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In this study, the effect of gamma irradiation on PAni.MWCNT/PMMA films was inves-
tigated, for using them as dosimeters. In particular, the effects of gamma irradiation on the
morphological characteristics, structure, electrical conductivity, and some optical properties of
PAni.MWCNT/PMMA films were studied before and after irradiation. Samples were fabricated
by casting method, obtained by using PAni.MWCNT with 3.8 wt% PMMA weight ratio, and ex-
posed to a (Cs137) gamma-radiation source at different dose rates (0, 2.7, and 4.8 kGy) at room
temperature. The morphological characteristics of the PAni.MWCNT/PMMA films were examined
through scanning electron microscopy. X-ray diffraction analysis revealed the effect of irradiation
on the structure and average crystallite size of the films. The FTIR was carried out for samples
within the range 600–4000 cm−1 to study the functional groups of PAni.MWCNT/PMMA films,
and the presence of characteristic bonds of PAni.MWCNT/PMMA films were observed using FTIR
spectroscopy technique. Electrical conductivity analysis showed that the conductivity of the unir-
radiated film of 2.02×10−8 S.cm−1 increased to 2.77×10−8 S.cm−1 after the samples were exposed
to 4.8 kGy. The absorption spectra of the PAni.MWCNT/PMMA films were also obtained. Spec-
tral analysis demonstrated that optical transition was an allowed direct transition, and the optical
band gap increased as the radiation dose increased. The observed changes in these physical prop-
erties suggested that PAni.MWCNT/PMMA films may be used as an effective material for gamma
radiation dosimeters at room temperature.
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I. INTRODUCTION

With the use of polymers in scientific and technolog-
ical fields, the properties of these polymers in relation
to their uses should be investigated. Studies have de-
scribed their physical properties, such as transparency,
flexibility, conductivity, and resistance to different envi-
ronmental conditions, and many different physical prop-
erties are required for the scientific applications of these
polymers. They can be improved on the basis of their
physical properties to eliminate their disadvantages [1].
Polymers were used as insulators until 1977 because of
the presence of covalent bonds characterized by their in-
ability to exhibit electrical and thermal conductivity [2].
But after 1977, conjugated conducting polymers were
discovered; this type of polymers possesses alternating
single (σ) and double (π) bonds along the main poly-
mer chain. Thus, conjugated double bonds allow elec-
tric flow [3]. The electrical conductivity of these poly-
mers can be changed by doping to about (10−12–104)
S·cm−1 [2], and this process involves oxidation or re-
duction [4]. The discovery of conductive polymers has
made a great development in the electronic industry for
a large number of important applications, such as sen-
sors, transistors, light-emitting diodes, solar cells, and
other devices [5]. Polyaniline (PAni) is one of the most

famous conductive polymers because of its easy prepa-
ration, high conductivity, and good environmental sta-
bility; one of the most interesting features of PAni is its
ability to switch between electrically insulating and con-
ducting states via doping [6]. PAni is often mixed with
conventional polymers, such as Poly(methyl methacry-
late) (PMMA), Polystyrene (PS), and Polyethylene ox-
ide (PEO), because of its poor mechanical properties [7].

PMMA is a member of a family of polymers which
chemists call acrylates, but the rest of the world calls
acrylics. Pure, atactic poly(methyl methacrylate) PM-
MA is an amorphous plastic with a high surface gloss,
high brilliance; it has good mechanical strength, accept-
able chemical resistance, and extremely good weather
resistance. PMMA can be produced using a variety of
polymerization mechanisms [8]. PAni is one of the poly-
mers used to measure dosages in radiation dosimetry
based on changes in electrical or optical properties un-
der the influence of radiation [9]. Radiation methods are
largely used for polymerization and polymer modifica-
tion because a polymer subjected to irradiation under-
goes structural changes; consequently, these methods can
be exploited to obtain new features or to improve the
polymer performance [10]. The main effect of radiation
on polymers is the degradation or crosslinking of their
molecules. Through these two effects, the main changes
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in the properties of polymers occur. Degradation leads
to a decrease in molecular weight and the formation of
gaseous products, such as CO2, hydrogen gas, methane,
and carbon dioxide. Crosslinking is equivalent to degra-
dation, that is, crosslinking is a process by which two
radicals or molecules of the same type are combined
(dimerization); crosslinking is the reverse of degradation
in which chain bonding causes an increase in molecu-
lar weight [11]. In mixing polymers with nanoparticles
that have different shapes, such as spheres, rods, tubes,
fibers, wires, and other shapes, shape and size play an
important role in determining the ability to obtain a ho-
mogeneous mixture of polymers and nanoparticles with
advanced properties compared with mixtures containing
materials with microparticles [12]. Polymer-carbon nan-
otubes (CNTs) are a composite of a polymer with CNTs
that have unique properties that cannot be obtained for
each material alone. These composites show potential
for electronic applications because of the formation of
conducting polymer-CNT networks [13–14]. The effect of
MWCNT content on the conductivity of PAni-MWCNT
composites has been studied. The conductivity of PAni
composites usually increases with the content of MWC-
NTs [14].

