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ABSTRACT

Surfactant molecule pillared bentonite was prepared and used as porous support for synthesis of TiO,-Fe;0, based
photocatalyst with varying TiO, and Fe;O,4 loading. The raw bentonite was obtained from Pacitan, Indonesia. The
kind of surfactants which used on this research was Tetra Methyl Ammonium salt. The loading variations of TiO»-
Fes04 in this experiment were 1:3 and 3:1. The synthesis of the photocatalytic materials have been carried out by
sol-gel method and followed by calcination. The temperature of calcination was at 500, 600, 700 and 800°C. The
physicochemical properties of TiO,FesO, bentonite samples were characterized by X-ray diffraction.
Photocatalytic activity of the materials was evaluated by basic blue photo degradation using UV light. The titania
and magnetite content in the material s significantly influenced the physicochemical properties and catalytic activity.
Optimum TiO, and Fe;0,4 loading in the material produced crystalline of anatase and magnetite furthermore
enhanced basic blue degradation.
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INTRODUCTION

It is well known that the dye effluents, which mbg from dyestuff manufacturing and textile indiestri may
exhibit toxic effects on microbial populations andn be toxic and/or carcinogenic to mammalian ahirbha
Because of their resistance to degradation, thepinie present on wastewater at substantial gyaifitiough not
particularly toxic, dyes might be harmful to hunitagings and hazardous to aquatic organisms; noetdion their
adverse aesthetic effects as they are quite visihle presence of color also reduces aquatic diydysg blocking
the passage of light through water [2].

Various measures have been developed against smfre&, water and soil pollution and have proeéfective to a
certain degree. However, there are still some wesloproblems with regards to air pollution and g#ter new
problems such as hazardous chemical substancesdn@es. In addition to developing economicallysibée
measures for energy and resource conservatioratbatpplicable to small to medium size sourcesobiifon, it is
necessary to develop technology to directly clealtuped environments (environmental purificatiosheology). A
photocatalyst can break down and remove a varietgneironmental (load) pollutants at room tempemathy
oxidation, using sunlight or artificial light as anergy source.

Nowadays,photocatalytic degradation of organic contamindstsittracting extensive interest for their potdntia
applications in remedying environmental polluti@-T]. Titania (TiQ,) is a well known material in photocatalysis.
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As a semiconductor with wide band gap energy andaxicity, it is widely used for photocatalytic denposition

of various organic compounds in wastewater treatf&t0]. However, the use of titania in bulk fosuffers from
catalyst recovery and activity reduction, whichutesin ineffective application of the catalyst. dome cases, fine
titania particles could also block the penetratadrlight into the solution. To overcome the limitats, several
approaches were proposed e.g. by optimizing thestarcture of TiQ, using various processing routes, such as a
sol-gel method [11] and hydrothermal processing.[TAe photocatalytic activity can also be altelyddoping
with a transition metal oxide such as Zrf23], WG; [14], R0, [15], etc.; the addition of metal or metal oxide
enhances the thermal stability of the anatase plaaskincreases the surface area and surfaceyacmhtlting in
improved photocatalytic activity [13].

The other approach was also reported, ateaching titania particles onto stable inorganipports [14, 15]. In
principle, inorganic materials with high specifiorface area and chemical stability can be usedoas matrix.
Natural porous materials such as zeolites and rdlianerals are also good and cheaper supports wikrendly
properties.

Bentonite as a clay minerals own high porosity,hexgeable cations and swellable properties. Prslipaome
researchers reported that during the preparationitafiia immobilization on clay minerals via pilization
processes, titania was incorporated in the interlagpace of the clay through an intercalation stepillaring
precursors via ionic species. The process waswellioby calcination to convert the titanium hydraxiw oxide.
However, highly acidic environment of titanium piling precursor damages the structure of clay raiagi6,17].
As a result, the low crystallinity of supportedatita would have a reduced activity in heterogeneatalysis. In
addition, the preparation was not reproducible [1Bgcently, some investigations reported the swighef
supported TiQor TiO, composites as catalysts [19-25].

In this paper, we report preparation of pillareddnesian Bentonite and its use as a support fgdFaoped TiQ
immobilization. These photocatalyst were charazeetiby X Ray Diffraction and tested for photodegtaxh of
basic blue.

EXPERIMENTAL SECTION

The starting clay was a natural Pacitan bentoei#&acted from Pacitan region, East Java, Indoné&sizally, as-
collected bentonite was dried in forced-circulatmren at 110 °C to remove excess moisture conférd.drying
process was carried out for 24 h. Subsequentlgddibientonite was crushed to obtain powder bentamie a
particle size of 60/80 mesh. The preparation of JH&O, based photocatalyst was based on modification of
Massart method by sol-gel method. The material prapared by mixing colloidal Ti (from Tigl Merck) and
colloidal Fe (from FeGland FeQ, Merck) which has molar ratio of 1:3 and 3:1. Inbitiaation process was
carried out by mixing this colloid with bentonitaspension. The mixture was heated dCSM0fter 24 hours, the
mixture was cooled and washed with aquadest. Thaires solid was dried and calcined at 500, 600, ahd
80C°C for 4 hours with nitrogen and oxygen stream.tA# materials were systematically characterizegdwyder
X-ray diffraction (Shimadzu XRD 1000).

