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Abstract: The domestic use and industrial activity, espegialldeveloping countries, produce large amount of
wastewater. This wastewater when disposed intoralatinannels may lead to high pollution risk. Thaim
objective of the present study is to find out eifex method which can brings out complete mineadion and
degradation of non-biodegradable and toxic orgaaimmpounds which are present in real textile efflsefhere
are different methods for wastewater treatment.re@uly chemical methods such as advance oxidation
processes (AOPs) appear to be more promising éotréatment of textile industrial effluents. Thegent work
has been concentrated on the degradation of reglleténdustrial effluent 2 (ARV). The said effluemas
subjected to photocatalytic treatment using déffér photo catalysts. The effluent 2 (ARV) was yred
before and after the treatment for their physiodbahparameters, COD, TOC and presence of inorgani.
Throughout the study it was observed that, Deguds2b TiQ nanoparticles effectively brings out the
degradation of effluent 2 (ARV) than Merck ZnO npaticles. Hence, the photocatalytic degradatios wa
found to be fruitful treatment for degradation e#ktextile industrial effluent.
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I. INTRODUCTION

The increase in industrialization significantlynagnds the removal of organic or inorganic substance
at ppm or ppb level from industrial wastewater. Tycal industries that discharge toxic organiecnpounds
and pollute the nearby aquatic environment areettodschemical, refinery, dye, textile etc. Approziely 30-
40 cubic meter of wastewater is being dischargen frextile industries contains toxic and non-biadegble
constituents which are not eco-friendly. Hence eghisr urgent need to develop suitable and cost teféec
technology for the treatment of various effluentsni dye house. Reviewing of established treatment
technologies and need for AOPs for the completeattagion of organic and inorganic pollutants froratev
and wastewater before it releases into environmiEme main objective of the present study is to fond
effective method which can brings out complete maheation and degradation of non-biodegradabletarit
organic compounds which are present in real tegfileients. For this purpose detailed study of masi AOPs
was carried out. Currently chemical methods suchdvance oxidation processes (AOPSs) appear to e mo
promising for the treatment of textile industriéfleents™.

[I. MATERIAL AND METHODS
TiO, was purchased from Degussa Pvt. Ltd., havinguhface area of 50 g and particle size 11 nm
as per the information provided by the manufactita©O was purchased from Merck Pvt Ltd. Raw waatew
was collected from textile industry from Echalkgrdacated 40 km from Kolhapur from MaharashtratSta
India. Wastewater was taken directly from outlett@ftile industry. The physio-chemical parametershe
collected data are depicted in table 1 and coloFigl. Total Organic Carbon (TOC) was measureagisi
commercially available test kits (NANO COLOR TOC)6fbm Machery-Nagel, Germany.
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Fig.1. Textile Industrial Effluent 2 (ARV)

Chemical Oxygen Demand (COD):

COD is defined as the oxygen equivalent of the migenatter content of the wastewater that is sufiglepto
oxidation by a strong oxidizing agent. It is onettef most rapid and reliable methods of estimattiegstrength
of any wastewater and offers huge advantage oeebitchemical oxygen demand (BOD) as it takes & ver
short period of time for completion (2-3 hrs) asnpare to the 5-7 days duration required for the B@f.
Further the BOD test is much more susceptible texference due to various factors as comparededCthD
test. In the present investigation the COD of tbgtile effluent was determined in accordance wthik t
procedure given in the standard methods of analysislosed dichromate reflux titrimetric methbdTotal
Organic Carbon (TOC) was measured using commeycaihilable test kits (NANO COLOR TOC 60) from
Machery-Nagel, Germany To determine the mineralization of real textifueent under optimized conditions,
% reduction in TOC of effluent 2 (ARV) before arftea decolorization was calculated. Estimationrafrganic
ions as end product was quantitatively estimatégusommercially available Viscocolor from Macheyagel,
Germany. The experimental procedures provided alwitly the test kits was followed for the quantiati
determination of inorganic ions such 89,°"NO; ,NO, &NH," in ppm by using photometer PF11 for
confirmation of degree of mineralization in reatttle effluents.

