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ABSTRACT

In this project the UV/H,0,, UV/IH,O./Fe (111) and UV/H,O,/V (IV) processes have a grate importance because of
their high rates in diminating the pollutants and can be used in purification of sewages of chemical industries. In
this research, photo catalytic destruction of some environmental pollutants such as methyl orange, methyl green and
methyl blue as organic samples in sewages of chemical industries in presence of photo catalysts was investigated.
The effect of different parameters such as the period of photo radiation, amount of photo catalyst, pH and
temperature were investigated. Results showed that these chromogenic organic materials are decomposable in
presence of hydrogen peroxide and ultraviolet radiation (UV) from mercury lamp (400 W) and also photo
destruction process. Elimination of methyl orange, methyl green and methyl blue in absence of hydrogen peroxide
and in effect of direct photo destruction is low and in absence of ultraviolet radiation is very low. The effect of
environment pH was also investigated in all reactions and in all cases the optimum amount of pH was 7. In all
reactions, it was observed that temperature has no significant effect on these reactions and destruction reaction is
carried out well in room temperature. The kinetic investigations showed that the kinetics of these reactions follows
the modified model of Langmiur-Hinshel Wood and first order rate rule. Finally the first order rate constant of
photo catalytic destruction reaction of these materials were compared using the UV/H,0,, UV/H,O./Fe (lIl) and
UV/H,0,/V (1V) photo catalyst. Results showed that in all cases, the rate constant of destruction reaction in
presence of UV/H,O./Fe (l11) is very more than the rate constant of reaction in presence of UV/H,O,/V (V) and
UV/H,0, so the method of photo catalytic oxidation of methyl orange, methyl green and methyl blue using the photo
catalyst of UV/H,O,/Fe (111) can be applied as a practical and useful method for elimination of these pollutants from
environment.
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INTRODUCTION

In different industries such as chemical and wegindustries and etc, existence of environmentiilifamts is a basic
problem and a proper purification is needed famiglating these compounds[1]. Today using of rapethmods with
high efficiency and small process volume is an irgu issue. In this regard, the method of photendhal

decomposition by photo catalyst is applied vas}ly[2

In this research, the UVAD,, UV/H,O,/Fe (1) and UV/HO,/V (IV) processes have a special importance because of
their high speed in eliminating the pollutant mi@erand they can be used in purification of chemindustries
sewages[3]. In this project, the organic compowswsh as methyl orange, methyl green and methyl héwe been
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selected as the existed organic sample in cheinidastries sewages[4]. Results show that thesaragenic organic
materials are decomposable in presence of hydmpgenxide and UV radiation from mercury lamp (400 &yl also
photo destruction process[5]. Elimination of metbgdnge, methyl green and methyl blue were invatiin absence
of H,O, and in effect of photo destruction process andoseace of UV radiation and in UV4B, process, deferent
parameters such as the period of UV radiation, anoluH,O, and the primary concentration of sample were stldi
[6]. In this regard the effect of various parameteuch as the period of UV radiation, amount gdtithe primary
concentration of dye and different amounts of UM3F UV/H,O./Fe (ll) and UV/HO,/V (IV) were investigated[7].

MATERIALS AND METHODS

Materials

All materials containing bD,, FeCk, Fe (NQ)z;, VOSQ, vanadium nitrate, methyl orange;{8:4N3NaG;S), methyl
green (GgHz3NsCl,), methyl blue (GH»7NsNa&OS3), NaHPO,.2H,0 and NaOH were obtained from Fluka, Merck
and Aldrich Companies. Double distilled water waedi for preparing the buffers and all solutionsenteeshly
prepared and used.

Apparatuses

The spectra were recorded by Cary 100 Scan UV-Vig-dbduble beam spectrophotometer equipped by teatyrer
regulation system. Weighing was carried out by & 180 balance from Mettler Company. Regulation ldfvpas
carried out by an F-12 pH-meter from Metrohm Comypan

Preparing the stock solution of methyl orange, meil green and methyl blue
The 1mM solutions of methyl orange, methyl greed arethyl blue in water were prepared and thesdignkiwere
used for preparing the standard solutions.

Efficiency of methods

The method of adding the standard was used in daleletermining the efficiency of preparation methmf
samples and the concentration of added standarssniple texture was determined and the efficiedapethods
was calculated. In this regard, three 50 ml flagkencharged with 25 ml of unknown solution and 1®fhstandard
(20 pg/l) was added to second flask and 10 mlaxfdzard (40 pg/l) was added to third flask and arteahmethyl
orange, methyl green and methyl blue of samplesdoh method was determined.

Repeatability (Precision)

In order to investigating the precision of analysisthod, the samples were analyzed in several ssigeedays and for
several times in a day and each solution were lfrgalepared and used. Results showed that theummstit has a
proper precision and repeatability (Figs. 1-3).

