Korean J. Chem. Eng., 22(2), 196-200 (2005)

Photocatalytic Decolorization of Rhodamine B by Immobilized TiO,/UV
in a Fluidized-bed Reactor

Youngsoo Na, Seungkoo Song* and Youngseek Park**:t

R&D Laboratory, Segye Chemica Co. Ltd., Kyungnam 626-110, Korea
*Department of Chemical Engineering, Pusan Nationa University, Busan 609-735, Korea
**Department of Environmental Hygiene, Daegu University, Gyeongbuk 712-830, Korea

(Received 6 October 2004 « accepted 10 December 2004)

Abstract—The photocatalytic oxidation of Rhodamine B (RhB) was studied by using a newly developed immobi-
lized photocatayst (TiO, immobilized by support consisting of a perlite and silicone sedlant) and a fluidized-bed reac-
tor. Three 8 W germicidal lamps were used as the light source and the reactor volume was 2.8 |. When this photocat-
alyst was employed in a batch process, atotal decolorization of the RhB in reaction times lower than 60 min was ob-
served. The optimum dosage of photocatalyst was 33.8 g/l. Theinitia RhB decolorization rate of the immobilized TiO,
was higher than that of the suspended TiO, and this did not agree with pseudo first-order kinetics because of the ad-
sorption onto the surface of the immobilized TiO,. This result indicated that the adsorption capacity of the immobilized

photocatalyst is very important in photocatalysis.
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INTRODUCTION

These days the textile industry uses about 10,000 different dyes
and pigments, with a worldwide annud production of over 7x10°
tons [Spadary & d., 1994]. The toxicity and mass production of
dyes|eadsto the necessity of trestment. The typical methods of treet-
ing dye wasteweter include biological trestment, chemicd coagula:
tion, activated carbon adsorption, and others The mgjor difficulty in
tresting textile wastewater containing dyes is the ineffectiveness of
biological processes Asfor physca processes, such as coagulaion
and adsorption, they merdly trandfer the pollutants from wastewater
to other media.and cause secondary pollution [Tang and An, 1995].

Basad on the utilization of solar energy and the complete miner-
dization of organic compounds to carbon dioxide, water and min-
erd adid, the photocatalytic trestment isamore dtractive dternative
for the remova of soluble organic compoundsin westewater Snce it
can avaid additiona and secondary pollution [Nam and Han, 2003,
Lim and Kim, 2002]. Recent development in the field of oxidative
and photocataytic degradation methods has led to a remarkeble
elimination of dissolved toxic organic pollutants.

For the photocataytic degradation processes, two methods for
TiO, arefavored: (1) TiO, suspended in aqueous media, and (2) TiO,
immohbilized on support materidsin afixed or fluidized reactor [Chun
etd., 2001; You et d., 2001; Chal et d., 2000].

In view of practical engineering, theimmohilized catdyst should
be preferred, to avoid downstream treatments (i.e,, particle-fluid
separation and/or catalyst recydling) [Pozzo et d., 2000]. This has
led to a mgor atempt to immobilize the catdys on supports in-
duding ceramic [Sunadaand Heller, 1998), fiber glass[Shifu, 1996,
glass, quartz and dtainless sed [Fernandez et d., 1995], activated
carbon [Tekeda et d., 1998] and others However, these efforts have

"To whom correspondence should be addressed.
E-mail: ysparkk@daegu.ac.kr

196

not produced materials which meet al demands of photocataytic
activity. Importantly, the photocataytic degradation efficiency of
immohilized TiO, is often lower than that of the sugpended parti-
des[Matthews, 1990].

The system developed in this sudy consisted of afluidized bed
reector (FBR) filled with anew catayst (TiO,) immobilized by the
upport consgting of a perlite and slicone sedant, which operated
in batch mode. Factors affecting the decolorization rate of RhB in
an FBR are invedtigated, including catalyst concentration, air-flow
rate and the initid concentration of RhB. In addition, decoloriza-
tion efficiency was compared with the suspended TiO..

