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Abstract. Carbon nanotubes (CNTs) have become strongly promising nano-particles for developing novel
smart polymer matrix nanocomposites to satisfy the ever increasing design requirements of the recent
avenues of space industry and other special structural applications. The objective of this paper is to
investigate the influence of doped and dispersed CNTs in polymer matrix on its intrinsic properties. Three
different types of polymers; polyvinylchloride (PVC), polymethylemethacrylate (PMMA), and polystyrene
(PS) were subjected to this experimental investigation. CNTs/polymer matrix composites with a content
ratio of CNTs up to 5% by weight were synthesized in lab. The nanocomposites were then characterized
by measuring their mechanical, electrical, and thermal properties. In addition, thermo gravimetric analysis
(TGA), Fourier transform infra red spectroscopy (FTIR), and scanning electron microscopy (SEM) were
applied, and the results are presented and discussed. It can be generally concluded that both PMMA
and PS polymers disclosed much better matching ability and cross linking ability with the interweaving
CNTs than the PVC. Both PMMA and PS polymers may thus be nominated for further extension of
the investigation to cover a wider range of CNTs content ratios in an endeavour towards searching for
maximum specific performance properties of such nanocomposites.

Keywords: Nanoscale metrology; CNTs/polymer; characterization; surface morphology; TGA analysis;
FTIR spectroscopy; SEM

1 Introduction

Composite material, in its basic form, is a heterogeneous
combination of two or more materials, differing in form or
composition. The combination results in a material that
exploits the (mechanical, electrical, thermal and chemi-
cal) properties of individual constituents and maximizes
specific performance properties of the composite [1]. Car-
bon nanotubes (CNTs) have proven to be an excellent
additive to impart electrical conductivity in polymers at
lower loadings, compared to conventional additive materi-
als such as carbon black, chopped carbon fiber, or stainless
steel fiber without impairing the other properties [2, 3].
Their high aspect ratio (about 1000:1) would result in im-
proved mechanical and physical properties [3–5].

This paper aims at synthesizing CNTs/polymer ma-
trix composites using three different types of polymers,
namely: polyvinylchloride (PVC), polymethylemethacry-
late (PMMA), and polystyrene (PS). Percentile content
of CNTs up to 5% by weight was covered. The effect of
CNTs loading on the physical properties of the composites
was studied. Thermo gravimetric analysis (TGA), Fourier
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transform infra red spectroscopy (FTIR), and scanning
electron microscopy (SEM) metrology techniques were ap-
plied on the synthesized CNTs/polymer matrix compos-
ites in order to have an insight into their intrinsic prop-
erties. The results revealed that both PMMA and PS
polymers possess better matching ability and cross linking
with the interweaving CNTs than the PVC polymer does.
This may highlight the importance of the necessity of con-
ducting more experimental work on both PMMA and PS
polymers with wider scope of CNTs loading content ratios
to maximize specific performance properties.

2 Synthesis of NTs/polymer matrix
composite

A prescribed weight of each test polymer (PVC, PMMA,
and PS) was dissolved in an appropriate solvent such as
Toluene (phenylmethane) using a small magnet bar. A
specified amount of CNTs was then weighed and dispersed
slowly in exact amount of solute and moulded into thin
films having CNTs content ratio by weight up to 5%. The
films were then trimmed and cut into small standard test
samples whose properties were studied and characterized.
Instron universal testing machine was used for measur-
ing the mechanical properties, and the two probes point
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Fig. 1. Electrical conductivity of CNTs/polymer composites.

Table 1. Mechanical properties of CNTs/PVC compared with
PVC.

Tensile Elongation Tensile

Material
Properties

strength at break modulus
MPa % MPa

CNTs/PVC 4.35 253.1 8.35
PVC (plasticized) 9.19 62.0 721.9

method was adopted for measuring the electrical conduc-
tivity at different frequencies.

3 Characterization of CNTs/polymer matrix
composites

The synthesised CNTs/polymer matrix composites were
yielded to a characterization process. Physical properties,
such as mechanical and electrical properties, were mea-
sured for the nanocomposites under investigation. The re-
sults of the TGA analysis, the FTIR spectroscopy, and the
SEM microscopy for the synthesized nanocomposites dis-
closing their intrinsic properties, functionalities, and mor-
phologies are also presented and discussed in the following.

