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ABSTRACT

In the present paper an attempt made to degrade effluent of paper mill
under Photo catalytic condition. Lab scale model instrument fabricated for
conducting Advanced oxidation process. Titanium-Titanium oxide prepared
and used as catalytic surface. The metal-metal oxide film characterized by
SEM and XRD analysis. Effluent of per mill then subjected to photo cataly-
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sis. COD, UV absorbance, lignin content measured at regular timeintervals.
Atnatural H 6-7 and temperature conditions, at flow rate of 45 min per liter
through coaxial photo catalytic reactor, using 36W UV lamp, with constant
aeration under laboratory conditions 70% of lignin removed in 150 min. in
presenceof 7.2x 10°M H,0, 80% of lignin degraded in 150 min.
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INTRODUCTION

Water detoxificationisoneof themost chalenging
globa problems. Lignin produced during pul ping pro-
cessfor papermakingisan environmental concernfor
the pulp and paper industry™. Thelignin containedin
fiber isconverted to thio- and akali-lignin during the
Kraft pulping processand to lignosulfatesin the sulfite
pul ping processfor papermaking. Ligninisresponsible
for thecolour of paper mill waste effluents. Discharge
of coloured effluentsfrom the pul p and paper millsis
not only aserous aesthetic problem!?, but alsointer-
fereswith agd and aguatic plant productivity by limit-
inglight transmittance. Environmenta protection regu-
lationsarelimiting thedischarge of coloured waste ef -

fluentsinto recelving waters. Consequently, thepulpand
paper industry hasagrowinginterest in dternativesfor
removal of lignin produced in pul ping processfor pa-
permaking. Ligninisnot decomposed by biodegrada-
tion through bacteria Thereforethey accumulatein na-
tureand persist for along time. Asbleaching through
HOCI iscommonly adapted to removethecolour or to
sterilizethereisachanceto get chlorinationtolignin
and ligninderived hydrolysisproducts. Sothisresultin
formation of secondary pollutant like chlorinated or-
ganic moleculesthat arecarcinogenic. Asconventiond
biological treatment processesare non destructivefor
thispollutant. Thetraditional physica- chemicd treat-
ments such as nano-filtration, ozonation, combustion,
among others, areefficient but haveinherent limitations
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inapplicability, effectivenessand cost. Three potential
aerobicbacteria strainsI TRC S6, ITRCS7and ITRC
S8 werefound capableto effectively degradethe kraft
lignin (KL) but only 40 to 60 % of lignin can be de-
graded by themf®™. Advanced Oxidation Processeshave
been considered as promising for thisproblem. The
photo redox reaction on semiconductor catalystshas
been the subject of much attention sincethe el ectro-
chemicd photolysisof water at the semiconductor eec-
trodewasfirst reported by ‘Rionda and Fujishima. The
phenomenon of photo-oxidationwas observed and rec-
ognized in 1921 by Renz!®, who was ableto oxidize
many organic moleculesinthe presenceof TiO,, and
ultraviolet light later, Jacobsen™ oxidized linseed ail in
asimilar manner onTiO, and Goodeveand Kitchenert®
reported that organic dyestuffs could be bleached.
R.1.Bickley and F.S.Stoné® photo-oxidized Second-
ary andtertiary methylbutanol son nonporous TiO, (ana
tase) viaan olefin, whichisformed by dehydration, to
giveanadehydeor aketone. R.1.Bickley, GMunuera
and F.S.Stone'¥ studied The photocatal ytic oxidation
of isopropanol inaspecialy designed rotating reaction
vessdl affording good contact between theincident uv
light and the powdered photo-catalyst. Wastewater
treatment and purification of polluted air have atracted
extensveattentionsinthelast decades. Photo-cata ytic
degradation of harmful and toxic organic pollutants,
using semiconductors, suchasTiO,, ZnO, Fe,0,, CdS,
ZnS, isoneof theeffectiveways2 Among those semi-
conductors, titanium dioxide isthe most promising
photo-catalyst owing to its excellent Photo-catalytic
activity, physical and chemica stabilities, and non-tox-
icity. The Photo-catalytic performanceissignificantly
influenced by thecrystallinestructure of TiO,. The per-
formance of TiO, in anatase phase is more effective
thanthat in rutile phase™?. Severa publicationshave
gppeared concerning the Photo-catalytic processesused
to dispose of environmenta ly harmful or carcinogenic
organics at semiconductor/water interfaces. Various
immobilization methodslikeimmobilizing on glass
beards, sand etc tried by variousresearchers. Koichi
K obayakawa, Chotaro Sato, Yuichi Sato and Akirad¥
Fuijishima®® deigned and eval uated continuous-flow
photo-reactor packed with titanium dioxideimmobi-
lized onlargesilicage beadsto decomposeoxdicacid
in excess water. Dionysios D.Dionysiou, Amid P.
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Khodadoust, AnnM.Kern, Makram T.Suidan, Isabelle
Baudin and Jean-Michel Lain€*® designed a bench-
scale TiO, rotating disk reactor and performed con-
tinuous-mode photo-cata ytic degradation of chlorinated
phenolsand pesticidesin water usingit. Evaluation of
two solar pilot scalefixed-bed photocatal ytic reactors
wasdonebyA .J.Feitz, B.H.Boyden and T.D.Waite'".
They compared by taking phenol as reference com-
pound to be degraded. In onereactor immobilization
doneon glassfiber mesh and puckered coated raching
rings were used in second reactor. A seven fold im-
provement in processing rate was achieved using a
packed-bed reactor. CarlaSofiaAurelianoAntunsstud-
ied photocatalyzed degradation of lignin model com-
pounds and indicated theroleof € ectron scavengerd?®.
In the present work we made an attempt to use anod-
ized titanium mesh as photocatalyst.

