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Abstract

The solar photocatalytic decolorization and degradation of Maxoline Navy 2 RM 200%
basic dye in aqueous solution with TiO2-A (pure anatase) as photocatalyst in a slurry
form have been investigated using solar light. The removal of the dye was strongly
enhanced by the addition of electron acceptors such as hydrogen peroxide (H.0;). The
effects of various parameters such as amount of hydrogen peroxide, initial dyc
concentration, catalyst loading, pH-values on decolourization rate have been determined.
The semi-logarithmic plots of abserbance data gave a straight line. The correlation
constants for the fitted lines were calculated to be ranged from r = 0.97 10 0.99. This
finding indicates that the solar photocatalytic decolourization of the dyc in aqucous TiO;
ssuspensions can be described by the pseudo first-order kinetic model. The optimum
operating conditions were to be: 1 g/L. TiO,, 1.5 ml H30,, pH =3-5. The effect of dye-
assisting chemicals such as NayCO; and NaCl has-been also investigated. Addition of
these chemicals inhibits the removal rate, At oplimum operaling conditions, color
removal from the effluent reached 99.9% after 90 irradiation time. Mcasuring of Total
Organic Carbon {TOC) loss showed that the dye was mincralized by 60% within this time
and 75% within 240 irradiation time under these conditions indicating ihat the dye is also
efficiently degraded. Nevertheless, the persistence of a low level of TOC indicated that
mineralization was not complcte and dead-end product{s) which was (were) resistant to
solar photocatalytic oxidation might have accumulated.
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1. Introduction

Textile industry needs large quantities of water of good quality in its fundamental

- processing steps, which generally imply the utilization of a large number of chemicals
such as organic dyestuffs, surfactants, chelating agents, pH regulators, ctc. These
processes generate very toxic wastewater, whose treatment is often difficult due to the
presence of some not biodegradable species with complex structure. Hence there is
considerable current interest in developing alternative and more cost-effective metheds.
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In recent years advanced oxidation processes (AOPs) have been developed to meet the
increasing need of an effective wastewater treatment. AOP generates powerful oxidizing
agent hydroxyl radicals which completely destroy major classes of organic pollutants at
ambient conditions. The combination of UV irradiation with photocatalysts is one of such
methods which has attracted considerable attention in recent years, due to its
cffectiveness in mineralization (i.e. conversion to inorganic species) of orpanic
compounds [i-2]. This has included removal of dye pollutants from residual textile
treatment waters [3-5]. Heterogeneous photocatalysis through illumination of UV (or)
solar light on a semiconductor surface such as TiQ, is an attractive advanced oxidation
process [6}. Such a UV-TiO;-based solar catalytic oxidation system exhibits some
allractive characteristics. First, TiO; is stabie, insoluble, non-toxic and environmentally
acceplable by being fairly incrt biologically and chemically. Second, TiO; is inexpensive
reusable. Third, the photocatalyst titanium dioxide {TiO;) is a wide band gap
semiconductor (3.2 eV), has high photoactivity and is successfully used as a
photocatalyst for the freatment of organic [7-8] and dye pollutants [9-12). A further
important advantage is the fact that the process can be powered by natural sunlight.
Photodegradation of pollutants using TiOz with solar light can make it an economically
viable process since solar energy is an abundant natural energy source. This solar energy
can be used instead of arificial light sources. The artificial light sources need high
electrical power which is costly and hazardous. Solar energy has been successfully used
for photocatalylic degradation of pollutanis [13-14}. Solar photocatalytic oxidation also
appears to be a better treatment method for dyes-containing wastes than conventional
biological proccsses [15-16]. While these compounds are highly recalcitrant to
biodegradation [17], they can be destroyed by solar catalytic oxidation within hours [18].-
Furthermore, during the anaerobic digestion stage of the conventional biological
trcalment process, the dyes can be readily transformed to other intermediates which are
usually more toxic than the parental dyes. Solar catalytic oxidation, on the contrary, can
oxidize these dyes efficiently to CQ, and mineral ions [19).