3.1 Mechanical and physical properties

Instron universal testing machine was employed to con-
duct tension tests on standard specimens made from both
CNTs/PVC composite and PVC polymer alone. The re-
sults are tabulated in Table 1. It can be observed that
the existence of CNTs in the PVC polymer matrix has
remarkably increased its elongation percent and in turn
increased both ductility and toughness on the account of
strength and modulus of elasticity. In other words, the
existence of CNTs in the PVC polymer matrix has trans-
formed the material from a plasticized nature to a resilient
rubbery one.

The electrical conductivities of both CNTs/PVC and
CNTs/PS nanocomposites were deduced from their re-
sistances measured by the two probe-point method.
Figures 1a, 1b depict the electrical conductivities of
CNTs/PVC and CNTs/PS polymer matrix composites
against the frequency of the applied AC current. Sharp

Table 2. TGA of CNTs/PVC composite.

Weight loss % Degradation temperature ◦C
Start End

31.455 67.51 238.25
33.526 237.29 338.38
16.522 339.11 492.56
83.189 27.51 500.72

shootings in the electrical conductivity can be observed
at high frequency range where the CNTs and other exist-
ing elements got functionalized. The measured resistance
of CNTs/PVC matrix composite was found to decrease to
5.0 × 10−8 Ω, which is equivalent to about five times in-
crease in the electrical conductivity of the PVC polymer as
shown in Figure 1a. A profound effect of CNTs can also be
observed in Figure 1b for CNTs/PS nanocomposites where
at two different frequencies, shooting in the conductivity
can be observed. Compared with CNTs/PVC composite,
different functionality groups seem to be responsible for
those two shootings. In addition, this may be attributed
to the difference in the water absorption percent of the
PVC material which is less than 0.1%, while it is more
than 0.1% in the PS matrix material. The difference in
the monomer structure and/or the polymerization chain
structure of the two polymeric matrices causing difference
in their electrical structures may also explain the exposed
difference in their electrical conductivities [6].

3.2 Thermal analysis

Thermal analysis comprises a group of techniques in which
a physical change in a substance is measured as a function
of temperature, while the substance is subjected to a con-
trolled temperature program. Thermogravimetric analysis
(TGA) is a technique which relies on samples which de-
compose at elevated temperatures and monitors changes
in the mass of the specimen on heating [7–9].

TGA is a quantitative technique where a sample is
placed in a furnace on a sensitive balance and heated
at a controlled rate of 10 ◦C/min. The furnace environ-
ment is also controlled by continuously purging the sys-
tem with nitrogen. A characteristic curve is obtained dis-
playing mass residue percent against temperature or time.
Consequently, sample mass will decrease continuously un-
til all the sample has burnt out giving a balance reading
almost near to zero depending on any inorganic impuri-
ties that may be present. If CNTs/polymer matrix com-
posites are concerned, the dispersed CNTs may be more
thermally stable than the polymer matrix, thus burning at
higher temperatures. The derivative of the relationship be-
tween the mass loss percent versus temperature can there-
fore be used during heating to identify any distinct peak
assignable to materials or products in the composite as
will be explained in the following.

3.2.1 TGA of CNTs/PVC nanocomposites

The TGA results for samples from CNTs/PVC nanocom-
posites are shown in Figure 2 and Table 2. It can be
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Fig. 2. TGA and its derivative (DrTGA) curves for CNTs/PVC composite.

Fig. 3. TGA results of CNTs and CNTs/PMMA composite.

Table 3. TGA of PVC polymer [10].

Weight loss % Temperature ◦C
10% 140
20% 160
50% 220
70% 360
100% 412

observed that the composite could endure without burning
until reaching 500 ◦C leaving almost 16.8% mass residue,
while the PVC matrix material is completely degraded
leaving no residue at 412 ◦C as shown in Table 3 which is
recalled here just for comparison [10].

This indicates that the loaded CNTs have resulted in
an increase in the thermal stability of the polymer matrix.
It has been reported by the authors that the TGA results
for samples of CNTs have revealed that they can sustain
temperature rise up to almost 1000 ◦C [11]. 5 wt.% CNTs

doped in polymer matrix, though it is small percentile con-
tent, has resulted in an enhanced thermal stability of the
composite. The gradient of the TGA curve shown in Fig-
ure 2 reveals four peaks at 215, 274, 449, and 494 ◦C. The
first three peaks may represent the burning temperatures
of the PVC and its functional groups of the associated
crystalline and transformed amorphous polymers, while
the fourth peak may represent the start of CNTs burning
together with the possibly existing modifying inorganic
filler materials.

3.2.2 TGA of CNTs/PMMA nanocomposites

TGA results of samples made from CNTs/PMMA
Nanocomposites are shown in Figure 3. These results are
also tabulated in Table 4. Table 5 includes recalled data
regarding TGA results for PMMA polymer which discloses
that the sample material has burnt out completely at
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Table 4. TGA for CNTs/PMMA composite.

