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INTRODUCTION

Removal of organic pollutants from water has been consi-
dered as one of the serious challenges facing the worldwide.
Recently, metal oxide semiconductors nanoparticles can be
used to remove the organic pollutants by decomposing dye
when exposure to light with a certain wavelength resulting in
CO2 and H2O. Photocatalytic degradation using TiO2 is a well
known method for removing organic pollutants [1], it is non-
toxic, chemically stable, cheap and efficient. Titanium dioxide
(TiO2) is very interesting for a wide range of applications such
as photovoltaic cells, gas sensors, heterogeneous photocatalysis
and photoelectrochromic devices [2]. Its high photoefficiency
and stability under UV illumination enable as one of the most
active and promising heterogeneous photocatalysts for the
removal of undesirable organic contaminants in wastewater.
The photoactivity of TiO2 is strongly dependent on its crysta-
lline structure, crystallite size and the surface area [3]. TiO2 in
the anatase crystalline form appears to be the most photoactive
[4].
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However, high dispersion of TiO2 in water restricts its re-
usability. The embedded of TiO2 onto PET fabric becomes
necessary [5]. Combination of TiO2 with magnetic oxide results
in more efficient photocatalytic degradation reaction [6].
Fenton reactions [7] or photo-Fenton reactions [8] using ferric
oxide are new methods for dye removal. Coating grafting fabric
by polymer is useful and able to withstand highly oxidative
radicals produced by embedded TiO2, which exhibit stable perfor-
mance during long-term operation. This process avoid TiO2

leaching from the polymer surface within the reaction and also
provide acceptable kinetics during the photocatalytic process
[9]. In this connection, TiO2@PET-g-PAAc fabric as photo-
catalysts successfully synthesized using sono-gamma irradi-
ations techniques. The fabrication of TiO2 photocatalyst includes
thermal hydrolysis, sol-gel, template process, thermal oxidation,
chemical-precipitation, microemulsion process and  hydrother-
mal processing [10,11] is often complex and performs at high
temperatures lead to decrease the efficiency of catalyst. In order
to eliminate these limitations, ultrasound can be used as an energy
source.
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Sonochemistry has been successfully used for the fabri-
cation and modification of nanosized functional inorganic
materials [12-15]. The chemical effects of ultrasound arise from
acoustic cavitations that are the formation, growth and collapse
of bubbles in liquid [16]. The generated hot spots can cleave
water molecules to produce hydroxyl radical (•OH) which is a
powerful oxidant [17].

Fibers have been produced from a wide range of polymers
for clothing and household items [18]. PET fabrics are produced
by a melt or solution spinning process, which results in oriented
materials [19,20]. PET fabrics are used in many applications
including packaging [21] and electronic recording [22], chemical
sensors [23] and in membranes for many separations applic-
ations [24] and water purification [25]. In this work, ultrasound
and gamma-irradiation have been applied in the fabrication of
TiO2@PET-g-PAAc for the photocatalytic applications. The
radiation grafting of acrylic acid monomer [26] onto PET fabric
was carried out in an ambient conditions to enhance of day
absorbance on PET surface. In addition, ultrasonic irradiation
could help in grafting process and distribution of TiO2 onto
the surface of PET fabric as performed by SEM and XRD. The
efficiency of photocatalyst was examined for three dyes (amido
black, remazol red and toluidine blue), the result confirmed
the high catalytic activity expected of TiO2@PET-g-PAAc.

EXPERIMENTAL

Acrylic acid monomer (AAc) was obtained from Merck
Chemical Co. Darmstadt, Germany. Titanium dioxide (TiO2)
(Degussa p25) and PET fabric are the gifted samples. Remazol
red an azo-reactive dye was obtained from DyStar, Germany.
Toluidine Blue, a basic thiazine metachromatic dye and amido
black, amino acid diazo dye were procured from Sigma-Aldrich
(U.S.A.).

Gamma irradiation cell: Irradiation to the required doses
was carried out in the cobalt-60 gamma cell facility of National
Center for Radiation Research and Technology (NCRRT), Atomic
Energy Authority of Egypt, Cairo, Egypt. The cobalt-60 gamma
cell was made in India and the irradiation was carried out at a
dose rate of 2.02 kGy/ h.

Modification of polyethylene terephthalate (PET) fabric
surface belong with in situ deposition and grafting of TiO2

and PAAc under ultrasonic and gamma-irradiation.
As mention earlier [27], the surface modification of PET

was carried out in two steps. Firstly, 2 mL of AAc monomers
and 0.01 g of TiO2 (Degussa P25) were added to 50 mL distilled
water and sonicated for 10 min at ambient temperature. Followed
that a piece of PET fabric (2 cm × 2 cm) was immersed to a
mixture solution. The reaction mixture was continued sonication
for 10 min. Secondly, modified PET fabric was removed from
mixture and exposed to gamma-radiation for dose of 5 kGy at
ambient condition to complete the grafting of PAAc on PET
fabric. Finally, TiO2@PET-g-PAAc was sonicated for 20 min
followed by drying at room temperature. The grafting of AAc
might by sonication and gamma irradiation both of them leads
to water sonolysis and waterradiolysis for given hydroxyl and
per hydroxyl radical.