Preparing the 1mM buffer solution of phosphate

Ingredients of this buffer are,PQ, as basic salt and KAO, as acidic salt. In order to preparing the 1 litbthis
solution, a 1000 ml flask was charged with 0.67&KgHPO, and 0.0414 gr KHPO, and the pH of solution was
regulated at pH=7 using the concentrated solutidve®H and HCI.

Experimental methods

In order to determining the maximum wavelength, @absorption spectrum of dye solution (20 mg/l) waxted in
limit of 200-850 nm by spectrophotometer. The apson spectrum of methyl orange, methyl green aethsi blue
solutions have the maximum wavelength at 631, 58 &/5 nm respectively. After determining the maxim
wavelength, different solutions with different centrations of methyl orange, methyl green and nhdilue were
prepared and their absorptions were determine@Igt30 and 675 nm and the calibration curve watsqul.

Photo destruction of methyl orange, methyl green ahmethyl blue in absence of photo catalyst

In order to investigating the amount of photo dedton of methyl orange, methyl green and methyekby UV

radiation and in absence of photo catalyst, 50frelaeh solution with concentrations of 5¥1M of methyl orange,
methyl green and methyl blue were prepared. Distarfidiquid surface from lamp was regulated at ¥ The pH of

solution was 7 and the time of UV radiation was@i@utes. For determining the photo destruction @etrof methyl

orange, methyl green and methyl blue, their abgorptere determined before and after radiatiordat 600 and 675
nm.

155



Morteza Keshavarz Der Pharma Chemica, 2016,8 (15):154-159

Photo destruction of methyl orange, methyl green ahmethyl blue in presence of photo catalyst

In order to investigating the amount of photo deston of methyl orange, methyl green and methyebh presence

of UV/H,0,/Fe (I) and UV/HO./V (IV) photo catalysts, 50 ml of each solution with @tcations of 518 mM of
methyl orange, methyl green and methyl blue weepamed. Distance of liquid surface from lamp waglieed at 14
cm. The pH of solution was 7 and the time of UViatidn was 40 minutes. 20 ml of ') and Fe [I) solutions
with concentration of 2*1& mM were added separately as catalyst. For detergithe photo destruction percent of
methyl orange, methyl green and methyl blue ingmes of UV/HO,/Fe (Ill) and UV/HO,/V (IV) photo catalysts,
their absorption were determined before and afteotq destruction process at 631, 500 and 675 nm by
spectrophotometer.

The effect of methyl orange, methyl green and mettylue concentration

In order to investigating the effect of methyl ayganmethyl green and methyl blue concentratiorherapparent rate
of photo destruction, different solutions of metbyhnge, methyl green and methyl blue with diffex@ncentrations
of 1*10%, 2*10%, 3*10* 4*10* and 5*10" mM were prepared. The photo destruction perceratifitant versus
concentration of pollutant were investigated inikkinrconditions of lamp distance to solution sueiaamount of photo
catalyst, the period of radiation and the volumpaifutant solution.

The effect of photo catalyst amount on the elimin&n of methyl orange, methyl green and methyl blue
In order to investigating the effect of photo cgsalamount on the elimination of methyl orange, hylegreen and
methyl blue, different concentrations of photo yatig were used while other conditions were constan

The effect of pH on the photo destruction of photeatalysts

In order to investigating the effect of pth the photo destruction of photo catalysts, soh#iof methyl orange,
methyl green and methyl blue with concentratiorstf0* mM were prepared in presence of UYtH/Fe () and
UV/H,0,/V (IV) photo catalysts at different pHs of 1, 2, 3,46,57, 8, 9, 10, 11, 12 and 13 and other conditivere
kept constant. Results showed that the optimumaohplioto destruction of photo catalysts in ordeeltmination of
methyl orange, methyl green and methyl blue was 7.

The effect of temperature on the photo destructiorf photo catalysts for elimination of methyl orange methyl
green and methyl blue

In this regard, the solutions of methyl orange,hylegreen and methyl blue pollutants with conceitraof 5*10*
mM in presence of UV/ED,/Fe () and UV/HO,/V (IV) photo catalysts were prepared and other conditioere
kept constant. The photo destruction of photo gstslwas carried out at different temperatures0pf23, 30, 35, 40
and 45°C. Results showed that these reactions &degv dependence on temperature and destructiacegsois
performable in room temperature.

RESULTS AND DISCUSSION

Investigating the effect of photo catalysts on the photo destruction process of methyl orange, methyl green and methyl
blue

In this regard, photo destruction of methyl orangethyl green and methyl blue was carried out iseabe and in
presence of photo catalyst for 60 minutes. Thesulte are shown in Figs. 1-3 and table 1. We céculzge the
apparent rate constant of photo destruction prdoessrelation stated as below:

Ln ([C)/ [Col) =-kapt

Where [@] is primary concentration of pollutant, [C] is aamtration of pollutant after radiation, t is thme of
radiation and k%, is apparent rate constant of photo destructiongss With monitoring the changes of Ln([CH[@
absence and in presence of photo catalysts, thareprate constant gk of photo destruction of methyl orange,
methyl green and methyl blue was calculated inrad®Esand in presence of photo catalyst in 60 minigess Fig. 3 and
Table 2). The results of rate constant indicateptiao catalytic effect.

