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Abstract: Problem statement: Pollutions of water bodies by dye wastes fromikexhdustries and
other sources have become critical consideratiorphAtocatalytic technique using semiconductor
materials such as Titanium Dioxide (L)activated by lights has been considered as ooeoeaical
method to solve this problempproach: We attached titanium dioxide on the surface ofypmr
grains as photocatalyc agents using a cylinderimgilinethod. Photodegradation processes were
observed in decomposition of Methylene Blue (MB)lutons, as waste model, under solar
illumination. Several parameters were optimizedhsas the milling temperature, the milling period,
number of coated grain layers on the surface ofsmagte. The repeatability of using the coated grain
was also sipectedResults: Two layers of TiQ coated grains resulted the optimum decompositts r
of the MB solution. The milling temperature of 1@and the milling period of 90 min produced the
optimal decomposition rate. After five times repeti, the TiQ coated grains still function well by
decomposition up to 97% MB compour@onclusion: These materials have the potential in large
scale wastewater treatment in the tropical reg&nsnearly do not require a complicated late hagdli
in the process of separating the catalyst for ébatater as well as requires very small energyeetxp
the sunlight energy.

Key words: TiO, nanopatrticles, polypropylene copolymer, photodeatian, methylene blue, thermal
milling method

INTRODUCTION 1995; Fujishimaet al., 2000; Barjasteh-Moghaddam
and Habibi-Yangjeh, 2011).

Rapid growths of industries have limited a great  Titanium dioxide (Titania or Tig) has been
number of water resources due to pollutions. Wasteinderstood as a good semiconductor in photocatalyti
water treatment techniques are continually develdpe process because of high oxidation efficiency, poaaty
solve these problems (Fiore and Babineau, 197Mmearly perfect decomposition process for organic
Hashimoto et al., 2005). Compared to well known contaminants, cheap and easily available and neatly
techniques such as conventional waste wategenerating by-products (Tayaetal., 2007; Qamar and
installations, photocatalytic approach is likely to Muneer, 2009; Sikonget al., 2010). Unfortunately,
exhibit some advantages, namely: (1) strong oxadlati photocatalytic tests using TiOn laboratories reported
properties, (2) do not create toxic compounds,tlf8) by many authors have been mainly carried out by
chemical bond is stable to light and (4) the cast i directly dispersing the TiDpowder into waste waters
relatively cheaper (Xet al., 1999; Yuet al., 2009). and exposing either by artificial UV lights or sighit

The photocatalytic process occurs when a specifi€Rao et al., 2004). Economically, it requires a large
semiconductor material is induced by lights. Theenough electrical energy to generate artificial ligits
photon energies of greater than the semiconduetod b continuously for such a treatment purpose. Theadse
gap will excite electrons from the valence to thesunlight is also not so effective because of th®,Ti
conduction band and create holes in the valencd.banband gap is large enough (around 3.2 EV) so that th
The produced electrons and holes then react witlinly UV band can excite the electrons. The UV porti
specific molecules in water to generate free rddift@  in the sunlight itself is nearly about 5% (>a al.,
decomposing organic pollutants (Hoffmaret al., 2006; Liu et al., 2006). In addition, even though the
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photocatalytic process was completed, another pnobl i Solid eylinder
arises. Further process is required to remove Heel u controller . Ti0,
TiO, from the treated water. Therefore this technicpue i -_>

.’
< .
hardly applied in larger scale, such as for indaistr Motor A4 TN | o erein
effluents or polluted rivers/lakes treatments. ‘o.o %’
A variety of catalyst modifications have beendrie ° i‘."\ °
\

to solve the above problems such as using low grade -_> Thermocouple
TiO, to widen the absorption range due to narrowing Temperature = —
the effective band gap (Arutargt al., 2009). At the controller Electsic onen Rmﬂ?;}ﬁj;ﬁ;“'ess

present study, we propose a thermal milling metiood

attaching TiQ nanoparticles of this grade on the

surface of the polymer grains having a low masgFig. 1: lllustration of milling process used inghiork
density, transparent and thermoplastics. The loader

