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Abstract—Nano composites PCNs and f-PCNs were prepared by a mixture of PC/PMMA/PS polymer blend, MWCNTs and functionalized
f-MWCNTs by simple oxidation reaction carried in a mixture of acids HNO3,  HCl, H2SO4.The functionalized f-MWCNTs were incorporated
into polymer blend matrix at varying ratio of 0.1% and 0.3% at 260oC and 270oC to prepare polymer Nano composites (PNCS).The new
prepared Nano composites, pure polymer and polymer blend (PC/PMMA/PS) were characterized by FTIR to check the nature of the
sample. It was found that remarkable improvement in mechanical and electrical properties was observed in the case of composites made
by functionalized CNTs and polymer blend. As compared to pristine CNTs toughness the functionalized CNTs increased the toughness
tremendously from 128 to 215 about 60% and elastic modulus increased from 6.6 to 50 about 14%.The Nano composite PCNs also show
low resistivity and semi conducting behavior at 270oC.The properties of these biocompatible blends can be used in biomedical applications
involving the biological systems which need smaller charge in medicinal apparatus, bio electrodes coatings, etc.

Keywords: Multiwall carbon nanotubes, polycarbonate, poly methyl methacrylate, polystyrene, nano-composite, strength, electrical
properties.
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1  INTRODUCTION
ue to the outstanding properties of carbon nanotubes like
electrical, mechanical, optical, chemical and thermal
properties are being considered as promising candidate

for the development of CNTs based nano composites. Because
CNTs have many potential applications in high strength and
conductance, sensors, radiation sources and field emission
displays energy storage and energy conversion devices,
probes and nano-sized semiconductor devices [1-3]. Thermal
stability and flam retardancy were greatly improved by the
incorporation of CNTs in the polymer based nano composites.
By  the  incorporation  of  CNTs  in  to  the  poly  composites  not
only dramatically increased the modulus and strength but
they also elevate the glass transition temperature, melting
temperature, decomposition temperature and transport num-
ber.

CNTs based nano composites have good conducting prop-
erties therefore they are used as metal for conducting purpos-
es. Besides these CNTs improved other properties of nano
composites like optical properties, photovoltaic and hydro-

phobic properties [3, 4]. To explore novel properties for future
application CNTs are being modified with polymers [2]. CNTs
exist  in  two  forms  i.e.  single  walled  carbon  nanotubes
(SWCNTs) and multiwall carbon nanotubes (MWCNTs).
MWCNTs have certain advantages over SWCNTs; for exam-
ple  they  are  not  dependent  like  SWCNTs  and  are  good  con-
ductors like copper, and its aspect ratio [5]. High quality pol-
ymer-CNTs composites required homogenous dispersion that
is  difficult  to  achieve.  There  are  various  techniques  used  for
composite preparation like melt mixing, sonication where re-
cently functionalization with chemicals and solubilization of
CNTs is an effective mean for homogenous dispersion [5, 6].

A lot of researcher studied MCNTs, but recently considera-
ble attention was given to functionalized or modified
MWCNT with polymer in polymer composites preparation.
MWCNTs chemically modified by an ionic liquid have been
used  as  additives  of  ionic  liquid  lubricants  in  steel-steel  con-
tact [7].

The preparation of CNTs polymer composites have been
reported by various researchers in literature. Han et al. pre-
pared polycarbonate/MWCNTs by ultra-sonication and stud-
ied  it  properties  [8]. Gultner prepared amino functionalized
MWCNTs composite with polycarbonate (PC) , poly(styrene-
co-acrylonitrile)(SAN) and reactive component (RC)  the blend
were tuned for localization [9] Lahelin et al. prepared polysty-
rene (PS)/CNTs , Poly (methyl methacrylate) /CNT compo-
sites and were characterized after optimized conditions by
using SEM and TEM. The composites were also analyzed for
thermal, mechanical, electrical and conductive properties [10].
Shah and Rizvi prepared PS/MWCNTs Nano composites and
characterized the resulting Nano composites by thermal, elec-
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trical and thermo gravimetric/differential thermal analysis
(TG/DTA  techniques  [11]. Carrion et al. prepared
PC/PS/PMMA/SWCNTs Nano composites and the dry tribo-
logical  performance of  the new samples were determined us-
ing SEM and TEM microscopy, TG analysis, x-ray diffraction
(XRD) and X-ray photoelectron spectroscopy (XPS).The best
tri-bological performance was determined for PS/CNT and
PMMA/CNT,  with  a  wear  rate  reduction  with  respect  to  the
neat polymers of 74% and 63%, and of a 65% and 60% with
respect to PS/CNT and PMMA/CNT, respectively [7]. The
current studies focus on the comparison of pristine polymers
(PC,  PMMA  and  PS),  polymer  blends  (PC/PMMA/PS),  and
Nano composites of PCNs and f-CNs using FTIR characteriza-
tion and mechanical properties.

