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USING OF AOP PROCESS FOR PHENOL REMOVAL FROM WASTEW ATER
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ABSTRACT: Advanced oxidation processes (AOPs) have beenlogede as an alternative technology for hazardous
organic treatment in industrial wastewater. For pberemoving from wastewater traditional disinfectiby chlorine is not
appropriate because of generating more toxic palité - chlorophenols so AOPs are widely used fanfdistion of this
kind of pollutants. In this paper for phenol degatidn is used physico-chemical method (ozonizatiéigo influence of
catalyst is monitored. As catalyst red mud and lblaickel mud are used. These catalysts are waste finetal production.
Results from analyses are compared.
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VYUZITIE AOP PROCESU NA ODSTRANENIE FENOLU Z ODPADO VEJ VODY

ABSTRAKT: Pokrcdilé oxidacné procey (AOP)sa v &snosti vyuZivaju ako alternativny spdsob odstvania
nebezpénych polutantov z piemyselnych odpadovych vod.ipage odstréovania fenolu z odpadovych vod nieje tradi
dezinfekcia vod veni vhodnym spdsobom, ndko vznikaju chlérfenoly, ktooré su toxickejSie akmotny fenol. AOP maju
v pipade takychto polutantov Siroké vyuzitie.cllnku je na degradaciu fenolu pouzita fyzikalnorolekda metéda
(ozonizacia) a taktieZ je sledovany vplyv katalymat na tento process. Ako katalyzatory sa poudisejveny kal a liZzenec,
ktoré su odpadmi z vyroby kovov. V zavere su para¥nysledky odstti@vania fenolu s pouzitim katalyzatorov a bez nich.
Klucové slova: fenol, ozonizacigerveny kal, lzenec

INTRODUCTION

Phenols are pollutants of high priority concernsause of their toxicity and possible accumulationttie environment.
Phenols are introduced into surface water from siril effluents such as those from the coal tasotjine, plastic, rubber
proofing, disinfectant, pharmaceutical and stegugtries and domestic wastewaters, agriculturabftiand chemical spills.
[1] On the base of toxicity and carcinogenicitysafme phenol compounds according to US EPA phenslpraposed to
position of 11 from 129 priority monitored chemic@mpounds in the environment [2]. According to IARKRenol is not
proven carcinogen to animal or human. It is cléssifis mutagen of class 3 and it is proven as atigetoxicant for animal
(mouse, rat) [3].

AOPs have lately shown promise for water and weastentreatment. The primary oxidant responsiblettier oxidation of
organic compounds is the highly reactive hydromglical. Many different techniques can be emplogedenerate hydroxyl
radicals with all methods involving the use of aiidant together with an activating system. Ozomdzais very effective in
treating wastewaters containing phenolic compou@®dsne reacts with aqueous compounds in two wasectdeactions of
the molecular ozone with the compounds, and intireactions of the radicals resulting from the aweposition of ozone
with radical reactions are non-selective and fRatthermore, the decomposition of ozone is catayzg OH- ions, and
proceeds more rapidly with increasing pH [4]. Maagearch efforts have been devoted to develop mietfos eliminating
of phenolic compounds from soil and water by mezfrisiological and physico-chemical methods [5].

Red mud residues as unconventional adsorbents fer wad wastewater treatment are motivated byabetiiat red mud is
a fine-grained mixture of oxides and hydroxidegqatde of removing several contaminants, as wdbeiisg widely available
[1]. Red mud is a waste from production ob@4. The most common for AD; is Bayer process. Red mud containgdre
(31.80 wt. %), TiQ (22.60 wt. %), A0z (20.10 wt. %), SiQ (6.10 wt. %), CaO (4.78 wt. %), ba (4.70 wt. %), MgO
(0.20 wt. %), KO (0.03 wt. %) [6]. In Slovakia red mud was prodiibg aluminium plant in Ziar nad Hronom.

