Journal of the Nigerian Association of Mathematical Physics
Volume33(January, 2016, ppl67 — 178
© J. of NAMP

Kinetic and Sorption Modellingof Photocatalytic Removal of Pb(ll) In Raint EffluentUsing
TiO, Under Solar Irradiation

Osarumwense, J.Oand Ejoboka, O.E

1?Department of Science Laboratory Technology,Faculty of Life Sciences,
University of Benin, Benin City.

Abstract

The kinetics and sorption modeling of photocatatytiemoval of lead ion (PH) in
paint effluent using titanium dioxide (Ti@) was studied. The process was carried out
in a batch system at different contact time and asgst dosage under solar irradiation;
and the residual metal ion in the solution was detened using atomic absorption
spectrophotometer (AAS). The results showed that&t®6% removal efficiency was
achieved at optimum catalyst dosage of 1g/L, and grocess attained equilibrium at
140 minutes. Pseudo-first order model with a ratenstant of 0.0194midshowed
sufficient description of the kinetics of the prosg and intraparticle diffusion
modelrevealed that the uptake of Pbwas more of the film diffusion than the
intraparticle diffusion. Langmuir isotherm with a egression value, %0.931)and
adsorption capacity (1.56L/mg)best described thepton of P onto TiO,.
Meanwhile, the heat of sorption (+3.2015 KJ/mol) tamed from Temkin isotherm
indicates that the process was exothermic.

Keywords: Adsorption capacity, lead, exothermic, film diffosj solar irradiation.

1.0 Introduction

Industrial effluent is a complex mixture of sevetkdsses of pollutants including synthetic chensiclvarious description,
hydrocarbons and heavy metals [1]. Paint and tektiflustries release effluents that can be in dnen fof solid, liquid or
gaseous organic or inorganic substances. In thee tforms of pollutants, the liquid effluent is theost significant and
abundant[2]. Most industries discharge their une@affluents through drains or canals into therestawater body such as
streams[3],while some others release their effignb vegetation leading to a high bioaccumulatiothe plants or soil [4].
Most industrial effluents contain high concentratiof potentially mutagenic heavy metals, and it baen reported that
heavy metals are among the most toxic and enviratatig dangerous pollutants [5]. Quite a numbetoxic heavy metals
such as Lead (Pb), Chromium (Cr), Cadmium (Cd), ¢géamese (Mn), Copper (Cu), Zinc (Zn) etc. are pregemaint
effluent [6, 4]. Lead is a toxic substance, howes@me of its compounds are used as colour pignamtgdrying agent to
improve luster in house-hood paints.The impaceatllin industrial effluents on aquatic and terialsecosystems has drawn
a lot of attention worldwide because of its overlmfiag environmental significance [7]. Conventiomakthods for the
removal of metal ion include adsorption, ion exad@rextraction etc. However, the use of adsorpiehniques can only
remove the metal ion from one site of the environinte another.

Heterogeneous photocatalysis facilitated by UV diated semiconductor oxide such as Figs been identified as a
promising technique for the oxidation of organiadanorganic contaminants in liquid effluent [8]. & photocatalysis
initiated by solar energy in the presence of alstatetal oxide as catalyst has been studied exigf9].0On the absorption
of photonenergyhy) equal or greater than the band gap energy ofehd@conductor (3.2 eV for anatase), an electrrige
excitedfrom the valence band (VB) to the conductiand (CB)of the semiconductor. Simultaneouslygkectron vacancy
or a positively charged hole *fhis created in the VB. The semiconductor then lgithia void energy region in which no
energy levels are available to promote the recoatlain of éand H produced by photo-activation in the solid [10].A
simplified mechanism for the photo-activation aseamiconductor catalyst is presented in Figurelrauiblet (UV) or near-
ultraviolet photonsj< 387 nm) are typically required for this kind efaction[11].The valence band is strongly oxidizing,
and the conduction bandsestrongly reducing. At the external surface, @Reited electron and the hole can take part in
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redox reactions with adsorbed species such as wataterally, the Toxidizes water to hydroxyl radicals (QHvhich
subsequently initiate a chain of reactions leadinthe oxidation of pollutant, or it can be comlangith the electron from a
donor species, depending on the mechanism of théomaction. Similarly, the electron can be donatedin electron
acceptor such as an oxygen molecule leading todtiom of superoxide radical {Q or a metal ion with a redox potential
more positive than the band gap of the photocatalyse hydroxyl radical (Ol was proposed to be the primary oxidant in
the photocatalytic system[12].Lead (II) ionis oxield to its higher valence state which is practjcalsoluble in aqueous
solution and is thus filtered off. The electronaster process is more efficient if the speciespmesadsorbed on the surface
of the catalyst[10].

