wt% to
epoxy respectively. Keeping the temperature at 6@tC
all the samples with different sonication time. All
composite samples were cured for 4hour at 100°@ in
furnace.
2.2 Characterizations:
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As-prepared samples were characterized using eifter
analytical techniques and instruments. To obsehee t
related morphologies the samples of the f-MWCNTs-
epoxy nanocomposites were characterized by scanning
electron microscopy (SEM, HITACHI S-3400 N). Raman
spectroscopy was carried out using an apparatusléMo
Lab RAM HR Company He-Ne laser wavelength
632.8nm). In order to see the vibrational, rotaon
frequency modes in composite, raman spectroscofsy wa
employed to analyze the active band regions. High
voltage trigger machine to measure the electrical
conductivity was carried out at National Centre for
physics (NCP) Islamabad. Shimadzu micro hardness
(hmv) tester was use in order to analyze the mechian
properties of as-prepared different composites. ifittial
applied load was 490.3mN during 10 seconds.

. RESULT AND DISCUSSION
3.1. Morphology Characterization
The surface morphology of the as-prepared sampéss w
investigated by scanning electron microscopy (SEM).
Fig. 1 (a)presents smooth fracture surfaces of pure epoxy
resin as compare to -MWCNTs-epoxy nanocomposites.
Fig. 1(b-e)showed the morphologies of different wt% f-
MWCNTs-epoxy nanocomposites. As can be seen clearly
from Fig. 1(b), epoxy containing 1wt% CNTs shows
uniform dispersion of carbon nanotubes, these type
explanation have found in previous work. [13] A dma
number of rod like CNTs can be seen due to theallsm
wt% of f-MWCNTs. Similarly the epoxy composite
containing 2 wt% CNTs shows the growth of carbon
nanotubes are randomly oriented with clear tuhecsire
having low agglomeration(Fig. 1c). Fig 1 (d-e)
containing 3wt% CNTs and showed that there is temrc
structure of CNTs due to low magnification scaleicih
gives evidence for improved intrfacial interaatio
between CNTs and epoxy matrix. It gives CNT struet
with clear length and diameter. SEM images alsaveldo
the surface of nanocomposite become rougher asaremp
with the pure epoxyFig 2a-c shows nanocomposite
containing 4wt% f-MWCNTs and shows just growth of
carbon nanotubes. High agglomeration and low umifor
dispersion due to high load of 4.5wt% of f-MWCTNs
which are also supported by literature [14]. TheMSE
results evident that as the CNTs content increape®
4wt% of -MWCTNS, increases the surface roughness a
shows the clear structure of carbon nanotubes éiso
gives evidence for improved intrfacial interaction
between CNTs and epoxy matrix which is also agregme
with the previous work[15].
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Fig.1: SEM images (a) shows pure epoxy surfaces) @hows 1, 2 and 3 wt% f-MWCNTS/epoxy compasifaces.
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Fig.2: SEM images (a-b) shows 4 wt% f-MWCNTS/eporyposite surfaces; (c-d) shows 4.5 wt% f-MWCNTRiep
composite surfaces.
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Furthermore the raman spectrum have been usecthforedhe materialFig. 3 (8 showed that the raman spectrum of pure

epoxy having only one peak which lies round aba&0tm®, similarly Fig (3b-f) showed there are two main peaks D band

and G band respectively. Mostly the D band liesveen 13081400 cnit and G band which are located near 1600 {h6)].
In the following images the D and G band lies afl88i* and 1600 ci respectively. The peak which lies at 1430%ciis
due to epoxy. The D band is due to the defects thighCNTSs, it is also refers as disorder band,alefieand and its intensity
is relative to G band. The G band can be used termee the orientation of the carbon nanotubea aomposite which
assigned the vibration of C-C bond also gives tiferination about graphitic characteristic occuraraund 1600 crh[17-

19] (Fig. 3.
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Fig.3: Raman Spectrum of (a) pure epoxy; (b-IMWNTs/epoxy composite in the range of 1000-180b.cm
multi-channel High Voltage Trigger machine at Natb

centre for physics (NCP) Islamabad. The samples wer
cut into square shape with area 1cnhaving different

3.2. Electrical properties of nanocomposite:
The electrical properties of neat epoxy and MWCNTs/
epoxy based composite material were measured Ing usi
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thickness. The copper tap was used as electrogesyE
resin is generally an insulator. The electricalstesty of
epoxy (5052) was measured 4.21%1@.m. The
resistivity of the composite was calculated frone th
geometry and measured impedance of the sample [20].
Different percentages of CNTs were loading intoxgpo
matrix, showing the resistivity results of the sdasiiFig.