Table. 1. Physicochemical parameters of Effluent 2 (ARV)

Sr.no. | Name of the effluent Parameters Prevailing Range
ppm

Colour Dark Green
pH 8.85
COD 272 ppm
TOC 200 ppm

1 Effluent 2 (ARV) Presence of inorganic ions

SO/- 163-200 ppm
NOs 5-17 ppm
NO, 0-0.25 ppm
NH," 0.5-15 ppm

Photocatalytic treatment for real textile effluents:

The photocatalytic activity of Degussa P-25 & MerkO was studied for the degradation of effluegARYV).
The photocatalytic reaction system included a 50Qmlindrical glass reactor, inside equipped withUs
illumination source (254 nm), which was locatedadlyiin a quartz immersion tube. A circulating wajacket
was employed to cool the irradiation source. Airsvimubbled through the reaction solution from thé&dio
using aerator with constant speed. In a typicaltqatalytic test performed at room temperaturethin said
photocatalytic system different amount of DeguRs2b TiQ and Merck ZnO has been separately used for the
optimization of dose of Degussa P-25 Ti@nd Merck ZnO. Aliquots were taken out for 1 htemal and
filtered through 0.2 pum filter paper. After filtiah, determining and quantifying the individual stituents of
the textile effluents under study, gross parameikesCOD, TOC and concentration of inorganic iomsre
measured.
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Heter ogeneous Photocatalysis:

The basic principle of heterogeneous photocatalysisg semiconductor metal oxide nanoparticlesves#
established and can be briefly summarized in tHeviing simplified process. When the semicondu
nanoparticles is photo exited by light enercqual or greater than the band gap energy of semiatar
(eg.>3.2ev), it promotes an electron from valangediinto conduction band and thus leaving a holealance
band resulting in the formation of a positive h¢ie) in valance band and an elec' (€) in the conduction
band. The valance band holes act as powerful otdédamhereas the conduction baelectrons are good
reductant®. Both reductive and oxidative processes can oetuor near the surface of the photo exc
semiconductor particlenlaerated aqueous suspension oxygen i< to scavenge conduction band electr
forming superoxide ions neductior and it gets protonated to form hydroperoxyl raldisahown in Figure2.

Ti0, + hv = hip + 2. (1)
0, +ep— 0, (2)
(07) + H. = HO; (3)

In this way electromole recombination can be effectively prevented ldatime of holes gets prolonge
The hydroperoxy radical lead to formation ¢,0, as

HG’:—E% HG':_ (4)
HG':_—H_% H:G’: (5)

While the photogenerated holes can oxidize eitherdrganic molecules directly or can react withoaloled
water moleculeo give hydroxyl radical .OF.

Hy0 + hip = HO . +H,, (6)
Thus the wholg@rocess can end in complete mineralization of dogemmpound:

Catalyst Particle 0. HaOs
/ Conduction Band /" Reduction

e e
- e " 0,
= i |
= E iG |
- \ @@ /- H,0/0H:R
Qalence Band Osidation
‘OH;R"

Fig.2. Mechanism on photocatalyst surface

I11.RESULT AND DISCUSSION
Optimization of Catalyst Degussa P-25 and M erck ZnO concentration:

Effluent 2 (ARV) was subjected fophotocatalytic treatment using 2% TiC, and Merck ZnO
photocatalystsThe concentration of both catals were varied from 100 to 300 mg/2!, diluted effluent in
presence of UV, solutions were irradiated for 51@, 12 hours. The obtained results shown in table 2 for
Degussa 5. From the obtained values of COD graph was qdodis irradiation time in F Vs % reduction in
COD for varied amount of catalyst which was sumgetiin Fig3 for Degussa R5. As the concentration
catalyst is increask the number of pollutant molecules absorbed atecased owing to an increase in
number of TiQ /ZnO particles. The density of particles in theaaoé illumination also increases and so the
of degradation is enhanced.

Above a certain levelthe substrate molecules available are not sufficfen adsorption by th
increased number of TYZnO particles. Hence the additional catalyst amhésimot involved in the catalyti
activity and the rate does not increase with irse in the amount of catalystBeyond a certain limit surfac
active sites also decreases due to aggregationQ, particles at high concentration. The surplus additf
catalyst makes the solution more turbid and tutpitihpedes further penetion of light in the reactof. Due
to which there is reduction in degradation efficignHence 200mg/250 mL was found to be optimizadlgst
concentration for effluent 2 (AR\Wsing both th photocatalystsDegussa P-25 T&hd Merck Zn(.
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Table 2:Optimization of catalyst concentration for effluén(ARV) using P-25 TiQ

Amount of P-25 TiO, in mg and their % reduction in COD value
Timein hrs = i}100 m%OD _ 200 mg 300 mg
o CODinppm | CODin% | CODinppm COD in%
ppm 4
Ohr (Initial
COD) 272 0 272 0 272 0
5 hrs 232 14.7 112 58.82 24 91.17
8 hrs 184 32.35 64 76.47 48 81.45
10 hrs 184 32.35 32 88.23 48 81.45
12 hrs 128 52.94 24 91.17 56 79.41

]

.
BN P25 TiO, — 100 mg
W P-25 TiO, = 200 mg
70 /EEE P-25 TiO, = 300 mg
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Fig 3:Optimization of catalyst concentration for effluén(ARV) using P-25 TiQ

Effect of addition of H,O, on effluent 2 (ARV) using both photocatalysts:

Effect of addition of HO, on effluent 2 (ARV) using both photocatalystshe bptimized concentration o%,8,
were depicted in following tables 3 and Fig.4 usmptocatalyst Degussa P-25 Fi@nd table 4 and Fig.5 for
photocatalyst Merck ZnO respectively.