TiO, is cheaper and was observed to have a narroWigure 1 illustrates the milling process. The miji
effective band gap compared to that of pure ,TiO process was performed at different temperatures and
These particles will become the active catalystardy  time durations. The coated grains were then washed
in the UV band but also in much longer wavelengthsyith water to remove the TiOparticles that were
(Nurmawatiet al., 2009; Abdullahet al., 2010). The weakly attached on the grain surfaces and dri&d%E
selection of polymer grains having a lower specificfgr 30 min.

density and transparent is intended to float onvtater To avoid excessive use of the catalyst matetial, t
and to allow part of the lights were not absorbgd b gyperiment was started with optimizing the amount o
TiO, on thg front surfaces of grains to a}ctlvate JoD catalysts per unit surface area of waste, repredeny

the. opposite syrfaces, or even .the Aih the next- the number of coated grain layers placed on thegewas
grains. In addition, floating grains would be egpsil Osturface. A glass container with a surface areaDafre

separated at the end of treatment. The selection Yoquired 4.5 g of coated grains to form a singieia
thermoplastic polymers is intended to allow the JiO d ~ 9 9 9
: . . Thus, 4.5 g, 9.0, 13.5 and 18 g of coated grainnédd
particles to be easily attached on the grain sesfaat .
{especnvely 1-4 layers.

temperatures near below the polymer melting poin - . )

because the polymer surfaces become softer. Because W_e optlmlzeq the milling pz_alrameters. temperature
of the grain size is large enough (several millengt, a a1d tme duration. The miling temperature was
simple process could be performed to separate th@Ptimized in the range between 90-130°C by fixing
catalysts from the treated waters. The catalyseriasg  time duration. Coated grains produced at such
developed in this way may have a great potentiaide ~ temperatures were tested in the MB solutions. The
in large scale waste water treatments, such asefating  Optimum temperature was then used to optimize the
textile mill effluents, polluted river or lake usinvery — milling period (varied between 30-120 min). In

little energy, except the energy from sunlight. addition, the experiments have also been conduocted
test the usability of the catalyst.
MATERIALSAND METHODS Testing was performed by distributing the coated

) , ) grains into 250 mL MB solution (2.600° M) in the
Technical grade TiQ nanoparticles (Bratachem, giass containers. The catalysts floated on the ewast
Indonesia) were attached on the surface 0fface because of lower density. The experimeate w

Polypropylene Copolymer (PC) grains (side of aro8nd ., ,cted in the open air under solar exposureafor

mm, from local suppliers). This PC, a transpsarentfew days and small amount of the solution was seachpl

thermoplastic material, has a density of 0.817 g°cm o . . ]
and meplting points between 130—170¥C. To inve&igat periodically for Inspecting the effect of exposunae
the role of photocatalyst for decomposing organicon the photodegradation results. The experiments we

compounds in waste water, we used the model ofeNasP_Ond!JCted in Bandung city, West Java, Indon_esizias Th
from Methylene Blue (MB) (Sakura, Indonesia) city is located at the geographpal coordinates of
dissolved in water. 173°36’ east longitude 6°4’ south latitude andrauad
Coating of the Ti@nanoparticles on the surface of 800 m above sea level (Isnaenal., 2011). _
PC grains was performed by milling a mixture of the ~ Absorbance of the solution was measured using an
TiO, nanoparticles and the PC grains in a cylinder. millocean  optic  USB2000 spectrometer and its
The cylinder was placed in an electric ovenconcentration was calculated based on the caldirati
equipped with a temperature and a time oflats.  curve belongs to MB standard solution. The sunlight
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intensities were measured periodically using an LX-
1102 light meter. The effect of exposure time oarge

of chemical bonding in the MB was observed using an
FTIR Shimadzu Prestige 21. The color test was
determined using a color filter 25 photometer nano
Macherey Nagel. The pH of the solution was measured
using a pH sensor connected to a Mixer MGA (Meter
Graph Analysis) from Addestation Company. The
surface morphology of the catalysts before andr afte
applied to waste treatment were observed using=dh S
Jeol JSM-6510LA Scanning Analytical Microscope.

