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Abstract. In this research work, nanocomposites were synthesized by addition of fractions (0.0, 0.02, 0.04 and 0.06) of
multi-wall carbon nanotubes (MWCNTs) to epoxy resin to investigate the optical properties and glass transition temperature.
Optical measurement shows that epoxy matrix films have high absorption at the different MWCNTs fractions (0.0, 0.02,
0.04 and 0.06). The optical energy gaps for allowed direct transition were evaluated and found to decrease with increasing
film fractions, precisely, from 2.85 to 1.32 eV when fractions increased from 0.0 to 0.06 of the matrix weights that indicated
strong shifts at 435–935 nm with increasing fraction. The values of the absorption coefficient and extinction coefficient
increased with fractions of MWCNTs while the refractive index and the real part of dielectric constant decreased with the
fractions of MWCNTs. Also, the glass transition temperature was investigated and was found to increase with increasing
fraction of carbon nanotube in the matrix.
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1. Introduction
The discovery of carbon nanotubes (CNTs) has attracted considerable interest in many fields, such as industrial research,
academics, laboratory, etc., especially in the preparation of
polymer–CNT nanocomposites [1–4]. CNT is well known for
having tremendous potential in many applications, thanks to
its excellent thermal [5], mechanical [6–9] and electrical [10–
12] properties. Among the many important applications of
polymers, mechanical reinforcement through the addition of
CNTs has received strong interest from scientific researchers,
particularly in the last two decades [13]. The first matrix that
was enhanced by CNTs was an epoxy matrix. Since then, different composites have been studied using different dispersion
mechanisms, CNTs and hybrid reinforcements [14].
The applications of composite containing CNTs depend
highly on the capability to homogeneously disperse them
through the matrix without destroying their integrity. In addition, a perfect interfacial bonding is needed to fulfil load
transfer across the CNT–matrix interface, a necessary condition for improving the composite’s properties [15].
Components that have a minimum of 1 nm in dimension
are known as nanocomposites.
CNTs, fullerenes, montmorylonites and nanosilicas are the
most popular nanofillers. The electrical, mechanical and thermal properties of nanomaterials can always be improved using
proper nanofillers. Three different techniques can be used to
obtain the nanocomposites: (A) by means of a solvent, where
the nanofiller is spread in a solvent and afterwards mixed with
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a monomer; (B) the direct dispersion of the thermal polymers
in the polymer matrix and (C) the in-situ method, which is
used to obtain thermoplastic compounds [16].
Due to the unique properties of nanocomposites, which are
different from those of individual materials, these materials
have attracted much attention [17,18]. The gathering of polymer and nanomaterials with each other reinforces the optical
properties of the nanocomposites and also modifies the other
properties of the polymer. Nanocomposites may be the best
candidates for space application if the characteristics of the
polymers can be tuned in the proper direction with enhanced
optical properties [19].
The importance of nanostructured polymers is highlighted
because of the potential use in optical sensors and solar cells
[20], light stable colour filters [21] and polarizers [22].
The aim of this study is to investigate the influence of reinforcing the epoxy resin with different percentage weights of
multi-wall carbon nanotubes (MWCNTs) on the optical properties and determining areas of use of these membranes via the
study of many of the optical properties of these membranes.
The glass transition temperature is also studied to ensure its
thermal stability.
2. Experimental
The membranes of about 0.5-mm thickness were manufactured by the hand layup casting method and all the
experimental details have been described in our previously
published paper [23]. Optical transmission measurements in
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Figure 1. The absorbance spectrum with wavelength of epoxy
matrix film with different percentage weights of MWCNTs.

Figure 2. Reflectance spectra with wavelength of epoxy matrix
film with different percentage weights of MWCNTs.

the range of 300–1100 nm were performed using a UV–visible
1800 spectrophotometer (English made), which include transmittance (T ), absorbance (A) and reflection for measuring
the absorbance change as a function of wavelength within
the range of 300–1100 nm. The optical absorption spectrum
opt
was utilized to define the optical energy gap (E g , eV) using
the Tauc formula. The absorption coefficient (α) value can
be computed from the Urbach law. Finally, optical constants
like refractive index (n) values, extinction coefficient (k) and
the real εr and imaginary εi parts of dielectric constant were
calculated from the absorbance spectrum.
3. Results and discussion
3.1 Optical properties
The absorbance and reflection spectra of the epoxy matrix
film were determined at room temperature as a function of
wavelength at different fractions (0.0, 0.02, 0.04 and 0.06) of
the matrix weight as shown in figures 1 and 2.
The optical properties of these samples were studied on the
basis of absorption measurements using the UV–VIS spectrophotometer. The wavelength range of absorbance spectra
was 300–1100 nm. The absorbance spectra in figure 1 show
that the absorbance increases in the visible wavelength range
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Figure 3. Variation of absorption coefficient with photon energy
for epoxy matrix film with different percentage weights of
MWCNTs.

