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Abstract

The photocatalytic decolourisation and degradation of an azo dye Reactive Yellow 14 (RY14) in aqueous solution,wWR@5TiDegussa) as
photocatalyst in slurry form have been investigated using solar light. The study on the effect of various photocatalysts on the decolourisation an
degradation reveals the following order of reactivity: ZnO >ZFRR5 > TiQ, (anatase). CdS, F®; and SnQ@ have negligible activity on RY14
decolourisation and degradation. The effects of various parameters such as catalyst loading and initial dye concentration on decolourisation al
degradation have been investigated to find out optimum conditions. The decolourisation and degradation kinetics have been analysed. Both follo
Langmuir kinetic model. A study on the effect of electron acceptors on photooxidation reveals that both decolourisation and degradation increas
in the presence of }D,, (NH;)>S;0g and KBrG; to certain dosage beyond which the enhancement effect is negligible. Addition of dye assisting
chemicals such as G& and CI inhibits the dye removal rate.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction problem of heterogeneous photocatalysis is the separation of
photogenerated electron—hole pair. These could be achieved by
Synthetic dyes are the major industrial pollutants and wateusing either electron acceptors or hole scavengers.
contaminantgl]. Textile wastewater introduced intensive colour  Photodegradation of pollutants using pi@ith solar light
and toxicity to the aquatic system. Reactive dyes are widelgan make it economically viable process since solar energy is
used in the textile industries because of their simple dyeingn abundant natural energy source. This solar energy can be
procedure and good stability during washing prod@$sDue  used instead of artificial light sources. The artificial light sources
to the complex aromatic structure and stability of these dyesieed high electrical power, which is costly and hazardous. Solar
conventional biological treatment methods are ineffective forenergy has been successfully used for photocatalytic degradation
degradatiof3—6]. Some physical and chemical techniques areof pollutants[14—23] Nogueira and Jardirf24] demonstrated
currently available for the treatment of dye effluent. But thesehow the photobleaching of some dye could be achieved by
processes have only limited success. solar light irradiation using Ti@ as photocatalyst. In our ear-
In recent years attention has been focused on heterogenedies work we have reported the photocatalytic degradation of
photocatalysis for the treatment of recalcitrant chemicals preseeactive Orange 4 azo dye in TiGuspension using solar light
in the wastewatdi7]. Due to the high photocatalytic activity and [25].
stability of titanium dioxide, it is generally used as a photocat- For the practical application of Tig&3-sunlight process to dye
alyst for the removal of organic pollutanf8—13]. The main  wastewater, there is a need to determine the optimal conditions
of experimental parameters. In the present investigation we have
undertaken a photocatalytic degradation of mono azo dye Reac-
_— tive Yellow 14 (RY14) and examined the various parameters to
* Corresponding author. Tel.: +91 4144 220572; fax: +91 4144 220572.  find out the optimum conditions for removal of colour and aro-
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Table 1 The pH of the solution is measured by using a HANNA pH
Chemical structure of Reactive Yellow 14 (model H 198107) digital pH meter.
cl
OH 2.4. Solar light intensity measurements
_~OCH; N SO;Na
N=N 1|v Solar light intensity was measured for every 30 min and the
Z CH; average light intensity over the duration of each experiment was
NaO;SOH,CH,CO,S CH; calculated. The sensor was always set in the position of maxi-

mum intensity. The intensity of solar light was measured using
a LT Lutron LX-10/A Digital Lux meter and the intensity was
1250x 10001Ix. The intensity was nearly constant during the

2. Experimental experiments.

2.1. Material . .
3. Results and discussion
The commercial azo dye Reactive Yellow 14 obtained from .
colour Chem Pondicherry was used as such. A gift sample of - Photodegradability

TiO»-P25 was obtained from Degussa (Germany). It has an aver- The oh vtic d dabil . ied
age particle size of 30nm and a BET specific surface area of e photocatalytic degradability experiments were carrie