Principleof photo catalysis

When asemiconductor isilluminated with photons
of energy equal to or larger than itsband gap energy,
the promotion of éectronsfrom thevalence band into
the conduction band occurs. In the presence of adsor-
batesin equilibrium with agaseous, liquid or aqueous
phase, electrons are attracted by electron acceptors
such asoxygen, metal cation, etc., whereasthe photo
produced holesreact with e ectron donors. In particu-
lar, inthe presenceof liquid water, thefundamental oxi-
dation step would betheformation of highly reactive
hydroxyl redical:

OH +P*— OH0r H,0 +p*— OH%+H*

However, thedirect attack of theorganic molecule
by photo produced holesto form RH* cation radicals
has been proposed and i sthermodynamically permis-
siblefor most organicsand TiO,. Infact, it ssemstobe
experimentally impossibleto distinguish between a
trapped hole and an adsorbed OHC radical because of
thefast transformation between these speciesOn the
other hand the formation of singlet oxygen hasbeen
ruled out in the Photo-catalytic systems. Theout line
processisgiveninfigurel

EXPERIMENTAL

Laboratory system
Thelaboratory system consists of arecal culating
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Figurel1: Mechanism of photo catalysis
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Figure2: Design of photo-catalyticreactor

batch photo reactor fabricated with Pyrex, Teflon com-
ponents, which are chemically resistant to the chemi-
casunder investigation. Figure 2 istheschematic dia-
gram of thelaboratory system. 5 liters sample Water
containing phenol wascontinuoudy reca culated through
reactor until thephenol wasbe ow thedetection limit. A

constant flow rate of approximately 1l in 45minwas
aways maintained. Oxygen wasintroduced through a
flow meter and distributed viaasintered glasstip to
maintai n aconstant oxygen concentration (20-30 ml

min?). Intheseexperimentsthe H of thesolutionwas
adjusted by adding an appropriate amount of buffer
solution to suspension. Irradiation wascarried out with
aUV tubelight of UV A range, 36 W, having A range
310 nm - 400 nm and A max is 365 nm.

M-M O catalyst preparation

Titanium meshisanodized by theproceduregiven
by T.Sonodd*¥. Titanium mesh of 0.5 mm thickness
with mesh 12.5x4.5 mm, width of 130 mmand length
of 800 mmisprocured from China. Themeshwasan-
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odized using 3% H_SO, and 3% phosphoric acid mix-
tureasdectrolyteand Titaniumfoil of samedimension
ascathode. DC power sourceof 200 volt LAmp was
used. Electrolysiswas carried out for 20 min at room
temperature. Titanium Oxidelayer formed character-
ized by SEM and XRD techniques. TheMesh alowed
todry for 20 mintsand washed with distilled water and
kept inoven for 2 hoursat 450°C.

Chemicals

All chemicasused areof AR grade procured from
Aldrich. All solutions prepared with double demoni zed
water.

Analytical methods

A coaxia photocatalytic reactor fabricated and
performancewaseva uated through abatch experiments
using phenol asamodel pollutant. A seriesof multi-
factorid batch experimentsconducted to optimizethe
variablespH, sizeof MM O mesh and load of pollutant
indl experimentsligninof grade 3 (commercidly avail-
able) wasused and water flow rate of 22 to 23 ml/Sec
maintained. From the point of sourceasampleof 20to
25 L wascollected. Samplewasfiltered usnganorma
nylon dothfilter to removefloating and suspending par-
ticlesand diluted to 1:10 with demonized water. 10 L
of prepared samplewater was subjected to photoca
talysisin MM O photocatal ytic reactor using 34cm x
80cm MM O mesh sheet. During Photo-catalysis, at
intervalsof 0, 30, 60, 90, 120 and150 minthe sample
isandyzed for COD, BOD and lignin by taking small
aiquotsfromthereservoir. lignin content concentration
measured using Lovibond Multidirect. Proceduretode-
termineCOD, BOD andligninisfollowed asprescribed
by Standard Methods for Examination of Water and
Weaste Water, 218 Ed, APHA, Wahington D.C,/,

A seriesof multivariate experiments conducted in
presenceof UV light, air, Catalyst, Peroxide, in pres-
enceof air, Catayst, Peroxide, in presenceof UV light,
Catayd, Peroxide, inpresenceof UV light, air, Perox-
ideandin presenceof UV light, air, Catalyst. Results
areshowninTABLE 1.