\w\/Lg
< hv
ZY/W\,

Figure 1:A simplified mechanism for the photo-catalytic removal of Pb?* [13]
Simple chemical equations for the photocatalytaction of lead (ll) ion to lead (IV) oxide are adléws;

TiO, + hv - e~ + h* (D
h* + H,0 - OH + H* (2)
Pb2* — Pb** + 2e~(E° = —0.67V) 3)
Pb** + 20H' - PbO, + 2H* 4)

As a result of the toxic nature of lead to orgamismthe environment, it is necessary to carryattiorough assessment of
lead content in paint effluent,andthen reducethencentration to acceptable level before discharg® ithe
environment. Therefore, this study was focused erptimotocatalytic removal of Ptin paint effluent using titanium dioxide
as catalyst under the sun. Lead and Cadmium haarereenoved by photocatalytic process using,Tifadiated by artificial
UV-lamp [14 ], while chromium (V) has been remouggcarbon modified (CM)-n-Ti@nanoparticls under solar irradiation
[13].

2.0 Methodology

2.1 Materials

Paint effluent, reddish in colour, was collecteainfra small-scale paint producer in Benin City. Eaeple was stored in a
clean plastic can and kept in a refrigerator . 4The pH of the effluent was measured, and thieieaff was used in all

experimentswithout further dilution. Anatase forfiT@O,, a product of BDH chemical Ltd, England with areege particle

size of 21 nm and surface area (BET) of 50+4§mwas used as catalyst.

2.2 Photocatalytic Studies

The photocatalytic removal of Plwas conducted in a batch system.A certain volur@er(®) of paint effluent was measured
into different conical flasks(500ml) containing 8¢ 0.1g, 0.15g, 0.2g, 0.25gof TiCand control (no catalyst).The flasks
were placed on a flat orbital shaker(Optima OS-i#lel) operated at a speed of 120 rpm for contiawstaking under the
sun (temperature, 32%2) for 3hours.The experiment was repeated in therktory using air bath shaker (Model THZ-
82)without sunlight; the conical flasks were wragppeith aluminium foil to prevent penetration of Udys[15]. Samples
were collected from each flask at predetermineck tim evaluate the effect of irradiation time andalest dosage, the
samples were filtered using fine crystalline filgaper (whatman number 42). The filtered samplagavealysed using AAS
(Solar 969 model, Unicam series). The percentageval efficiency of pb" was obtained from the equation:

P =

C
% Removal = Tf X 100 5)

L
C;and(; are the initial and final concentration of?fib solution.

2.3 Kinetic Model Equations
The experimental data were subjected to kineticet®oduch as pseudo-first order, pseudo second arwkintra-particle
diffusion models, to determine the kinetic paramsesand rate-limiting step of the process.
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Pseudo-first order kinetic equation
d
d_q =K;(qe — qv) (6)
t

Where,q, and g.are the amounts of Plbemovedat equilibrium and time t, respectively peit mass of the catalyst (mg/g):
andK, is the pseudo first-order rate constant. Afteegmnation and applying boundary conditions t = ® ot andqg, = O to
g: = q.equation (6) becomes:

K
log(qe — ar) = logde — 55,3t @)

The plot of log(q. — q)againstt gives a linear relationship whHeéreandq.were determined from the slope and intercept of
the plot, respectively [16, 17].
Pseudo-second order kinetic equation
The pseudo second-order adsorption kinetic ratateuis expressed as:
d
d_q = Kz(qe — qp)* 8

t
K, is the rate constant of pseudo second-order atitsorf@/mg.min). Linearizing equation (8) for theumdary conditions t
=0tot=tand g= 0to q=q, becomes:

