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Abstract: Four nanocomposites (NCPs), e.g., polyaniline-copper/polymethyl methacrylate (PANI-Cu/PMMA), polyaniline-
copper/cellulose triacetate (PANI-Cu/CTA), polyaniline-copper/polycarbonate (PANI-Cu/PC), and polyaniline-copper/
polycarbonate-polyester (PANI-Cu/PC-PBT) were fabricated using both chemical oxidation and casting techniques. The
morphology of the prepared NCPs was studied using scanning electron microscopy. The induced alterations in the color of
the synthesized NCPs owing to UV irradiation, within fluences 25-120 J/cm?, have been illustrated via UV spectroscopy and
CIE color divergence methodology. The color variation between the pristine and irradiated NCP samples (color intensity, AE)
has been computed for the four NCPs. The results show that, upon UV irradiation up to 120 J/em?, the values of AE for the
PANI-Cu/PMMA NCP samples achieved a major color difference which is an acceptable match in commercial reproduction
on printing presses since AE reached the value of 35.8. The value of AE for the PANI-Cu/CTA NCP samples reached 23.8
that also indicates a significant color difference. It is worth mentioning that the PANI-Cu/PC-PBT shows a minimum color
difference since AE exhibited variation up to 7. This means that the PANI-Cu/PC-PBT NCP samples have higher resistance

to color changes against UV radiation. Thus, this NCP may be a suitable candidate in textile industry.
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Introduction

Some polymers that are used in industry have various
attractive characteristics that permit it to be most significant
polymers. In spite of their huge technological and financial
importance, however, they still have many problems owing
to their narrow absorption bands and degradation mechanism
that cause variation in their color properties [1]. This can be
owing to the structure defects created throughout the
polymerization route [2]. These problems can be solved by
implementing nanoparticles (NPs) inside their matrices due
to their small size that enhances the polymer properties [3].
The optical properties of the resulted polymeric nanocomposites
(NCPs) display an essential role in research due to their great
presentation in numerous industrial applications [4-6].

Polyaniline (PANI) is a talented conducting polymer for
the electronic applications due to its environmental stability
[7]. It is useful in textiles industry [8]. PANI which is used as
a strain sensor has received awareness lately [9,10]. The
high aromatic structure of PANI allows its backbone to be
rigid. In spite of this, PANI is accessible in rather low
molecular weight structure, thus its solution elasticity is
usually inadequate to be electro-spun directly into fibers
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[11]. This character confines its application. Therefore,
blending PANI with other polymers that have good mechanical
and processing properties is a useful route.

Also, polymethyl methacrylate (PMMA) optical fiber, has
been wicker with cotton and polyester in a specific weave
pattern to evaluate the light for light releasing textile
application. The illumination of clothing scheme is mainly
affected by the weave geometry. The chance of mixing of
PMMA with clothing scheme has been illustrated widely
[12]. Although PMMA is distinguished between polymeric
materials, it can’t be suitable candidate for applications
requiring high temperature due to its relatively poor thermal
stability [13]. This can be treated by introducing nanoparticle
effect [14]. Thus the PANI/PMMA blend combines the
superior property of PMMA and the great electrical
conductance of PANI, presenting brilliant strain and gas
sensing property [15].

Besides, cellulose triacetate (CTA) is a good host material
for PANI NCPs and has the advantages of transparent film
formation. Numerous researches focusing on the physical
properties of PANI and CTA blends have been reported
[16,17]. CTA is used in numerous textile applications owing
to its quality and excellent textile processing presentation. It
is used in wicker fabrics, knits, and braids. It is regularly
blended with other fibers to produce mixture threads [18].
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Additionally, polycarbonate (PC) has significant characteristics
such as good toughness; inflexibility and being thermally
stable [19]. PC is amongst the most chemically resistant and
durable polymers that can be bonded to the textile as a multi-
layered coating; significantly enhancing the lifetime of the
fabric through its resistance to bleach and other cleaning
agents. PC is an appropriate matter for hosting metal NPs
owing to its unique properties. The inclusion of metal NPS
into the PC matrix has a benefit because the merged matter
joins the properties from both materials [20-22].

