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INTRODUCTION

One of the main environmental contaminants is waste-
water, which is the left-over water after industrial processes.
The pollutants in water result from the industry can be related
to increasing population and industrial expansion. The most
important of these pollutants is phenol, which is becoming a
great concern to the environment and public health [1]. Several
methods have been used to remove pollutants from wastewaters,
including chemical oxidation [2], biodegradation [3], electro-
coagulation [4], photodegradation [5], solvent extraction [6],
ultra-filtration [7] and adsorption [8].

The adsorption process is best method for wastewater treat-
ment because of its simple design, easy process. Separation occurs
because differences in molecular weight, form or polar reason
few particles to be held strongly over the surface from others. In
many cases, the adsorbate is held strongly enough to allow
complete removal of that component of fluid [9-26]. In industry,
there are several adsorbent materials are used to purify water.
The most recognized such adsorbent is activated carbon, which
is the commercial name of a solid, porous, black carbonaceous
material with adsorbent properties. Activated carbon consists
of a wide network of pores of molecular size within the carbon
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Activated carbon was synthesized from Iraqi date palm seeds by physical and chemical activation technique under optimized growth |
conditions that allow the production of long, well aligned, high-quality activated carbon. Titanium dioxide nanoparticles were prepared |
using a sol gel method. The activated carbon/TiO, composites were prepared using simple evaporation and a drying process. The structural,
morphological and chemical properties of the prepared activated carbon, TiO, and activated carbon/TiO, composite were investigated by |
X-ray diffraction, Fourier transformed infrared and scanning electron microscope. The photocatalytic activity of activated carbon/TiO, |
composite with 10 % of activated carbon was studied and compared with TiO,. The UV light photocatalytic activity was also evaluated by |
|
|

Keywords: Activated Carbon, Titanium dioxide, Composite, Photocatalytic degradation, Phenol.

particles, and non-planar layers of carbon (with some linear
or single bonded carbons), which limits the proximity of the
adsorbed atoms or molecules. The surface area within the pores
of activated carbon is a boundary condition [12-14]. Electron
density determines when the pore shape is curved.

The main methods for synthesis of activated carbon are
physical and chemical activation. Physical activation consists
of two methods i.e., carbonization and activation. Chemical
activation methods involve impregnated raw material in
chemical agents such as H;PO,, H,SO., KOH or ZnCl, in an
inert atmosphere followed by treatment with moderate or high
temperatures (500-800 °C) under a flow of gas with the final
temperature being kept for a short period of time under the
gas flow and then washed to remove the activating agent.

Many researchers preferentially use low-cost plant and
wood-based materials for activated carbon production. Numerous
low-cost plants such as palm kernel shell [27], bamboo waste
[28] and oil palm shell [29] have been used to produce activated
carbon for the removal of textile dye effluents. TiO, nanopar-
ticles possess different physico-chemical properties have been
considered as poorly soluble, low toxicity particles [30]. Velasco
et al. [31] reported that TiO, nanoparticles are manufactured
worldwide in large quantities for wide range of applications.
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Processes used for preparing nano-TiO, include hydrolysis,
drying and calcinations. Various methods have been reported
in the literature to prepare nano-TiO, using TiCls [32]. Zhou
et al. [30] were synthesized anatase TiO, nanospindles by
hydrothermal method than, fabricated activated carbon/TiO,
composite via a dip-coating method by dispersed TiO, on the
surface of activated carbon. The activated carbon/TiO, comp-
osite has been succeed to remove the organic contaminants in
the waste water which exhibits excellent degradation rate in
comparison with pure anatase TiO, nanospindles. Velasco et al.
[31] investigated the role of a porous carbon material used as
photocatalyst and catalyst support in carbon/titanium composite
towards the photodegradation of phenol. The immobilization
of titanium on an activated carbon was succeeding in accele-
ration of the degradation rate under UV irradiation, which
attributed to the porosity of the carbon support.

In the present study, activated carbon was prepared from
Iraqi date palm seeds which activated by phosphoric acid. TiO,
was prepared from two sources from titanium isopropoxide
and TiCl,.The activated carbon/TiO, composite was prepared
by simple evapo-ration and drying process. The composite
was characterized by X-ray diffraction and scanning electron
microscopy. The activities of synthesized composite were tested
with photocatalytic degradation of phenol.