The result of nickel and cobalt production is hageount of black nickel mud. For nickel productioydtometallurgical
processes are used. Black nickel mud contaig®@H88.50 wt. %), FeO (25.63 wt. %), SIQL7.57 wt. %), AJO3 (4.99 wt.
%), CrOs (3.31 wt. %), Mo (3.19 wt. %), CaO (3.20 wt. %), ®I10.52 wt. %), C (0.50 wt. %), Ni (0.24 wt. %), a(0.23
wt. %), TiO, (0.17 wt. %) and others (< 0.01 wt. %) [7]. Dangeint of view is polymetallic dust which spreadsoi the
environment. Despite the high value of oxides ohi(95 %) black nickel mud can not be used for pooduction because of
a great content of chromium (approx. 3 %) [8]. Malized black nickel mud has (as red mud) largeifipesurface area and
is widely use as an adsorbent and coagulant inréheediation of waters in agriculture and also ie thchnology of
wastewater cleaning and in chemical industry. Tlaatdor this production was situated in S&re

Experiment
In this paper AOP is used for phenol removal fraepared 100 ml of aqueous solution with
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concentration 1® mol.dmi®. We followed the impact of (1) time ozonizatior0(fin. and 180 min.) and (2) presence of
catalyst to degradation of phenol from solutionp&xments were performed by room temperature. Eoniaation was used
ozone generator Sander S500 with ozone flux 40@fogas per minute. Catalyst red mud and black niokedl we used for
improve of degradation of phenol from aqueous smutCatalysts (1g) are fixed on glass wool surfadhe area 20 x 20cm
(Fig. 1). On glass wool adssorbent is covered aisdtinnealed in muffle furnace in order to redehliest available value for
foxation of adsorbent, for removing possible orgarontamination of adsorbent and by heat the partit adsorbent are
crushed into finer so it also increase adsorptiapacity of adsorbent. The same amounts of botrehakd red mud were
added to the system.

a) Red mud  b) Black nickel mud
Fig.1 Catalyst annealed on the glass wool surface

Concentration of phenol was monitored by gas chrography- mass spectroscopy (GC- MS). GC-MS wasethaut using
an Agilent 5975C Gas Chromatograph equipped withpdlagy column (30 m x 0.250 mm internal diameterdh film 0.25
pm and a He mobile phase.

Abundance of detector in phenol sample prepareth (@dncentration of phenol onol.dm?) is 1.443.141. Efficiency of
phenol removal is calculated by Eq. 1, whegdsfabundance of detector in phenol sample prep@)eand A is abundance
of phenol sample in time 60/180 min. (after ozotid.

AbD— Ar

= A 10000
Results
In the next figures are shown results from expenitsieln the Fig. 2 are shown results from degradatf phenol by
ozonization (60 min.) without and with catalystedrmud and black nickel mud). As we can see apmrabely 95 % of
phenol was removed from solution by ozonizatiorhaitt catalyst. Approximately 42 % was removed bgnization with
catalyst black nickel mud. Approximately 51 % ofeplol was removed by ozonization with red mud aalgsit More of
phenol was removed only with ozonization withouttygst.

——Phenol solution prepared =0

—— Ozonization without catalysts t=60min
—— Ozonization+red mud =60 min
1 —— Ozonization+black nickel mud t=60
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Fig.2 Chromatogram of phenol solution after ozori@a{60 min.)
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In the Fig.3 are shown results from degradatioptanol by ozonization (180 min.) without and withtadysts. As we can
see approximately 99 % of phenol was removed frohatisn by ozonization without catalyst. Approxirabt 45 % was
removed by ozonization with catalyst black nickeidnApproximately 54 % of phenol was removed byrozation with red
mud as catalyst. Less of phenol was removed witimi@aation with catalysts as without catalysts.

—— Phenol solution prepared t=0
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' 7//" ' —— Dzonization+red mud =180 min
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Fig.3 Chromatogram of phenol solution after ozori@a(180 min.)

SUMMARY

AOP processes are used for wastewater treatmasntisid for oxidation of organic compounds fromewablution. On the
basis of the results obtained we can confirm oaldify of ozone. Percentages of remove phenoliacecases with
increasing time of ozonization. Catalyst red mud btack nickel mud we used for improve of degramtatf phenol from
aqueous solution. These catalysts caused that pherol was removed by ozonization without catalgstsvith ozonization
with catalyst.
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