Weight loss % Degradation temperature ◦C
start end

4.825 34.06 236.56
92.867 236.56 394.82
99.301 34.06 498.32

Table 5. TGA for PMMA polymer [10].

Weight loss % Temperature ◦C
10% 231
20% 242
50% 274
70% 312
100% 340

Table 6. TGA of CNTs/PS composite.

Weight loss % Degradation temperature ◦C
start end

10.305 91.86 284.82
82.622 284.82 429.38
93.780 33.99 501.16

340 ◦C [10]. However, the CNTs/PMMA composite could
endure until reaching temperature of 500 ◦C leaving al-
most 0.7% mass residues, as shown in Table 4. It can be
confirmed once again that the CNTs loading in the poly-
mer matrix has appreciably enhanced its thermal stability.
The left over residues at reaching 500 ◦C can be explained
by the fact that the carbon nanotubes together with other
inorganic filler materials and/or possibly some polymer
modifying additives may sustain temperatures more than
500 ◦C. Thus, CNTs loading, even with a comparatively
small percent, to the PMMA polymer matrix can enhance
its thermal stability. The superimposed curve of the gradi-
ent of the TGA curve shown in Figure 3 reveals one clear
peak at 331.75 ◦C in addition to faint peaks at high ranges
of temperatures. The strong clear sharp peak appeared at
331.75 ◦C may represent the degradation temperature of
the PMMA polymer matrix itself, whilst the other weak
peaks noticed at higher temperature range between 400
and 500 ◦C, may represent the degradation temperatures
of the CNTs and probably the existing modifying filler
materials as well.

3.2.3 TGA of CNTs/PS nanocomposites

TGA results of samples made from CNTs/PS nanocom-
posites are presented in Figure 4 and tabulated in Table 6.
TGA results of PS polymer are recalled and presented in
Table 7 for comparison [10]. It can be observed in Ta-
ble 7 that at 360 ◦C, the entire PS polymer sample has
burnt out leaving no residues, while the composite could
endure to a temperature of 501 ◦C leaving almost 6% mass
residues as can be noticed in Table 6. It can be also con-
firmed that the CNTs loading in the PS polymer matrix
has increased its thermal stability. The same argument

27.35min
331.81C

Fig. 4. TGA curve and its derivative for CNTs/PS composite.

Table 7. TGA of PS polymer [10].

Weight loss % Temperature ◦C
10% 293
20% 307
50% 318
70% 344
100% 360

can be used here to interpret the TGA results that showed
6% mass residues left over at 501 ◦C. The gradient of the
TGA curve shown in Figure 4 reveals one peak only at
331 ◦C which is a characteristic degradation temperature
of the PS polymer itself while CNTs could endure up to
the holding test temperature of 500 ◦C.

3.3 FTIR spectroscopy

FTIR spectra were obtained for samples made from
CNTs/polymer composites using Nexus apparatus
(model-821, Medison, USA). CNTs were dispersed in the
polymer using special optical tweezers and the resulted
CNTs/polymer matrix composite was overlaid on a
Potassium Bromide (KBr) substrate to form a test disc
that is suitable to be functionalized at wave number range
from 400 to 4000 cm−1. A key has been used to interpret
the results of the FTIR spectra and translate them into
structurally and chemically implied functionalized groups
upon exposing the composite samples to the infra red
rays depending on the absorption frequency [12, 13].

3.3.1 FTIR spectrum analysis of CNTs/PVC composites

Fourier transform infra-red (FTIR) spectrum shown in
Figure 5 is for CNTs/PVC composite. The spectrum dis-
closes functionalized groups in the composite as it was
exposed to IR. Fifteen peaks can be observed in Figure 5
pointing at the functional groups with the corresponding
absorption frequency bandwidths. Table 8 presents these
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Fig. 5. FTIR spectrum of CNTs/PVC composite.

Table 8. FTIR characteristic functionality groups of CNTs/
PVC composite.