NGe (a1,

Transmill;

RESULTS

Fig.

The light intensity and the amount of catalyst are
two main factors that controlling the process of
photodegradation (Rashed and EI-Amin, 2007; Rajgswa
and Kanmani, 2009). We fixed both variables torofe
temperature and duration of milling.

The effect of milling temperature on transmittance
and density of Ti@ coated grains are shown in Fig. 2.
The milling duration was fixed at 60 min. Below @0°
both density and transmittance of the coated grasasly
unchanged. As temperature increased above 90°C, th Z
amount of TiQ attached to the grain surfaces increased °
because the grain surfaces became softer. Thenpecsé
TiO, reduced the transmittance since the particles
absorbed lights so that as the milling temperature
increased above 90°C, the transmittance decreased.

We also changed the milling duration for a specifi

nsmitlance (a.u.)

temperature. We fixed the temperature at 100°Cr afteFig.

identifying that it was the optimum milling temptree
based on Fig. 2. Effect of milling duration on
transmittance and the density of the coated graies
shown in Fig. 3. As the milling duration increaséug
density increased while the transmittance decreadesl
optimum condition was identified at the milling dtion

of about 90 min. At this condition the transmittarand
density were 52% and 0.827 g énrespectively.

In this study, we used MB solutions as the wasting
models. As shown in Fig. 4, the MB has a maximum
absorption at wavelengths of around 664 nm. We
measured the absorbance at 664 nm for solutions a
different MB concentrations to develop a calibmatio
curve. The calibration curve was then used forrdeteng
the concentrations of the solutions at any cormiitio

The absorption of MB solutions at several known
concentrations and the corresponding fitting (catibn
curve) are shown in Fig. 5. The best fitting watoted
using a linear equation of A = 0.47C, with A is the
absorbance of the MB solution at a wavelength ¢f 66 Fig
nm and C is the concentration of the MB solution.

sorbance (a.u.)

=
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n Fig. 7: Physical parameters in open air during
20 — experiments for obtaining data in Fig. 6: (top)
R rsts [ : - . i
With the catal}:,t:,_” air humidity, (middle) air temperature and
® Without the catalysts ) .
0 , , — , . (bottom) solar intensity
0 1 2 3 4
Irradiation time (days) DISCUSSION
Fig. 6: Effect of TiQ coated grains (milling Based on Fig. 6 we concluded the Ti€oated

temperature = 90°C, milling time = 60 min, grains have accelerated decomposition of organic
mass = 4.5g) on MB photodegradation (CO =compounds. The coated grains decomposed the MB
2.60x107° M) solutions around five times faster than the plaiirgs.
Slow decomposition process observed in solution
At the initial stage of this study, we investighte containing pollen grains was due to direct
whether the TiQ coated grains are effective as decomposition of MB compound by sunlight. However,
photocatalytic agent. We therefore compared thén some compounds, direct sunlight is unable to
photodegration effect on the wastes using plaifrngra decompose organic compounds so that without catalys
and TiQ coated grains, both were treated no decomposition process will be observed. Thersola
simultaneously in the open air. Fig. 6 showsexposure allows the excitation of electrons to the
decomposition results using both plain grains andconduction band and generates holes in the valence
coated grains. It is clearly shown that the 7ated band of semiconductor catalyst. Holes react witbewa
grains showed the photocatalytic effect. Durings thi to produce OHfree radicals from oxidizing the organic
test, we also measured the physical parameterpén 0 compounds. Hence, increasing the exposure timeg mor
air such as humidity, air temperature and solamisity.  pairs of electrons and holes are formed to prodoce
The results are shown in Fig. 7. During conductién hydroxyl OH for oxidizing the MB compounds. A
this study, the Bandung city was in the rainy seas® similar pattern was reported by other researcheirsf
that solar radiations were very small in most days. Fenget al., 2006; Hafizah and Sofyan, 2009).
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temperature = 90°C, milling time = 60 min) on
MB photodegradation (CO = 2.800° M) Fig. 10: Effect of milling temperature for produgin
TiO, coated grains on MB photodegradation