Moreover, polyester (polybutylene terephthalate PBT) is
semicrystalline which is chemically stable. Blend of
polyester with polycarbonate is a category of industrial
blends which can be applied. The product would be of
enhanced chemical resistance and the flow properties [19].
The transesterification is the mainly essential substitute
reaction between PC and PBT, resultant in a novel chemical
construction of copolymers [19].

On the other hand, the color difference due to irradiation is
an important procedure that evaluates the structural changes
in polymeric nanocomposites. This procedure initiates the
foundations which consider the construction of radiation
sensors [23]. Several studies have considered the calculation
of the color divergence in irradiated polymeric materials and
the application in dosimetry [24-26]. Scientists have
attributed the color modifications in irradiated polymers to
the creation of hot free radicals and strongly conjugated
bonds [27]. The UV irradiation treatment of polymeric
materials causes rupture of bonds, production of free
radicals and consequently, crosslinking is achieved [28].
Additionally, it creates significant lattice defects that lead to
the formation of reactive species which can alter the optical
properties of the irradiated polymeric materials [29]. The
effectiveness of these modifications is based on the structure
of the polymeric materials [30]. In our previous work, we
prepared PANI-Mn/PMMA NCP as a y-ray dosimeter. We
found that the prepared NCP undergo color variations upon
y-irradiation [31]. In the present study, PMMA, CTA, PC,
and PC-PBT were used as host materials to PANI-Cu NCP.
The presence of Cu NPs is solely to encourage the charge
transfer process due to the shift of charge density between
molecular orbital of Cu NPs and those of PANI which are
ligand in character [32].

The modifications of color in the synthesized NCP
samples upon UV irradiation have been explored. The aim is
to obtain a NCP of high resistance to color changes upon UV
irradiation, improving its performance in textiles industry.

Experimental

Materials

Aniline monomer, dodecyl benzene sulfonic acid (DBSA,
surfactant), copper chloride, and PMMA powder were
obtained from Sigma-Aldrich Company, USA. CTA sheets
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were manufactured by Eastman Kodak Company, Rochester,
New York. Bisphenol-A PC and bisphenol-A PC blended
with polyester (PC-PBT blend-film) were produced by
Farbenfabriken Bayer A.G., Leverkusen (West Germany).

Syntheses of PANI

A stable polyaniline-dodecylbenzenesulfonic acid (PANI-
DBSA) colloidal dispersion was prepared as previously
published [32] as follows: aniline monomer and dodecyl
benzene sulfonic acid (DBSA) of ratio (3:1) in 75 m/ water/
isopropanol (IPA) mixture (3:1) have been homogenized for
10 min to form the miniemulsion. Then, 25 m/ of ammonium
peroxydisulfate (APS) solution (1 wt.%) was added dropwisely
to the former miniemulsion. Polymerization was performed,
at room temperature, with strong stirring at 10,000 rpm for
15 min. The color was changed from white anilinium-DBSA
complex in water to blue, then turned into dark green.
Finally, a green and very stable PANI-DBSA dispersion was
obtained. The colloid dispersal is centrifuged, washed by
water/methanol mix for several times and then dried in an
electric oven for 4 h at 70 °C and kept for further use.

Syntheses of PANI-Cu NCP

The polymerization reaction has been done; where aniline
monomer and DBSA of ratio (3:1) was homogenized by
high shearing affect homogenizer at 10,000 rpm in existence
of DBSA to form the miniemulsion. A 20 m/ of 0.25 %
copper chloride solution has been added to the formed
miniemulsion with continuous strong stirring at 10,000 rpm
until a green colloidal dispersion of PANI/Co NCP is
obtained. The produced green colloidal dispersion was then

centrifuged, washed several time by water/methanol mix,
filtered, and dried at 70 °C for 4 h [32].

Syntheses of PANI-Cu/PC NCP

3 g of PC powder were dropwisely added to 50 m/ of
DMF with a continuous vigorous stirring until all PC
powder liquefies. Then 0.125 g of the prepared PANI/Co
was added to the preceding solution under stirring at room
temperature until a homogeneous colored solution is
obtained. The obtained solution was then casted onto clean
Petri dish and left to dry at 50 °C for 24 h. The same has
been done to prepare PANI-Cu/PMMA, PANI-Cu/CTA, and
PANI-Cu/PC-PBT.