In this study, PAni.MWCNTs/PMMA films were pro-
duced by casting and subsequently irradiated with var-
ious doses of gamma rays. The influence of radia-
tion on the morphological characteristics, structure,
electrical and optical properties, and feasible use of
PAni.MWCNTs/PMMA films as gamma dosimeters was
investigated.

II. EXPERIMENTAL

PAni.MWCNT/PMMA films were prepared by cast-
ing method. PAni.MWCNT was fabricated through the
in situ oxidative polymerisation of aniline/MWCNT in
acidic media in accordance with the method previous-
ly described by Jabbar 2018 [15]. For the preparation of
PAni.MWCNT solution, 0.05 g of PAni.MWCNT pow-
der was dissolved in 5 ml of CHC13 and stirred for 3
h. Afterward, 3.8% weight ratio of PMMA was added
to prepare a PAni.MWCNT/PMMA solution. The mix-
ture was placed in a stirrer for 2 h to obtain a homo-
geneous solution. This solution was then poured into a
flat glass plate and dried at room temperature. The sam-
ples were irradiated by various doses of gamma rays (0,
2.7 and 4.8 kGy) at room temperature by using Cs137 as
a gamma source. Infrared analysis in the wave number
range of 600–4000 cm−1 was conducted using a SIDCO
England series FT-IR spectrometer. The morphological
characteristics and surface topography of the films were
imaged using a scanning electron microscope. The struc-
ture of these samples was investigated by using Philips X-
ray diffraction (XRD) diffractometers. The optical mea-
surements of the PAni.MWCNT/PMMA films were per-
formed on the basis of transmittance and absorbance
spectra at 300–900 nm by using a UV-VIS spectropho-
tometer type SHIMADZU UV-VIS 1600/1700 series.

III. RESULTS AND DISCUSSION

The SEM images were used to study the mor-
phological characteristics of PAni.MWCNT/PMMA
films before and after irradiation. Fig. 1 shows the
PAni.MWCNT/PMMA images before and after irradi-
ation with the gamma dose of 4.8 kGy. From the SEM
image of the PAni.MWCNT/PMMA films before irradi-
ation one can note a homogeneous diffusion of MWC-
NTs in PAni, and PMMA also showed the coating of
these MWCNTs with a polymeric material, leading to
an increase in the diameter of MWCNTs. The SEM im-
age also illustrates an irregular network formed between
MWCNTs, thereby improving the properties of the sam-
ples. This observation was consistent with the findings
of Kondawar et al 2012 [16] about the effect of MWC-
NTs on the properties of PAni. The SEM image of the
PAni.MWCNT/PMMA films subjected to irradiation re-
vealed that the morphological characteristics of the films
slightly changed after irradiation. Any defects, such as
the breakage of MWCNT after irradiation, were absent
from the irradiated films, indicating that irradiation did
not remarkably affect the morphological characteristics
of PAni.MWCNT/PMMA films. This finding was con-
sistent with those described in other studies, such as
Bosworth 2012 [17] and Augustine et al. 2015 [18], sug-
gesting that irradiation did not influence the morpholog-
ical characteristics of polymeric materials.