55n?/g. ZnO has a particle size of 0.1p4n and a surface out uqder Fhe following condit_ion:s: (i) dye s_olution Wit.h the
area of 10 ri/g. TiO, (anatase) received from Aldrich Chemi- §olar I|gh.t"|n the absence of TEO,(") ‘!ye, solution W't,h T'Q,

cal Company has a medium particle size of approximatelgnl in dark; (iii) dye solution under_lrradlatlon of s_olar I_|ght with
with a specific surface area of 8.%fy. The other photocatalysts TiO. The re_su!ts are shown iRig. 1 The dye is res!star_]t _to
CdS, FaOz and SnQ (S.D. Fine Chemicals) and analytical ;elf—photolyss in solar light. After _30 min of mggngth stirring
grade BO,, (NH4)»S,0s and KBrQ; (Merck) were used as in the presence_of photocata!yst without solar irradiation, about
received. The double distilled water was used to prepare expe?—Z% decrease in concentration was observed from absorbance

imental solutions. The natural pH of the aqueous dye solutiofi"€asurements. Th'_s is due to the gdsorptlon of dye molecule
is 5.5. The pH of the solutions was adjusted usingsgy or O the surface of Ti@ No degradation was observed for the
NaOH. dye solution with TiQ in solar light without purging air (data
not given). These results indicate that the degradation is only
due to band gap excitation of photocatalysts and not to sen-
sitized degradation. The irradiation with the catalysts caused
100% of decolourisation and 73.5% of degradation after 80 min.
similar conditions on sunny days of Apri-May between 11 a mﬁ'his shows that the dye could be effectively decolourised and
" ‘degraded by solar light using T#OThe decolourisation of the

and 2 b-m. An open boro§|l|cate glass tube of 50 ml papacﬂdee is faster than its degradation. The fast decolourisation of
40 cm height and 20 mm diameter was used as a reaction vessgl. . s - :
e dye is due to the initial electrophilic cleavage of its chro-

The suspensions were magnetically stirred in dark for 30 min to . - L
. ) . 7 . mophoric azo £N=N-) bond. Azo bonds are most active in
attain adsorption—desorption equilibrium between dye and.TiO - -
- : . e . s these dyes and they are oxidised by positive hole and hydroxy!
Irradiation was done in the open-air condition. Fifty milliliters

of dye solution with TiG was continuously aerated by a pum radical and reduced by electron in the conduction bi].
Ye s usly 9y @PUMP py1 4 contains one azo bond and decolourisation of RY 14 shows
to provide oxygen and for complete mixing of reaction solution.

During the illumination time no volatility of the solvent was

2.2. Irradiation experiments

observed. 5 100 & 3 3 g 3 3
=
2.3. Procedure p 891
@
o 60 N
After dark adsorption the first sample was taken. At specific g
time intervals 2 ml of the sample was withdrawn and centrifuged % 40
to separate the catalyst. One milliliter of the centrifugate was £
diluted to 10 ml and its absorbances at 410 and 254 nm were 8 .
measured. The absorbance at 410 nm is due to colour of the dye8 i i ] i i ,
solution and it is used to monitor the decolourisation of the dye. 0 20 40 60 80 100 120

The absorbance at 254 nm represents the aromatic content of Time (min)
RY14 and the decrease of absorbance at 254 nm indicates the o , .
. . Fig. 1. Effect of solar irradiation of RY14 by solar/TP25. TiG-P25=4g/l,
degradatlon of aroma'tlc part of the d_ye' . . [RY14]=5 x 10~* mol/l, pH 5.5+ 0.1. Dye solution irradiated with solar lightin
UV spectral analysis was done using a Hitachi U-2001 Spece: (1) absence of TiP25 and (2 and 3) presence of 5i®25. (2) Decolouri-
trophotometer. sation and (3) degradation.
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Fig. 2. Effect of various photocatalysts on decolourisation and degradation oIfQYM' [RY14]=5x 10" mol/l, pH 5.5+ 0.1. Irradiation time: decolourisa

RY14. [RY14]=5x 104, pH 5.5 0.1, irradiation time = 40 min. tion =40 min and degradation =60 min.