Irradiation Facilities

These NCP samples were irradiated with UV light in the
fluence range 25-120 kJ/cm®. A Hg lamp of 50 W, at 50/
60 Hz, with an illumination flux of 3.14 W/cm?, was used.

Instrumentation

The morphology of the synthesized NCPs samples was
investigated using scanning electron microscope (JEOL,
JSM-5910LV).
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The UV spectroscopic analysis was performed with UV-
Vis spectrophotometer (Jasco 570, 370-780 nm). The color
of samples was studied by applying the CIE method. The
CIELAB color intensity was calculated following previous
route [33]:

* 2 1/2

AE = [(Ly—L3) +(a,—a5) +(by—b3) ] (1)

where the subscripts 1 and 2 refer to the irradiated and non
irradiated samples.

Results and Discussion
SEM Analysis for the Synthesized NCPs

Figure 1(a) shows the SEM image of the synthesized
PANI-Cu NCP. It is seen that the Cu NPs are well dispersed
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into PANI matrix and are in the range from 80-85 nm in size.
One can conclude that the formed NPs are in the range of
nanosize and represented as bright spots or zones which are
quite embedded into the darker zones of PANI matrix.

Figures 1(b)-(e) show the SEM images of the PANI-Cu/
PMMA, PANI-Cu/CTA, PANI-Cu/PC, and PANI-Cu/PC-
PBT NCPs, respectively. It is shown that the PANI/Cu is
well dispersed and compatible with the four polymer
matrices. The bright spots are for the Cu NPs.

Color Changes in the UV Irradiated PANI-Cu/PMMA
NCP Samples

The transmission spectra of the pristine and UV irradiated
PANI-Cu/PMMA, in the wavelength range 370-780 nm are
shown in Figure 2. The real red, green, and blue lights are
replaced by mathematical lights set, X, ¥, and Z called

Figure 1. SEM micrographs of the pristine (a) PANI/Cu, (b) PANI-Cu/PMMA, (c) PANI-Cu/CTA, (d) PANI-Cu/PC, and (e) PANI-Cu/PC-

PBT NCP samples.
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Figure 2. UV-Vis transmission spectra, in the 370-780 nm range,
of the pristine and UV irradiated PANI-Cu/PMMA NCP samples.

tristimulus values [34]. The CIE tristimulus values for a
sample are calculated by adding the product of the spectral
power distribution of illuminant, the transmittance factor of
the sample, and the color matching functions of the observer
at each wavelength of the visible spectrum as illustrated
before [34]. The tristimulus values and chromaticity
coordinates were computed by means of the transmittance
values at the wavelength range 370-780 nm. Their dependence
on the UV fluence is represented in Table 1. The tristimulus
values X, ¥, and Z decrease when raising the UV fluence to
120 kJ/cm?, while the chromaticity coordinates x and y
increased on raising the fluence to 120 kJ/cm”. This was
accompanied with a decrease in z.

The CIELAB intercept @ shows the relation between red
(+a") and green (-a"), whilst the intercept b links the yellow
(+b") and blue (-6"). The L’ intercept correlate apparent
lightness in CIELAB color space. The value of L" is 100 for
the ideal white and O for the ideal black. The precision in
calculating L* is £0.05 and +0.01 for both ¢  and b,

Fluence (kJ/cm?)
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Figure 3. Variation of a’, ", and L" of PANI-Cu/PMMA NCP
samples with the UV fluence.
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respectively. The fluence dependence of a', b°, and L" is
represented in Figure 3. It is shown that both «" and 5"
displayed negative values that increased on raising the UV
fluence to 120 kJ/cm?. This indicates that the green and blue
color components decrease and tends to be converted into
red and yellow, respectively. This was associated with an
increase in darkness in the NCP samples as indicated from
the decrease in L with the UV fluence (-L") as seen in
Figure 3.