1 1

Je — qt 9e ) .
Further rearrangement of equation (9) gives thieviehg:
t 1 1
—=———+—t (10)
qe  Kzqe? Qe

anch = K,q?, whereh is the initial rate of sorption (mg/g)
The plot of t/gagainst t yield a straight line wh&gcan be calculated [16, 17]
Intra particle diffusion-controlled sorption
To investigate the internal diffusion mechanisminlyiphotocatalytic process, the intra-particle whfon equation has been
used, considering that adsorption is usually cdietitoby an external film resistanceand internairara-particle diffusion
[18]. For adsorption onto spherical particles vatmstant diffusion coefficient, Crank [19] propogbkd following equation;
qe = Kiqt®s (11)
The coefficient kis determined from the linear plot g versus (time)°. Good linearization of data is normally observed f
the initial phase of reaction in accordance witpested behavior if intra particle diffusion is radimiting [20]. The intra
particle diffusion plot ofy, versust®>should be linear. If the plot is not completelyelam, and do not pass through the origin,
then the intra particle diffusion cannotbe the omlgchanism involved [21]. According to previous Ww¢22], if the intra-
particle diffusion plot does not pass through thgio, then equation (11) becomes:
qe = Kigt®® + Ciq (12)
Where(C;, is intra particle diffusion constant or interceptthe line (mg/g). It is directly proportional tbe boundary layer.
Apart from the linearity of the intra particle difion plot, the sorption mechanism assumes intrécfgadiffusion if the
following are met:
i. High coefficient of determination @iRto ascertain applicability
ii. Straight line which passes through the origin
iii. Intercept C;; < O.
Deviation from (ii) and (iii) above shows that ttr@de of transport is affected by more than onegs®§22].
2.4 Adsorption Isotherms
Adsorption isotherms relate the concentration dfiteoon the surface of the adsorbent to the coragon of the solute in
the fluid with which the adsorbent is in contacbr Bingle metal adsorption, Langmuir, Freundlicld d&remkin isotherm
modelswere used toestablishthe adsorption isotlEmmetocatalytic removal of Bb
Freundlich Isotherm
Freundlich isotherm is commonly used to descril® d@tisorption characteristics for the heterogensoufsace [23]. The
experimental data often fit to the empirical eqouiatas shown:
qe = KiC;"" (13)
The constants associated with the Freundlich isothreodel are sorption capaciti{{) and sorption intensityl{/n). These
parameters provide an indication for the capacftyhe adsorbent/adsorbate system and favoumalmfitthe isotherm,
respectivel\C, is the equilibrium concentration of adsorbate (dhgand q is the amount of metal adsorbed per gram of the
adsorbent at equilibrium (mg/g).
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Linearizing equation (13), we have:
1
logqe = logK; + HlogCe (14)

The slope, 1/n ranges from 0 and 1, it is also asme of surface heterogeneity. The system becoone heterogeneous as
the value gets closer to zero [24]. If 1/n is equmall, then the partition between the two phasesirmdependent of the

concentration. If value of 1/n is below one, ititates a normal adsorption. On the other handabbwve one indicates
cooperative adsorption [25, 26].

Langmuir isotherm

This isotherm describes quantitatively, the foroatof a monolayer adsorbate on the outer surfadbeofidsorbent, and
after that no further adsorption takes place. Tinerthe Langmuir model represents the equilibriustrithution of adsorbate

between the solid and liquid phases [27]. The Lamgmotherm is valid for monolayer adsorption oatsurface containing

a finite number of identical sites. The model asssimniform energies of adsorption onto the suréawno transmigration

of adsorbate in the plane of the surface. Based thmse assumptions, Langmuir proposed the follgwiojuation:

QOKLCe
=— 15
e = 1T¥K.Ce (15)
Langmuir adsorption parameters were determinedamsforming the Langmuir equation (15) into linéam
1 1 1
(16)

% Q  QKiC,
Where; G is the equilibrium concentration of adsorbate (hg/
ge is the amount of metal adsorbed per gram by tkerdent at equilibrium (mg/g).
Q, is maximum monolayer coverage capacity (mg/g).
Kiris Langmuir isotherm constant (L/mg). The values@yfand K were computed from the slope and intercept of the
Langmuir plot of 1/gversus 1/¢28].
The essential features of the Langmuir isotherm rnayexpressed in terms of equilibrium parametgr Which is a
dimensionless constant, also referred to as sépafactor [29].

