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ABSTRACT

The TiO,-Fe;0, supported bentonite has been synthesized. The syntheses of the TiO,-Fe;O, based photocatalyst
have been carried out by sol-gel method. The bentonite used for porous support was obtained from Pacitan,
Indonesia. The mol ratio of Ti and Fe in this experiment was 1:1. The syntheses of the photocatal yst material were
followed by calcinations. This experiment was focused on the effect of temperature calcinations toward Ti and Fe
crystal phase, which was affected to the capability of the materials in photocatalysis of phenol degradation. The
variation of the calcinations temperature was 500, 600 and 700°C. The physicochemical properties of TiO,-Fe;0,
bentonite samples were characterized by X-ray diffraction. Photocatalytic activity of the materials was evaluated by
phenol photodegradation using UV light. The calcinations temperature was significantly influenced in the forming
of anatase phase of TiO, which was affected in the catalytic activity.
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INTRODUCTION

Photocatalytic technology has various applicationglegradation of organic and inorganic pollutar@eme of
photocatalysts that have been used were, TE®»O; and other substances. TGi@as been widely used as
photocatalysts because of its relatively high pbatalytic activity, biological and chemical stitlyil low cost, non-
toxicity, and long term stability against photo@sion and chemical corrosion [1,2]. However, Ti@&s limitation
on the aspect of the photocatalytic activity in thé region and also the difficulty to be separatenin the system.
Some methods has been developed by the reseatohsodve this limitations, such as doping transitimetals
[3,4,5,6], doping non-metallic elements [7,8,9,10, Etc. Its purposes to enhance the photocatagtivity of TiO,
and also to improve the utilization of visible ltigiThe researches resulted that the composite paiatysts had
higher photocatalytic activity than single onesefiiore, iron oxide / iron ore (f®s) can be added to TiCas a
stabilizer in the application of TKOThe existence of magnetite {Bg) as a doping oxide in this composite also
serves as a crystal formation controller of anafaisase. Anatase phase of Tiphotocatalyst give greater
photocatalytic ability than the rutile phase ofi2]. In this study, it also used bentonite asupp®rt catalyst.
Bentonite generally is used as adsorbents andystidbecause of the pore number. The utilizatiohesftonite as
solid support will facilitate and accelerate thessdransfer of adsorbate into the bentonite so tthetcontact
between metal oxide of photocatalyst with orgamimpounds will more easily occur and react.
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In this research, TigFe;O, photocatalyst were supported by bentonite. ,//JHE304-bentonite photocatalytic
material were prepared by sol gel method. The mlebébysts material were characterized by X-ray pawd
difraction (XRD). The photocatalytic activity of ptocatalysts was evaluated by photocatalytic degiaad of
phenol compounds. The effect of calcination temjpeeaon the photocatalytic activity of the BiBeg0,-Bentonite
were also discused.

EXPERIMENTAL SECTION

The selected metal salts, ammonium hydroxide, tetethyl ammmonium hydroxe and ethanol were purchase
from Sigma-Aldrich. Bentonite was obtained from &g Indonesia and size particle reduced up to r2@8h.
Nitrogen and Oxigen gases were purchased from $antationesia.

Preparation of Ti Colloid
TiCl, was mixed with ethanol : 4@ in the specified composition in the flask and edtiltiH,OH up to pH about 7.
The mixture was stirred to obtain white mixture.

Preparation of magnetite colloid
FeCk, FeCh and NHOH were mixed and placed on the flask. The dds was flowed into the mixture for a
specified periods and then the solid was filtenedl added by TMAOH in the presence of stirrer

Preparation of bentonite suspension

Ti, Fe colloid and bentonite suspension were mixethe reflux flask. The mixture was stirred andcatesel up to
keep temperature about 50 ° C for spesified peridtien the mixture was filtered, washed with ethhand,O
mixture and dried in the oven. Dried material wiae seduced up to 140 mesh.