Taking the above-mentioned concept into account, the present study was focused on
oxidation of Maxilon Navy 2 RM 200% as basic dye by solar photocatlysis. This dyestuff
was provided from Ciba, Switzerland and used throughout the present investigation as
reccived and without further purification. The selection of textile wastewater was due 1o
ils recalcitrant and even toxic nature in conventional biotreatment. The dye is highly
waler-soluble and can be used for dyeing and printing acrylic fibers. For the practical
application of dye wastewater by TiQz—sunlight process, there is a need to determine the
optimal conditions of experimental parameters. The effects of various physico-chemical
conditions on the degradation of the dye by solar phetocatalytic oxidation were studied to
find out the optimum conditions for removal of color and aromatic part of the dye.

2. Experimental

All solar photocatalytic experiments were carried out under similar conditions on
sunny days of summer (August-September) under clear sky between 11 a.m. and 3 p.m.
The intensity of solar radiation was measured using Weather Station crected in the test
ficld of Solar Energy Department of NRC, Egypt. The problem of variation of intensity
of sunlight even under clear sky is overcome by conducting experiments in sets
simultancously and comparing the results. At this time, the UV intensity ranged from 3.5
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to 4 W/m®, which corresponds to the 30% of the power of the solar irradiation. The
parabola cylindrical concentrator configuration, as reported in Figure (1), used to perform
heterogeneous photocatalysis oxidation of the dye under solar irradiation in a total
recirculation loop with a feed tank. The solar reactor consisted of one UV transparent
glass tube (3.5 m * 40 mm iD) with an irradiated surface of 3.7 m*® placed on fixed
support inclined 30° (latitude) with respect to the horizontal planc and facing south, in
crder to maximize the daily absorption of solar radiation [20]. The photocatalytic
oxidation (PCQO) was carried out in aqueous suspensions of TiO; irradiated by sunlight
which was focused on the photoreaction system. The solution of dye and the catalyst at
definite concentrations was continuously fed to the solar reaclor from the feed tank by
means of a peristaltic pump. The solution flow rate, maintained constant for all of the
runs, was 60 L/h. The total volume, V,, of suspension charged in the whole system was 4
L, whereas the irradiated volume, V;, i.c. the volume of suspension contained in the glass
tubes, was 3.5 L. For all the solar photoreactivity experiments titaniun oxide (TiO;-A)
(pure anatase, particle size of 0.02 pm, with a BET surface area of 10 mzfg) was reagent
powder and used as sources of photo-catalysts supplied from Merck. For the majority of
runs the catalyst amount was of 1 g/L; a few experiments were carricd out by using
amount of catalyst (varying from 0.25 g/L to .25 g/L). Since the litcrature reports that
the presence of strong oxidant spccies can greatly enhance the photooxidation rate of
organic cornpounds [18,21,22]. The influence of the presence of hydrogen peroxide,
(H20: sclution, 35% w/w in stable form provided by Merck) on the dyc decolorization
rate was also investigated. The dependence of dye solar photooxidation rate on the initial
dye concenltration; catalyst amount and initial pH was investigated.