that the chromophoric azo bond of dye molecule is destroyedo the slow recombination of electron—hole pair and large sur-
The degradation of aromatic part of the dye molecule producedface area. The surface area of 3i©25 is six times as high as
number of intermediate compounds and removal of these intethat of TiO, anatasg35]. Since band gap of SnQs 3.87 eV,
mediates took longer time. The degradation of aromatic part ofolar light energy is not sufficient to activate the catalyst. CdS
the dye molecule was not complete. Only 90% of the dye waand FeOs have smaller band gap (2.4 and 2.3 eV) which permits
removed even after 15 h of irradiation. This shows that some ofapid recombination of hole and electron and so conduction band
the intermediates produced are resistant to photocatalytic oxelectron in these semiconductors cannot move into the electron

dation reaction. acceptors in the solution rapidly. Hence, a negligible photocat-
alytic activity for decolourisation and degradation is observed
3.2. Effect of various photocatalysts in these catalysts. In the present study JFER5 was chosen

because of its high photocatalytic activity, high surface area,

The photooxidation by other photocatalysts such as,TiO resistance to photocorrosion, biological immunity and low cost.
P25, TiQ anatase, ZnO, SnOCAS and Fg03 has been inves-
tigated Fig. 2). SnQ, FeO3 and CdS have negligible activity 3.3. Effect of catalyst loading
on RY14 decolourisation and degradation and hence they are
not shown inFig. 2 TiO2-P25 and ZnO are found to be more  In order to avoid the use of excess catalyst it is necessary
efficient when compared to Tilanatase. The decolourisation to find out the optimum loading for the efficient removal of
efficiencies of TiQ-P25, ZnO and TiQ anatase are 89.1, 99.0, dye. Several authors have investigated the reaction rate as a
and 45.2%, respectively, at the time of 40 min. At the samdunction of catalyst loading in photocatalytic oxidation process
time the degradation efficiencies of these catalysts are 65.727—29] The effect of catalyst weight (Ti$9P25) on the percent-
76.0 and 14.2%. Generally, semiconductors having large barage removal of RY14 was investigated in the range of 1-6 g/l of
gap have strong photocatalytic activities. ¥i@d ZnO have the catalyst, at % 10-*mol/l dye concentration and at pH 5.5.
a band gap 3.2eV and show strong photocatalytic activitiesThe results are shown iRig. 3. The results clearly show that
The order of activities of the photocatalysts is ZnO>7HO the increase in catalyst weight from 1 to 4 g/l increases the dye
P25 >TiG anatase in both processes. ZnO is found to be mordecolourisation sharply from 46.2 to 85.2% at the time of 40 min
efficient than TiQ-P25 and TiQ anatase. Kormann et B3] and degradation from 40.2 to 84.4% at 60 min. The enhance-
stated that the quantum yield of,8, production in illumi-  ment of removal rate is due to: (i) the increase in the amount
nated aqueous suspensions of ZnO was found to be one orderaffcatalyst weight which increases the number of dye molecule
magnitude higher than the corresponding value forpTR25.  adsorbed and (ii) the increase in the density of particles in the
Poulious and Tsachpin[84] found that ZnO is more efficient area of illumination. But at concentrations in the range of 4—6 g/l
than TiG-P25 in the mineralisation of Reactive Black 5 dyes inthe decolourisation and degradation efficiencies are almost con-
UV light. Govea et al[28] found that ZnO is more efficient than stant. This may be due to the enhancement of light reflectance by
TiO2 anatase in reactive dye degradation. But ZnO has the dighe catalyst and decrease in light penetration. The optimum con-
advantage of undergoing photocorrosion under acidic conditionentration of the catalyst for efficient solar photodecolourisation
on illumination. In the case of TiPanatase the decolourisa- and degradation is found to be 4 g/l. Bekoblet and Ozkosemen
tion and degradation proceed with lower efficiencies compare{B0] found that 4 g/l of TiQ was the optimum catalyst loading
with TiO»-P25. The photocatalytic activity of semiconductors for efficient degradation and stated that above this concentra-
is also dependent on the crystallinity, particle size, surface aretion the suspended particles of Ti®lock the UV-light passage
and concentration of the impurities in the catalysts. The higland reduce the formation of electron—hole pairs and active sites.
photoreactivity of TiQ-P25 compared to TiPanatase is due Garcia and Takashinjd1] found that 8 g/l of TiQ loading were
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Table 2
Rate constants of RY 14 decolourisation and degradation by splR26 process
oy ——1
& ——2 Initial concentration Decolourisation, Degradation,
E . —+—3 (x10~* mol/l) K (min~1) K (min~1)
o e —>—4
%5 601 ——5 1 0.214 0.083
= ——8 2 0.136 0.058
2 404 3 0.096 0.045
= 5 0.019 0.019
§ 50 | 7 0.011 0.016
g 9 0.008 0.013
© o+ . | s . : % o ‘
0 20 40 60 80 100 120
Time (min) ing into the dye solution. At high dye concentration the dye