Figure 2 shows the XRD patterns of
PAni.MWCNT/PMMA films prepared by casting be-
fore and after irradiation with different gamma doses.
The XRD of the PAni.MWCNT/PMMA films before ir-
radiation showed only one broad, weak, and low-intensity
peak at 2θ=16.6◦, indicating that the prepared film had
an amorphous structure. This result is similar to that ob-
served in PAni and PMMA composites reported by other
groups [19], [20]. The X-ray spectra of the samples after
irradiation showed that the number of peaks increased,
suggesting that the films had a polycrystalline structure.
In the sample irradiated with 2.7 kGy, the sharpness and
intensity of the peak at 2θ=16.6◦ increased, and three
new peaks formed. A broad peak appeared at 2θ=19◦,
and two other sharp peaks were detected at 2θ=33.5◦
and 44◦. These two sharp peaks quickly disappeared
when the radiation dose increased to 4.8 kGy, and they
were then replaced by four new sharp peaks at 2θ =
28◦, 28.5◦, 29.5◦, and 31◦ and a broad peak at 2θ =
22.5◦. This result demonstrated that gamma irradiation
enhanced the structure of the PAni.MWCNT/PMMA
films. The average crystallite size (C.S.) of the samples
can be calculated from the X-ray spectrum through the
full-width at half maximum (FWHM) method (Scherrer
relation) [21].

C.S. =
D λ

∆ β cos θ

where ∆β is the FWHM of the XRD peak at a diffraction
angle θ, D is Scherrer’s constant D=1, and λ is the X-ray
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wavelength. The C.S. of PAni.MWCNT/PMMA films
before irradiation was about 8.49 Å, which increased to
43.27 Å when the sample was irradiated with 4.8 kGy
(Table). Hence, the crystallization state of the samples
was enhanced by irradiation with gamma rays.

Fig. 1. The SEM images of the PAni.MWCNT/PMMA be-
fore and after gamma irradiation.

Fig. 2. X-ray diffraction of the PAni.MWCNT/PMMA
films before and after gamma irradiation.

The FTIR spectrum of the PAni.MWCNT/PMMA
films before and after irradiation by different gamma ray
doses is shown in Fig. 3. The main characteristic peaks
of the samples appeared in the composite and were as-

signed as follows: the C=C stretching modes for quinoid
and benzoid units occurred at 1487 cm−1; the bands at
1292 and 1396 cm−1 were attributed to the C–N stretch-
ing mode of the benzoid unit; and the peak at 771 cm−1

was associated with C–C and C–H of the benzoid unit
[22]. The band assigned to the carbonyl group C=O ap-
peared at 1755 cm−1, and the bands at 2990 cm−1 were
attributed to the aliphatic group C–H [23]. The charac-
teristic bands and their arrangements for the composite
before irradiation were similar to those after irradiation,
suggesting that irradiation did not affect the chemical
bonds of PAni.MWCNT/PMMA films [22].

Fig. 3. FTIR spectra of the PAni.MWCNT/PMMA films
before and after gamma irradiation.

Fig. 4. The (current–voltage) curves for PAni.MWCNT/
PMMA films before and after gamma irradiation.

3710-3



TARIQ J. ALWAN

The D.C. conductivity of the PAni.MWCNT/PMMA
films was studied by plotting the current as a func-
tion of the applied voltage at different radiation
doses (Fig. 4). The electrical conductivity of the
PAni.MWCNT/PMMA films was measured (Table). The
results revealed that their electrical conductivity in-
creased as the irradiation dose increased. When the dose
was 0 kGy, the electrical conductivity was 2.02×10−8

S·m−1 , which increased to 2.77×10−8 S·m−1 at 4.8 kG.
This increase in conductivity may be due to the forma-
tion of polarons created at the defects site, which moves
towards the polymer backbone. This implies that the ra-
diation induced degradation becomes effective and hence
increases the motion of free radicals, thereby increasing
the conductivity. This increase in conductivity after ir-
radiation is also supported by the improvement of the
structure of PAni.MWCNT/PMMA films subjected to
irradiation, which increased the carrier mobility and en-
hanced the conductivity. This finding was consistent with
those observed by Sonkawade et al. 2010 [24] and Mef-
tah et al. 2014 [25], who emphasized that irradiation by
gamma ray increases the conductivity of conductive poly-
mers.

The absorption spectra of the PAni.MWCNT/PMMA
films are shown in Fig. 5(I). The absorption spectra of the
unirradiated films and the films irradiated with 2.7 kGy
decreased with the wavelength. This behavior changed at
4.8 kGy and the spectra increased with the wavelength.
On the other hand, the absorption values of the films de-
creased with irradiation in all of the wavelengths used in
the measurement. These results were attributed to the
structural change that occurred with irradiation [26].

Fig. 5. The variation of Absorption spectra with wave-
length for PAni.MWCNT/PMMA films before and after gam-
ma irradiation.

