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ABSTRACT

The present work is to degrade the phenolic waste from petrochemical industry by electrochemical method using
Titanium doped with ShO,-Sb as anode and AlS 305 stainless steel as cathode. The degradation rate depends on
the current supplied and the rate of agitation of the cylindrical stainless steel cathode rod placed inside Hexagonal
shaped Titanium anode. Experimental studies were conducted in stagnant condition and parameters like pH, current
density, temperature, initial concentration and cathode speed were varied. The phenol removal rates possess its
maximum at pH 3 and began to decrease at pH 5 and pH 6. It was observed that the phenol degradation rate
increased with increase in current density, electrolysis temperature and cathode speed. High initial concentration of
phenol was found to undergo relatively lesser mineralization.
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INTRODUCTION

A wide variety of synthetic organic compounds h&een brought into the environment by human actisjtand
many organic compounds are contaminating the gramtdsurface water. Many industries use phenolierizds
in their manufacturing processes. Phenol is algadl uis the production of drugs, weed killers andtlsgtic resins.
Phenol and its derivatives are also present inmdigtewater of industries like coking, paint dyemendistilleries,
synthetic rubber, textiles pharmaceuticals, sokembanufacture of pesticides, paper and wood ete [2].
Occupational exposure to phenol has been reportadgdits production and use, as well as in the afsghenolic
resins in the wood products industry. It has alkserbdetected in automotive exhaust and tobaccoesfi3dkToxic
organic contaminants such as heterocyclic and picecmmpounds, causes serious environmental riskisshould
be eliminated before discharge into natural watsdids. Over 2mg/L phenol concentration is toxicfisthh and
concentration between 10 to 100 mg/L would resutteéath of aquatic life within 96 hours.

Phenol and its vapour are corrosive to eyes, skihraspiratory tract. Repeated or prolonged skimtam with
phenol may cause dermatitis or even second ardl dieigree burns due to phenol’s caustic and defgttiaperties.
Inhalation of phenol vapor may cause lung edema Jitbstance may also cause harmful effects oneheat
nervous system and heart, resulting in dysrhythanid coma. Many technologies have been investigatethe
degradation of phenolic compounds and are well kntavbe characterized by higher salinity, aciditgemical
oxygen demand value and low biodegradability whieans that the effluent cannot be treated by theerdional
process [4 — 5]. The phenolic compounds in thestrial effluents that are not removed by biologizahtment can
be eliminated by advanced waste water treatmenthadsef among which the most frequently used is tetdn
process. Despite the substantial effectivenesh@fprocess in removing organics and surfactantsast some
drawbacks, such as production of large quantitfesludge, the consumption of chemicals and the sseof
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acidic condition. Other technologies for the treainof phenolic compounds include the use of oggaseor ozone
and UV radiation [6]. However the cost of ozond stimains an important drawback of the process.

Electrochemistry is becoming a new alternative ¥eater treatment and is replacing the traditionalcpss.
Electrochemical oxidation of various types of wastter including the phenolic wastewater has begastigated
by a lot of researchers [7]. With unique featunashsas simplicity, robustness in structure, higbrddation speed,
effective, selective, easy to control and safdtys possible that the electrochemical processbeadeveloped as
cost-effective technology for the treatment of aatimpollutants [8 — 9]. Electrochemical reactianeffectively
oxidize toxic organics [10]. The effectiveness técérochemical wastewater treatment depends oméhere of
anodes that are used in the process [11]. Traditielectrodes, such as graphite and nickel showaa purrent
efficiency in organic degradation [12]. Dimensidgpaltable anodes (DSASs) that are prepared by thegiton of a
thin layer of metal oxides on a base metal, usualiyium are found to have varying degree of sssc&he widely
used Ru@and IrG based coating surface does not appear to hawghaductivity of organic oxidations [10]. Other
coating materials such as PbGnd Sn@ based coatings have been introduced to improvetrgetment
performance. Pb{electrodes can be highly effective for compleganic destruction [13].