The catalytic performance of catalyst materials w@sied out in a batch glass reactor equipped thighmometer
for photocatalytic degradation of basic blue. Itswapen to the atmosphere and thoroughly stirrirnth wiagnetic
stirrer. The reaction was conducted at@@or 120 minutes. The initial molar ratio of basicie was 300 ppm; the
weight of catalyst was 0.25 g. Irradiation was iearrout by keeping the whole assembly exposed 10GW
mercury lamp. The course of the basic blue degi@uavas followed by uv-vis spectrophotometer meahs
Genesis 10. Conversion is defined as the ratimon$emed basic blue over the fed basic blue forahetion.

RESULTSAND DISCUSSION

Catalyst characterization

In previous paper [25], we reportéite XRD patterns of bentonite (montmorillonite) showed the characteristic
reflections at 2=6.3° (d001=14.9 A) and6219.9° (d=4.5 A). Other reflections at 21.8° and626indicated
crystoballite and quartz. Figure 1 depicts reflacsi of titania on Bent-Ti:Fe (1:3 and 3:1). Tharit phase was
identified at ® 25.1°, 37.7°, and 61.8°. These reflections indidatetragonal titania (anatase). In addition, the
magnetite phase was identified 8t35.6° and 30.3°. However, the intensity of thetas@ and magnetite phase was
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low. Additionally, the (101) reflection of rutilet 7° was found. Titania crystallization at higtading was also
observed in the preparation of nanoparticle titan@nbranes and titania incorporation in gels regubim previous
studies, where both anatase and rutile forms weyduged. In the pillared bentonite anatase wasrgnéormed

or sometimes no reflections of titania were foudl, [26-28]. The hydrolysis rate of TiGhay affect the titania and
crystallization in the bentonite. Titanium and Feuld be fast deposited in gel form before it reacthe bentonite
pores [24]. Due to the gel form with larger moleosukize, TiC] were difficult to penetrate into the pores of
bentonite and the condition would favor the formatof both anatase and rutile during the crystiian process.
Figure 1 also shows that intensity of tetragortahta (anatase) in Bent-Ti:Fe (3:1) is higher ttt@a intensity of
magnetite compare to that of in Bent- Ti:Fe (133)is is due to higher loading of titania in BentHe (3:1).

| e,
Il Y
| — J.IL,JI'UIV U.;'L.._..J \_-'IU
I I Tio
| | I Jl
j"-.._.. .,-'I'-... INAN

1 BI . Eent Ti:Fe
Y W A My eny

Motd VY T
L ¥,
K"“‘" MI*}LJW-“:#W'#

a

intensity {a.u)

o

"2 theta

Figure 1. XRD difractogram of bentonite TiO,-Fe;0O, in ratio molar variation

The calcinations temperature may affect the titamil magnetite crystallization in the bentonite. Hgh
calcinations temperature, titanium would be fagiadéted in gel form before it reached the montnamite [29].
Due to the gel form with larger molecular sizegaium was difficult to penetrate into the poresmafntmorillonite
and the condition would favor the formation of batiatase and rutile during the crystallization pesc(Fig. 2).

Photodegradation of basic blue
The photocatalytic degradation of basic blue waseoked ath,.x = 600 nm. The results of a typical run are
graphically represented in Fig. 3 and Fig.4.

In Fig. 3 it was observed that with an increasetiania loading in the catalyst material, the calisbof
photocatalytic degradation of the dye decreasess Béhavior can be explained on the basis thahaditania
loading increases, more rutile phase are availatlteer than that of anatase phase (Fig. 1). Thisdbably due to
the textural change and surface distribution of ;Tibpading of TiQ reduced the specific surface area, which
resulted in low adsorption of basic blue on catatysface for the basic blue to be contacted with, Binatase for
reaction. In addition, the aggregation of 7ild Bent-Ti-Fe (3:1) might also reduce its dispensbn bentonite,
making fewer amounts of active sites than thos®emt-Ti-Fe (1:3) and thus a lower activity of BéitFe (3:1).
Due to the anatase phase are considered respofwsilthe photocatalytic bleaching of basic blue tlecreasing of
anatase phase causes decreasing of the acti\ptyovdcatalytic degradation of the dye. The abseft®ntonite in
the catalyst material causes the decreasing gitibeodegradation activity. By attaching titaniatjzées onto stable
inorganic supports (bentonite), the crystallinifytitania might be enhance. Fig. 3 also depicts phatodegradation
time of basic blue on these catalyst materialgptsmum in 20 minutes.
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Figure 2. XRD difractogram of bentonite TiO,-Fe;O,4 (1:3) in different calcinationstemperature
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Figure 3. Effect of titania loading in catalyst on the activity of photocatalytic degradation of basic blue

The effect of variation of calcinations temperatafeatalysts was also studied by taking diffeteniperature from
500 — 800C. The result is graphically presented in Fig. dnfrthe data presented in fig.4, it is clear thatactivity
of photocatalytic degradation decreases with irggngatemperature of calcination. This may be aited to the fact
that as the temperature of calcination was incrgassver titania anatase phase and more titanie phase were
available (fig.2) for photocatalytic reaction, thevas an decrease in the activity.
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Figure 4. Effect of calcinationstemperature of catalystson therate of photocatalytic degradation of basic bllue
CONCLUSION

The photocatalytic decolourization of basic bluenViO,-Fe;O, pillared bentonite provides an ecofriendly method
for degradation of the dye. The titania and magmetiontent in the materials significantly influedcéhe
physicochemical properties and catalytic activityaddition, the calcinations temperature of thalgats affect in
the material produced in crystalline of anataseraagnetite furthermore enhanced basic blue degoadat
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