2 EXPERIMENTAL
The material used were MWCNTs purchased from Nano port
Co. Ltd, China, having diameter 20-30 nm, length 50-70 µm.
PC supplied by CHI MeI Company, with density 1.22 m3 and
melting point 147oC.PMMA used was purchased from Pana-
sonic Manufacturing Malaysia Berhhad (density: 1.18 m3,
melting point: 160oC).PS having density 1.12 m3, melting point
240oC  from  Diamond  Company.  All  the  other  chemicals  in-
cluding Sulphuric acid (H2SO4)  98%, Nitric  acid (HNO3) 65%,
hydrochloric acid (HCl), distilled water and deionized water
were of analytical grade.

MWCNTs (6.0 g) was taken and placed in muffle furnace at
450oC  for  4  h  followed  by  treatment  with  HCl  to  remove
amorphous carbon and other metal traces. MWCNTs was
mixed  with  the  mixture  of  65%  HNO3 and  H2SO4 95% in 1:3
ratios and kept the solution in 40 KHz ultrasonicator at 90oC
for 4 h followed by magnetic stirring at 50oC for 3 h using re-
flex condensation. The solution was diluted 7 times for pH 5.5
maintenance. The carbon nanotubes was filtered using 0.2 µm
size polypropylene membrane followed by drying in oven at
120oC for 7 h.

The  PC/PMMA/PS  blends  were  prepared  using  85%  PC,
10% PMMA and 5% PS at 260oC and 270 ºC for different cycle
time (i.e., 5 min, 10 min and 15 min) were prepared using
HAAKE minilab. The blend of 0.1% pristine was cross linked
with 0.3% functionalized MWCNTs to form
PC/PMMA/PS/MWCNTs Nano composites. After blending,
the polymeric materials were transferred to the pellitization
for   pelletized the sample in the form of wires and finally
convert these wires into pellets. After pillarization the pellets
were then pressed in the form of thin film sheets of about 0.5
mm thickness and 5-6 cm in length at 210 ºC for 20 min and
200 bar pressure by using hot press. These thin films are care-
fully cut precisely into desired length and shape with the help
of scissor in order to prepare the samples for electrical and
mechanical analysis. The composition of blend at different
temperature and in different time interval is given in Table 1.

Fourier Transform Infra-red Spectrophotometry (FT-IR, Ni-
colet, 6700) from Thermo Electron Corporation, USA was used
for structural analysis of various samples, like functionaliza-
tion  of  multi-walled  CNTs  (F-MWCNTs)  and  attachment  of
functional groups to MWCNTs and polymeric materials.

The mechanical properties of all samples were analyzed via

SHENZEN Universal Testing Machine for ambient conditions
for cross head speed of 5mm/min and 0.5KN load.

The data obtained from pristine polymers, their blends and
Nano composites are determined and compared with each
other. In order to study the electrical behavior of pure polymer
(PC,  PMMA  and  PS),  PC/PMMA/PS  and  PCNs  and  f-CNs,
the samples were subjected for impedance spectroscopic stud-
ies in which electrical quantity is measured as function of elec-
trical field frequency. These complex quantities include elec-
trical impedance Z, dielectric permittivity ε, electrical modulus
M, admittance Y and loss tangent tan δ. The substrate areas
were 300 ± 37mm2.The electrolytes contained in the three ele-
ments  cell  was  an  aqueous  solution  of  1MLiClO4.The active
geometric area of the working electrode was 144 ± 24 mm2.The
counter electrode was platinum and the reference electrode
was Ag/AgCl. Impedance measurements were performed
with a frequency response detector (Model 1025) driven by a
potentiostat /galvanostat apparatus (mod 263A) from EG&G
Instruments. The data were acquired using WINDETA soft-
ware having fully automated analyzer interfaced with a com-
puter. Z View software was used for tting measured results.