Catalytic activity of TiO2@PET-g-PAAc: Decolouriza-
tion of three dyes (amido black, remazol red and toluidine blue)

in aqueous solution were performed at the ambient tempera-
tures. Obtained TiO2@PET-g-PAAc (0.90 g) was placed and
mixed with 2 × 10-5 M of dyes in a 20 mL deionized water for
30 min in a dark and allowed to reach adsorption equilibrium
before the irradiation. A photocatalytic degradation of three
dyes by TiO2@PET-g-PAAc was carried out under irradiation
of a light source UV lamp irradiation range of 28 W at λ = 362
nm and fluorescent lamp 8 W at range of λ = 375-750 nm , the
mixture of dye and catalyst was sampled at different interval
of times.

Again, an aliquot of 3 mL of dye solution was taken from
the reactor at regular interval of time (10 min). The sample
was analyzed by UV-Vis spectrophotometer to determine the
of concentration of three dyes at λmax of 530 (for remazol red),
620 (for amido black) and 585 nm (for toluidine blue). Then,
absorption spectrum (eqn. 1) obtained through absorption peak
decay at UV-Vis spectrophotometer for the decolourization
of three dyes.

o

o

C C
Decolourization (%) 100

C

−= × (1)

where Co is the initial concentration of dye and C is the concen-
tration of dye at specified time.

Photodegrdation: The samples were exposed to UV irra-
diation of 28 W at 362 nm and fluorescent lamp 8 W at range
of 375-750 nm. Eliminated the heat effect of the lamps by
cooling fan, thus the temperature of the reaction medium was
maintained constant at 20 ± 0.1 ºC. The intensity of irradiation
entering the beaker is homogeny by positing up of UV lamp
and mirror downs the beakers.

Characterization: Attenuated total reflectance-Fourier
transform infrared (ATR-FTIR) Vertex 70 FTIR spectrometer
equipped with HYPERION™ series microscope (Bruker Optik
GmbH, Ettlingen, Germany) over the 4000-500 cm-1 range was
used. Software OPUS 6.0 (Bruker) was used for data processing,
which was baseline-corrected by the rubber band method with
exclusion of CO2 bands.The dried samples of PET were exa-
mined with JEOL JSM-5400 scanning electron microscopy
(SEM). The surface of PET fabric was sputter-coated with
gold for 4 min. The X-ray diffraction (XRD) patterns of PET
and TiO2@PET-g-PAAc were recorded on The XRD-6000
series from Shimadzu Scientific Instruments (SSI), Kyoto,
Japan. Absorbance values of dyes were measured on UNICAM
UV-Vis and 1000 Model spectrophotometers. The various dye
samples were kept under normal conditions (ambient tempe-
rature in dark).

RESULTS AND DISCUSSION

Chemical composition of TiO2@PET-g-PAAc fibers are
identified by ATR-FTIR: For identification of PAAc grafted
and TiO2 incorporated onto PET fabric was evaluated by ATR-
FTIR spectra are shown in Fig. 1a-b. The ATR-FTIR charts
showed that the peaks at 1639 and 1716 cm-1 specified for ester
and carboxylic groups for PET blank and grafted fibers, respec-
tively. This indication of PAAc was grafted onto PET fiber. In
addition many peaks holding to TiO2 are observed in Fig. 1b.
Such as the broad peak in 600 to 450 cm-1 region is attributed
due to the stretching vibration of Ti-O.
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Fig. 1. FTIR spectra for original PET fiber (a) and TiO2@PET-g-PAAc
fabrics (b)

Surface morphology and TiO2 distrbution in PET-g-
PAAc fabric: Scanning electron microscopy technique provide
more resolvable of a PET fabric surface before and after modifi-
cation. Fig. 2a shows splits PET fibers with diameter ranged

from 5 to 25 µm. The surface morphology of TiO2@PET-g-
PAAc fabric is shown in Fig. 2b. Dense TiO2 particles with good
distribution can be seen but their size not clear at this magnifi-
cation.

Fig. 2c shows the cross-sections of loaded PET fabric,
which clearly indicated the good adherent of TiO2 particles onto
the PET surface. Also, a dense TiO2 particles around PET fabrics
are observed which resulted from the combined ultrasonic and
gamma irradiations. Further, cross section structural study can
be conducted by grafted PET fabric (Fig. 2d), where thicker
grafted PAAc with TiO2 are presented significantly (12 µm).