(milling time = 60 min, CO = 2.66L07° M)
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Fig. 9: Fractions of MB concentration left in sadurts 26 ]
after two days illumination at various numbers of - .
grain layers 30 L 0o . : . . @]
Because the photocatalytic processes were 22 G u .
conducted at the open air, the processes were =,q | ]
influenced by the weather conditions, such as hitygid =~ == i ]
air temperature and sunlight intensity. Generally, 1: L3 b - m u .
different days showed different weather conditidfig. 10 L ]
7 shows the average weather conditions (humidity, a '
|

temperature and sunlight intensity) recorded inrfou 0.3 T N HER A S
successive days. The data were taken hourly dthniag -1 0 1 . 3. . 3 i 4
daytime. Clearly, significant differences from the Irradiation time (days)
weather conditions were recorded for different days

The TiG, coated grains have allowed the sunlightFig. 11: Physical parameters in open air during

LA —.

penetrating the first grain layer and reaches tbet n experiments for obtaining data in Fig. 9:
layers below. The effect of number of layers oa th (top) air humidity, (middle) air temperature
MB photocatalytic decomposition is shown ing.F. and (bottom) solar intensity
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T=90°C T =90°C

T > 100°C

Fig. 12: lllustration of the result of coating o Brains at different milling temperatures

We used coated grains made at the milling temperstu
1001 W B Tuine =30 min of 90, 100, 110, 120 and 130°C and the decompasitio
1 ® Tuiline =60 min results are shown in Fig. 10. During this test, the
80 1 A Tmi]li:n; —90 min physical parameters in the open air are shown gn Fi
P i 11. It is clear in Fig. 10, the decomposition rate
£ 60 1 ¥ Tniing =120 min increased when the temperature increased from 90-
] 100°C, after which it decreased when the tempezatur
3 407 g was increased to 110°C. Above 110°C, the
m decomposition rate unchanged, same as the
201 I S n decomposition rate when using coated grains pratiuce
A 4 l B at 110°C. This observation can be explained asviall
0 Below 90°C, the surfaces of PC grains are stiltlreard
CIJ i 5 ’1 '4 ' nearly no TiQ particle was attached on the grain

surfaces. Therefore, after the milling process,dgten
density and transparency were nearly the sameoas th
of plain grain, as shown in Fig. 2.

At a milling temperature of 90°C, a fraction of
grain surface was coated with TiCparticles and
another fraction was still open. Therefore, thesitgrof
) .. the coated grains was higher than that of the plain
We used the coated grains produced at a millingyqing and the transparency was lower than th#teof
temperature of 90°C and milling time of 60 min. We yjain grain because Tiabsorbed light (Fig. 2). Since
observed two layers are the optimum number folony 4 fraction of grain surface was coated Witli
decomposing the MB effectively. Further increasing  the amount of Ti@ exposed by sunlight (especially at
layer number above two layers does not change thge front and back surfaces of the first grain tage
decomposition rate. waste surface) was small so that the number of

Figure 9 shows the effect of number Olf layers Ofygleasing electrons and holes which activatingcali
the decomposition of MB after two days’ exposurejn water was small too. Therefore, the decompasitio
using the coated grains produced at a milling,gte of MB was small, as shown in Fig. 10.
temperature of 90°C and milling time of 60 min. We At 3 milling temperature of 100°C, the surfaces of
may state the sunlight energy can reach the giaito u grains were completely covered by one layer ,TiO
the Second |ayel' and aftel‘ that, neal'|y no I|gb.t:ms Compared to Coated gralns made at 90°C, the denS|ty
the grains. The process of MB decomposition invelve 55 higher because more Ti@as attached on the
only electron-hole pairs produced at the first teyers.  grain surfaces and transparency was lower because
Starting from the third layer, nearly no electromda more TiQ absorbed light (consistent with Fig. 2).
hole was generated, so that such layer did notiboit¢  Because more TiQwas attached to the front and back
to the photodegradation process. surfaces of the grains, more electrons and holee we