3  RESULTS AND DISCUSSION
The functionalization of multi-walled carbon nanotubes
(MWCNTs) involve surface modification by treating them
with a mixture of acids i.e. HNO3, HCl and H2SO4 to produce
functionalized/Modified MWCNTs which possess OH and
COOH groups on its walls/surface. The interaction between
MWCNTs and polymeric matrix is greatly affected by the na-
ture of binding forces which depends upon the dispensability.
Different  PC/PMMA/PS  blends  were  prepared  using  260  ºC
and 270 ºC with cycle times 5 min, 10 min and 15 min. Among
the blends prepared homogenized blends were formed at 270
ºC with 15 min cycle. Pristine MWCTs and f-MWCNTs were
separately added with the blends (PC/PMMA/PS polymer
matrix) to produce polymer Nano composites (PNCs) using
identical temperature and cycle timing as for polymer blends.
Pristine polymers, MWCNTs, polymers blend, f-MWCNTs,
blend  of  pristine  MWCNT  with  polymer  blend  (PNCS)  and

TABLE 1
SCHEMATIC REPRESENTATION FOR PREPARATION

PC/PMMA/PS BLENDS WITH PRISTINE AND FUNCTIONALIZED
MWCNTS.

Stage 1
Stage 2

A B

X=PC

(85%)+PMMA(10%
)+PS(0.5%)

PCNs=X

(99.9%)+MWCNTs
(0.1)

F-PCNs=X

(99.7%) +f-
MWCNTs (0.3%)
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were subjected to FTIR,  for  evaluation of  the presence of  OH
and COOH groups and other function group’s elucidations.
FTIR spectrum of pure polycarbonate (PC) in Fig. 1(a) shows a
peak around 3000 cm-1-3100 cm-1 is magnified due to C-H
aromatic stretching. However, the peak around 1735 cm-1-
1750 cm-1   and  1000 cm-1-1300 cm-1 are due to C=O and C-O
ester stretching. FTIR spectrum in Fig. 1(b) represents pure
methyl methacrylate (PMMA) showing peaks around 2850
cm-1-3000 cm-1 are due to C-H alkane stretching. The peak at
1735 cm-1-1750 cm-1  and 1000 cm-1-1300 cm-1 are due to es-
ter stretching of C=O and C-O bonds, respectively. Pure Poly-
styrene (PS) FTIR peak of C-H aromatic stretching appears at
3000 cm-1-3100 cm-1 and the peak of C-H alkane stretching
appears at 2850 cm-1 -3000 cm-1 as shown in Fig. 1(c).

FTIR spectrum in Fig. 1(d) of PC/PMMA/PS blends shows
peaks of C-H aromatic stretching appears at 3000 cm-1-3100
cm-1. The peak of C=O ester stretching appears at 1735cm-1-
1750cm-1 and the peak of C-O ester stretching appears at 1000
cm-1-1300

Fig.2 reveals the fact that there is no observable change in
the FTIR traces of the composites due to presence of MWCNTs
and  Carboxylic  group  of  f-MWCNTs.  It  may  be  due  to  very
low concentration of the MWCNTs in the system. The other
factor may be the fact that both MWCNTs and PC have car-
boxylic  moiety  which  show  peaks  at  the  same  positions  i.e.
major peaks at 1768cm-1and 1510cm-1 Respectively (12) .