The efficient role of UV ray and 48, solution was investigated separately and contermpardJV/H,O, process. As

we see in Figs. 1-3, when the photo destructioatispls of methyl orange, methyl green and methyk ldontaining
H,O, are placed in dark place, the photo destructioreig low and when a solution of dye withouw is placed
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exposed to the UV radiation, the photo destrugtiatess increased slightly and when the solutibmsedhyl orange,
methyl green and methyl blue containing(y are placed exposed to the UV radiation, the eltidm percent
increased highly (table 1). The reason is relatecteating of hydroxyl radicals in effect of® photolysis under the
UV radiation. Fig. 4 shows that with increasing i, amount, the elimination efficiency increased st thethyl
orange, methyl green and methyl blue solutions withcentration of 40 ppm and in presence of 20 mi@.ate
eliminated completely during 50 minutes. Also adaay to this Figure, increasing the concentratibiigD, from a
special limit does not have so much effect on greealimination and reason of this issue is duautthér composition
of hydroxyl radicals so the optimum amount gfHin UV/H,0, process is 20 mM. According to Fig. 4, with consta
amount of HO, and when the other conditions are constant, witiheasing the dye concentration, amount of dye
elimination decreased highly and its reason istdwegual amount of produced hydroxyl for all sarafde for samples
with low concentration of pollutant, the rate oEdmposition is high.

According to linearity of Ln ([C]/ [€]) variations versus time and high linear correlatof diagram we can conclude
that the equation of dye decomposition rate in UX@Hprocess is first order. The results of rate corstatable 2
indicate the photo catalytic effect. Obtained rssshow that UV/EHO,, UV/H,O./Fe (1) and UV/HO./V (IV)
processes are able to elimination of methyl orarmgthyl green and methyl blue from pollutant waterd this action
is due to production of oxidant factors such agtwy radicals. Amount of dye decomposition is ffeet of H,O,, Fe

(IT) and V V) amount, primary concentration of dye and peribd\é radiation.

Tablel. Photo destruction amount of pollutants in Bsence and in presence of photo catalyst

Kind of process | Photo destruction of methyl orange| Photo destruction of methyl green| Photo destruction of methyl blue

UV/H,0,

15%

10%

5%

UV/HO/V(IV)

25%

15%

10%

UV/H,O,/Fe(lll)

45%

35%

25%

Table2. Apparent rate constant (k) of photo destruction reaction of pollutants in alsence and in presence of photo catalyst

Kind of process | kap of methyl orange (in™) | kqp of methyl green min™) [ kqp of methyl blue (nin™)
UV/H,0, 0.0631 0.0539 0.0249
UV/H,O./V(IV) 0.2156 0.1590 0.0985
UV/H.O,/Fe(lll) 0.3314 0.2263 0.1638
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Fig1l. The absorption spectrum of methyl green in inM buffer (pH=7) and in 25°C using UV/H,0./V (IV) photo catalyst
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Fig2.The absorption spectrum of methyl blue in 1 mMbuffer (pH=7) and in 25°C using UV/HO,/V (IV) photo catalyst
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Fig3.The absorption spectrum of methyl orange in InM buffer (pH=7) and in 25°C using UV/H;O,

The effect of different parameters such as perfqehoto radiation, amount of photo catalyst, pH temperature was
investigated and results showed that this chromogenganic materials are decomposable in presehbgdrogen
peroxide and ultraviolet radiation (UV) from merguamp (400 W) and also photo destruction procEsmination

of methyl orange, methyl green and methyl bluehiseace of KD, and in effect of direct photo destruction is londa
in absence of UV radiation is very insignificanheTeffect of environment pH was investigated irredictions and the
optimum pH was 7. About the effect of temperaturetee photo catalytic destruction of methyl orangethyl green
and methyl blue, it was observed that these reectimve a very low dependence on temperature astcuctéon
reaction can be also carried out in room tempezatary well. The kinetic investigations showed tthegt kinetics of
these reactions follows the modified model of Langradinshel Wood and first order rate rule. Finaly
comparison was carried out between first order waestant of photo catalytic destruction reactidntrese
materials using the UVA®D,, UV/H,O./Fe (lll) and UV/HO,/V (IV) photo catalyst. Results showed that in all
cases, the rate constant of destruction reactignesence of UV/ED./Fe (lll) is very more than the rate constant of
reaction in presence of UV/B./V (IV) and UV/H,0, so the method of photo catalytic oxidation of nyetirange,
methyl green and methyl blue using the photo cataly UV/H,O./Fe (lll) can be applied as a practical and useful
method for elimination of these pollutants from ieorment.
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