as a function of fractions (0.0, 0.02, 0.04 and 0.06). These
films spectra exhibit high visible absorption, up to 87% over
300–400 nm at x = 0.06, and the absorption edge shifts
to the lowest values at the near-IR wavelength. The absorption decreases when the wavelength increases from 400 to
1100 nm for all the fractions (0.0, 0.02, 0.04 and 0.06). We can
notice from the absorbance spectra that the fractions of MWCNTs work to increase absorption within the visible region. The
high absorption of these films indicates the possibility of use
in the solar cell. From the reflection spectra as a function of
wavelength in the range of 300–1100 nm for different MWCNTs fractions of 0.0, 0.02, 0.04 and 0.06, it can be noticed
that the lowest value of reflection is when x = 0.6 as shown
in figure 2.
The absorption coefficient (α) values are calculated using
the Urbach law [24] and shown in figure 3. The result shows
a high magnitude of α above 105 cm−1 . In general, the values
of α increase as a function of the fractions (0.0, 0.02, 0.04
and 0.06) of the matrix weight; this result may be due to an
increase in absorbance and a decrease in the optical band gap
as shown in table 1 [25]. From table 1, it is observed that
the value of α increases from 11 × 104 to 19.6 × 104 cm−1
opt
with increasing fractions (0.0–0.06). The value of E g was
opt
computed using the Tauc formula [26]. E g decreases from
2.92 to 1.32 eV as shown in table 1 and figure 4. An increase
in fraction from 0.0 to 0.06 leads to a resulting increase of
opt
defect states, with a resulting decrease in E g values.
The relationship between (αhυ)2 and photon energy E(hυ)
was examined to determine the band gap energy for direct
transitions of the samples’ absorption curves. The absorption coefficient values reach 105 for all the prepared films;
this indicates that the optical energy gap is of direct type.
The fractions of CNT decrease the optical energy gap values
compared with the value of pure epoxy matrix films. Variation of optical constants (refractive index (n) [27], extinction
coefficient (k) [28] and the real and imaginary parts of the
dielectric constant [29]) with photon energy for epoxy matrix
film at different fractions (0.0, 0.02, 0.04 and 0.06) is shown
in figures 5–8. The refractive index is an important parameter for optical materials and applications; it is important for
magneto-optical device design such as magneto-optical
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Table 1. Optical constant for epoxy matrix film with different percentage weights of
MWCNTs.
Optical constant at λ = 360 nm
Fractions
0
0.02
0.04
0.06

opt
Eg

(eV)

2.92
2.6
2.32
1.32

α × 104 (cm−1 )

n

k

εr

εi

11.1
14.6
15
19.6

2.48698
1.57651
1.52000
1.105295

0.31764
0.4185
0.42
0.560759

3.02351
2.31023
2.13
0.907227

1.12291
1.47948
1.27
1.831363

Figure 4. (αhυ)2 vs. photon energy for epoxy matrix film with
different percentage weights of MWCNTs.

Figure 7. Real part of dielectric constant with photon energy for
epoxy matrix film with different percentage weights of MWCNTs.

Figure 5. The refractive index with photon energy for epoxy
matrix film with different percentage weights of MWCNTs.

Figure 8. Imaginary part of dielectric constant vs. photon energy
of epoxy matrix film with different percentage weights of MWCNTs.