Figure 2: FTIR Spectrum of PC/PMMA/PS blend, MWCNT
and f-MWCNTs
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The improvement in the mechanical properties of polymer
matrix by dispersion of MWCNTs was    investigated by ten-
sile testing the results are given in table 1.Pure polymer i.e.,
PC, PMMA, PS were blended together to produce homoge-
nized blend by optimizing the processing condition of tem-
perature, time and torque. The stress strain behavior of blends
compared to pristine polymer shows a combination of me-
chanical properties (Fig.3). Modulus of elasticity for PC,
PMMA is  very high and very low for PS.  Addition of  PS de-
creases the overall modulus of elasticity for blends producing
an intermediate (13).

Different compositions of pristine MWCNTs without modi-
fication for different processing temperature and time were
blended with polymer blend. The modulus verses composition
and modulus verse cycle time of  dispersed MCNTs in blends
show irregular trend in mechanical properties because of the
improper dispersion of MWCNTs into the polymer matrix.
This also resulted in phase separation between polymer matrix
and MWCNTs.

Table 2
Mechanical properties of PC, PMMA, PS and its blend
(PC/PMMA/PS)

Composition
Tensile

Strength
MPa

Modulus
of  Elastici-

ty
MPa

Fracture
Strength

MPa

Elongation
at break

%

Toughness
MJ/m3

PC
170.46 6021.8 54.64 29.3 3586

PMMA
107.5 5444.98 39.95 4.51 152.56

PS
40.3 69.73 19.06 57.91 1113.60

Blends
53.01 2.3 44.48 9.08 31.8

Figure 4: Modulus-Composition behavior of PCNs and f-P
CNs with 0.1 wt. % and 0.3 wt. %   MWCNTs and f-MWC
NTs, respectively at 260oC

Figure 5: Modulus-Composition behavior of PCNs and f-
PCNs with 0.1 wt.% and 0.3 wt.% MWCNTs and f-
MWCNTs, respectively at 260 oC.

Figure 6: Modulus-Cycle time behavior of PCNs with
0.1wt%   to 0.3wt%MWCNTs and f-MWCNTs at 260oC

Figure 7:  Modulus-Cycle time behavior of  PCNs with 0.1
wt% to 0.3wt%MWCNTs and f-MWCNTs at 270oC.

Figure 3:  Stress-strain behavior of  PC,  PMMA, and PS in
comparison with PC/PMMA/PS.
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As MWCNTs showed irregular blend for mechanical prop-
erties dispersed in to the polymer matrix. The f-MWCNTs
were used for production of PCNs. The modulus verses com-
position and modulus verses cycle behaviors of PCNs were
compared with their polymer blends and other proper-
ties.

Composition of f-MWCNTs and different processing tem-
perature by dispersing f-MWCNTs into the polymer matrix at
260oC for 5, 10 and 15 min cycle was observed that by incorpo-
ration of f-MWCNTs the elastic modulus of the f-PCNs was
increased  as  compared  to  PC/PMMA/PS  blend  because  f-
MWCNTs acting as reinforcement material.

The  maximum  enhancement  in  elastic  modulus  was  ob-
served in f-MWCNTs were in carp orated at 270oC for 5min
cycle  time,  because  at  these  processing  conditions  the  f-
MWCNTs were properly dispersed into the polymer matrix

The conductivity in a sample material with dielectric prop-
erties should be measured by using the ac impedance spec-
troscopy technique. The impedance (Z) is defined as the ratio
of the voltage to the current at a given frequency, and it is rep-
resented as a complex quantity that consists of a real part (re-
sistance, ZꞋ or R) and an imaginary part (reactance, ZꞋꞋ or XC -
XL) with phase angle Ѳ.

Table 4:
Mechanical properties of pristine CNTs at 260oC (Modu-
lus vs. Composition and Modulus vs. Cycle time)

Compo-
sition

Cycle
time

(Mins)

Tensile
Strength

Mpa

Modulus
Of

Elastici-
ty

MPa

Fracture
Strength

MPa

Elonga-
tion at
break
(%)

Tough-
ness

MJ/m3

Pristine at
260oC
(0.1%)

5 67.1 34 67.1 4.01 161.9

10 73.78 8.33 73.78 5.50 274.18

15 83.66 16.66 83.99 9.47 555.05

Pristine at
260oC
(0.3%)

5 75.26 13.15 42.64 20.5 128.93

10 81.50 0.90 40.36 11.93 705.39

15 94.75 2.38 39.96 26.6 215.9

Figure 8: Modulus-composition behavior of PCNs with
0wt%, 0.1 wt% and 0.3wt%MWCNTs and f-MWCNTs at
260oC.