MATERIALSAND METHODS

1. Rhodamine B

The dye, Rhodamine B (reagent grade, 95% pure), was used as
ated pollutant. Its sructure is given in Fig. 1. The RhB conggts of
green crystas or reddish-violet powder; the molecular formula is
CsH:,CINLO; (mal wt. 479.00) ishighly solublein water and organic
olvent, and its color is fluorescent bluish-red. The RhB has been
used as a dye, epecidly for paper; as aresgent for antimony, bis-
muth, cobalt, niobium, gold, manganese, mercury, molybdenum,
tantalum, thallium, and tunggen; and as a biologicd gtain. How-
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Fig. 1. The structure of Rhodamine B.
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Fig. 2. The schematic diagram of photocatalytic reactor.

1. Riser 5. Rotameter

2. Down comer 6. Air pump

3. UV lamp 7. Drdft plate
4, Diffuser 8. Photocatalyst

ever, RhB has been found to be potentidly toxic and carcinogenic.
This compound is now banned from food and cosmetic usages (Min-
igry of Hedlth Singapore, 2002). The photocatayst employed in
this study was Degussa P-25 TiO, powder (partide sze: 30 nm,
containing 80% Anatase and 20% Rutile, BET surface areas of 50
nv/g).

2. Preparation of Immobilized TiO, Photocatalyst

Immokilized TiO, was prepared by the following method: 1) per-
lite powder (~0.1 mm) was mixed with slicone sedlant (weight retio:
1: 1) which then formed the support; 2) The surface of the support
was coated with Degussa P-25 TiO, (weight ratio of the TiO,: 0.83);
3) the immobilized TiO, was dried for 48 hours & room tempera-
ture and then (size: 0.6-1.18 mm); and 4) the immobilized TiO, was
washed with didilled water and dried. The shape of the immobi-
lized TIO, wasdliptica and the specific gravity was 1.16.

The reactor used was arectangular acrylic vessdl, 250 mm in
height, 90 mm in width and 125 mm in length (working volume:
28I) and isshown in Fg. 2. The reector was divided into two arees
(riser and down comer) by abaffle and the areardtio of riser to down
comer wasfixed & 1: 1. In order to circulate the immobilized TiO,,
two diffuserswere inddled a the bottom of the reector, the air-flow
rate was adjugted by rotameter and air was supplied in a continu-
ousway. The reactor was exposed to aluminous source composed
of three 8W germicidd lamps (G8T5, Sankyo Denki Co.).

3. Analysis

Rhodamine B was andyzed on a UV-VIS spectrophotometer
(Genedis 5, Spectronic Co.). The determination wavelength was
554 nm, which is the maximum absorption wavelength. The deter-
mined absorption was converted to a concentration through the gan-
dard-curve method of dye.

RESULTS AND DISCUSSION

1. Effect of Immobilized TiO, Dosage and RhB Concentration
RhB decolorization at varying immobilized TiO, dosagesin the

0 15 30 45 60
Time (min)

Fig. 3. Effect of immobilized TiO, dosage and RhB concentration
on the degradation of RhB.
(8 Effect of immobilized TiO, dosage (RhB conc.: 4.6 mg/l,
ar flow rate: 7 1/min). Immokbilized TiO, dosage @: 859/, [:
1649/, A:253g1,V:3389l, ®: 4239/, (b) Effect of RhB
concentration (Immobilized TiO, dosage: 33.8 ¢/l). RhB conc,,
@®:45mg/l,[1: 76 mg/l, A:9.3mg/l, V:11.7 mg/l.

85-42.3 g/l range is conducted in our experiment. Fg. 3(a) shows
the decrease of RhB with different dosages of the immobilized pho-
tocatays. It can be seen that with increasing immobilized TiO, dos-
age, the decolorization increases due to the increase of aurface area
for adsorption and degradation. At a dosage of 33.8 g/l, the decal-
orizetion rate achieves the maximum. The decolorization rate wes
not enhanced anywhere as the immohbilized TiO, dosage increased
beyond 33.8g/l. This phenomenon may be due to the hindrance
and blocking of UV light penetration by an excessive amount of
the immobilized photocatayst. Therefore, 33.8 ¢/l was sHected as
the immobilized TiO, dosage for the photocataytic activity study
in our experiment. This result showed smilar trendsto those of other
researchers those who reported the optimum catayst dosage for a
photocataytic reaction using the TiO, powder or immobilized TiO,
[Tang and An, 1995; Nazawa, 2001; Na, 2002)].