4). In fig. 4 the zero percent CNTs shows the rstigt

of pure epoxy. These results shows some considgerabl
change occurs in the resistivity of nanocomposie a
compare to the resistivity of pure epoxy. The agera
value of resistivity drops by order 4@nd16Q.m sample
having 1, 2 wt% and 3, 4wt% of f-MWCNTs
respectively. This extraordinary change is due he t
maximum sonication time 30 minute compared to 16 an
20 minute which causes the well dispersion of CNTs
the epoxy matrix [21]. The samples containing 4%veif
CNTs there was a minute change in the resistivetyalise

of poor dispersion and high agglomeration therenas
path for electron mobility, due to high concentatiof
CNTs.
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Fig.4: Resistivity verses CNTs wt% sonication tBfie
minute at temperature 69°C.
3.3. Mechanical properties of nanocomposite:
The micro hardness testing machine (Shimadzu hmv
micro hardness tester) was used to measure thedssrd

of CNT composite material. On each f-MWCNTs/epoxy
nano composite sample, three points were measured i
order to get the average reading. This averageevahs
recorded as the hardness value. In this test e \eas
used 490.3mN and load duration is 10sec.In thevatg
table 1.1 the hardness values of different compasére
showed [11]. The table 1. Showed the hardnessaserk
to about 20.7%, 23.02% and 25.61%, 29.09% for sampl
with 1, 2, 3 and 4wt% CNTSs respectively. The reafon
increased hardness values due to an overlap ackirgja
which reduce the movement of polymers moleculekwhi
lead to increase the resistance of the materiautoand
scratch. Composite having 4.5wt% f-MWCNTSs, the
hardness decrease may be due to the existenceadra
bonding interface between the nanotubes and thaxmat
High agglomeration and low uniform dispersion doe t
high load of 4.5wt% of -MWCTNSs is also confirm fro
SEM images as shown in fig 2. This table has cetep/
explained by graph Vickers hardness Vs CNTs peagent
as shown in fig 5.

20 T T T

L T
| Vicker hardness vs CNTs%

Vicker Hardness (HV)
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CNTs(%)
Fig.5: Vickers hardness Vs CNTs wt%.

Table.1: Hardness of epoxy and -MWCNTs/epoxy
Epoxy+CNTs% Vicker hardness (Hv) Improvement when omparing

with epoxy.

Epoxy 14.33 N/A
CNTs 1% 17.30 20.7%
2% 17.63 23.02%
3% 18.0 25.61%
4% 18.50 29.09%

4.5% 9.87 N/A
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V. CONCLUSIONS
In the present study, different types of CNTs apdxg
nanocomposite have been prepared and were tested fo
their electrical and mechanical properties. The
investigation of CNTs epoxy nhanocomposite gives
evidence for improved interfacial interaction betwe
nanotubes and epoxy matrix. It is observed that the
surface roughness increased which absorb more yenerg
which had better strength and toughness. The &alctr
resistivity of pure epoxy was measured 4.2Fxdbm.m
decreased by order of 10.m. This extraordinary change
is due to the maximum sonication time 30 minute
compared to 10 and 20 minute except sample having
4.5wt% of f-MWCNTSs. It is also investigated thateth
increased the sonication time with increasing CMT%
up to 4wt% decreased the resistivity due to uniform
dispersion of CNTs in epoxy matrix. This green &ma
budget method and materials invite future invesitys
on the design of new composites which will have enor
interesting applications such as aviation, aeraspac
marine and sporting goods.
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