Solar Tubular Reactor

Recirculation  Feed Tank
Pump

Sampling

Figure (1) Schematic Diagram of Solar Catalytic Oxidation Unit

The experimental runs were carried out by using the foliowing procedure: firstly the
suspensions were magnetically stirred in the dark for 10 min to attain adsorption-—
desorption equilibrium between dye and TiO,, the aqueous suspension containing the dyc
and the TiO, powder was circulated in the reacting system, and then hydrogen peroxide
was injected. Samples were taken at regular time intervals from the solar reactor and first
were centrifuged to get ride off the residual catalyst and then were analyzed immediately
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to avoid further reaction. For TOC determination, the reaction was stopped instantly by
adding NaOH to the reaction samples to decompose any residual hydrogen peroxide and
prevent hydrogen peroxide from reacting with dye during the analysis, since hydrogen
peroxide cannol proceed at pH>10. The runs were carried out at different initial dye
concentrations and most of them at the natural pH values of the suspensions at 7.1-7.4.
Initial dye concentration of 100 ppm was chosen in most of experiments to simulate the
high concentrations of such dyes in the industrial final effiuient. Some additional runs
were carried out by adjusting the initial pH to the desired value with H,SO4 or NaOH.
The percent of color removal of the dye in the reaction mixture at different times was
obtained by measuring absorbance at maximum wavelength (A=530 nm) and
computing the concentration from calibration curve. A PD-303 UV spectrophotometer
(APEL Type), from Japan was employed for absorbance measurements. Hydrogen
peroxide was detected by a modified iodomeiric titration method [23]. Total Organic
Carbon (TQC) was measured using TOC Anatyzer, Phonix 8000, from Japan.

3. Results and Discussion

By testing different kinetic maodels to the data of dye concentrations, it was found that
solar photocatalytic oxidation of Maxilon Navy dye best fitted pseudo-first-order kinetics
with respect to dye concentration, expressed by Equation (1):

—'dcdyr ::k *C

- dl.’ ] cxp dye

Equation (1)

Where ke, is the pseudo-first-order constant estimated {rom the experimental results.
The integration of Equation (1) with the limiting conditions that at the start of the
reaction (t=0) the dye concentration are equal to the initial one (Cyye = Cogye), gives:

(Keptt)

Cye = Coue T Equation (2)

By applying a least-square best fitting procedure 1o the experimental data, the values of
kexp were determined. The photoreacting system used in this work is a total recycling one
composed by a solar photocatalytic rcactor and a feed tank. The reaction of dye oxidation
occurs only inside the irradiated solar photocatalytic reactor. In order to obtain the true
kinetic constants, the experimental reactivity ata must be corrected by multiplying them
by the ratio of the total volume (V) which represent the irradiated volume (V;) + the dead
vatlume of the connecting tubes and the holding tank, In the present case, being the
kinetics of first order, the true kinetic constants (kyuc) are abtained by the experimental
ones (kexp) by means of the simple relationships Equation (3) [22]. The calculated values
of true kinctit constants for decolorization of the dye at different operating conditions are
reported in Table (1). - '

E =k *%‘- Equation (3)

e exp
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The effect of addition of hydrogen peroxide, the initial dye concentration, amount of
TiO,, and pH on the solar photocatalytic decolorizaton rate was studied. Also the effect
of presence of dye-assisting chemicals (NaCOj;; NaCl) as free hydroxyl radical's
scavenger of has been investigated.

3.1. Effect of hydrogen peroxide addition

From separate experiments, it was obscrved that in non-irradiated suspensions the dark
adsorption of dye on Ti0O, was slight (about 5% color removal). Figure (2) shows the
kinetics of the disappearance of the dye under three conditions. There was a shightly
observable increase in color removal of the dye (29%) when the solar irmadiation was
carried out in the absence of Ti0,. However, in the presence of TiO,, an increase in color
removal of dye {70%) occurred by solar irradiation, From the standpoint of solar
collecting technology, this is a rather inefficient process, cven considering for & high
added value application [20]. The photocatalytic degradation of organic pollutants
depends upon their reactions with the OH" radicals. Therefore, eleclzon acceptors have
been used to enhance the degradation rates since they gencrate OH' madicals [24].
Hydrogen peroxide (H20,) is the most widely used electron acceptor. 1t is clear that, the
solar photocatalytic oxidation process can be accelerated by H,O2 as demonstrated in
some studies [13,25]. H20, serves two roles in solar photocatalytic oxidation 1o cause an
enhancernent effect. It can both act as a source of OH’ by reacting with superoxide anion
(O2") or by direct photolysis (Reactions (1} and (2)). Besides, it can act as a conduction-
band elcctron acceptor forming OH” radicals subscquently {Reaction (3)). Being an,
electron acceptor, H0; does not only gencrate QH® radicals, but it also inhibits clectron-
hole recombination process (&/h™"), at the same time, which is one of the most important
practical problems in using TiQ; as a photecatalyst [2,6,27]. The cnhancement of
decolourisation and degradation by addition of H,0; is duc to an increase in the hydrexyl
radical concentration as shown by Reactions (4-8).