RESULTS

Thefigures 3 and 4 are the SEM of oxide layer
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TABLE 1: Valuesof COD, BOD and lignin
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(a) Degradation studiesin (b) Degradation studiesin
presenceof UV light, air,  presence of air, Catalyst,
Catalyst, Peroxide Peroxide

Time COD BOD Lignin Time COD BOD Lignin

0 198 9.7 34 0 178 83 31
30 175 99 33 30 175 84 30

60 158 104 27 60 173 86 29
90 132 113 18 90 170 838 30
120 110 126 12 120 166 9.2 28
150 82 138 68 150 162 95 30

(c) Degradation studiesin
presence of UV light,
catalyst, peroxide

(d) Degradation studiesin
presence of UV light, air,
peroxide

Time COD BOD Lignin Time COD BOD Lignin
0 213 109 38 0 192 98 36
30 207 113 36 30 187 102 34
60 194 117 32 60 182 105 30
90 183 123 28 90 173 108 26
120 171 128 25 120 164 113 21
150 160 132 21 150 151 118 19
(e) Degradation studiesin presence of UV light, air,

catalyst
0 188 10.5 32
30 176 10.9 28
60 156 113 22
90 132 118 16
120 113 12.2 12
150 101 12.8 9.8

i |
Figure 3: Topography of oxidefilm formed
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Figure4: XRD pattern of Ti-O layer

formed ontitanium mesh and XRD respectively. SEM
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Figure 6: Plot of fraction of V /V againgt time during
degradation studiesin presenceof UV light, air, Catalyst,
Peroxide

showsformation of poresranging from0.1to 0.3 mi-
crometer diameter. The peaks of XRD are attributed
totheanatase crystd structurefor oxidelayer andtita-
nium metal lattices. Theresultsof multivariate experi-
mentsareshownin TABLE 1.

DISCUSSION

From theresults of multivariate experimentsitis
evident that to degradelignin effectively uv light, cata
lyst, air al arerequired. Thereno practical degradation
of phenol when catalyst and air aloneused. Very dight
degradation in absence of catalyst and presence of uv.
Thismay bedueto photo reaction. The percentage of
COD decreased after 2 hour of photocatalysisat vari-
ous pH values measured. The valuesplotted against
respective pH values. (Figure 5) At pH 3 thedegrada-
tion found to be optimum. Graphsaretakento andyze
theresults obtained in degradation experiments. The
ratio of vaue of variableafter t mintovaueof variable
att=0isplotted against timein mints. Figures5to 10
arethegraphical representations. Though thedegrada
tionisfound to be at maximum rate at pH 3 under ex-
perimenta conditions. But the degradation experiments
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Figure 7: Plot of fraction of V /V  againgt time during
degradation studiesin presenceof air, Catalyst, Peroxide
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Figure 9: Plot of fraction of V /V  against time during
degradation studiesin presenceof UV light, air, peroxide

performed at pH 6-7 asitisthenatura prevailing con-
dition of effluent. Through at |ab conditionsit ispos-
sibletomaintain pH 3 in view of future experiments
likely to be conducted we have chosen natural pH con-
dition. It isevident that to degrade effluent water of
paper mill effectively uv light, catalyst, oxygenal are
required. 80% of ligninisremoved from effluent, there
isagain of 42% in BOD valueindicating the biode-
gradability of effluent hasincreasing and 59% of COD
reduced in 150 minin theabsenceof UV light only 4%
of lignin removed, 9% reductionin COD and 10%rise
inBOD in 150 minindicating theactivity of hydrogen
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peroxide. Inthe absenceof air bubbling thedissolved
oxygen content limitsthereaction. Thisissupported by
theresults. Under thiscondition upto 45%of lignin has
removed, only 25% of COD reduction and 21% in-
creasein BOD. In absence of catalyst thereis48% of
ligninremova dueto UV light the peroxidedissociates
and participatesin degradation reaction. 22% of re-
ductionin COD and 20% increasein BOD. Results
are supporting theroleof singlet oxygenin photo ca
talysisprocess. Theexperimenta resultsobtainin ab-
sence of hydrogen peroxide are showsthe actual re-
mova of ligninwith photocatalysisaone. Thereis 70%
remova of lignin, 47% reductionin COD and again of
22% of BOD. There no practical degradation when
catalyst and oxygen alone used. Very dight degrada-
tion in absence of catalyst/peroxide and presence of
uv. Thismay be dueto photo reaction.