Calcination procedure

A spesified mass of photocatalyst was fed intodhleination tube and heated up in the calcinatiomdce. The
condition was set up at specified calcination terafure and time. Nand Q gas was flowed alternately for
specified rate.
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Figure 1. The Calcination Equipment
Photocatalyst material characterization

The material was analyzed by XRD (X-Ray Diffrachiofor each photocatalysts have been made. The
characterization was aimed to determine whetheFéhand Ti affect bentonite structure.
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Photocatalytic activity test material against degradation of phenol

The specified mass of photocatalyst material wateddo the phenol solution with a certain conceiana The

solution was exposed under UV light and sunlightdertain periods. After process, the solid watefdd and the
filtrate was adjusted to the pH 7.9 = 0.1 with @edition of phosphate buffer solution. It was atstded by
aminoantipirin and potassium ferisianida. The samplere analyzed by spektrofotometer at 510 nm leagth.

RESULTS AND DISCUSSION

The characterization of TFe;O4-Bentonite was conducted by X-Rays Diffraction. Hmalysis was conducted to
observe the influence of the calcination tempeeatur the anatase phase (J)Ji@nd magnetite phase ¢en) on the
bentonite as support.

The effect of calcination temperature on the anatasphase (TiQ) and magnetite phase (F®,) on bentonite

as support
Generally, anatase phase appears to be more ddminathe temperature calcination 500 °C to 600 AG a

otherwise, at 700 ° C the rutile phase of JT#&ppear to be more dominant because high temperehanges the
crystal phase (anatase phase into rutile phase).
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Figure 2. The XRD analysis at ration Ti : Fe = 1 1 at various calcination temperature

Table 1. The Intensity of Diffraction Peak of Photgatalyst atratio Ti: Fe=1:1

Intensity of Diffraction Peak (%)

20 500 °C 600 °C 700 °C
Anatase | Magnetite | Anatase | Magnetite | Anatase | Magnetite | Rutile
27.446 (R) 33.05
30.105 (M) 26.35 28.45 12.67
35.451 (M) 47.44 68.14 58.72
53.478 (M) 11.83
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The Figure 2 and Table 1 showed the XRD analysjghofocatalyst material at ratio of Ti: Fe = IfTie dominant
phase of material was magnetite. It is causeddh@nation process tend to form iron oxide anchtiten oxide. The
iron oxide was more easily to react rather thaaniitm dioxide. Moreover, it might be the anatasasghthat was
formed on calcination temperatures at 500 and 6D0~v&s amorphous region. It was difficult to detéuoe
amorphous phase on the XRD analysis. But at theenzdion temperature at 700 °C rutile phase begdorin.

At high temperature, the stability of rutile struie is higher than anatase phase. The O atomsdéadbond to Ti
creating the rutile phase. This is consistent i theory that state high temperature might chahngerystalline
phase of Ti@from anatase phase into rutile phase. From tHe fghit can be seen that for the ratio of Ti: F&:4
and calcination temperature of 600 °C, the intgnsitthe diffraction peak reached 68.14 % for maij@ehase.
This was the greatest intensity of magnetite phatder than other.
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Figure 3. The XRD analysis at ratio Ti : Fe = 2 : Jt various calcination temperature

Table 2. The Intensity of Diffraction Peak of Photeoatalyst atratio Ti: Fe =2: 1

Intensity of Diffraction Peak (%)

20 500 °C 600 °C 700 °C
Anatase | Magnetite | Anatase | Magnetite | Anatase | Magnetite | Rutile
25.281 (A) 27.46 42.08
27.446 (R) 40.84
30.105 (M) 25.29 13.95 11.75
35.451 (M 7251 52.88 38.87
43.122 (M) 9.52

