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ABSTRACT

Thisresearch investigates the efficiency of UV in combination with chlorine dioxide (UV/CIO,) for decolorizing of
aqueous solution textile dyes methylene Blue. All the experiments have been done by using photoreactor provided
with ultraviolet source of low pressure mercury-lamp (LPML). The study included the investigating the effects of
dye concentration, temperature, rate flow of gas and light intensity . A complete degradation has been achieved in
a somewhat short period alternatively 60 min. The maximum removal of color was found at higher temperature(318
K) . The results showed that the rate of removal increased with of decrease of initial dye concentration , and also
the ratio of removal increased with increase in temperature. The activation energy for degradation of aqueous
solution of methylene blue was found 16.577kJ/Mole. Moreover, it was noticed that with the increase of both air
flow wvelocity and incident light intensity ,increases the ratio of methylene blue removal. The decolourizaition
reaction was found to follow pseudo first order kinetics with respect to the dye concentration. All of the important
previous effects have been applied on chemical oxygen demand (COD). The ratio of COD removal associates
positively with the ratio of decolorization rate of methylene blue.
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INTRODUCTION

The decolorization of wastewater is still a majovieonmental concern as result of expanding ofileeindustry in
many countries and a high quantity of textile isitiy production is lose during the dying processdischarge of
their effluents into aquatic system [1-3Bynthetic dyes used in textile industry, aresist the biodegradation and
may be causes a series of environmental problems.

There are more than 100,000 different syntheticsdpeoduced in over 700,000 tons yearly worldwide[4]
.Wastewater generated by the dye production ingdwstd many other industries which use dyes and gmgsnis
high in both color and organic content and these eghemical substances which are produced are daoesi toxic
and even carcinogenic and mutagenic [S]hat is why there is a need to develop effectivethmds for the
degradation of organic pollutants, either to lessitiul compounds or to their complete mineralizatd .

Treatment methods are based primarily on efficiearoy economic cost[4]Divided methods remove contaminants
into three kinds : a biological ,chemical and pbgsbnes[7] . Biological methods are convention@htment ,which
have become ineffective to remove the color giaample , the process of aerobic treatment leatieetproduction
of large amounts of mud or sludge biological .Tlnsis applicable for methods of conventional cloaini
treatment .If the liquid waste was not handledpprty , it will be a serious threat to all vitalespes on earth.
Because the decomposition of these pollutantsaretivironment can produce a great deal of toxistamioes[8] .
There are many ways to treat liquid waste that mpamy these methods, which may vary dependinghertype
and volume of waste and the degree of treatmentiremj9] . Examples of oxidizing agents that usefficiently

in the treatment of contaminated water is hydrogeroxide (HO,) and ozone (§) and advanced oxidation
processes that include 38,0, UV/H,0,, UV/O; and Fenton reagent ¥¢ H,0,[10] . The method adopted in
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this study is the use of UV and chlorine dioxide/(TlO,) as a technique for mineralization of methylengehdye
(Figure 1) from aqueous solution.
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Figure 1. Structural formula of methylene blue
EXPERIMENTAL SECTION

2.1. Materials

Sulphuric acid (98%) and sodium chlorite were siggpl from B.D.H.Methylene Blue dye (product of
USA.MSDS) was purchased from Omega. All the othelutions were prepared with double distilled
water.

2.2. Instruments

UV-Visible 1650 spectrophotometer (Shimadzu, Japawgs used to record the absorption spectra of
aqueous solutions of dye. The temperature was tadjuby used regulator water bath WB (Optima).
COD was measured by (Lovibond, Vario LR) and a rifeweactor TR 300 (Merck, Germany). The
equipment of chlorine dioxide preparation is logabllected .

2.3. Photo reactor setup

The photoreactor shown in Figure 2[11,12], was editt with a fixed low-pressure mercury lamp
(4,6,8,and 12W) with the higher intensity light i#ed at 254 nm . The UV lamp was put in the side o
reactor and the quartz sleeve was enclosed. Theonglagtor was fitted with a regulator water bath to
maintain the temperature and a circulation pumpcdmtinuous feed and collection of dye solution in a
1L flask . A syringe was fitted with photoreactorwithdraw dye solution samples in mean time.
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Figure 2. Photoreactor setup

2.4.Preparation of Chlorine Dioxide

A pure solution of chlorine dioxide is prepared kdding slowly the dilute sulfuric acid to a sodiutlorite
solution, removing any contaminants such as chdobyn sodium chlorite scrubber, and passing thergagistilled
water by a steady steam of ailthe experimental setup to generate the chloringidiois described in Figure
3[13].

2.5. Procedure

The irradiation time for all experiments were fixed 60min.Due to the primary experiments indicated
that the most dye molecules are degraded and tlee sdjution become colorless at the time similar to
this period. COD was measured according to the darah Methods[13]. Control experiments were
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carried out under UV irradiation with CjOin the solutions. In all experiment the lamp waarming for

10 min prior to initiation of reaction. Determinati of dye concentration was carried out by using the
calibration curve shown in Figure 4. The absorbarufe dye was measured at maximum absorption
A=664 nm as Figure 5 shows.
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Figure 3. Chlorine dioxide generation and absor ption system
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Figure 4: Calibration curvefor methylene blue at T=298K
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Figure5. UV-Visble spectrum of aqueous solution of methylene blue 1x 10°M , T=298K
RESULTSAND DISCUSSION