Color Changes in the UV Irradiated PANI-Cu/CTA NCP
Samples

The transmission spectra of the pristine and UV irradiated
PANI-Cu/CTA, in the 370-780 nm range is shown in Figure
4. The X, Y, Z tristimulus values and x, y, z chromaticity
coordinates were computed using the transmittance values,
measured at the 370-780 nm range. The dependence of both
X, Y, Z tristimulus values and x, y, z chromaticity coordinates
on the UV fluence is represented in Table 1. The values
indicated that X, ¥, and Z show a similar trend to that of
PANI-Cu/PMMA NCP samples, as they decreases when the
UV fluence increases to 120 kJ/cm”. The x and y coordinates
increased on raising the fluence to 120 kJ/cm®. This was
accompanied with a decrease in z.

The dependence of a,b’,and L" on the UV fluence is
represented in Figure 5. It is shown that both «” and 5"
displayed negative values that increased on raising the UV
fluence to 120 kJ/cm?. This indicates that the green and blue
color components decreased. This was associated with an
increase in darkness in the NCP samples as indicated from
the decrease in L* with the UV fluence as seen in Figure 5.

Color Changes in the UV Irradiated PANI-Cu/PC NCP
Samples

The transmission spectra of the pristine and UV irradiated
PANI-Cu/PC, in the 370-780 nm range is shown in Figure 6.

56
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Figure 4. UV-Vis transmission spectra, in the 370-780 nm range,
of the pristine and UV irradiated PANI-Cu/CTA NCP samples.
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Table 1. Tristimulus values (X, ¥, Z) and chromaticity coordinates (x, y, z) of the four synthesized NCPs as a function of UV fluence
Fluence PANI-Cu/PMMA Fluence PANI-Cu/CTA
(kJ/em®) X Y Z x y z (kJ/em’) X Y VA x y z
0 7233 7249 7418 0330  0.331  0.339 0 22.15 2258 13.07 0383 0.391  0.226
25 6534 6539 67.03 0330 0331 0.339 25 20.78 2112 11.55 0389  0.395 0.216
50 5720 5725 57.82 0332 0332  0.336 50 19.84  20.07 10.69 0392 0.397 0211
80 48.08 48.08 48.09 0333 0.333  0.333 80 1557 1542 6.68 0413 0397 0.188
120 28.52 2851 2828 0334 0334 0332 120 9.97 9.54 4.52 0415 0409 0.177
Fluence PANI-Cu/PC Fluence PANI-Cw/PC-PBT
(klem®) — x Y Z x y z (klfem’)  x Y Z x y z
0 72.65 7339 86.54 0312 0316  0.372 0 61.62 62.00 6746 0322 0324 0.353
25 6631 6679 7478 0319 0321  0.360 25 5823 5850 6234 0324 0326 0.351
50 6443 6497 7256 0319 0322  0.359 50 5748 57.84 6228 0324 0326 0.350
80 63.15 6354 69.64 0322 0324 0.355 80 56.63 57.00 61.10 0325 0.327 0.348
120 61.68 6203 6733 0323 0325 0352 120 5471 5490 57.73 0327 0328  0.345
Fluence (kJ/cm?) 83
0 T T T T - — . 57 78 PANI-Cu/PC
40 60 80 100 120 140 _
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Figure 5. Variation of &', ", and L* of PANI-Cu/CTA NCP Wavelength (nm)

samples with the UV fluence.

The X, Y, Z tristimulus values and x, y, z chromaticity
coordinates were computed using the transmittance values,
measured at the 370-780 nm range. The dependence of both
X, Y, Zand x, y, z on the UV fluence is represented in Table 1.
The values indicated that X, Y, and Z exhibited a similar
trend to that of PANI-Cu/PMMA and PANI-Cu/CTA NCP
samples, as they decrease when the UV fluence increases to
120 kJ/cm?. The x and y coordinates increased when the UV
fluence increases to 120 kJ/cm®. At the same time the z value
decreased (Table 1).

The dependence of a,b’,and L on the UV fluence is
represented in Figure 7. It is shown that " is almost not
affected by the UV fluences. The b* intercept is slightly
increased with increasing the fluence, which means that the
yellow color component is slightly increased. At the same,
the L decreased when the UV fluence increases, meaning an
increase in darkness.