Absorption spectra, which are the direct and possibly
the simplest method for probing the band structure of
films, are used to determine the energy gap (Eg) calcu-
lated from the following equation:

αhν = B(hν − Eg)r

where αhν is the absorption coefficient, B is a constant,
and r is an index that can be supposed to have values
of 3, 2, 3/2, and 1/2 corresponding to forbidden indirect

transition, indirect allowed transition, forbidden direct
transition, and allowed direct transition, respectively, de-
pending on the type of electronic transition responsible
for absorption [27,28].

The type of electronic transitions can be determined
by the dependence on absorption coefficients; in partic-
ular, direct transitions occur when αhν > 104 cm−1,
whereas indirect transitions occur at αhν < 104cm−1

[29].
The present PAni.MWCNT/PMMA films exhibited

direct allowed transition, and Eg of the films was deter-
mined from the straight line plot of (αhν)2 as a function
of photon energy (Fig. 6). The direct allowed Eg of the

Fig. 6. The variation of ((αhν)2 with (hν) for
PAni.MWCNT/PMMA films before and after gamma irra-
diation.

PAni.MWCNT/PMMA films increased strongly from
1.1 eV for the unirradiated film to 2.4 eV for the film
irradiated with 4.7 kGy. The variation in E g with irradi-
ation is summarized in Table. This result was consistent
with previous findings [30].

Dose Crystalite, Size Å σ, S·cm−1 Eg, eV
0 kGy 8.49 2.02× 10−8 1.1

2.7 kGy 39.8 2.45× 10−8 1.95
4.8 kGy 43.27 2.77× 10−8 2.3

Table. Some physical parameters of PAni.MWCNT/PMMA
films.

IV. CONCLUSIONS

A well-homogenized polyaniline can be successfully
prepared with MWCNTs mixed with PMMA through
a casting method. Different doses of gamma radiation
improve the structural, optical, and electrical properties
of the films by increasing the average crystalline size,
Eg, and the electrical conductivity of the prepared films,
but such doses do not affect the morphological charac-
teristics of the prepared films. Our results indicate that
PAni.MWCNT/PMMA films may be used as a material
for measuring specific gamma radiation doses of 0, 2.7,
and 4.8 kGy at room temperature.
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Sci. 7, 112 (2012).

ВПЛИВ ГАММА-ОПРОМIНЕННЯ НА ФIЗИЧНI ВЛАСТИВОСТI ПЛIВОК
PAni.MWCNT/PMMA

Тарiк Дж. Альван
Унiверситет Аль-Мустансiрiя, Багдад, Iрак

У цiй працi дослiджено вплив гамма-опромiнення на плiвки PAni.MWCNT/PMMA для використання
їх як дозиметрiв. Зокрема, вивчено вплив гамма-опромiнення на морфологiчнi характеристики, структу-
ру, електропровiднiсть та деякi оптичнi властивостi плiвок PAni.MWCNT/PMMA до та пiсля опромiнення.
Зразки виготовляли методом лиття, отриманим за допомогою PAni.MWCNT з масовим спiввiдношенням 3.8
мас.% ПММА та пiддавали впливу джерела гамма-випромiнювання (Cs137) за рiзних величин дози (0, 2.7,
i 4.8 кГр) при кiмнатнiй температурi. Морфологiчнi характеристики плiвок PAni.MWCNT/PMMA дослi-
джували за допомогою сканувальної електронної мiкроскопiї. Рентґенодифракцiйний аналiз виявив вплив
опромiнення на структуру та середнiй розмiр кристалiтiв плiвок. FTIR було проведено для зразкiв у межах
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600–4000 см−1 для вивчення функцiональних груп плiвок PAni.MWCNT/PMMA та наявнiсть характер-
них зв’язкiв плiвок PAni.MWCNT/PMMA спостерiгали за допомогою методики спектроскопiї FTIR. Аналiз
електропровiдностi показав, що електропровiднiсть неопромiненої плiвки становить 2.02 × 10−8 S · cm−1

збiльшилася до 2.77 × 10−8 S · cm−1 пiсля того, як зразки зазнали впливу 4.8 кГр. Було також отримано
спектри поглинання плiвок PAni.MWCNT/PMMA. Спектральний аналiз показав, що оптичний перехiд був
дозволеним прямим переходом, а розрив оптичної смуги збiльшувався зi збiльшенням дози випромiнювання.
Спостережуванi змiни цих фiзичних властивостей дозволяють припустити, що плiвки PAni.MWCNT/PMMA
можна використовувати як ефективний матерiал для дозиметрiв гамма-випромiнювання за кiмнатної тем-
ператури.
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