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Abstract: Photocatalytic oxidation is a preferable method for clarification of fresh water polluted
by colourful pollutants, pesticide-like hard-to-treat organic pollutants, and microbiological
metabolites. Titanium dioxide (TiO2), having superior physicochemical properties, is one of the
most common catalyst in heterogeneous photocatalysis. Free electron formed by the absorption of
light by titanium dioxide triggers formation of free radicals and results in oxidation of polluting
compounds. Titanium dioxide is photocatalytically more active under the relatively shorter (100
nm < A < 400 nm) UV wavelength region. This forces the usage of UV lamps for supplying UV
light, which is only present at low ratios in the sunlight (8%). Doping with various elements,
preparing of its composites with different oxides, usage of dyes absorbing sunlight were
investigated for enhancing the photocatalytic activity of titanium dioxide and using the sunlight as
energy source and some enhancements were reported. Using titanium dioxide in nano-size was
also reported to be enhancing its photocatalytic activity. In this work, while organic wastes rich in
carbon were milled to increase their surface area, nano-sized titanium dioxide was synthesised via
sol-gel method. Using these two materials C element and titanium dioxide in couple possible
enhancement of the photocatalytic activity of the synthesised material was investigated. Walnut
shells were used as organic waste.
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INTRODUCTION

The amount and variety of the wastewaters is increasing with the increase in the number and
quantity of chemically synthesised products. This results in the insufficiency of conventional
applications for water treatment. Therefore, research on improving present conventional methods,
introducing new and effective water treatment methods and usage of them integrated to

conventional ones has been carried out. (1)

Photocatalytic oxidation is one of the methods preferred for clarification of fresh water
contaminated by colourful pollutants, hard-to-clean pesticide-like persistent organic pollutants
(POPs), and microbiological metabolites (1-4). Hydroxyl radicals occurring during photocatalytic
oxidation are strong oxidising agents, which may react with plenty of organic and inorganic water-

soluble pollutants at high reaction rates (1,3).

Titanium dioxide (titania, TiO2) is a widely used catalyst in heterogeneous catalysis due to its
superior physicochemical properties (4-6). The free electron formed by absorption of light energy
by titanium dioxide triggering the formation of free radicals results in oxidation of pollutants in the
environment (1). It has the potential to oxidise many of the organic pollutants to relatively non-
hazardous pollutants; CO2 and H20 (3). Titania may be present in different crystallographic
phases. Most abundant ones of these phases are anatase, rutile and brookite (2,6). Results about
highest photocatalytic activities for different reactions have been reported for pure anatase phase
or pure rutile phase or mixture of anatase and rutile phase (as in the commercial titania; Degussa
P-25) (1,5). Titanium dioxide mainly shows its photocatalytic activity at the presence of low
wavelength ultraviolet (UV) light (100 nm < A < 400 nm). This enforces the usage of special light
sources for supplying UV which is only present in a small ratio in the daylight (8%). Research has
been performed on doping of different elements in titania, preparation of its composites with
different oxides and utilisation of daylight absorbing dye materials as additives for the use of
daylight as light source and increasing the photocatalytic efficiency of titania and some
enhancements have been reported (2,4,5). The photocatalytic property of titania was reported to
be increased when titania is used in nano-size (6). In this work, organic residues were ground to
increase their surface area and nano-sized titania was prepared via sol-gel method. The possible
enhancement of photocatalytic activity of the composite material was investigated which was
synthesised by combining carbon-rich organic residue and synthesised nano-titania. Clarification
(decolourisation) experiments of a resistant dying material; methylene blue, of which resistance

to exogenous factors is high (7), were performed for this purpose.
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MATERIALS AND METHODS

Sol (Ti-Sol) which was prepared via sol-gel method as described in previous work (8,9) was used
as the titania source for synthesising the novel material in this work. Titanium(IV) isopropoxide
(97%, Sigma-Aldrich), nitric acid (67%, Merck), isopropyl alcohol (99.8%>, Merck, Emsure) and
deionised water were used in preparation of Ti-Sol. The particle size distribution of the sol was

determined via a laser light scattering instrument (NanoZS, Malvern).

Shells of walnuts purchased from a local market were used as organic waste. Walnut shells were
mechanically crushed first, following grinding via ball-milling (Retsch MM400) and finally sieved
through 400-micron sieve. The grounded particles passed through the sieve were used for the

experiments.

The Ti-sol and ground walnut shell were heat treated at appropriate temperature (400-500 °C)
under modified atmosphere (with nitrogen gas introduction). The ground walnut shell was used
with two aims. First, it would be a support for the photocatalyst (titania) and second the carbon-

rich material was expected to increase the activity of photocatalyst.