molecules may absorb a significant amount of solar light rather
Fig. 4. Effect of initial dye concentrations on the decolourisation of than the catalyst and this may also reduce the catalytic efficiency
RY14. TiO,=4g/l, pH 5.5£0.1. (1) 1x 10~*mol/l, (2) 2x 10~*molll, (3)
3x 10~*molll, (4) 5x 10~ mol/l, (5) 7x 10~*mol/l and (6) 9x 10~* moal/l. [38]. ) o )

The photocatalytic decolourisation and degradation of RY14
most efficient in degradation and mineralisation of imazaquin irflY® containing Ti@ obey pseudo-first-order kinetics. At low
UV light. Alhakimi et al.[32] reported that a catalyst loading of Nitial dye concentrations the rate expression is given in(Ey.

3 g/l was found to be optimum for potassium hydrogen phtha-—d [(] ,

late degradation using Tiand sunlight. From these results it — 5, = K1C] @)

is clear that the optimum catalyst loading is not common for all L. . .
photocatalytic reactions and it is dependent on various experfVNereé k" is the pseudo-first-order rate constant. The dye is
mental parameters. Hence, the optimum concentration of 4 gftdsorbed onto Tigsurface and the adsorption—desorption equi-

was used as the catalyst dosage for all photocatalytic reaction&rium is reached in 30 min. After adsorption, the equilibrium
concentration of dye solution is taken as the initial dye concen-

tration for kinetic analysis. Integration of E(.) (with the limit
of C=C, atr=0 with Co being the equilibrium concentration of
r;[he bulk solution) give$2)

3.4. Effect of dye concentration

The pollutant concentration is a very important parameter i
wastewater treatment. The effect of various initial dye concentra- [ C, ,
tions on the photocatalytic decolourisation and degradation he{g {C} =kt
been investigated in the range 0k110~*to 9 x 10~*mol/l. The _ o _ _
results are shown iRigs. 4 and 5ltis found that the increase in  WhereCo is the equilibrium concentration of dye axtiis the
the dye concentration decreases the removal Tatei¢ 9. Sim- ~ concentration at timer” o
ilar results have been reported for the photocatalytic oxidation A PlotofIn Co/C versus for photodecolourisation and degra-
of other dye$27,36,37] Increase in the dye concentration from dation is shown irFigs. 6 and 7A linear relation between dye
1 to 9x 10~4mol/l results in the decrease of the decolourisa-concentration and irradiation time has been observed.
tion from 100 to 41.8% and degradation from 90.7 to 27.5% in Many authors[39-42] have used the Langmuir kinetic
20 min, respectively. When the dye concentration increases, tHPression to analyse the heterogeneous photocatalytic reaction
amount of the dye adsorbed on the catalytic surface increaseticcessfully. The experimental data have been rationalized in
This affects the catalytic activity of Ti The increase in the {erms of the Langmuir kinetic model to describe the solid-liquid
dye concentration also decreases the path length of photon entégaction. The rate of oxidation of RY14 dye at surface is propor-

()
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Fig. 5. Effect of initial dye concentrations on the degradation of RY14.Fig. 6. Kinetics of RY14 dye decolourisation for different initial concentrations
TiO,=4g/l, pH 55£0.1. (1) 1x10“*mol/l, (2) 2x10*molll, (3) (experimental conditions, s&&g. 4): (1) 1 x 10~4mol/l, (2) 2x 10~*mol/l, (3)
3x 10~*molll, (4) 5x 10~*molll, (5) 7x 10~*mol/l and (6) 9x 10~* molll. 3x10~*molll, (4) 5x 10~*mol/l, (5) 7x 10~*mol/l and (6) 9x 10~* molll.
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(experimental conditions, s&ég. 5): (1) 1 x 10~*mol/l, (2) 2x 10~*mol/l, (3) ount of H,0,(mmol)