Peak Bands Transmittance Functional Remarks•

No. cm−1 % group
1 3399.00 75.70 N−H (Bending) M, Br
2 2926.45 78.88 C−H (Stretch) S, V
3 1701.87 78.13 C=O (Stretch) S, Sh
4 1593.88 89.68 C=C (Stretch) W
5 1531.20 88.15 C=C (Stretch) W
6 1404.89 89.56 C=H (Bending) V, Sh
7 1349.93 90.72 NO2 (Stretch) M, W
8 1279.54 90.79 N−H (Bending) M
9 1159.01 86.74 C−O (Stretch) M, Br
10 1033.66 94.85 C−O (Stretch) W, V
11 924.70 95.43 C−H (Stretch) W, V
12 836.00 97.96 C−H (Bending) W, V
13 736.67 96.1 C−H (Bending) W
14 699.10 92.48 C−H (Bending) W
15 550.60 92.68 C−H (Bending) W, V

• V=Variable, M=Medium, S= Strong, Br=Broad, W=Weak,
and Sh=Sharp.

functional groups and the corresponding absorption band-
widths together with the transmittance percent represent-
ing the inverse of the importance and the intensity of the
group.

3.3.2 FTIR spectrum analysis of CNTs/PMMA composite

FTIR spectrum of CNTs/PMMA composite shown in Fig-
ure 6 depicts the functionalized groups with the corre-
sponding absorption frequency bandwidths and their rel-
ative characteristic intensities as described in Table 9.

Types of interfacial bonding between PMMA matrix
and the CNTs demonstrated here could locally change the
nature of the polymer relaxation mode.

3.3.3 FTIR spectrum analysis of CNTs/PS composite

FTIR spectrum shown in Figure 7 is for CNTs/PS poly-
mer matrix composite. The spectrum displays thirty five

Fig. 6. FTIR spectrum of CNTs/PMMA composites.

Fig. 7. FTIR spectrum of CNTs/PS composites.

Table 9. FTIR characteristic functionality groups of CNTs/
PMMA composite.

Peak Bands Transmittance Functional Remarks•

No. cm−1 % group
1 3398.92 57.09 N−H (Stretch) M
2 3061.44 40.52 C−H (Stretch) S, Br
3 2927.41 36.28 C−H(Stretch) S, Sh
4 2339.23 77.80 CΞC (Stretch) W, Sh
5 1945.82 81.88 C−H (Stretch) W
6 1874.47 85.85 C−H (Bending) W
7 1804.08 86.13 C−H (Stretch) W
8 1701.87 67.34 C=O (Stretch) S
9 1596.77 74.53 C=C (Stretch) W
10 1533.13 82.71 C=C (Stretch) W
11 1493.60 81.09 C−H (Bending) V
12 1444.42 78.66 C−H (Bending) V
13 1354.75 80.75 C−H (Bending) V
14 1190.83 83.9 C−O (Bending) W, V
15 1159.01 83.74 C−O (Bending) W, V
16 1070.3 93.74 C−O (Bending) W, V
17 1026.91 90.83 C−O (Bending) W, V
18 908.308 90.97 C−H (Bending) W
19 840.812 95.26 C−H (Bending) W
20 740.531 88.46 C−H (Bending) W
21 699.069 86.28 C−H (Bending) W
22 546.72 86.75 C−H (Bending) W

• V=Variable, M=Medium, S=Strong, Br=Broad, W=Weak,
and Sh=Sharp.
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Table 10. FTIR Characteristic functionality Groups of CNTs/
PS composite.

Peak Bands Transmittance Functional Remarks•

No. cm−1 % group
1 3809.69 97.50 O−H (Stretch) W, Br
2 3647.70 93.56 O−H (Stretch) W, Br
3 3442.31 97.50 N−H(Stretch) W, Br
4 3158.83 89.94 O−H (Stretch) W, Br
5 5059.51 6.12 C−H (Stretch) S
6 3025.76 1.44 C−H (Stretch) S
7 2920.66 0.00 C−H (Stretch) S
8 2852.20 3.50 C−H (Stretch) S
9 2723.96 88.98 C−H (Stretch) M.V
10 2632.36 88.87 O−H (Stretch) Br, W
11 2602.47 89.87 O−H (Stretch) V, Br
12 2337.3 90.94 CΞC (Stretch) W, Sh
13 2255.34 96.66 CΞC (Stretch) W, Sh
14 1943.89 58.36 C−H (stretch) W, Sh
15 1872.54 64.38 C−H (stretch) W, Sh
16 1803.12 63.55 C−H (stretch) W, Sh
17 1743.33 68.84 C−H (stretch) W, Sh
18 1668.12 78.15 C=C (stretch) M
19 1599.66 18.16 N−H (stretch) S, Sh
20 1540.85 66.87 N−H (stretch) S, Sh
21 1491.67 9.98 C=C (stretch) S, Sh
22 1449.24 2.64 C−H (Bending) S, Sh
23 1372.1 27.76 NO2 (stretch) S
24 1323.89 41.04 NO2 (stretch) S
25 1185.04 45.59 C−O (stretch) M, V
26 1156.12 50.76 C−O (stretch) M, Sh
27 1069.33 32.89 C−O (stretch) M, Sh
28 1026.91 20.73 C−O (stretch) S, Sh
29 966.162 50.55 C−H (Bending) W, V
30 907.344 35.34 C−H (stretch) M, Sh
31 841.776 60.33 C−H (Bending) W, Sh
32 755.959 0.63 C−H (stretch) S, Sh
33 700.033 0.9 C−H (Bending) S, Sh
34 622.895 64.93 C−H (Bending) W, Sh
35 541.899 9.57 C−H (stretch) S, Sh