H,0, 4+ O — OH + OH + O5° Reaction (1)
H;0; + hv = 20H" Reaclion (2}
H,0; + ¢ —» OH + OH" Reaction {3)
H,0;+ 2¢ — 20H" Reaction {4}
H,0, +2h' — 0, +2H" Reaction {5)
OH* +H' +¢ — H;0 Reaction (6)
H;0; + OH"— HO,™ + H,O Reaction (7)
HO;" + OH ™ H,0 + 0, Reaction (8)

As can be seen also from Figure (2), decolorization rate of Maxilon Navy 2RM dye
was markedly enhanced by the addition of H2O2, as expected. Figure (3) exhibits the
effect of initial amount of added hydrogen peroxide on the decolorization rate of the dye.
As it can be seen from thestraight lines obtained, the solar photocatalytic decolorization
of the dye with the addition of H,0O: also follows the pscudo-first order kinetics. The
apparent rate constant was also found to be dependent upon the concentration of HyO,.
The values of the overall reaction rate constants with the correlation coefficients for cach
of the fitied lines tabulated in Table {1).
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Figure (2) Effect of hydrogen peroxide addition on salar photacatalytic
oxidation ratc of Maxilon dye under sclar irradiation. [Dve
cancentration=100ppm, Ti0; concemtration=Ig/f, H.0:= ImifL,
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Figure (3) Effect of hydrogen peroxide concentration on decolorization
of Maxilon dyc under solar irradiation fDve concentration=i00 ppm,
1105 concenirarion=1g/L, pH=7.5]. :

As can be seen from Figure (3), the decolorization rate increases as the concentration
of Hy0; increases. The pseudo-first-order rate constant increased by about 2-fold when
H;0; concentration changed from 0 to 0.5 ml/L. A liltle enhancement, however was
observed when the concentration further increased to 1 and 1.5 ml/L. A concentration of
1.5 ml/L appears to be optimal. Similar obscrvations were also reported in previous
studies where an increase in F0; level enhanced photo-catalytic oxidation rate up to an
optimal point beyond which inhibition occurred [13,26]. As described before, However,
when present at high concentration, HO, can also become a scavenger of valence-band
holes (Reactions (4-5)) and OH" {Reactions (6-8)) [,13]. Furthermore, H;0; can be
adsorbed onto TiQ, particles to modify their surfaces and subsequently decrease its
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catalytic activity [13]. Since the influence of H,0;, has been in some cases controversiai
and it appeared strongly dependent on substrate type and on various experimental
parameters its usefulness must be accurately checked under the described operative
conditions.

3.2. Effect of initial dye concentration

At a fixed weight of TiO; and pH, the effect of initial dye concentrations ranging from
40 to 100 mg/l. on decolorization of Maxilon Navy dye by photocatalytic was
investigated under solar irradiation. A plot of log (absorbance) sypam versus solar
irradiation time from such experiments yields straight lines (Figure 4); from the slopes,
the rate constants k., (min") can be evaluated. The initial dyc concentrations versus rate
data are given in Table (1).

In (A/Ag)

0 30 60 90 120 150 180 210 24C

Irradiation time {(min)

Figure {4) Effect of initjial dye ccncentrations on decolarization of
Maxilon dye under solar irradiation [ TiQ,; conceniration=1g/i, Hy0,=
imi/L, pH=7.5].