4 4 4 4
3> 10" mol/l, (4) 5> 10~ mol/l, (5) 7> 10~" mol/l and (6) 9x 10~ mol/l Fig. 9. Effect of addition of HO, on the decolourisation and degradation of

RY14. TiO;=4g/l, [RY14]=5x 10~*mol/l, pH 5.5+ 0.1. Irradiation time:
tional to the surface coverage of the dye on thesTé@suming  decolourisation = 20 min and degradation = 40 min.

that the dye is strongly adsorbed on the catalyst surface than the
intermediate productt3]. The effect of dye concentration on the type and concentration of the pollutants. The effect of addi-
the rate of degradation is given in the form of E(® and(4)  tion of H,O, (5-25 mmol) on the photocatalytic oxidation has

[44]. been investigated. The results are showfim 9. The addition
K1kC of H,O, in the range of 5-20 mmol increases the decolourisa-
r= 1T KC (3)  tion from 78.1 to 89.2% in 20 min and degradation from 70.1

to 82.3% in 40 min. Further increase in the®p concentration
1 1 1 from 20 to 25 mmol limits the removal rate. Hence, 20 mmol
= + - (4) i i i
r  KikC =k H>0O, concentration appears to be optimal for the degradation.
where C is the concentration of the dye at timg, ‘K the Similar opservauon (an Increase @, level e”h‘f"“c?d .th.e.
constant related to adsorntion ahd to the reaction proper- degradation rate up to the optimal load beyond which inhibition
P brop occurred) had been reported in dye degraddg##éhand organic

ties of the dye. The applicability of Langmuir equation to the . o
decolourisation and degradation has been confirmed by the li ollutant degradatio6]. The enhancement of decolourisation

. . . L and degradation by addition of2B; is due to increase in the
ear plot obtained by plotting reciprocal of the initial raterf1/ . : . }
against reciprocal of the initial concentration@las shown in hydroxyl radical concentration by the following ways:

Fig. 8 The values; andk are found to be 0.2& 10~% M and . . . .
0.35x 10-*Mmin—! for decolourisation and 0.3310*M (i) According to Okamoto et af47], oxygen is the primary
and 0.50x 10~4M min~" for degradation, respectively. acceptor of the conduction band electron with formation of

superoxide radical anion (E¢p)). H>O» can compensate
for the Oy lack and play a role as an external electron scav-
enger according to E@6). It can trap the photogenerated
conduction band electron, thus inhibiting the electron—hole
recombination and producing hydroxyl radicals as shown
by the equations:

3.5. Effect of addition of H>0;

In order to keep the efficiency of the addeg®4, it is neces-
sary to choose the optimum concentration @34 according to

0.6 TiOzece)” + 02— Ox°~ (5)

ec) +H20,— °*OH 4 OH™ (6)
0.5 A

(i) H202 may also be photolysed to produce hydroxyl radicals
directly (Eq.(7))

= 04
Hp0, 2% 2°0OH @)
0.3 A .
* DECC’FOU"_SEUO” H2>0- has extremely low absorption of solar light. Hence,
m Degradation the oxidation of the dye by photolytic4®, (Eq. (7)) will
0.2 ; - - - - be insignificant.
0 0.2 0.4 0.6 0.8 1 1.2

)y (iif) H 20, also reacts with superoxide anion to fot@H rad-
= ical (Eq.(8)).
Fig. 8. Linearised reciprocal kinetic plot of the photodecolourisation and pho-

todegradation of RY14 (experimental conditions, E&g 6). H202 4+ 02*~ — *OH + H* + 0O 8
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At high H,0 dosage (20 mmol) the removal rate decreases(jii) S,0g2~ can generate sulphate radical anion £5Q both

due to: thermally and photolytically in aqueous solution. This rad-
ical anion is a strong oxidant and participates in the degra-
(i) Hydroxyl radical scavenging effect of4@,. The reaction dation processes by the following ways:
between excess hydrogen peroxide and hydroxyl radical )
(*OH) forms hydroperoxy radical. These hydroperoxy radi- ¢ (e —> SO~

cals are much less reactive and do not contribute to oxidative

" H,O ‘OH +SO0,” +H"
degradation of the dye (Eg@) and(10)). S04 N .