XRD patterns of TiO2@PET-g-PAAc fabrics: Fig. 3a
shows the XRD patterns of PET fabrics, which reveals a semi-
crystalline structure with a peak characteristic at 2θ = 14.32º,
16.79º,18.76º, 21.76º and 25.70º, respectively. The PET
orientation was changed after PET grafted with PAAc and the
peaks were shifted from 14.32º (6.18 Å) to 14.64º (6.04 Å),
16.79º  (5.21 Å) to 16.04º (5.52 Å), 18.76º (4.72 Å) to 18.81º
(4.71 Å), 21.76º  (4.08 Å) to 21.88º (4.05 Å) and 25.70º (3.46
Å) to 25.72º (3.45 Å). Almost these change for internal planer
distance according to graft process. XRD patterns also exhi-
bited strong diffraction peaks at 27º, 36º and 55º indicated that
TiO2 in rutile phase, while the diffraction peaks at 25º and 48º

Fig. 2. SEM images of (a) blank PET fabric, (b) TiO2@PET-g-PAAc, (c) and (d) cross-sections of grafted PET fabric
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indicated TiO2 in anatase phase (Fig. 3b). All the peaks are in
good agreement with the standard spectrum (JCPDS no.: 88-
1175 and 84-1286) [28]. The peak visible at 2θ = 42.96º repre-
sents the presence of iron in PET samples [29], where iron is
useful for textile stained process.
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Fig. 3. XRD patterns of (a) PET and (b) TiO2@PET-g-PAAc

Photocatalytic degradation of dyes by TiO2 embedded
on PET-g-PAAc: Fig. 4 shows the decolourization percentage
changes that occurred during the photocatalytic degradation
of three dyes viz., amido black, remazol red and toluidine blue
at the concentration of 2 × 10-5 M having 0.9 g TiO2@PET-g-
PAAc in 20 mL aqueous solution. As shown in Fig. 4, the
decolourization (%) of three dyes with strong absorption band
at λ = 530 nm with different time of intervels. The decoluori-
zation (%) is increases as the reaction time increases. After 60
min, the red, deep blue and blue colours were gradually decrease
to 17.94, 31.20 and 99.12 % of remazol red, amido black and
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Fig. 4. Rate of decoluorization of 2 × 10–5 M remazol red, amido black
toluidine blue using and 0.9 g TiO2@PET-g-PAAc at 30 ± 0.1 ºC

toluidine blue, respectively. The decrease of colour intense
can be attributed to continuous degradation of dye in the pres-
ence of TiO2 or increased dye absorption due to presence of
PAAc. Moreover, reaction time also enhances the diffusion of
dyes on the PET chains and accelerates the dye degradation
rate onto TiO2@PET-g-PAAc surface.

Long-term activity of TiO2 embedded in PET-g-PAAc:
The regeneration of TiO2 photocatalyst was one of key steps
to make heterogeneous photocatalysis technology for practical
applications. The separation problem of photocatalyst has been
solved without depressing the activity of Degussa P25 by modi-
fying PET with grafted hydrophilic polymer PAAc between
the PET and Degussa P25 particles. So, the photocatalyst can
be reused easily without any mass loss. The experiments on
0.9 g TiO2@PET-g-PAAc recycled were carried out under the
same reaction conditions. After each reaction cycle, catalyst
was separated from the reaction mixture and then reused for
the next experiment with fresh adding aqueous solution (20
mL) of toluidine blue. It was observed that even after three
cycles, the activity of 0.9 g TiO2@PET-g-PAAc for degradation
still remained good. From first run, it is observed that the deco-
lorization of toluidine blue attained the almost total elimination
of toluidine blue (99.9 %) in 60 min. During two cycle, 95 %
decolorization of toluidine blue was achieved within 50 min,
similarly, during three run, 95 % decolorization of toluidine
blue was achieved after 40 min. Thus, it proves the high photo-
catalytic efficiency of TiO2@PET-g-PAAc.

Conclusion

Hydrophilic polymer PAAc grafting onto PET fabric
believed to increase ability of PET fabric for dyes absorption.
As revealed by SEM images, PAAc could responsible for the
good adherent of TiO2 onto the surface of PET fabric. This
feature could useful for giving good contact between dyes and
TiO2 catalyst to enhance the degradation process. Among the
catalytic degradation of three tested dyes (amido black, remazol
red and toluidine blue) showed that the rate of decolourization
of toluidine blue is very fast in comparison to others dyes.
The durability and longivity of prepared TiO2@PET-g-PAAc
catalyst revealed that the activity of TiO2@PET-g-PAAc for
degradation still remained good even after three runs. Most
importanly, this work concluded that PET fabric makes TiO2

easily recovered which overcomes the disadvantage of separ-
ation difficulty of common catalysts after  degradation process.
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