Figure 9: Modulus-composition behavior of PCNs with
0wt%, 0.1 wt% and 0.3wt%MWCNTs and f-MWCNTs at
270oC.

Table 3
Mechanical properties of PCNs at 260oC, 270 ºC (Modulus
vs. Composition and Modulus vs. Cycle time)

Composition
Cycle
time

(mins)

Tensile
Strength

MPa

Modulus
of Elas-

ticity
MPa

Fracture
Strength

MPa

Elongation
at break

(%)

Toughness
MJ/m3

0.1%
MWCNTs at

260oC
(0.1%)

5 67.1 34 67.1 4.01 161.9

10 73.78 8.33 73.78 5.50 274.18

15 83.66 16.66 83.99 9.47 555.05

0.3%
MWCNTs at

260oC

5 75.26 13.15 42.64 20.5 128.93

10 81.50 0.90 40.36 11.93 705.39

15 94.75 2.38 39.96 26.6 215.9

0.1% 5 82.92 10.83 2.75 13.34 606.27

Figure 10: Modulus-Cycle time behavior of f-PCNs with
0.1 wt% and 0.3wt%MWCNTs and f-MWCNTsat270oC.
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With the changing of temperature, impedance plane plots
of these blends and PNCS samples showed different modula-
tions. Figure 11 shows a decrease in the diameter of semi-circle
of the impedance plane plot curves of polymer blend (PC,
PMMA, and PS) with the increases of temperature (room tem-
perature). At room temperature all the data was scattered and
the semi-circle is not complete which indicate that the poly-
mers are highly resistive and cannot conduct electricity. There-
fore the temperature is divided into two regions to highlight
main results of impedance plane plots. In the  temperature
region at 260oC (room temperature), only one semicircular arc
is observed due to highly resistive materials of  polymer blend
and show low conductivity result as shown in Figure 11(a). At
270oC (room temperature), high frequency data is close to each
other and low frequency changes can be clearly seen. At 270oC
show at better result as compared to 260oC because the re-
sistance of the material decreases and shows semi conducting
behavior because of more exposure  of polymers (PC, PMMA,
PS) to high temperature as shown in Figure 11(b).The addition
of pristine- CNTs Blends   and functionalized CNT to polymer
blend at different temperature at 260oC and 270oC signifies
overall lowering the electrical resistance and increase the Elec-
trical Conductivity as shown in Figure 11(e)- 11(f).The com-
mon   spectral  feature  observed  that  for  both  polymer  blend
and a mixture of pristine f-CNTs Blends  sample are that with
increases of temperature   an decrease in the size of the diame-
ter  of  semi-circle  of  the  impedance  plane  plot  arcs   result  in
shift  from  the  center  of  arcs  which  eventually  decrease  the
resistance of the polymer blend . Such behavior exists in semi-
conductor material (i.e. decrease in resistivity with increasing
temperature) and the phenomenon is referred as negative
temperature coefficient of resistance (NTCR).

Table 5
Mechanical properties of f-MWCNTs at 270oC (Modulus
vs. Composition, Modulus vs. Cycle Time)

Composition Cycle
time
(min)

Tensile
Strength

MPa

Modulus
of Elas-

ticity
MPa

Fracture
Strength

MPa

Elongation
at break

(%)