RY14 ﬁSOf’ + Dye intermediate
H2024+°*OH — HO»* + H20 9)
Dye intermediate ——> mineralisation.
HO,* 4+ *OH — H20 + Oz (10)
- ) ~ (iii) Athigh dosage of $0g?~ the inhibition of reaction occurs
(i) H20; is also a powerful hole scavendd]. In excess it duetothe increase in concentration of80ion (Eq.(12)).
may react with holes to produce oxygen and proton. Inpho-  The excess of Sg8~ ion is adsorbed on the TiGsurface
tocatalytic degradation, hole directly oxidises the dye and  and reduces the catalytic activity. The adsorbed%SGon
with water produces hydroxyl radical. Hence, the removal  4j50 reacts with photogenerated holes (@) and with

of holes decreases the dye removal rate (Ety). hydroxyl radicals (Eq(16)).
H202 +2hvgt — Oz +2HT (12) SO +ht — SO (15)
3.6. Effect of S;08%~ SO4>" +OH — SO4*~ +OH" (16)
The effect of addition of 8052~ on the photocatalytic oxi- Since SQ°*~ is less reactive thahOH radical and h the

dation of RY14 has been investigated by varying the amount oéxcess S@¥~ reduces the photodegradation of the dye.
(NH4)2$,0s from 1 to 4 g/l. The results are shown kig. 10

Addition of 1-3 g/l of (NH)2$,0g increases the decolouri- 3.7. Effect of BrOs~

sation from 88.0 to 98.0% in 20min and degradation from

74.3 to 79.1% in 40min. Further increase in the addition g5 s an efficient electron acceptor and used as an additive
(4 g/) decreases the decolourisation. Similar enhancement WaS enhance photocatalytic degradation rdess34,52,53] The
reported for the addition of®3”" [49-51] Furtherincrease in et of addition of BrQ@~ on the photocatalytic decolourisa-

the addition above 4g/l increases the decolourisation by 1.39%gn and degradation is shownfig. 11 The addition of KBrQ
and deg_radanon by 0.91%. Addition of pers_ulp_hate t0 phog 1to 4 g/l increases the decolourisation from 69.2 to 78.2%
tocatqutlc processes enhances the decolourisation rate by tB9 the time of 20 min and the degradation from 70.7 to 81.4%
following three ways: by the time of 40 min. On further increase in KBy@ddition
] ) ) there is no increase in the removal rate. The enhancement of
(i) Persulphate ion scavenges the conduction band electrfe removal rate is due to its electron scavenging effect by the
and promotes the charge separation and production of oth@gaction between Brg ion and conduction band electron (Eq.
oxidising species namely sulphate radical anion (EB).  (17)). Martin et al.[54] reported that Br@~ scavenges conduc-

S,08%" + TiO2ecB)” — SOs°~ + S04%~ (12)

85
100
2 804
oy —
S 90+ g
w o 75-
= £
o )
E -
o 80 A $ 70
< > —
T 1= —e— Decolourisation
C 70+ —e— Decolourisation 65 —— Degradation
—o— Degradation
60 T T T T
60 T T T T T 0 1 2 3 4 5
0 1 2 3 4 5
Amount of (NH,),S,0; (g/1) Amount of KBrO, (g/l)

Fig. 10. Effect of addition of (N&)2S,Og on the decolourisation and degrada- Fig. 11. Effect of addition of KBr@ on the decolourisation and degradation
tion of RY14. TiG; =4 g/l, [RY14]=5x 10~*mol/l, pH 5.5+ 0.1. Irradiation of RY14. TiO, =4g/l, [RY14] =5x 10~*mol/l, pH 5.5+ 0.1. Irradiation time:
time: decolourisation =20 min and degradation =40 min. decolourisation =20 min and degradation =40 min.
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tion band electron more efficiently than oxygen. 50 4

—— Decolourisation
—0— Degradation

BrOs™ +6€ce)” +6H"— [BrO;~, HOBI] — Br~+3H,;0
17

Q@
(4
L

Further increase of KBre from 3 to 4g/l increases the
decolourisation by 0.55% and degradation by 2%. This is due to
the adsorption effect of Brion on TiO, surface, which affects
the catalytic activity of TiQ.