As depicted in the Figure, a decreasc in the rale conslant was observed upon the
increase of initial dye concentration. Similar observations have also been reported for the
PCO of other dyes and organic compounds [28,29,25]. Onc possible causc for such
results is the solar radiation-screcning effect of the dye itself. At a high dye
concentration, a significant amount of solar radiation may be absorbed by the dye
molecules rather than the TiO; parlicles, consequently, by increasing the initial dye
concentration, the photon flow recaching the catalyst particles decrcased due to the fact
that increasing numbers of photons were absorbed by the dye molecules present in the
solution and/or on the catalyst surface, and thus reduces the cfficiency of the catalytic
reaction [I8). Another possible cause is the interference from intermediates formed upon
solar photocatalytic of the parental dye. These intermediates may include aromatics,
aldehydes, ketones and organic acids as shown by previous studies with various aromatic
compounds [30-32]. They may compete with the dye molecules for the limited adsorption
and catalytic sites on the TiQO, particles [33] and thus inhibit decolorization. Such
suppression would be even more pronounced in the presence of an clevated level of
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degradation intermediales formed upon an increased initial dye concentration. Although
we have not identified in our study, the intermediates formed during the solar
photocatalytic oxidation of Maxilon Navy dye, their occurrence was clearly indicated by
the presence of about 75% of total organic carbon (TOC) remaining when more than
99.5% of the dye was decolorized.

3.3. Effect of catalyst loading

The effect of TiO2 loading on decolorization rate is presented in Figure (5). In the
absence of the catalyst, about 50% color removal was observed after 4 hours irradiation
time. Decolorization started 1o increase when 0.2 g/L. of TiO; was added and the rate
increased sharply with catalyst loading up to 0.8 g/L. However, only a slight
enhancement was observed when TiQO; concentration further increased to 1 g/L. Similar
observations were also reported in other studies on dyes and various organics [28,29,34].
As the concentration range increases from 0.2 to 1 g/L, the number of photons absorbed
and the number of dyc melecules adsorbed are increased owing to an increase in the
number of catalyst particles. The density of particles in the area of illumination also
increases and so the rate is enhanced. The observed enhancement in decolorization is
probably due to an increased number of available adsorption and catalytic sites on TiO;.
At a certain level, the number of available substrate molecules is insufficient for
adsorption by the increased number of TiOj; particles, i.e. although more area is available,
for constant initial dye concentration, the number of substrate molecules present in the
solution remains the same. Hence, above a cerlain level, additional catalyst powder is not
involved in catalyst activity and the rate tends to level off. Maximum decelrization was
obtained at a TiO, concentration of | g/L.
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Figure (5); Dependence of the photocatalytic decolorization ratc of
Maxilon dye on the amount of TiQ, under solar irradiation [Dye”
concentration=100 ppm, H,0:=1ml/l, ptHi=7.5].

A further incrcase l;cyond this optimum catalyst loading as shown in Figure (5},
however, may cause light scattering and screening effect and thus reducing the specific
activity of the catalyst [29]. In addition, at high TiQO2 concentrations, particles aggregate
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which reduces the interfacial area between the reaction solution and the photocatalyst.
Thus, the number of active sites on the catalyst surface is decreased. Agglomeration and
sedirmentation of the TiQ; particles were observed in our study when more than 1g/L of
TiO; was added to the dye solution. In such a condition, part of the catalyst surface
probably became unavailable for photon absorption and dye adsorption, thus bringing
little stimulation to the catalytic reaction and may be the other reasons for the decrease in
the decolorization rate.

3.4. Effect of initial pH values

The most important parameter that influences the photocatalylic degradation is solution
pH. Previous studies indicate that pH may affect photocatalytic oxidation in a number of
ways. First, the charge of the dye molecules and the surface of the TiQ; catalyst arc both
pH dependent. pH changes can thus influence the adsorption of dye molecules onto the
catalyst surfaces, an important step for photocatalylic oxidation to take place [33].
Second, as indicated in Reaction (9), OH™ can be formed by the reaction between
hydroxide ion and positive hole. An alkaline condition would thus favor Oi" formation
and enhance degradation. Third, thc TiO, particles tend to agglomerate under acidic
condition and the surface arca avalablc for dye adsorption and photon absorption would
be reduced [35].