1

Ru=17 (K.Co)
where G is initial concentration.
The value of R indicates the shape of the isotherm to be lin€arX), unfavourabe (B1), irreversible (R=0) and
favourable (0< R<1) [30].
Temkin isotherm model
Temkin model was used to test the adsorption pelenf TiO,. The model takes into account the effect of intdire
adsorbent/adsorbate interaction on the adsorptiogegs; and it is assumed that the heat of adeargiH,.) of all
molecules in the layer decreased linearly by irgirepthe coverage area [30]. The simplest form efKin isotherm is
given as follows:

(17)

RT
qe =5~ In(KrC,) (18)
T
The linear form of equation (18) is given as follow
RT RT
qe = — InK; +—1InC, (19)

where,R is gas constant (0.008314 KJ/mol.K), T is the alisatemperature (K), 1{bs the Temkin constant related to the
heat of sorption (KJ/mol) which indicates the agsion potentials of the adsorbent, and (K/g) is Temkin constant related
to adsorption capacity.

3.0 Results and Discussion

3.1  Assessment of Concentration of Lead in Paint Effluent

The pH and the initial concentration ofPlvere determined in the paint effluent. The efflukas a pH value of 6.7 and
PE** content of 3.796mg/L. This concentration of Rboutsidethe recommended acceptable dischargedfrai 1.0mg/Lset
by the Federal Environment Protection Agency of e¥iig [31]. This is an indication that the effluewas highly
contaminated with P and the disposal of such effluent without treatmeifl pose an adverse lead poisoning to both
terrestrial and aquatic organisms in the envirortmen

3.2 Effect of Catalyst Dosage

The effect of catalyst (Ti§) dosage on the photocatalytic removal of ®im in paint effluent is shown in Figure 2. The
catalyst (TiQ) dosage was varied from 0.25g/Lto 1.25g/L. Thelteshows that the percentage removal of Rirreased
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with increasing catalyst dose up to an optimum paimd then decreased. From the result, it was wbddhat the percentage
removal increased from 70% to 96% as the catatystentration increases from 0.25g/Lto 1.0g/L, amther increase of the
catalyst concentration to 1.25g/L, the percentagmorval decreased to 93%. Thus, 1.0g/L was the optingatalyst
concentration for the process.An optimum JTdsage of 0.9g/L has been reported in literatoretfe removal of lead and
cadmium with UV-lamp irradiated photocatalytic pess [14]. The initial increase in percentage rerhoeald be due to the
increase in the number of active sites on the gsttaurface as a result of increased catalyst @o$agreasing the dosage of
catalyst, the number of free radical (Qlih solution were also increased consequentlyitgpth enhanced photo-oxidation
of the substrate in the effluent sample. The deg@an photo-oxidation as the catalyst concentnatas increased beyond
the optimum dosage could be attributed to the suggx particles of the catalyst which aggregatettegeand then reduced
the amount of sunlight reaching the active siteshef catalyst and consequently, the rate of reaatecreases. This is in
conformity with the report from literature[32].

[y
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80 -
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Percentage of Pb?* removed

60 5 5 5 5 5 ]

0.00 0.25 0.50 0.75 1.00 1.25 1.50
Catalyst dosage (g/L)

Figure 2: Effect of catalyst dosage on the photocatalytic removal of Pb?/

3.3 Effect of Irradiation Time

The effect of irradiation time on the photocatalytemoval of PBwas investigated. Figure 3 clearly shows that samgpl
was carried out at an interval of 20 minutes fdidirs. From the result, it was observed that the o& PG removal was

rapidin the first 60 minutes; it then became sloawrad almost constant at 140 minutes for all thalgst concentration

tested. At this point, the process was said to hasehed equilibrium.The amount of?Pbemoved at equilibrium was 75%,
81%, 92%, 96% and 95% for 0.25g/L, 0.5g/L, 0.75d/y/L and 1.25g/L respectively. Greater photon @alsorbed by the
catalyst at elongated irradiation time; howeveeatilibrium, the formation of lead oxide in the widn could impede the
penetration of the photon energy thereby limiting generation of hydroxyl radical. Secondly, thivacsites of the catalyst
would have been completely filled by the substeatd became saturated. This is in agreement witr oéports in literature
[33].
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Ficure 3: Effect of irradiation time on nhotocatalvtic removal of Pb?*