RY14 removal [%]
o]
o

~
o
L

3.8. Effect of CO3*>~ and CI~

70

The other auxiliary chemicals such as#z and NaCl are Amount of NaCl (g/l)
used in the dyeing process. Mz03 is added to adjust the pH of
the dye bath, which is important in fixing the dye on the fabricsFig- 13. Ef_fect of addition of NaCI_(in the decolourisation ar_]d_deg_radation
and in the fastness of colour. Sodium chloride is mainly usecgzs(;ij}i;%;f%ﬁg;ﬁ]d: dzxr;%ati?ﬁylégﬂffi 0.1. Irradiation time:
in the dyeing process for the transfer of dyestuff to fafi]. - 9 - '

Therefore, the dye industry wastewater contains a considerabg? 80 min. Similar observation was reported in the organic pol-
amount of carbonate and chloride ions. Hence, it is important t

. _ . . AN tant degradatiof39]. The decrease in degradation efficiency
zg;éég?i;ngluence of C~ and C ions in the photocatalytic in the presence of chloride ion is due to the hole scavenging and

The effect of addition of NgCOs on the photocatalytic oxi- ?éd;o(é;g)r:rc]icljc(azls)cavengmg properties of chloride [68,59]
dation of RY14 is shown ifrig. 12 Addition of 1-4 g/l NaCO3 as: '

decreases the removal from 62.3 to 56.4% for decolourisatiog|™ + hygt — CI® (20)
by the time of 20 min and degradation from 59.2 to 48.2% by the . B .
time of 40 min. Similar observations have been reported earlief!® + CI” — Cl2 (21)

in literature[56,57] The decrease in degradation efficiency of
the dye is due to hydroxyl radical scavenging property of car
bonate ion as shown in the following equatio(3) and(19)):

The reaction of dye molecule with the hole has to compete
with this reaction (Eq(20)). The chloride radical anions formed
can also block the reactive sites of the catalyst surface. The

COs% +°*OH — OH™ +COs*~ (18) inhibitory effect of chloride and phosphate ion on the photocat-
alytic degradation has been repor{éd]. The inhibiting effect
HCO3™ +°OH — H,0 + COs*~ (19)  of COs% ionis greater than the inhibiting effect of Clon.

Thus, the primary oxidant hydroxyl radical decreases grada Conclusions

ually with the increase in carbonate ion and consequently there

Is asigpificant decrease in photocatalytic_ deg_rad_ation. The RY14 is successfully degraded by 3i©25 assisted
h TEe mflu;ar:jqec(j)fq onlflh?l)h_(r):]ocatalﬁc OX|daF:|on.of ?;14 photocatalysis in agueous dispersion under irradiation by solar
as been studied using NaCl. The results are showfigin light. The dye is resistant to direct photolysis. The optimum

Incl:r(ta_asedm the addlttr;ondof C:|on fro?w L ;0 4g£/3I7to7tthe8r§a500/tlcl))n ¢ hysico-chemical conditions for the decolourisation and degra-
solution decreases the decolourisation rom /. 7/ 10 62.9%0 LY Uigyii4, of 55 1074 molll solution at room temperature were

time of 40 min and degradation from 80.1 to 72.3% by the time_ ¢ ;110\ TiQ-P25 concentration 4 g/l; initial ¥0, concen-

tration 20 mm; initial (NH)2S;Og concentration 3 g/l; initial

75 KBrO3 concentration 3 g/l. The photocatalytic decolourisation
—#—Decolourisation and degradation obey pseudo-first-order kinetics at low initial
—0— Degradation . Lo . . .

concentrations. The initial decolourisation and degradation rates
could be fitted to Langmuir equation up to<3L0~* mol/l. The
persulphate ions are found to oxidise the dye in the absence of
catalyst. The presence of auxiliary chemicals such g&Ci0g
and NaCl decreases the photocatalytic decolourisation and
degradation.

=]
o
0

RY14 removal[%)]
o
w

45
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