Table3. Effect of addition of HO, on Effluent 2 (ARV) using P-25Tifxatalyst.

Timein hrs Reduction in CODP-25TiO, Reduction in CODP-25TiO, + H,0,
COD in ppm CODin% COD in ppm CODin%
0 272 0 272 0
5 112 58.82 32 88.23
8 64 76.47 24 91.17
10 32 88.23 24 91.17
12 24 91.17 16 94.11
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Fig 4.Effect of addition of HO, to P-25 TiQ for the degradation Effluent 2 (ARV)

Table. 4. Effect of addition of HO, on effluent 2 (ARV) using Merck ZnO catalyst

Timein hrs | Reduction in COD (ZnOQ) Reduction in COD (ZnO + H,0,)
COD in ppm CODin% COD in ppm CODin%
0 272 0 272 0
5 128 52.94 56 79.41
8 96 64.70 56 79.41
10 64 76.70 48 82.35
12 56 79.41 48 82.35

80
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Fig 5. Effect of addition of HO, to Merck ZnO for degradation of Effluent 2 (ARV)

By addition of HO; in effluent 2 (ARV) in case of P-25 TiCthe photocatalytic activity was found to

be enhanced tremendously. There is increase ind4ctien in COD upto 94.11% shown in table 5 indiugt

significant decrease in organic strength preseefflnent 2 (ARV). Almost complete mineralizatiof @rganic
matter present in effluent 2 (ARV) was observeddifidn of H,O, to Merck ZnO in case of effluent 2 (ARV)
also showed increase in % reduction of COD upt@®%. which is also depicted in table 5. Above ressul
indicate greater activity P-25 Ti@s compare to Merck ZnO.

Table 5. Comparison of different photocatalysts on photwddation of effluent 2 (ARV)

% Reduction in COD
Timein P-25TiO, P-25TiO, + H,0, Merck ZnO Merck ZnO + H,0,
hrs CODin CODin CODin | CODin| CODin | CODin | CODin | CODin
ppm % ppm % ppm % ppm %
0 272 100 272 100 272 100 272 100
5 112 58.82 32 88.23 128 52.94 56 79.41
8 64 76.47 24 91.17 96 64.70 56 79.41
10 32 88.23 24 91.17 64 76.47 48 82.3b
12 24 91.17 16 94.11 56 79.41 48 82.3b




Photocatalytic purification of textile wastewater using P-25 TiO, and Merck ZnOmetal oxide..

| I Efflucnt 2 + P-25 TiO,

s0 Effluent 2 + Merck ZnO

60 —

40

% Reduction in COD

20 -

T T T T
3 4 5 6 7 8 9 10 11 12 13
Irradiation time, hrs

Fig. 6. Comparisons of various photocatalysts for thealbation of Effluent 2 (ARV)

The decrease in organic pollutant strength upoitiaddf H,O, can be depicted in Fig. 4 & 5. Which
clearly indicates LD, caused effective mineralization of pollutants Hisg in 94.11% decrease in the
Chemical Oxygen Demand (COD) which effectively ggrout mineralization of pollutants present inwgdfit 2
(ARV). Out of the two AOPs system P25 Ti® H,O, found to be more efficient than ZnO +®} system. On
the basis of % reduction in COD, order of photoddgtion efficiencies of various AOP was found to be

P25 TiQ + H,0,>Zn0O + HO,> P-25TiGQ >Zn0.

Detection of % Reductionin TOC :

The value of % of reduction of COD is almost same the Degussa P- 25 and Merck ZnO at
optimized condition. Therefore other parametersehb@en studied named as TOC. The total organionarb
(TOC) is defined as the amount of £@berated when an organic sample is totally oxadiz The TOC
methodology is based on the transfer of all thé@arpresent in solution to GOTOC analysis seems to be
more accurate and appropriate for evaluating tiserttamination of polluted waters containing orgarsmce it
takes into account all the residual carbon contgimnetabolites. TOC directly evaluate the pollutievel of an
aqueous solution. Fig.6 indicates greater actiofty?-25 TiQ as compare to Merck ZnO and the comparative
evaluation of photocatalytic activity of Deguss2%and Merck ZnO from the observed TOC data whiels w
shown in table 6., suggested that Degussa P-2biekleitter photocatalytic activity than Merck ZnO .

Table 6.% Reduction in TOC for effluent 2 (ARV) using Desga P-25TiQand Merck ZnO as photocatalysts.