Based on Fig. 2, the TiGroated grains showed a released on the grain surfaces to activate radicatse
reduction in transmittance when the milling tempen@  waste. Therefore, the decomposition of MB solution
passed 90°C and showed an incremental of density &kecame faster than the decomposition of waste
the same temperature range. We inspected the effect containing grains that were coated at 90°C (cossist
milling temperature on the rate of photodegradationwith Fig. 10).
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0 2 4 6 purpose. Because so many Jifstributed in the inner
; ' ' part of the grain, the Tifon the opposite surface of the
grain may not receive any light. Consequently, ahby
TiO, on the outermost front layer on the grain surface
will produce electrons and hole in the decompasitio
process. This implied the decomposition rate deaga
compared to the results when using grains that were
:8 : ‘ : coated at 100°C (consistent with Fig. 10). Further
=T ® ® increasing the milling temperature above 100°C will
~ 28 L ® 1 increase the number of Ti@ntering the inner part of
= the grain so that further increased the density and
o decreased in the transparency (consistent with Zig.
%L @ | Since only the outermost front layer will be effeet
4 ! : - for generating electrons and holes for photodediania
u - purpose, the decomposition rate unchanged and lgecam
3F - g 4 the same as that obtained when using grains theg we
coated at 110°C (consistent with Fig. 10). Figuge 1
L i illustrates the result of milling at different teerptures.
We also investigated the effect of milling duratio
1 n . ; . on the decomposition rate. Fig. 13 shows the efiéct
0 2 4 6 milling duration on the decomposition rate of thé&8 M
Irradiation time (days) compound where the milling temperature was fixed at
100°C. The corresponding physical parameters imope
Fig. 14: Physical parameters in open air duringair during the test was performed is shown in Hi.
experiments for obtaining data in Fig. 13: The difference of the decomposition rate for each
(top) air humidity, (middle) air temperature solution started to be different after the firsty daf
and (bottom) solar intensity exposure. After solar exposure for two days, the
concentrations of the MB solution (compared toidhit
concentration) containing coated grains that were
milled for 30, 60, 90 and 120 min were, respecyivel
30, 13, 4 and 11%. It demonstrated that coatechgrai
that were milled for 90 min showed the most effexti
catalytic process. This observation can be mentiase
follows. The milling time of shorter than 90 min
resulted in partially coated grains. At 90 min mi,
the grain surface was completely covered by onerlay
Fig. 15: lllustration of the results of coating 61C  of TiO,. Longer than 90 min, some Ti@ntered the
grains at different milling durations inner part of the grain so that reduced the effectss
of photodegradation process. This mechanism is
Above 100°C, the surfaces of PC grains during the|ystrated in Fig. 15.
milling process were very soft. Some Fiéntered the Based on the descriptions above, we concluded the
inner part of the grain, forming more than one JiO optimum operating conditions where the milling
layers. It implied the density of coated grains@m®e  temperature of 100°C and the milling duration of 90
much higher and the transmittance became much lowehin. In addition, using two catalyst layers yielde
because of more TiOabsorbed light and transmitting best of photodegradation rate.
only very little light (consistent with Fig. 2). Bause Increasing at the exposure time was followed by
the TiQ, entering the inner part of the grain will be reducing in the waste color to become clear saiytio
covered by the polymer material, even those pasicl also indicated the reduction in the MB concentratio
are exposed by the light, the produced electrors anThe reduction in concentrations was followed by a
holes were unable to reach the grain surfaces fofeduction in absorbance. Figure 16 shows the etfect
activating radicals in waste. Only TiOon the exposure time on the UV spectra of the MB solution.
outermost surface of the grains will be effective f During this test, the parameters in open air (hityid
generating electrons and holes for decompositionemperature and solar intensity) are shown in Fig.
286
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Fig. 16: MB absorption spectra during the
photodegradation process (milling
temperature = 90°C, milling time = 60 min,
coated grain mass = 4.5g, ©f MB =
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Fig. 18: (a) IR absorption spectrum of MB solution
during the photodegradation process using
TiO, coated grains and (b) chemical bonding
structure of the MB

After five days exposure, the absorbance approached
zero, indicating nearly all MB was decomposed and
leaved only clear solution. Calculating using the
calibration curve we obtained, after five days'esyre
the concentration of MB and color reduced by 9%é& a
94.5%, respectively.