HO, + iy QH +H' .. Reaction (9)

In (NAn)
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0 30 60 90 126 150 180 210 240

f

frradiation Time {min)

Figure (6) Effcct of pH values on decolorization of Maxilon dye under
solar  irradiation  [Dye  concentration=100 - ppm, o,
concentration=1g/L, I1;0,= Iml/L]. T-

The effect of pH in the presence hydrogen peroxide was also investigated, at the
conditions which were shown to bring the greatest enhancement to decolorization. Figure
(6) shows the effect of pH on the decolorization of Maxilon Navy dye in the presence of
1g/L of TiO; and 1.5 ml/L hydrogen peroxide. The results, however, were very different
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from those obtained with other works by using titanium dioxide only without addition of
H>(O; {36,25] at acidic conditions. As seen in Figure (6), the highest decolorization rate
was observed at pH 3-5 and the pseudo-first-order rate constant decreased with the
incrcase of pH values. This can be attributed to that the acidic medium is favorable to
hydrogen peroxide, since hydrogen peroxide cannot precede at high pH values. At this
point, we cannot explain why only the significant interaction between pH and
concentration of TiO; or H,O; in the solar photocatalytic degradation of the dye; and how
the elevated TiO, and H,0; concentrations would have such a different impact on the
optimal pH of the solar photocatalytic reaction. A more thorough study will be
undertaken to seek an explanation for such observations.

3.5. Effect of the presence of NaCl and Na,SO,

Some anions commonly found in natural or polluted waters (e.g., chloride, bromide,
sulphate, phosphatc) have an inhibiting effect on the photodegradation process if they are
bound to TiO; or close to its surface [37]. The other chemicals used in the dye indusiry
play a vital role in the dyeing process. Some experiments were also performed in the
presence of NaCl or NazSO4 ions. Indeed these ions are usually present in real
wastewater produced by textile industry, as they are added to the liquor vsed for
performing the operation of scouring (i.e. the treatment that removes wax, dirt, grease
and other natural impuritics from the fibers before the dyeing process). Na,CO; is added
to adjust the pH of the dye bath which is important in fixing the dye on the fabrics and in
the fastness of colour. Sodium chloride is mainly used in the dyeing process for the
transfer of dye stefi’ to fabric [38]. Therefore, the dye industry wastewater contains a
considcrable amount of carbonate and chloride tons. Hence, it is imporiant to study the
influence of CO;™ and CI jons in the solar photocatalytic degradation. The experimental
results indicated that the reactivity resulls indicated that these species significantly affect
the solar photoreactivity of the dye. At the examined concentration (5 g/L), the
experimental results indicated that these chemicals inhibit the removal rate to the half of
that in optimum opcrating conditions. Similar observations have been reporied earlier in
the literature [39). The decrease in decolorization efficiency of the dye is due to hydroxyl
radical scavenging property of carbonate ion and also the hole scavenging properties of
chloride ion as shown in the following Reactions:

CO," + OH = OH + COy’ Reaction (10)
HCO, + OH" = 11,0 + COy Reaction (11}
Cl'+h'yy = CI Reaction (12)
CI -+ CI™ — Cly _ Reaction (13}