Figure 6. Extinction coefficient with photon energy for epoxy
matrix film with different percentage weights of MWCNTs.

isolators and modulators [30]. Table 1 shows that n value
decreases with the rise of fraction (0.0, 0.02, 0.04 and 0.06).
This behaviour may be attributed to the decrease in reflection,
which in turn affects the refractive index; the refractive index
values increase for all prepared films with increasing photon
energy until it reaches the maximum value at energies corresponding to the optical energy gap of each film. The increase
of refractive index values can be explained by the increased
density of the prepared samples (growing packing density),
which decreases propagation velocity of light through them,
causing increasing n values since n is the ratio of light velocity
in vacuum to velocity in the medium.
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Figure 9. Optical micrographs of the surface of the composites containing (a) pure epoxy,
(b) 2 wt% MWCNTs, (c) 4 wt% MWCNTs and (d) 6 wt% MWCNTs.

3.2 Investigating by optical microscopy
Figure 9 displays the optical microscopy photographs of
epoxy–MWCNT nanocomposite. The images exhibit a little
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Extinction coefficient (k) refers to the magnitude of
attenuation on the electromagnetic wave when it passes
through the material; its value is determined by the interaction processes of electromagnetic wave with the material;
in general, it increases with increasing fraction (from 0.0 to
0.06) as in figure 6 because the variation of k is similar to that
of α and to the increase in absorbance.
The variables εr and εi vs. photon energy at different fractions (0.0, 0.02, 0.04 and 0.06) are shown in figures 8 and 9.
The dielectric constant is a very important physical parameter for electric materials. The interaction between light and
material charge is due to the energy absorption process, and
it leads to material charge polarization. This polarization is
usually described by complex dielectric constant (εcomplex );
the εr and εi are generally related to dispersion and loss factor, respectively. From figure 7, it is seen that the value of
εr first increases with increase in E(hυ), reaching up to 3.3,
and then decreases with further increase of E(hυ), similar to
the refractive index. The εr decreased with increasing fraction (from 0.0 to 0.06). From figure 8, it is observed that the
imaginary part of the dielectric constant is a measure of the
absorption of radiation energy by material atoms; εi decreases
with an increase in E(hυ) and fraction (0.0, 0.02, 0.04 and
0.06), similar to the absorption coefficient.
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Figure 10. The relationship between glass transition temperature
and different percentage weights of MWCNTs.

bit homogeneous distribution of MWCNTs at epoxy resin,
and there are some areas with a high concentration and
agglomeration of MWCNT in (c) and (d) samples. The
agglomerates may be due to strong van der Waals forces
between the MWCNTs themselves [31] or perhaps because
of the humidity effect.
3.3 Glass transition temperature
Tg represents the temperature of glass transition, which is
the transition from the glassy state to the rubbery state of
the amorphous epoxy resin or vice versa, which is a critical thermal achievement index of all polymeric materials.
When the transition from the glassy state to the rubbery state
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Figure 11. Diagrams of glass transition temperature of epoxy–CNT nanocomposite of different percentage weights of MWCNTs.
(a) Pure epoxy, (b) 2, (c) 4 and (d) 6 wt% MWCNTs.

happens at temperature Tg , its performance will completely
change due to the conversion of state. Therefore, obtaining the accurate value of Tg is an important condition for
thermal achievement compared with achievement systems
[32].
Figures 10 and 11 show the relationship between MWCNTs ratio and the glass transition temperature. It can be
observed that Tg increases with increasing MWCNTs ratio,
and this may be attributed to the glass transition process
with molecular motion. The increase in Tg of the nanocomposites can be attributed to the high degree of adhesion
between the MWCNTs and epoxy polymer. The nanosize
of the MWCNTs restricts movement near the organic–
inorganic interface [33,34]. It may be deduced that the
covalent bonds between the polymer matrix and CNTs are
beneficial to raise Tg of the MWCNT–polymer composites
[35].

4. Conclusion
Epoxy matrix films containing different fractions of MWCNTs (0.0, 0.02, 0.04 and 0.06) were successfully prepared and
used for the experiment. The influence of the fractions (0.0,
0.02, 0.04 and 0.06) on the values of optical factors and the
glass transition temperature of the epoxy matrix was investigated. All samples exhibited high absorption in the visible
range of the electromagnetic spectrum and at x = 0.06, high
transmission in the IR region. The energy band gap type is
allowed direct and values of optical energy gap decrease with
increasing percentage weight of MWCNTs; these samples are
suitable for optoelectronic devices and window layers of solar
cells. On the other hand, the results show that the temperature
of glass transition increases with the increase of the percentage weight of MWCNTs, so that the thermal stability of the
epoxy rises after reinforcement with MWCNTs.
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