EXPERIMENTAL

The chemicals phosphoric acid with purity 85 % Merck,
ethanol (Sigma-Aldrich), nitric acid (Sigma-Aldrich), sodium
hydroxide (BDH), titanium isopropoxide (TIP, Sigma-Aldrich),
titanium chloride (TiCLy) (99.99 %, Fluka), nitrogen gas (Emirates
industrial gases) and phenol within 99.5 % from GCC was used
in this study.

Preparation of activated carbon: Khstawy date seeds
were used to prepare activated carbon. The seeds were washed
with hot distilled water to remove dust and other impurities,
dried at 105 °C. Phosphoric acid (30 %) was added to it during
the chemical activation process. The activation was completed
by heating at temperature 700 °C for 1 h. After cooling, the
activated carbon was washed with distilled water until the pH
of the washing solution reached 6.0-6.5. The product was dried
at 105 °C for 2 h and kept in tightly closed plastic container.
The other activating reagent same procedure for prepared
activated carbon.

Preparation of titanium dioxide: TiO, nanoparticles were
prepared using a sol gel method [33]. In brief, 10 mL of TiCl,
(or 4 mL of TIP) was added dropwise into 50 mL of ethanol.
The reaction was carried out with a magnetic stirrer under the
fume hood in ambient conditions. Afterward, 10 mL of deionized
water was added drop by drop into the resulting solution. The
addition of TiCl, (or TIP) and water were controlled by 10 drops
per minute. The product solution was evaporated by drying
process at 85 °C for 4 h in order to complete digestion. The
white suspension was precipitated by aging for 7 days. The
white precipitate was then filtered and washed with deionized
water three times. Finally, nanopowder of TiO, was obtained
by drying in an oven at 110 °C for 24 h [34-43].

Oxidation of activated carbon: Activated carbon (100 mg)
was suspended in 50 mL of 5 mL of conc. HNO;. The activated

carbon suspension was sonicated in a water-bath at room tempe-
rature for 1 h to open the agglomeration of the activated carbon
and to anchor the acid solution uniformly on the carbon surface
[44].

Preparation of composites: The activated carbon/TiO,
composite was prepared using a simple evaporation and drying
process [45]. The commercial titanium dioxide and activated
carbon were dispersed into 100 and 20 mL, respectively of distilled
water by ultrasonic for 0.5 h. The activated carbon solution was
added to TiO, suspension along with sonication. The suspension
containing activated carbon and TiO, particles was heated to
80 °C to evaporate the water, then composite was dried overnight
in an oven at 100 °C.

Scanning electron microscopy (SEM) analysis were carried
out on a JEOL JSM-6700 Finstrument, using a secondary electron
detector (SE) at an accelerating voltage of 2.0 kV. X-ray diffraction
(XRD) were taken to studies the change in composition of
titanium dioxide.

The photocatalytic tests were performed at 25°C with 1 g
TiO, and 0.1 g activated carbon under stirring in 200 mL of
60 ppm initial concentration of phenol. Samples were main-
tained in the dark for 1 h to complete adsorption at equilibrium
prior UV irradiation and then the suspension was irradiated.
After centrifugation, aliquots were analyzed by UV spectrophoto-
meter Perkin Elmer, Lambda. UV-visible lamp of Metal Halide
was used for the photocatalytic tests.

Photocatalytic activity: The photocatalytic activity of
activated carbon/TiO, composite was determined using phenol
decomposition in aqueous solution under an UV lamp (0.7
mW/cm?). The suspensions solutions were prepared by adding
0.175 g of nanocomposite catalysts to 100 mL of 60 ppm of
phenol aqueous solution. Prior to irradiation, the suspensions
were stirred in darkness for 0.5 h using a magnetic stirrer to ensure
adsorption equilibrium. During adsorption and irradiation, the
suspensions were sampled at regular intervals. The reaction
mixture (3 mL) was collected and centrifuged for 15 min.The
clear solution was carefully removed using a syringe and centri-
fuged again at the same speed and the same period time.The
second centrifuge was found necessary to remove fine particles
of the catalyst. After the second centrifuge, the absorbance at
the maximum wavelength of 269 nm of phenol was measured
with UV-visible spectrophotometer.