• V=Variable, M=Medium, S= Strong, Br=Broad, W=Weak,
and Sh=Sharp.

peaks with the corresponding absorption bandwidths and
peak shape description as summarized and tabulated in
Table 10. These results confirm the role of CNTs during
polymerization of PS.

3.4 Morphological study

Scanning electron microscopy (SEM) was used to study
and characterize the synthesized CNTs/polymeric matrix
composites (CNTs/PVC, CNTs/PMMA, and CNTs/PS).

Torn edge surface of the thin film sample of nanocom-
posites (using minimal cutting device at a rate of
0.2 mm/min) was prepared for SEM investigation. The
following sections conclude the results and discussion of
the SEM images using nanoscale metrology.

Fig. 8. SEM images for CNTs/PVC nanocomposites.

Fig. 9. SEM images for CNTs/PMMA nanocomposites.

3.4.1 SEM images for CNTs/PVC nanocomposites

Figure 8 illustrates SEM images for CNTs/PVC poly-
mer matrix composites exposed with different magnifica-
tions. It can be observed that the cross-linking between
the CNTs and the PVC matrix is relatively weak as sep-
arated clogs of polymer can be observed in the high reso-
lution shots. This may be attributed to the passive elec-
trical properties nature of the PVC as can be noticed in
the electrical conductivity curve depicted in Figure 1a,
for the CNTs/PVC composite unless it is exposed to high
frequency.

3.4.2 SEM images for CNTs/PMMA nanocomposites

An indication of the nanotubes dispersion quality achieved
is illustrated in Figure 9. Torn edge surface of the thin
film sample of CNTs/PMMA composite (using minimal
cutting device at shearing rate of 0.2 mm/min at room
temperature) was prepared for SEM investigation.

SEM images with different magnifications can be seen
in Figure 9 in which clusters of CNTs with a few protrud-
ing bundles are disclosed. Meanwhile, it can also be no-
ticed that the strong cross linking significantly improved
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Fig. 10. SEM micrographs of CNTs/PS composites.

the CNTs dispersion throughout the PMMA matrix, thus
forming good reinforcing network within the polymer. The
high quality of achieved dispersion of the CNTs within the
polymer matrix reflects favorably on the mechanical, elec-
trical, and thermal properties of the composite.

3.4.3 Scanning electron microscopy of CNTs/PS
nanocomposite

Figure 10 shows the SEM images of CNTs dispersion in PS
polymer matrix composite. The apparently homogeneous
dispersion and the strong interfacial bonding and cross
linking between CNTs and PS polymer matrix is obvious.
The functionalized knit-like interweave appearance indi-
cates how CNTs play a role as a reinforcing agent in the
PS matrix. It can be concluded that CNTs suit well the PS
polymer matrix for synthesizing competent composite for
different applications. The results of the thermal analysis
of the CNTs/PS composites together with its FTIR spec-
trum discussed before, confirm this matching phenomenon
of the CNTs and the PS polymer.

4 Conclusions

This work aims at using CNTs synthesized in lab by
submerged DC arc discharge technique in tailoring
polymer matrix nanocomposites having up to 5 wt.%
dispersed CNTs. Three polymers namely PVC, PMMA,
and PS have been adopted throughout the experimen-
tation. The three types of synthesized nanocomposites
have been characterized by measuring their mechanical,
electrical, and thermal properties. In addition, FTIR
spectroscopy and SEM microscopy have been investigated
using nanometrology techniques. The test results have

been presented and discussed. It can be concluded that
both PMMA and PS polymers experienced much better
matching ability and cross linking ability with the inter-
weaving CNTs than the PVC polymer. Thus, both PMMA
and PS polymers may be nominated for further extension
of the investigation to cover a wider range of CNTs content
ratios in an endeavour towards searching for maximum
specific performance properties of such nanocomposites.
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