3.4 Effect of TiO, and UV Irradiation

Control experiments were carried out to investighteeffects of sunlight and catalyst on the rerhof@®t’*. As one set of
experiment was carried out under the sun but witbatalyst, another set was done with a conceatratf 1.0mg/L TiQ in
the laboratory without sunlight (dark experimefihe results of the control experiments in comparisith the one carried
out in the presence of catalyst and sunlight acsvehin Figure 4. From the result, it was deduceat gunlight and catalyst
played prominent roles in the photocatalytic oxinfatprocess,about 58 % removal of’Plwas obtained at the dark
(adsorption) experiment as against 96% with suhlayid catalyst, while no significant amount of®as removed with
sunlight alone. This is in agreement with previstisdies which reported that photocatalysis isatéti by photon energy
(UV rays) in the presence of a stable metal oxgleadalyst for the degradation of organic and ianig compounds|8, 9].

120 s

100 -

UV+Catalyst
=-Catalyst only
60 - —&— UV only

40 -

80 -

Percentage of Pb?* oxidized

0 20 40 60 80 100 120 140 160 180 200

Time (minutes)

Fieure 4: Effect of catalvst and irradiation time

3.5 Kinetic Models

Thelinear plotsof the kinetic modelsfor the photabaic process are presented in Figures 5 and @deudofirst-order and
pseudo second-order models, respectively. Thecratstants and other parameters were calculategrasdnted in Table 1.
The coefficient of determination ffand the kinetic rate constants values revealetthieaprocess fitted more to the pseudo
first-order model than pseudo second-order modwlttie optimum catalytic dosage of 1g/L, the ratestant (k) of
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0.0194min* and Rof 0.9539 were obtained for pseudo-first order kinmodel while pseudo second-order models had rate
constant (K of 1.4 x 10°.g/mg.min and Bof 0.8157. The Rrepresents the percent of the data closest tinhef best fit. B

for pseudo first order is 0.9539 which means ta89% of the total variation of data in y-axis ¢@nexplained by the linear
relationship between y and x, that is, only 4.6 E¥ains unexplained. In addition to the good limeadel fit, the reaction
rate constant suggested that photocatalytic remmivBlF* followed pseudo first-order kinetics and thaf ®ere adsorbed
onto the TiQ surface via chemical interaction. In another waklke, pseudo first-order model was also found apple when

the photocatalytic properties of ZnO nanocrystalenavestigated in the oxidation of insecticidezitia [33].

T 140
§_ ©0.25g/L
%o WO0.5g/L
S 0.75g/L
% 1.00g/L
% 1.25g/L
Time (minutes)
_3 J
Figure 5: Pseudo-first order kinetic model for photocatalytic removal of Pb#*
350 -
300 -
250 -
200 1 ©0.25g/L
t/ge;so | m0.5g/L
100 - 0.75g/L
50 % 1.00g/L
O T T T T T T T T T 1
0 20 40 60 80 100 120 140 160 180 200
Timao [minntac)
Figure 6: Pseudo-second order kinetic model for photocatalytic removalof Pb%*

The intra-particle diffusion often plays importante in adsorption process especially for porousodaent.It is a transport
process involving movement of species from the lofilthe solution to the solid phase [34]. Thekiogtilata from this study
were fitted into intra-particle diffusion model ngiequation (11). A linear plot of gt versus theag root of the time, gives
the rate constant (slope of the plot). A non-regjmscoefficient plot gives a 3-phase plot viz. thiéal (linear), second and

third phases [22]. The linear stage correspondinfast uptake of sorbate; and if the line in thédhstage does not pass
through the origin, it denotes that uptake is dat@d by film diffusion than it does for the intraee diffusion process. In

the second stage, sorbate adsorption speeds aptiregl nonconsecutive diffusion of sorbate molesigo the micropores

of the sorbent; and in the third phase, diffusiemains fairly constant when the pore volume is agted [35]. The linear
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plot is shown in Figure 7. It comprises the initfdlase of 60 minutes of the photocatalytic reactibme intra-particle
diffusion constants were calculated from the slogfethe linear plot and shown in Table 1. The regi@n lines in Figure 7
did not pass through the origin, and an intercgptvas provided. This is an indication of the roleotifer rate-limiting steps
of the process other than the intra particle diffadn addition, thelgvalues are greater than 0, both intra-particleudiéin
and external mass transfer (film diffusion) aresidared as rate limiting steps. The valu€gfprovides information related
to the thickness of the boundary layer; and itiieadly proportional to the boundary layer[20].