3.6. Degradation of Maxilon Navy dyc under optimal conditions -

Bascd on the results obtained in the characterization experiments, the optimal
conditions for the photocalalytic oxidation of Maxilon Navy dye under solar radiation
were found to be: TiO; concentration, | g/k; H,0; concentration, 1.5 ml/L; pH, 5.0.
Degradation and mincralization of Maxilon Navy by solar photocatalytic oxidation under
such conditions was studied by measuring Total Organic Carbon (TOC) of the dye
solution. Figure (7) shows the changes of color and TOC removal in the reaction solution
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during the solar photocatalytic oxidation process of the dyc at optimum cperating
conditions. As indicated, the dye was decolorized by about 99% within the first 90 min.
and remained almost unchanged within the same period of time till 99.9 within 240 min.
TOC removal reached 60% within 90 min irradiation time, indicating the formation of
organic intermediates derived from the dye. The % TOC removal then increased with
time but very slowly till a constant level (75%) up to 240 min of solar irradiation. These
results indicate that the fast decolorized dye was foliowed by much slower mineralization
of intermediates formed subsequently. On the other hand, the persistence of a low but
constant TOC removal in solution suggests the accumulation of dead-end product (s)
which is (are) resistant to degradation by the solar photocataiytic oxidation reaction.
Therefore, it should be readily removed by biological treatment systems and is unlikely to
pose a problem: to the environment.
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Figure (7) Color and TOC removal duering the solar pholocatalylic
oxidation of Maxilon Navy dye under optimal cenditions. [Dye
conceniration=J00 ppm, TiO;=1g/L, H,=ImlfL, pfi=5].

4. Conclusions

This study investigated the solar photocatalytic oxidalion of Maxilon Navy 2 RM
200% basic dye by using titanium dioxide. The decolorization reaction kinctics followed
the pscudo-first-order rate. The decolorization ratc of Maxilon Navy 2RM dye was
markedly enhanced by the addition of H;0;. Optimal physico-chemical conditions for the
degradation .a 100-mg/L dye solution, under solar photocatalytic oxidation, were
determined to be: Ti0; concentration, 1 g/L; initial HzO; concentration, [.5 mifl; initial
pH, 5. Under these conditions, the dye can be decolorized by 99.9% mineralized with a
TOC removal of 75% within 240- min. The presence of auxiliary chemicals such as
Na;CO; and -NaCl decreases the photocatalytic decolorization. The efficient
decolorization and mineralization respectively indicate that solar photocatalytic oxidation
can be used as a simple, efficient and economic treatment of wastewater containing basic
dye. Mineralization, however, was not complcte probably due to presence of
intermediates compounds resistance to degradation by the TiO;-mediated solar catalytic
oxidation reaction.
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Table (1). Values of % color removal, reaction rate constant and
correlation factor st experimental operating conditions for the solar
hotocatalytic oxidation for Maxilon Navy dye.

[Dyels | [HyO21: | {TiO2)y | pHe % Color Kep Correlation
mg/L ml/L g/l Removal (minr™") Factor {r)
100 0 0 735 26.8 0.00% 0.9%
100 0 1 7.5 70.4 0.006 0.981
100 0.5 1 7.5 92.9 0.012 0.976
100 1 I 7.5 96.8 0.015 0.985
100 1.5 1 7.5 99.3 - 0019 0.974
100 2 I 7.5 94.1 0.011! 0.991
100 1.5 0 7.5 53.9 0.003 0.975
100 1.5 0.2 7.5 59.6 0.004 0.977
100 1.5 0.4 7.5 809 0.007 0.98
100 [.5 0.6 7.5 86.7 0.009 0.975
100 1.5 0.8 7.5 90.5 0.0t 0.986
100 1.5 1 7.5 94.4 0012 0.994
100 1.5 1.25 7.5 g5 0.013 0.978
40 15 1 7.5 99.1 0.023 0.982
60 [.5 1 7.5 97.9 0017 0.973
80 1.5 1 7.5 97.2 0016 0.9¢
100 1.5 1 9 92 0.011 0.98
100 1.5 H 5 99.9 0.052 0.984
1040 1.5 { 3 99.9 0075 0.985

Where, [Dyel is the initial dye concentralion, [H0; o is the initial H;0; concentration, [TiO;]a is the
amaunt of TiQ;, pll, is the adjusied initiul value of pfl, % Color Remeval afler 240 minutes
irradiation lime ond ke, it the experimental voluc of the pseudo-first-order reaction ratc constant
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