3.1.Effect of initial dye concentration

Various initial dye concentration in the range 1XBX10°M were exposed to UV/CIO. It has been
found that increase in the initial concentration afe leads to decrease the color removal and COD ,
because the decrease of penetration of photonsr énte the solution and lower the formation of
hydroxyl free radicals[14-16] The behavior of concentration impact may be sometimepedds on the
structure of dye[17] .The results are shown irukegs .
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Figure 6. Absor bance of methylene blue asa function of irradiation time at T=298k ,10=173.711mW/cm2 and f=160 L /h

Also the overall spectrum of dye decreases agithdiation time increases show as figure 7.
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Figure 7. UV-visible spectra of dye solution 1x10°M as a function of irradiation time at T=298 k , 10=173.711mW/cm2 and f=160 L /h

The results proved that the highest percentage ®@®D at the concentration 1XT®1 while, the lowest
percentage with COD at the concentration 530The results are shown in Figure 8.
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Figure 8. Effect of dye concentration on color and COD removal at T=298bk, |,=173.711mW/cm? and f=160 L /h
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The relationships between/C, and irradiation time are shown in Figure 9. Itlisar the higher dye concentration
increased the absorption of UV radiation, led tordase the availability if UV and lower the forioat of hydroxyl
radicals in the solution.
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Figure 9. Relative dye concentration versusirradiation time at different initial dye concentration , T=298k, 1=173.711mW/cm? and =160
L/h

The obtained results proved that the decolorizatieaction of the methylene blue e follows the pseud
first order kinetics. Figure 10 shows the relatlipsbetween Log R and Log C according to following
relationship:

logk=logR -nlog C Q)

Where: C: concentration of dye n: order react®nieaction rate, k: reaction rate constant.
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Figure 10. Relationship between Log R and Log C of oxidation of methylene blue 1x10-5 M, T=298Kk, 1=173.711mW/cm2 and f=160 L /h

3.2.Effect of temperature

It is found that the reaction rate increases vgthdual increase of temperature from 298-318 Krdfoee the color
removal efficiency increases with increasing of penature as shown in figure 11.This indicates fih@gportance of
temperature factor to study the stability and ddgtion of compounds[18-20].

This study has proven that the rate of COD remowealreases with the increase of temperature Isecatiless
amount of oxygen need for oxidation of dye .Theiltssare illustrated in Figure 12.
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Figure 11. Effect of different temperatures on the relative dye concentration, [MB]=1x10°M , 1,=173.711mW/ cm? and f=160 L /h
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Figure 12. Effect of different temperatureson the color and COD removal of methylene blue using UV/CIO, [M.B.]=1x10°M ,
1,=173.711mW/ cm? and f=160 L /h

The Arrhenius equation is used to describe thdioelship between rate constants and temperaturecaad this
relationship as show in Figure 13.

k= A e(-EaIRT) (2)

Where: k: rate constant, A: frequency factor, &etivation energy, R: ideal gas constant. Calcdlasetivation
energy is equal of 16.577 KJ/mole.
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Figure 13: Arrheniusplot of color removal of dye[M.B.]= 1x10° M , 1,=173.711 mW/cm? and f=160 L/h
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3.3- Effect of gasflow rate

Figure 14 shows the relationship betweetCgLand irradiation time.The effect of gas flow rataswevaluated at (f
=40, 80, 120 and 160 L/h) , the results provhdt thigh color removal was 93.8 % at higk §ow rate and
low value 90.2 % was obtained in low gas floweras Figure 15 shows . The effect of differerst fiaw rate on

the COD removal was studied as shown in Fid@grdt clear the importance of oxygen flow ratg(@en dose) to
enhancing the degradation and decolonization aciricgcompounds[21,22]
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Figure 14. Effect of gasflow rate value on color removal from methylene blue dye asfunction of irradiation time, [M.B.]=1X10°M ,
T=298k and 10=173.711 mW/cm?
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Figure 15: Effect of gasflow rateon the COD and color removal of methylene blue dye .[MB]=1x10°M , T=298K and 10=173.711
mwW/cm?
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Figure 16 . Effect of different light intensity value on relative dye concentration asfunction of irradiation time, [MB]=1X10°M , T=298
k and f=160L/h
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3.4. Effect of light intensity

Many works proved that the rate of removal of oiggoollutants increases gradually with increaskghtt intensity,
because the number of photons entering the dyéi@olincreases and hence increasing the rate ahdatjon[23-
26]. So the speed of the color removal dependt®mumber of photons collide with dye moleculed #s ability
to break down the chromospheres bonds in the dyleaules .The effect of light intensity was evatuhat ()

=113.739,131.781,141.711,and 173.711 mW)cririgure 16 shows the relation ship betwegfand irradiation
time. Figure 17 clarify that higher color revab 97% was obtained at high light intensity(123 TW/cnf) and
low value(89% )was obtained in low light integsit13.739 mWi/cr) .

The effect of above light intensities were alsal&d on COD removal as shown in Figure 17
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Figure 17. Effect of thelight intensity on the COD and color removal of methylene blue,[MB] =1x10°M, T=298 K and f=160 L/h
CONCLUSION

1.The degradation was strongly influenced by varipaisameters, particularly the temperature , dye eoation ,
gas flow rate , light intensity as well as irratiattime.

2.Faster degradation kinetics, higher color remowvatl &£0OD removal efficiency was observed at higher
temperature 318K.
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