The relative decresse of the RhB concentration with operation
time for variousinitid concentrations of RhB is shown in Fig. 3(b).
Astheinitid concentration of RhB increased, the reaction rate de-
creasad. It is bdieved thet increased RhB concentration affects light
penetration into the RhB solution. Therefore, light penetration & a
higher initid RhB concentration was reduced and fewer photons
reached the immohilized TiO, surface [Nam, 2002]. It should be
noted that the dope of decolorization of C/C, did not gppear to be
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Fig. 4. Effidency comparison between powder and immobilized
TiO, on the degradation of RhB (RhB conc.: 45mgll, air
flow rate 71/min, powder TiO, dosage 0.2 g/l, immobilized
TiO, dosage: 33.89/1).

@ : powder TiO,, M : immobilized TiO,

in agreement with pseudo firg-order kinetics because of the fagt
adsorption of the initid gate. Therefore, it could be concluded thet
for the photocatalytic decolorization of RhB, the Langmuir adsorp-
tion model did not describe the effect of theinitiad concentration.

2. Comparison of Decolorization Efficiency with Suspended
TiO,

In order to compare the decol orization efficiency of immobilized
TiO, with sugpended TiO,, the same reector system, UV light source
and sugpended TiO, (Degussa P-25) were used. The previous ex-
periment showed that the optimum dosage of suspended TiO, was
029/ [Ahn et d., 2004]. In addition, RhB removal by adsorption
was about 0.04%, s0 the adsorption effect was negligible. Fig. 4
shows the initid decolorizetion rates of sugpended and immobi-
lized TiO, for RhB (concerning the effect of adsorption). In the case
of sugpended TiO,, the color of RhB diminished dowly, and 98.1%
diminished after 80 min. However, the decolorizetion rate of im-
mohilized TiO, was fagter than that of sugpended TiO,: 95.5% was
decolorized within 5 min. Adsorbed RhB was observed on the sur-
face of immobilized TiO, after 5min. The reason was conddered
to be the fact that RhB was primarily adsorbed on the surface of
theimmobilized TiO,. Park [2003] reported that when TiO, wasinmt
mokbilized with silicone sedant, the immokilized photocatdyst show-
ed the behavior of fast adsorption. Fast adsorption onto the surface
of immobilized TiO, was consdered that the immobilized TiO, con-
Sged of slicone selant and porous perlite, which hes ahigh adsorp-
tion capecity.

As shown in Fg. 4, apoint of inflection was observed from 30
min to 50 min. This phenomenon was consdered to be due to the
fact that RhB, which was adsorbed RhB on the surface of theim-
mobilized TiO,, was duted from the surface of the immobilized
TiO,. However, the decolorization of the duted RhB in the liquid
phase and the RhB on the surface of the immobilized TiO, was a-
most terminated within 30 min. The reaction times that the powder
and immobilized TiO, required for aremovd efficiency of 99.1%
were 100 min and 60 min, respectively. This immobilized photo-
catays showed afagt reaction rate and reection time.

The sequence of RhB decolorization was observed by observa

March, 2005

tion of the reactor and collected immoahilized TiO, with time and
etimated asfollows. Firg, the RhB solution was adsorbed onto the
surface of the immobilized TiO, (within 5 min). Second, the resid-
ua RhB solution of the liquid phase and adsorbed RhB on the sur-
face of theimmohilized TiO, was decolorized by UV light and TiO,
(5-30 min). Third, the RhB was duted from the surface of the im-
mobilized TiO, (30-50 min). Fourth, the duted RhB in the liquid
phase and the RhB on the surface of theimmobilized TiO, wasde-
colorized.