% Reductionin TOC % Reductionin TOC
Name of Timein P-25TiO;, Merck ZnO
Effluents hrs TOCin TOC in % TOC in ppm TOC in %
ppm mg/L
0 hr 8 0 8 0
Effluent 2 (ARV) 5 hr 6 25 7 12.5
12 hr 1 87.5 4 50.0

TOC analysis seems to be more accurate and apampior evaluating the decontamination of
polluted waters containing organics since it takes account all the residual carbon containingabetites.
TOC directly evaluates the pollution level of auagus solution. The comparative evaluation of ptetalytic
activity of P-25 and Merck ZnO from the observedd data shown in table 6 suggests that P-25€xbibit
better photocatalytic activity than Merck ZnO. THereduction in TOC is found to be more in case &SP
TiO, than Merck ZnO. Therefore degree of mineralizati@s found to be more by using P-25 Ti€d@mpared
to Merck ZnO. The maximum % reduction in TOC fouiod effluent 2 (ARV) was significantly reduced to
87.5% at 12 hrs indicating the almost complete nailimation of effluent 2 (ARV) has occurred by usin
Degussa P-25 Ti© Thus P-25 Ti@ was found to be the best photocatalyst for degi@muaas well as
mineralization of real textile effluents.

Detection of inorganic ions: To confirm the complete mineralization of effli@(ARV) under investigation or
the end products as inorganic ions such as sulpt®@”) Nitrate (NQ), Nitrite (NO,) and ammonium ion
(NH 4 *) was quantitatively estimated after the comptetd photocatalytic degradation reaction. In ortter
evaluate the degree of mineralization reached dutie photocatalytic treatment the formations afrganic

ions are generally determinédinorganic ions were detected by using commesciaailable Viscolor rapid.
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Test kits from Machery Nagel, Germany using DeguBs25 TiQ and Merck ZnO photocatalysts. The

experimental results obtained for $ONO;, NO, and NH* as end products for photocatalytic degradation of
effluent 2 (ARV) using photocatalysts Degussa PT25, and Merck ZnO investigation were summarized
guantitatively in table 7.

Table 7.Detection of end products as inorganic ions forddagtion of ARV using photocatalysts Degussa P-25
TiO, and Merck ZnO.

P-25TiO, Merck ZnO
Detection Initial Value | 12hrs 24hrs 12hrs | 24hrs
ions (ppm) | (ppm) (ppm) (ppm) | (ppm)
SO42' 163 176 194 183 192
NO;. 5 12 17 9 12
NO, 0 0.10 0.10 0.25 0.25
NH , 15 7 1 0.5 0.5

According to literature, sulfur heteroatoms arewested into SG@ ions °. From the result table7.
which suggests that effluent 2 (ARV) contains,5@s one of the endproduct which also indicateseffieent
contents mixture of dyes which are having more udgheteroatom in their structure. Nitrogen is matfiged
into, NH,", NO;, NO, and N'°. The proportion depends mainly on the initial @tidn degree of nitrogen, the
substrate structure and on irradiation time.,N$lowly undergoes oxidation into nitrate'® Hence, increase in
amount of N@ was significantly more in effluent2 (ARV) using Qessa P — 25 Tigxthan Merck ZnO. In case
of effluent 2 (ARV), it was found that initial iooriginal amount oNH," in original effluent was found to be 15
ppm (high) and after photocatalytic treatment itréases 0.5 to 7 ppm. It was interesting to naeamount of
NO;™ ion found in effluent 2 (ARV) was significantly gater 5-17 ppm in both catalysts. The amouritligf*
was less as compareN®;~ ion in effluent 2 (ARV) indicates that thisdse to more and moieH," oxidizes
converts intoNO;” and NO,” . Thus degree of mineralization increases. Thiseolation was found to be
supportive. On the basis of TOC data it was obskceenplete mineralization was achieved in efflu#&RYV).

V. CONCLUSIONS

Heterogeneous photocatalysis was found to be véigctive for significant degradation and
mineralization of real textile industrial effluergach as effluent 2 (ARV) by using different phatadysts such
as Degussa P-25 Tj@nd Merck ZnO. Optimization of catalyst concerntrathas been carried out on the basis
of % reduction in COD for various doses of the DesguP- 25 and Merck ZnO. 200mg/250 ml was fourtzkto
optimized catalyst concentration for effluent 2 (Rusing both the photocatalysts. % Reduction inDOfas
almost same for both the photocatalysts. It wagesl that % reduction in TOC was more in caseefju3sa
P-25 i.e. 87.5 % and for Merck ZnO was only 50 %néfalization of effluent 2 (ARV) was confirmed by
formation of inorganic ions as end products. Itfams the degradation of effluent 2 (ARV) is mof@@ent by
using Degussa P-25 than Merck ZnO.
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