Toughness
MJ/m3

0.1% f-
MWCNTs
at 270oC

5 74.0 6.66 74.0 3.74 5.01

10 28.3 40 28.3 0.98 17.7

15 10.0 25 10.0 0.97 156.6

0.3% f-
MWCNTs
at 270oC

5 75.2 50 42.08 20.69 128.09

10 81.6 26.6 40.97 11.9 705.39

15 101.0 27.5 39.63 26.6 215.9

Fig:11(a)
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Fig:11(b)
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Fig:11(e)
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Comparing the impedance and the subsequent conductivity
behavior of Z’, Z” of Polymer blend, pristine CNTs, function-
alized-CNTs at in different measurement conditions of tem-
perature that at 270 oC (high temperature) and 260 oC (room
temperature) as shown in Figures 11(H-I), it was revealed that
the conductivity of the polymer blend along with the pristine-
CNTs as well as functionalized CNTs at 270 oC (high tempera-
ture) is much better as compared to temperature at 260 oC be-
cause of low resistivity  and more  dispersion of  functionaliz-
es CNTs  as compared to pristine CNTs in the polymer blend.
At low frequency changes in impedance can be seen while at
higher frequency all curves merges and cannot give semi- cir-
cle, so at high frequency changes is not appreciable.

4  CONCLUSION
New Nano composites PCNs and f-PCNs of PC/PMMA/PS
with  MWCNTs  and  functionalized  MWCNTs  by  HNO3 and
H2SO4 (1:3) mixture, (f-MWCNTs) and the sample were char-
acterized by FTIR, mechanical and electrical techniques and
the  results  of  pure  PC,  PMMA  and  PS  polymer  were  com-
pared with PC/PMMA/PS blend, and with PCNs, f-PCNs. It
was found that the addition of PS decreased the overall modu-
lus of elasticity, PCNs showed irregular trend in mechanical
properties because of the improper dispersion of MWCNTs
which also resulted in phase separation between polymer ma-
trix and MWCNTs. Elastic modulus of f-PCNs was increase as
compared  to  PC/PMMA/PS  blend  as  f-MWCNTs  are  acting
as reinforcement material.

REFERENCES
[1] Carrion FJ, Espejo C, Sanes J, Bermudez MD. Single-walled carbon nanotubes

modified by ionic liquid as antiwear additives of thermoplastics. Compos Sci
Technol. 2010 Dec 15;70(15):2160-7. PubMed PMID: WOS:000284517200004.
English.

[2] Gultner  M,  Goldel  A,  Potschke  P.  Tuning  the  localization  of  func-
tionalized MWCNTs in SAN/PC blends by a reactive component.
Compos Sci Technol. 2011 Dec 6;72(1):41-8. PubMed PMID:
WOS:000298458500007. English.

[3] Han MS, Lee YK, Yun CH, Lee HS, Lee CJ, Kim WN. Bent-shape effects of
multi-walled carbon nanotube on the electrical conductivity and rheological

Fig:11(i)

0 .0 2 .0x10 7 4 .0 x10 7 6 .0x1 0 7 8 .0x10 7 1 .0x10 8 1 .2 x10 8 1 .4x 10 8
0 .0

5 .0x1 0 7

1 .0x1 0 8

1 .5x1 0 8

2 .0x1 0 8

2 .5x1 0 8

3 .0x1 0 8

3 .5x1 0 8  po lym er blen d

 p-C NT s

 f-CNT s

Z"

Z '

 Comparative behavior of Z’, Z”, Polymer blend, pristine
CNTs, functionalized-CNTs at 270 (high temperature)

Fig:11(c)

0 1 x 1 0 7 2 x 1 0 7 3 x 1 0 7 4 x 1 0 7
0

1 x 1 0 7

2 x 1 0 7

Z"

Z

Fig:11(f)

0 .0 2 .0 x1 0 7 4 .0 x1 0 70

1 x1 0 7

2 x1 0 7

3 x1 0 7

Z"

Z '

Polymers blend (PC, PMMA, PS) at 260oC (High tempera-
ture) poly blend, Functionalized-CNTS at 270oC (High
Temperature)

Fig:11(g)

0 1 x 1 0 8 2 x 1 0 8 3 x 1 0 80 .0

5 .0 x 1 0 8

1 .0 x 1 0 9

Z"

Z '

Fig:11(h)

0 .0 2 .0 x 1 0 8 4 .0 x 1 0 8 6 .0 x 1 0 8 8 .0 x 1 0 8 1 .0 x 1 0 9
0 .0

5 .0 x 1 0 8

1 .0 x 1 0 9

1 .5 x 1 0 9

2 .0 x 1 0 9

 p o ly m er  b len d

p- C N T s

f-C N T s

Z'
'