Figure 3 showed that for ratio Ti: Fe = 2: 1 anatphase was appeared, especially at high calcmtgioperature
(600 °C and 700 °C). The higher the amount of nfthe composite , the higher the intensity of dhatase phase.
At high temperature (700 ° C), rutile phase appmatethe XRD spectra. In this temperature, the @ludcrystal
was dominated by rutile phase. Otherwise, the ntigrnehase of €, still persists, although the amount of Fe in
the composite was reduced. It is caused that thiatian of Fe is easily occured rathe than the atkich of Ti. The
results showed that at ratio of Ti : Fe = 2: 1 #melcalcination temperature 600 °C gave relatibelyer material on
the aspect of anastase region rathe than otheretatape. At 600 °C, the photocatalyst was dominhtednatase
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and magnetite phase. Both of them were responfibldecomposing the phenolic compound. However,tffier
ratio of Ti: Fe = 2 : 1 at the calcination temparat 700 ° C, the rutile phase also appeared onmiferial.
Increasing rutile phase on the crystal will reddlhe number of anastase phase. It affected on thetamf
photocatalysis. The activity photocatalyst willlbever.

Figure 4 and Table 3 showed that the dominant pbagbe photocatalyst material was rutile and magnphase.

At this condition the magnetite phase had the higlialue on magnetite phase. It might be causedrtt@mint of Fe
was the highest compared other ratio.
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W M = Magnetite
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Figure 4. The XRD analysis at ratio Ti : Fe = 1 : At various calcination temperature

Beside magnetite phase, the rutile phase was alsindnt at the calcination temperature 600 and°@Qt is due
to the stability of rutile structure was high aglmér temperature.

The atoms O were bonded to Ti to form titanium @exn the form of rutile phase. Acording to Figdrand Table
3, it can stated that the ratio of Ti : Fe = latZalcination temperature 600 °C gave relativetyds material than it
on other condition. The percentage of magnetitesphaf material at the calcination temperature di 80 was
60.55%.

Intensity of Diffraction Peak (%)

20 500 °C 600 °C 700 °C
Anatase | Magnetite | Anatase | Magnetite | Rutile | Anatase | Magnetite | Rutile
27.446 (R) 51.97 31.52
30.105 (M) 3.21 14.94
35.451 (M 12.6¢ 60.5¢ 35.67
41 (R) 10.19
43.123 (M) 17.32 20.06
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The Performance of Photocatalyst Materials on Degmdation Phenolic Compound
The analysis of the relation between the charazt®on of material and the photocatalyst ability dfi / Fe-
bentonite composite has been already conducteaoagmson Table 4.

Table 4 The Performance of Photocatalyst Material o Degradation Phenolic Compound

Ratio 0 min 30 min 60 min

Ti:Fe | C,ppm | C, ppm | % conversior | C, ppm | % conversior
1:2 299.462| 285.231 4.752 253.308 15.412
2:1 282.154| 259.84¢ 7.906 236.769 16.085
1:1 312.538 291 6.891 267.154 14.521

Based on the data it can be seen that the longet)th exposure time, the conversion of phenol ineeda The
higher conversion occured when the degradationgssoased the photocatalyst at 600 °C and rati@: ¢%T= 2 : 1.
This is in line with the characterization resultng X-ray diffraction, where the ratio of Ti : Ee2 : 1 gave the
anatase and magnetite phase. Anatase and magpletise play a role to decompose the phenolic conthoun
Anatase phase is the main phase to decompose émolghcompound. The photocatalytic activity of #reatase
phase is higher than that of the magnetite phas#le\he ratio of Ti : Fe = 1: 2 and Ti : Fe = 1,:the dominant
phase was only magnetitenya phase and anatase iphasteformed, it affected on lowering decompasitability

of photocatalyst material.

CONCLUSION

The conclusions of the research were

1.The ratio of Ti:Fe 1:1 and 1:2 gave photocatalyatermal which have magnetite phase more dominamt tther
phase, Otherwise anatase phase was formed orr higlom of Ti : Fe (2:1)

2.At 500 °C, photocatalyst had magnetite phase asmdmmnphase. At 600 °C, the dominant phase wassmand
magnetite, other wise at 700 °C, magnetite aniterphase were created. On this study, 600 ° Catification
temperature gave better material than other camditi

3.The higher conversion was conducted on Ti:Fe 2 808 °C calcination Temperature for 60 min UV esgxb
The conversion of phenol reached as 16.085 %
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