Figure 6. UV-Vis transmission spectra, in the 370-780 nm range,
of the pristine and UV irradiated PANI-Cu/PC NCP samples.
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Figure 7. Variation of a',b',and L' of PANI-Cuw/PC NCP samples
with the UV fluence.
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Figure 8. UV-Vis transmission spectra, in the 370-780 nm range,
of the pristine and UV irradiated PANI-Cu/PC-PBT NCP samples.
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Figure 9. Variation of a’, b, and L* of PANI-Cw/PC-PBT NCP
samples with the UV fluence.

Color Changes in the UV Irradiated PANI-Cu/PC-PBT
NCP Samples

The transmission spectra of the pristine and UV irradiated
PANI-Cu/PC-PBT, in the 370-780 nm range is shown in
Figure 8. The X, Y, Z tristimulus values and x, y, z
chromaticity coordinates were computed using the trans-
mittance values, measured at the wavelength range 370-
780 nm. The dependence of both tristimulus values and
chromaticity coordinates on the UV fluence is represented in
Table 1. The X, Y, and Z decreased when the UV fluence
increased to 120 kJ/cm®. The x and y coordinates increased
with increasing the fluence to 120 kJ/cm’. This was
associated with a decrease in z values (Table 1).

The variation of a, 5", and L* with the UV fluence is
represented in Figure 9. It is shown that " is not affected by
the UV fluences. The 5" intercept is slightly increased when
the fluence increased to 120 kl/ecm’, indicating that the
yellow color component is slightly increased. This was
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Figure 10. Variation of the color intensity (AE) of the four NCP
systems with the UV fluence.

associated with an increase in the dark component of the
NCP samples as indicated from the decrease in L with the
UV fluence (-L") as seen in Figure 9.

Color Differences between the Pristine and the Irradiated
NCP Samples

The color intensity (AE) that denotes the color divergence
between pristine and the irradiated NCP samples was
computed for the four NCP systems by applying the
CIELAB color difference equation [35] and is shown in
Figure 10 vs. UV fluence. It is noticed that the values of AE
for the PANI-Cu/PMMA NCP samples achieved a major
color difference which is an acceptable match in commercial
reproduction on printing presses since E reached the value of
35.8 [36,37]. The value of AE for the PANI-Cu/CTA NCP
samples reached 23.8 that also indicates a significant color
difference. On the other hand, the value of AE for the PANI-
Cu/PC NCP samples shows an increase up to 13.1 which
means lower color difference compared to that of PANI-Cu/
PMMA and PANI-Cu/CTA NCPs. It is worth mentioning
that the PANI-Cu/PC-PBT shows a minimum color difference
since AE exhibited variation up to 7 (Figure 10). This means
that the PANI-Cu/PC-PBT NCP samples have higher
resistance to color changes against UV radiation. The color
modifications are caused by the hot free radicals that are
produced due to the UV radiation-induced break of the NCP
molecules. Additionally, the hot free radicals that have
electrons with unpaired spin, cause color variations [35]. On
the other hand, the slight color variation of the PANI-Cu/PC-
PBT can be due to the fact that the blend of PBT with PC
enhances the compact structure of the PANI-Cu/PC-PBT
NCP samples, allowing molecules to absorb energy of
definite wavelengths in the UV range, mainly for the ester
groups and the aromatic rings which are strong UV
absorbers.
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Conclusion

PANI-Cu/PMMA, PANI-Cw/CTA, PANI-CwPC, and
PANI-Cu/PC-PBT nanocomposites were fabricated using
both chemical oxidative and casting techniques. The induced
alterations in the color of the synthesized NCPs owing to
UV irradiation have been investigated.

Both the PANI-Cu/PMMA and PANI-Cuw/CTA NCP
samples have a high response to color alternation by UV
irradiation since the values of AE achieved a significant
color difference which is an acceptable match in commercial
reproduction on printing presses.

The blend of PBT with PC created a more compact
structure in the PANI-Cu/PC-PBT NCP samples, resulted in
a good chemical resistance of the NCP to color changes,
where it showed the least color difference. Thus, this NCP
can be suitable candidate in textile industry to increase the
resistance of the textile against color changes due to sunlight
exposure.
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