Photocatalytic experiments were performed in the biosafety cabinet (Faster) equipped with both
visible (vis) and ultraviolet (UV) light sources. Methylene blue (MB) (Sigma) solutions (500 ppm)
were used as substrates for these reactions. Photocatalytic materials were added to one of the MB
solution (2 g/L) and not added to the other solution (0 g/L), which was used as blank sample for
that experiment. Commercial nano-sized titania (Aldrich-718467, 21 nm (TEM)) was used for
comparing the photocatalytic activity of the novel material (C-TiO2) prepared via ground walnut
shell and nano-titania prepared via sol-gel method. The substrate (MB) solutions both
photocatalytic material added and not were magnetically stirred under different light sources (UV
or vis) and the change in absorbance values (A = 664 nm) in time were determined via a
spectrophotometer (Shimadzu UV-1800). The absorbance readings were continued for samples
kept at dark overnight (AN) in the following day. The intensities of the light sources used were
determined as 1 and 4 W/m? for UV and visible (vis) light sources, respectively (Apogee Solar
Radiation, MP-200).

RESULTS AND DISCUSSION

The average particle size (Stoke’s diameter) of the Ti-sol was determined as 23 nm via laser light
scattering, which would assist formation of a fine microstructure after heat treatment. Most of the
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particles in the sol were around 3 nm with some agglomerated impurities, which increased the

average particle size.

The results for photocatalytic experiments performed via commercial nano-sized titania under
visible light (vis) are shown in Figures 1 & 2. There is no considerable difference between the

decolourisation (clarification) ratios for samples with and without photocatalyst addition.
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Figure 1: The change of absorbance in time for sample with and without commercial nano-sized
titanium dioxide (Aldrich, 21 nm) exposed to visible light (vis).
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Figure 2: The change of absorbance (%) in time for sample with and without commercial nano-
sized titanium dioxide (Aldrich, 21 nm) exposed to visible light (vis).

The results for photocatalytic experiments performed via commercial nano-sized titania under UV

are shown in Figures 3 & 4. A decolourisation rate of 69% was observed for the sample with
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commercial photocatalyst. It was only 33% for the sample without the commercial photocatalyst.
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Figure 3: The change of absorbance in time for sample with and without commercial nano-sized
titanium dioxide (Aldrich, 21 nm) exposed to ultraviolet light (UV).
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Figure 4: The change of absorbance (%) in time for sample with and without commercial nano-
sized titanium dioxide (Aldrich, 21 nm) exposed to ultraviolet light (UV).

The results for photocatalytic experiments performed via synthesised material (C-TiO2) under UV
are shown in Figure 5 & 6. A decolourisation rate of 84% was observed for the sample with

synthesised photocatalyst. It was 22% for the sample without it.
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Figure 5: The change of absorbance in time for sample with and without synthesised material (C-
TiO2) exposed to ultraviolet light (UV).

The results for photocatalytic experiments performed via synthesised material (C-TiO2) under
visible light (vis) are shown in Figure 7 & 8. A decolourisation rate of 58% was observed for the
sample with synthesised photocatalyst. The decolourisation was only 20% for the sample without
it.
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Figure 6: The change of absorbance (%) in time for sample with and without synthesised
material (C-TiO2) exposed to ultraviolet light (UV).

86



Erdem, Baltacioglu & Bilgi, JOTCSB. 2017; 1(1): 81-90.

1,6

C-TiO, - vis

14 -

s

1,2

b}

0,8

Absorbance

0,6

0,4
0,2

Q

S D D @§XQ%X\Q%QQ@%Q
ks A o

Time (min.)

——0 g/l —E=—2 g/l

RESEARCH ARTICLE

Figure 7: The change of absorbance in time for sample with and without synthesised material (C-
TiO2) exposed to visible light (vis).
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Figure 8: The change of absorbance (%) in time for sample with and without synthesised

material (C-TiO2) exposed to visible light (vis).

It was observed that the photocatalytic activities of materials were different from each other

under different light sources (UV/Vis) and decolourisation occurs mainly under UV exposure. The

synthesised material (C-TiO2) was more efficient in decolourisation compared to the commercial

nano-sized titania. The decolourisation rates for the samples with and without commercial titania

were almost similar when exposed to visible light. There was an enhancement when UV was the

light source, where the decolourisation for the sample with the commercial photocatalyst was

33% better than the sample without commercial photocatalyst. The decolourisation rates for the
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synthesised material (C-TiO2) were relatively higher at both experiments with different light
sources (UV/vis). The decolourisation of the sample with synthesised material (C-TiO2) exposed to
visible light was 38% better than the sample without photocatalyst. The best enhancement for
decolourisation rate was observed for the sample with synthesised photocatalytical material
addition under UV exposure, which was 62% higher than the sample without photocatalyst
addition. The initial rates of decolourisation observed for the synthesised material (C-TiO2) also

shows a relatively higher rate of decolourisation than the commercial photocatalyst.

The decrease in absorbance continued for the samples left in the dark overnight (AN). One of the
most probable reasons of this incidence is considered to be adsorption of the dye on the surface of
the photocatalyst. Therefore, more research activities should be performed for determining the
ratios of two main possible decolourisation mechanisms on the process: photocatalysis and
surface adsorption. The effect of parameters like the synthesis conditions and concentration of the

synthesised photocatalytic material will be the subject of the following works.