RESULTS AND DISCUSSION

XRD analysis: The XRD analyses were carried out to
examine the structure of synthesized activated carbon. A com-
parison of both XRDs clearly shows a transformation from an
irregular to a regular structure. The peak at 25° represents the
characteristic graphitic peak arising due to the presence of the
tubular structure of carbon atoms in sample with (002) planes,
the peaks near 44.0° and 53.2° are attributed to (101) and (004)
planes of structure, respectively [46-50].

Scanning electron microscopy: The SEM micrographs
(Fig. 1) of synthesized activated carbon showed the fine growth
with some ratio of amorphous carbon.

Catalysts characterization: The TiO, and activated carbon/
TiO, composites were characterized using XRD and SEM tech-
niques.
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Fig. 1. SEM images of synthesized activated carbon

XRD: The XRD patterns of synthesized TiO, and activated
carbon/TiO, composites are shown in Figs. 2-4. The average
crystallite sizes (D) in nm were calculated using Scherrer’s formula.

XRDis used to measure of graphitization. The pattern of activated
carbon shows two peak at 26 = 25° and 44° corresponding to
the (002) and (100) reflections, respectively. Fig. 3 showed
the XRD patterns of TiO, compared with activated carbon/TiO,
composite. The same peaks in TiO, and composite at 25.3°,
37.8°, 48.0° 53.9° and 62.5° were the diffractions of (101),
(004), (200), (211), and (204) planes of anatase, respectively,
and peaks at 27.4°,36.1°,41.2° and 54.3° belongs to the diffra-
ction peaks of (110), (101), (111) and (211) planes of rutile,
thus indicated that TiO, and composite contain a mixed structure
of anatase and rutile. When comparing the XRD patterns of
activated carbon and activated carbon/TiO, composites, the
characteristic peaks for activated carbon at the positions of
25° and 44°, which become disappearred or become thinner in
the XRD pattern of composites. The reason is attributed that
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Fig. 2. XRD of synthesized TiO,
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Fig. 3. XRD pattern of activated carbon/TiO, (TIP) and TiO, (TIP)
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Fig. 4. XRD pattern of activated carbon/TiO, (TiCls) and TiO, (TiCls)

these peaks in the composites overlapped with the main peak
of anatase phase of TiO, at 25.3°. The average crystallite sizes
of TiO, and activated carbon/TiO, composite were calculated
by Debye-Scherer formula. According to the calculation, the
average crystallite sizes of TiO, and composite activated carbon/
TiO, were 50 and 58 nm, respectively.

SEM: Figs. 5 and 6 show the SEM images for activated
carbon/TiO, composites synthesized in TiCl, and TIP, respectively.

" ™

Fig. 5. SEM image of activated carbon (10 %)/TiO, (TIP) composite

Photocatalytic activity: The photocatalytic activity of
TiO; and 10 % ratio of activated carbon/TiO, composites were
tested for the photocatalytic photodegredation of phenol in an
aqueous solution under UV irradiation. The photocatalytic
reactions were carried out in the presence of catalysts and UV
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Fig. 6. SEM image of activated carbon (10 %)/TiO, (TiCl;) composite

(A) light. The photocatalytic activity of all the prepared samples
for the photocatalytic photodegredation of phenol was investi-
gated under pre-determined experimental conditions; initial
phenol concentration of 60 ppm, a light intensity 0.7 mW c¢cm™
at 298.15 K and pH 6 (Figs. 7-9).
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Fig. 7. A dark reaction and light reaction of TiO, synthesized
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Fig. 8. A dark reaction and irradiation at different activated carbon/TiO, composites
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Fig. 9. The changes of In C,/C, according to irradiation times at different
TiO, composites
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Conclusion

In this work, activated carbon was synthesized from Iraqi

date palm seeds. It was found that TiO, coated by activated carbon
exhibits higher photoactivity under UV-visible light irradiation
then TiO; alone. The mechanism of interaction between carbon
and organic pollutant is through 7-bonding. The increase its
efficiency and selectivity of adsorption is due to the increased
surface area. The carbon support affects the nature of phenol
degradation mechanism through the formation of different
intermediates. Additionally, phenol photodecomposition rate
over the carbon/titanium composite, suggested an important
self-photoactivity of carbon support.
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