CONCLUSIONS

From theresults of multivariate experimentsitis
evident that to degradelignin (commercidly available
grade3) effectively uv light, catalys, air dl arerequired.
Thereno practica degradation of phenol when catalyst
and air dloneused. Very dight degradation in absence
of catayst and presence of uv. Thismay bedueto photo
reaction. The percentage of COD decreased after 2
hour of photocataysisat various pH va ues measured.
Theva uesplotted agai nst respective pH vaues. At pH
3 the degradation found to be optimum

Thelignin materialsand other organic content of
effluent of paper mill can be degraded by uv radiation
of 36 Winpresenceof Ti-TiO,. inthenatura water pH
and temperatureconditions. Thedegradationfurther can
beincreased by hydrogen peroxide supported photo
catalysisprocess. Thebio degradability of lignin poly-
mer can beincreased through photo catalysis process

ACKNOWLEDGMENT

Theauthorswish totank Prof Sri Thagargjan, Prof.
M.Nageswrarao, Centrefor Environmenta Education
and Research, NITTTR, Taramani, Chennai, Director,
Center Tobaco Research Ingstute, ICAR, Rgahmundry.,
AndhraPradesh, Prof E.Rgjanarender KakatiyaUni-
versity and Director || CT, Hyderabad for their encour-

ey Enoivonmental Science

Hn Tndéan %wumé



276

Current Research Poper

agement cooperation. The authors wish to convey
thanksto Mr.Kadri superintendent of Nationa ingtitute
of Technology for providing SEM and XRD of sample.

REFERENCES

[1] K.Hader, EJKladivko, Sail Biol.Biochem., 12, 275-
279 (1980).

[2] M.Ali, T.R.Sreekrishnan; Adv.Environ.Res,, 5, 175-
196 (2001).

[3] B.Panchapakesan; Pulp Paper, 65(8), 82-84 (1991).

[4] GFredLee, J.Carrel Morris; International Journal
of Air, Water Pollution, 6, 419-431 (1962).

[5] R.Chandra A.Raj, H.J.Purohit, A.Kapley; ‘Chemo-
sphere, Technical Note’, Article in Press, (2006).

[6] C.Renz; Helv.Chim.Acta, 4, 961 (1921).

[7] A.Jacobsan; Ind.Eng.Chem., 41, 525 (1929).

[8] C.F.Goodeve, J.A.Kitchener; Trans.Faraday Sot.,
34, 570 (1938).

[9] R.l.Bickley, F.S.Stone; Journal of Catalsis, 31
(3), 389-397 (1973).

[10] R.1.Bickley, GMunuera, F.S.Stone; Journal of Ca-
talysis, 31(3), 398-407 (1973).

Degradation of effluent of paper mill

ESAIJ, 3(3) December 2008

[11] A.Fujishima, K.Honda; Nature, 238, 37 (1972).

[12] M.R.Hoffmann, S.T.Martin, W.Choi, D.W.
Bahnemann; Chem.Rev., 95, 69 (1995).

[13] M.Anpo, T.Shima, S.Kodama, Y.Kubokawa; J.
Phys.Chem., 91, 4305 (1987).

[14] A.PRivera, K.Tanaka, T.Hisanaga; Appl.Catal.,
B3, 37 (1993).

[15] Koichi Kobayakawa, Chotaro Sato, Yuichi Sato,
Akira Fujishima; Journa of Photochemistry and
Photobiology A: Chemistry, 118(1), 65-69 (1998).

[16] DionysiosD.Dionysiou, Amid PKhodadoust, Ann
M.Kern, Makram T.Suidan, Isabelle Baudin, Jean-
Michel Laine; Applied CatalysisB: Environmental,
24(3-4), 139-155 (2007).

[17] A.J.Feitz, B.H.Boyden, T.D.Waite; Water Re-
search, 34(16), 3927-3932 (2000).

[18] Carla Sofia Aureliano Antunes, Massimo Bietti,
MichelaSalmone, Nicol etta Scione; Journa of Pho-
tochemistry, Photobiology, 163, 453-462 (2004).

[19] T.Sonoda, M .Kato, K.Katou, T.Asahina; Journal of
Physics: Conference Series, 61, 1091-1096 (2007).

[20] Standard Methods for Examination of Water and
Waste Water, 21% Ed, APHA, Wahington, D.C,
(2005).

Snoivonmental Science
A Jndian ﬂo«/md