Z '

Poly blend, Functionalized-CNTS at 260oC (room Temper-
ature) Comparative behavior of Z’, Z”, Polymer blend,
pristine CNTs, functionalized CNTs at 260oC  (room  tem-

776

IJSER © 2015 
http://www.ijser.org

IJSER



International Journal of Scientific & Engineering Research Volume 6, Issue 10, October-2015
ISSN 2229-5518

Corresponding author:
E-mail:khakeminkhan@lzu.edu.cn, khakemin_chemist@yahoo.com. Tel: +86-13659440697,       +92-(0)334-377-0104. Fax: +92-(0)992-383441.

properties of polycarbonate/multi-walled carbon nanotube nanocomposites.
Synthetic Met. 2011 Aug;161(15-16):1629-34. PubMed PMID:
WOS:000294971700028. English.

[4] Hua  J,  Wang  ZG,  Xu  L,  Wang  X,  Zhao  J,  Li  FF.  Preparation  polysty-
rene/multiwalled carbon nanotubes nanocomposites by copolymerization of
styrene and styryl-functionalized multiwalled carbon nanotubes. Mater
Chem Phys. 2013 Jan 15;137(3):694-8. PubMed PMID: WOS:000313918100003.
English.

[5] Lahelin M, Annala M, Nykanen A, Ruokolainen J, Seppala J. In situ polymer-
ized nanocomposites: Polystyrene/CNT and Poly(methyl methacry-
late)/CNT composites. Compos Sci Technol. 2011 Apr 12;71(6):900-7. Pub-
Med PMID: WOS:000289921000016. English.

[6] Liu  RYF,  Bernal-Lara  TE,  Hiltner  A,  Baer  E.  Interphase  materials  by  forced
assembly of glassy polymers. Macromolecules. 2004 Sep 7;37(18):6972-9.
PubMed PMID: WOS:000223677600046. English.

[7] Liu RYF, Jin Y, Hiltner A, Baer E. Probing nanoscale polymer interactions by
forced-assembly. Macromol Rapid Comm. 2003 Nov 3;24(16):943-8. PubMed
PMID: WOS:000186573500004. English.

[8] Paiva MC, Zhou B, Fernando KAS, Lin Y, Kennedy JM, Sun YP. Mechanical
and morphological characterization of polymer-carbon nanocomposites from
functionalized carbon nanotubes. Carbon. 2004;42(14):2849-54. PubMed
PMID: WOS:000224331300007. English.

[9] Potschke  P,  Dudkin  SM,  Alig  I.  Dielectric  spectroscopy on melt  processed
polycarbonate - multiwalled carbon nanotube composites. Polymer. 2003
Aug;44(17):5023-30. PubMed PMID: WOS:000184351500027. English.

[10] Rusa  CC,  Wei  M,  Shuai  X,  Bullions  TA,  Wang X,  Rusa  M,  et  al.  Molecular
mixing of incompatible polymers through formation of and coalescence from
their common crystalline cyclodextrin inclusion compounds. J Polym Sci Pol
Phys. 2004 Dec 1;42(23):4207-24. PubMed PMID: WOS:000225194000001. Eng-
lish.

[11] Shah AH, Rizvi TZ. Improvement in electrical and thermal behavior of poly-
styrene/multiwalled carbon nanotubes nanocomposites. Measurement. 2013
May;46(4):1541-50. PubMed PMID: WOS:000316431100021. English.

[12] Xie XL, Mai YW, Zhou XP. Dispersion and alignment of carbon nanotubes in
polymer matrix: A review. Mat Sci Eng R. 2005 May 19;49(4):89-112. PubMed
PMID: WOS:000231331900001. English.

[13] Zhang T, Du ZJ, Zou W, Li HQ, Zhang C. The flame retardancy of blob-like
multi-walled carbon nanotubes/silica nanospheres hybrids in poly (methyl
methacrylate). Polym Degrad Stabil. 2012 Sep;97(9):1716-23. PubMed PMID:
WOS:000308051500019. English.

777

IJSER © 2015 
http://www.ijser.org

IJSER