REFERENCES

1. Gogate PR, Pandit AB. A review of imperative technologies for wastewater treatment I: oxidation
technologies at ambient conditions. Adv Environ Res. 2004 Mar;8(3-4):501-51. DOI: 10.1016/51093-
0191(03)00032-7.

2. Fujishima A, Zhang X, Tryk DA. TiO2 photocatalysis and related surface phenomena. Surf Sci Rep.
2008 Dec 15;63(12):515-82. DOI: 10.1016/j.surfrep.2008.10.001.

3. Microsoft Word - 376-385_598_Stasinakis_10-3.doc - 376-385_598_Stasinakis_10-3.pdf [Internet].
[cited 2016 Sep 20]. Available from: http://journal.gnest.org/sites/default/files/Journal%20Papers/376-
385_598_Stasinakis_10-3.pdf.

4, WANG JL, XU LJ. Advanced Oxidation Processes for Wastewater Treatment: Formation of Hydroxyl
Radical and Application. Crit Rev Environ Sci Technol. 2012 ubat;42(3):251-325. DOI:
10.1080/10643389.2010.507698.

5. Carp O, Huisman CL, Reller A. Photoinduced reactivity of titanium dioxide. Prog Solid State Chem.
2004;32(1-2):33-177. DOI: 10.1016/j.progsolidstchem.2004.08.001.

6. Madhusudan Reddy K, Manorama SV, Ramachandra Reddy A. Bandgap studies on anatase titanium
dioxide nanoparticles. Mater Chem Phys. 2003 ubat;78(1):239-45. DOI: 10.1016/50254-0584(02)00343-7.

7. Kushwaha AK, Gupta N, Chattopadhyaya MC. Removal of cationic methylene blue and malachite
green dyes from aqueous solution by waste materials of Daucus carota. J Saudi Chem Soc. 2014
Jul;18(3):200-7. DOI: 10.1016/j.jscs.2011.06.011.

8. Preparation of ceramic composite membranes for protein separation [Internet]. [cited 2016 Sep 20].
Available from: http://openaccess.iyte.edu.tr/handle/11147/4713.

9. Investigation of effects of microstructural and surface properties of ultrafiltration/ nanofiltration

ceramic membranes on their performance [Internet]. [cited 2016 Sep 20]. Available from:
http://openaccess.iyte.edu.tr/handle/11147/2871.

88



Erdem, Baltacioglu & Bilgi, JOTCSB. 2017; 1(1): 81-90. RESEARCH ARTICLE

Tiirkce Oz ve Anahtar Kelimeler
Organik Atiklar Kullanilarak Su Temizleme igin Fotokatalitik Malzemelerin
Hazirlanmasi

ilker ERDEM, M. Furkan BALTACIOGLU, M. Furkan BILGI

Oz: Fotokatalitik yiikseltgeme, renkli kirliliklerle, pestisit benzeri ve muamelesi zor organik
kirliliklerle ve mikrobiyolojik metabolitlerle kirlenmis icme suyunun temizlenmesi icin tercih edilen
bir ydntemdir. Titanyum dioksit (TiOz) tstUn fizikokimyasal 6zellikleriyle heterojen fotokatalizde en
yaygin kullanilan katalizordlr. Titanyum dioksit tarafindan isigin sogurulmasi ile olusan serbest
elektron serbest radikallerin olusmasini tetikler ve Kkirlilik verici bilesiklerin yilkseltgenmesi ile
sonuclanir. Titanyum dioksit fotokatalitik olarak, nispeten kisa (100 nm < A < 400 nm) UV
dalgaboyuna sahip olan isikla daha aktiftir. Bu da UV isigini saglamak amaciyla UV lambalarinin
kullanilmasini zorunlu kilar, bu lambalarin sagladidi i1sik glines isiginin kiglk bir kismini (%8)
olusturur. Cesitli elementlerle asilama, farklh oksitlerle kompozit hazirlama, glines i1sigini soguran
boyar maddeleri kullanma ydéntemleri titanyum dioksidin fotokatalitik aktivitesinin artirilmasinda
incelenmis ve gines i1sigi enerji kaynadi olarak kullaniimis ve varilan bazi ilerlemeler bildirilmistir.
Nano boyutta titanyum dioksidin kullaniimasi fotokatalitik aktivitesini artirmak igin denenmis ve
bildirilmistir. Bu calismada, ylizey alanini artirmak icin karbonca zengin organik atiklar degirmende
o0gutllmus ve sol-jel yontemiyle nano boyutta titanyum dioksit sentez edilmistir. Karbon elementi
ve titanyum dioksit kullanilarak sentez edilmis malzemenin fotokatalitik aktivitesindeki olasi artis
incelenmistir. Ceviz kabuklari organik atik olarak kullaniimistir.

Anahtar kelimeler: Fotokataliz; titanya; sol-jel; organik atik madde.

Sunulma: 26 Eylil 2016. Dilizeltme: 18 Ekim 2016. Kabul: 12 Aralik 2016.
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