Figure 18a shows the IR spectra of the MB solution
degraded using the TjOcoated grains. This figure
indicates the influence of exposure duration on the

17: Physical parameters in open air duringchemical bonding characteristics of the MB compaund
experiments for obtaining data in Fig. 16: (Fig. 18b). Before photodegradation process, the IR
(top) air humidity, (middle) air temperature absorption of the MB compounds showed prominent

and (bottom) solar intensity

peaks at wave numbers of around 1000"cand 2362

287



Am. J. Environ. ci., 8 (3): 280-290, 2012

cm®, 1388 crif, 1600 crit, 3450 cm', which To investigate the stability of the catalyst,
respectively identified the vibrations of estergpgC-  photodegradation testing was repeated many times. W
0), aromatic group (C = C), alkene group (C = NjJ an repeated the use of catalyst until five times eath
OH bridge. In addition, there were also some weakvhich was exposed for five days. Figure 21 shows th
absorption peaks in the range between 2800 - 300effect of exposure time on the MB concentration for
cm*and 1136 cnt, indicating the presence of (N-GH each repetition. The reductions in the MB
vibration (Sheppard, 2003). The wave numbers angoncentrations after five days' exposure are sumedir
corresponding bonding types are shown in Table 1. in Fig. 22.

Increasing the exposure period increased in the Based on Fig. 21 all test solutions degraded at
absorption spectra at wave numbers of around 1000early the same rate i.e., at an average of ab&t0
cml, 1388 criit, 1600 cnit and 3450 cit. The same days™. This suggests that after five times repetition,

peaks were identified by Yu and Chuang (2007). the catalyst still function well for decomposingeth
Increasing the exposure time caused the increase MB compound.
absorption of wave numbers 3450 tnindicating the After five days' exposure, the catalyst used at th

increase in concentration of hydroxyl radical OHtie  fifth repletion was able to decompose the MB
solution MB. This is confirmed by the increase th@s  compounds up to 97% of the initial concentratiorg(F
shown in Fig. 19. 22). Thus, the Ti@coated grains become an alternative
Figure 20 shows the SEM images of Ti@ated reusable catalyst for decomposition of the MB sofut
grains before and after application to photodegiada  or other organic pollutants.
The TiG, nanoparticles were well attached on the
surface of the grains before and after applicaton
photodegradion of the MB. After application of
photodegradation process, some JiWas likely
covered with MB chains. However, most part of the
coated surface returned back to initial conditidiera
photodegradation process. This gives an opportuaity
use the catalyst repeatedly (Aliatal., 2011).

Table 1: Vibration modes of chemical bonds of MBdathe
corresponding wave numbers

No. Chemical bond Wave number (én
1 v (C-0) 1037, 1048, 1088, 1073
2 v (N-CHy) 1136
2 v (multiple ring C = C) 1388
3 v(C=N) 1600
4 Vas (C = O) 2362
5 Vs (CHy) 2858, 2926
6 v (O-H) 3450
8.4 ® ®
8.3 1 o
~ 8.2
S 811 o
8.0 o
7.91
23] @
o 1 2 3 1 5
Irradiation time (days) Fig. 20: SEM images of TiO coated PC grains
prepared at optimum milling parameters: (a)
Fig. 19:Changes in the pH of MB solution during th before, (b) after applicaton to MB
photocatalytic degradation photodegradation. The bar length jsi
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0 1 2 3 4 3 conducted to investigate the optimum preparation
100 | € ' ' - — parameters and the optimum amount of catalysteén th
i Sthtimes used | process of MB photodegradation. The optimum milling
0T ] temperature was 100°C and the optimum milling erio
Iy _ was 90 min. The use of catalysts the JTi€pated
: : : 3 : : polymers as much as two layers and cover the sudhc
100w | w dthtimesused |7 test solutions yielded the optimal photodegradatae.
30 F v . This catalyst material is reusable, clean and eesrgy.
oL v v v v ] Thus, the material could potentially be appliedhwita
: - - 1 - i large scale water treatment with repeatable usage.
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