Pazzo et d. [2000] sad that the photocataytic performance of
the immobilized photocatalyst, as messured by its goparent quan-
tum efficiency, was sgnificantly poorer (about 5-6 times lower)
then that obtained with the suspended photocatdys. Severd fac-
torswere targeted as potentia contributorsto this lower performance
of the immobilized catalys: (1) reduction of available specific sur-
face area resulting from the binding with the supporting surface;
(2) dognificant radiation extinction (absorption and scettering) by
the support; or (3) catalyst agglomeration (surface clumping) during
fixation, among others. However, in our results, in spite of the fact
that the surface area of the immobilized TiO, was much smaller
than that of the powder, initid decolorization rate of the immobi-
lized TiO, was larger, and totd reaction time was shorter, than those
of suspended. Thiswas condidered the result from the fact thet light
penetration into the RhB solution was highly incressed by adsorp-
tion; it was counterba anced for the amall surface area. Hung et d.
[2001], who used suspended TiO,, reported that the degradetion
rates of Orange G were proportiond to the light intensity and the
TiO, concentration with the power order about 0.734 and 0.726,
repectively.

Acoording to the mechaniam suggested by Turchi and Ollis[1989],
the atack of -OH radicas takes place on the adsorbed subgtrates.
Hence the gpecies that is adsorbed in grester amount will degrade
rapidly. Bhatkhande et d. [2003] reported that when the adsorption
of nitrobenzene on the TiO, surfece is greatest, the photocataytic
degradetion is effectively highest and a large decrease in the con-
centration is observed & the beginning of the photocataytic degra
dation experiments. In addition, Zhu et d. [2000] reported that the
mogt important factor among the supports for TiO, is the adsorp-
tive ability. Therefore, the use of immohilized TiO, developed this
study increased the light penetration by fast adsorption and so com-
pensated for the amdl surface area.

Judging from the above, it can be deduced that adsorption may
be the important determinative factor in the RhB photocataytic de-
colorization activity of catalyss.

3. Effect of Air Flow Rate

The effect of the air-flow rate on the photocataytic decoloriza-
tion rate of RhB isshownin Fg. 5. Ascan be seenin Fg. 5, asthe
ar-flow rete is increased, the decolorization rate of RhB was in-
creased. However, asthe air-flow rate increased over 7.0 1/min, the
decolorization rate was not in proportion to the increase of the air-
flow rate This meansthat some parts of theimmobilized TiO, under
the optimum ar-flow rate (7.0 I/min) took part in the photocatdy-
gs Asthe ar-flow rate reached the optimum air-flow rate, al of
the immohilized TiO, took part in the photocatays's and the de-
colorization of RhB achieved a maximum. This indicates that as
the air-flow rate increased, the immoilized TiO, taking part in the
photocataysis increased, contact between photocatalyst and RhB
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Fig. 5. Effect of air flow rate on the decolorization of RhB (Immo-
bilized TiO, dosage: 33.8 g/l, RhB conc.: 4.5 mgll).
@ 6!/min,[J: 71/min, A : 81/min, /: 91/min

increased and hence the higher mass transfer rates obtained. How-
ever, & ahigher air-flow rate (over optimum air-flow rate), the lar-
ger number of bubbles may hinder the absorbance of UV light to
the photocatayst [Nam et d., 2002]. Therefore, it can be said thet
there is an optimum air-flow rate for the photocataytic fluidized
bed reectors.
4. Effect of Reused Catalyst

An experiment was performed with the used catldy< (after exper-
iments of 20 times) to determine its reusability. The used catayst
was washed with didtilled water three times and dried a room tem-
perature during 24 h. All of the studies of RhB decol orization were
performed using the same photoreactor and UV source. As can be
seen from Fig. 6, the used catdyst showed no lossin activity.

CONCLUSIONS
The invegtigetion within this gudy showed thet a fluidized-bed

reactor system with immobilized TiO, has higher RhB decoloriza-
tion rates and ashorter decolorizaion time thet those operating with

RhB concentration (mg/l)

0 10 20 30 40 50 60
Time (min)
Fig. 6. Effect of reused catalyst on the on thedecolorization of RhB

(RhB conc.: 45 mg/l, immobilized TiO, dosage: 33.89/).
@ : fresh catalyst, [1: used catdyst

suspended TiO,. The use of immobilized TiO, devdoped in this
study increased the light penetration by fast adsorption, and so com-
pensated for the smd| surface area. It can be deduced that RhB ad-
sorption may be the mogt important determingtive factor in the RhB
photocataytic decolorization activity of catdystsin our study. Addi-
tiondly, the used immohilized TiO, did not show any lossin activity.
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