1.8 -~
1.6 -+
1.4
1.2
1
0.8 #0.25g/L
WO0.5g/L
qat 0.6 0.75g/L
0.4 % 1.00g/L
1.25g/L

0.2
0
-0.2
-0.4

10

Figure 7: Intraparticle diffusion model for photocatalytic removal of Pb2*

Table 1: kinetic parameters for photocatalytic remwal of Pb*‘inpaint effluent
Catalyst dosage Pseudo-first order Pseudo-second order Intra-partite

(g/L) diffusion

K, R? K, R® Kint Ci R®

(min™) (g/mg.min) (g/mg.miff®)  (mg/g)
0.25 0.0179 0.9295 2.99E-3 0.8108 0.1810 -0.1683 0.8165
0.50

0.0164 0.9695 5.98E-3 0.8510 0.1138 -0.0704  0.9091
0.75

0.0120 0.9653 7.48E-3 0.9248 0.0799 -0.0415 0.9374
1-00

0.0194 0.9539 1.4E-2 0.8157 0.0777 -0.0545 0.9318
1.25

0.0177 0.9599 2.2E-2 0.9597 0.0582 -0.0236  0.9389

3.6  Adsorption Isotherms

Following the mechanism of heterogeneous photogsifalthe substrate is pre-adsorbed on the sudfate catalyst prior to
the UV illumination [36]. The data obtained fromisttstudy were fitted to Freundlich, Langmuir andnikén isotherm
models; and the linear plots are shown in Figure® &nd 10, respectively. The isotherm parametacs @orrelation
coefficients are presented in Table 2. Langmuithison with a regression valued® 0.931 and sorption capacity of
1.56L/mg gave thebest description for the adsomptibPiE* on Ti0,. Langmuir isotherm was also reported in literatiore
have well described the photocatalytic decolounsabf acid orange 7 in aqueous solution [37]. Raealue 0f0.5814 was
obtained in this study; thus the values gb&ween 0 and 1 indicate favourable adsorption [BBpugh the value of R
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(0.903) obtained from the Freundlich model was lothan the Rvalue in Langmuir, 1/n (adsorption strength)was005
whichindicates favourability of the adsorption pges [24]. The parameters: Knd k of the Temkin model were obtained
at305K; krreferred to as the heat of sorption gave a positalae of 3.2015 KJ/mol indicating that the adsioptprocess
was exothermic. This is in conformity with litera¢38].

y=0.701x + 0.301
R?=0.903

Ln ge

-0.8 -0.1 ( 0.1

Ln Ce -03 -

Figure 8: Freudlich sorption isotherm for photocatalytic removal of Pb?*
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14 4 R?=0.931
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1/ ae og .
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0.4 - ¢
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0 1 2 3 5 6 7
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Figure 9: Langmuir sorption isotherm for photocatalvtic removal of Pb%*
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y=0.791x + 1.943 ¢
R?=0.800

ge

()

-2 -1.5 -1 0.5 0 0.5

LnCe ~

Figure 10: Temkin sorption isotherm for photocatalytic removal of Pb?*

Table 2: Adsorption isotherm parameters for photoc#alytic removal of Pb*inpaint effluent

Langmuir Freundlich Temkim

K. R? R Ki(mglg) R? 1/n n Kt br R?
(L/mg) L/mg (kJ/mol)

1.56 0.931 0.1445 1.35 0.903 0.7015 1.43 11.65 15.20 0.8003

4.0 Conclusion

This study has shown that effluentfrom local pastnufacturing industry containsPtoncentration of 3.796mg/Lwhich is
well abovethe recommended acceptable discharge dimt 1.0mg/Lset by FEPA. Thesunlight facilitated phatiadytic
process for the removal of Pfrom aqueous solutionwas subjected to kinetic somption models. The pseudo-first order
model gave the best description of the kinetic madmwhile the equilibrium data was best fittedangmuir isotherm. The
rate constant and adsorption capacity based ordps@st order and Langmuir models were 0.0194hémd 1.56L/mg,
respectively. The adsorption process is exothemamsithe heat of sorption (3.2015) obtained from Tiemikotherm was
greater than zero.lt was shownin this work thatighhfacilitated photocatalytic process had aniroptn TiO, dosage of
1g/L for effectiveremoval ofPH from aqueous solution as against 0.9g/L with iaitif UV-lamp induced photocatalysis
reported in literature.
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