Hence Pb@and similar anodes are considered to have suffieilectrocatalytic capacity for organic oxidat{dd].
However concern over the possible toxicity of PBaching the working anode would hinder the actpalieation
of PbG anodes. The SnOhased coatings have shown a similar reactivityhas of PbQ for electrochemical
organic degradation [12, 15]. Sp@oatings are expected to offer a better solutionthe enhancement and
application of electrochemical process to orgarggrddation. The electrochemical pre-treatment ettsdde
surface has been shown to reduce fouling. In géntre oxidation of phenolic compounds producesnpity
radicals that can be further oxidized to hydroqomand then into benzoquinone. Subsequent oxidafidhese
products, after opening of the aromatic ring, le@ddhe formation of aliphatic carboxylic acids [16

Researches on anodic organics oxidation have laegely reported [17]. The anodic oxidation mechanis

Mox (H+) + HZO ads ———p MQIOH) adst H+
MO, (OH) a¢s* R GO H,O

Where MQ is one of the metal oxides like Tin oxide (ShAR is one of organic pollutants.

In recent years, researchers have paid attentioth@rcathodic organic degradation, especially an dhthodic
indirect organics oxidation.

The mechanism is followed [18]

Oz + 2H+ + 2¢e _> 262
Oz+2H20+2é e 282+20H
H,0,+ R — CO,+ H,0

Based on the above background the present studysdscon the study of the degradation of an aqupbesol
solution by an electrochemical reactor made upes@agonal shaped titanium anode with dimensions of 7.5)
cn? doped with Sn@Sb. Moreover to accelerate the rate of phenolatiagion, a cylindrical stainless steel (AISI
305 Grade) was taken as cathode and rotates itised@node. Anodic-cathodic electrochemical systenari
important research direction in the treatment ofteaater by electro chemical method.

EXPERIMENTAL SECTION

2.1 Electrode Surface Preparation

The titanium anode doped with SROSb is used as anode for the study of phenol t&idaTi/ SnQ— Sb are
selected because of its electro catalytic actithitys enhancing the rate of oxidation. Titanium a&notlhexagonal
shaped with dimensions of (6x7.5) Tnand 1mm thickness was taken and polished thorgugith 320 grit sand
paper. Cylindrical stainless steel (AISI 305 Gragfiedlimension (2x7.5) chis taken as cathode and is rotating type.
It is thoroughly polished by sand paper to remawgienpurities on its surface.

The process of electrode preparation was carriethdaur steps:
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2.1.1. Degreasing:

The hexagonal Ti anode is degreased by immersizmg th 40% NaOH solution for 2 hours af’80This was done
to remove any surface impurities sticking to thatgs. After degreasing, the plates were washed detlonized
water.

2.1.2. Etching

The degreased anode is then etched in 15% oxaticsatution at 98C for 2 hours followed by thorough washing
with de-ionized water. The etched plates becamg igreolor losing their metallic sheen. This wasrigal out to
create micro-pores on the surface of the plat@foper adherence of the SA(5b coating.

2.1.3. Electr o-deposition

The Ti/SnQ- Sb electrodes were prepared by electro-depoditiothe inner coating layer. During this procdss
Ti anode was placed as the cathode in 100ml oftyl-licohol solution containing 17.5gm of SpGH,O, 0.73gm
SOz and 2 ml concentrated HCI (35%). A constant D@pspof 0.12 A was charged from a battery elimimdiow
25 minutes for electroplating the cathode usingesibs the counter electrode is shown in Fig. 1

Then the inner coating layer on the titanium plags dried in a furnace at 4@for 2 hours. This inner plating was
found to be essential for the improvement of theadility and stability of the Sn© Sb coating on the surface.

2.1.4. Ther mal Deposition

The electrodeposited Ti/Sacsb electrodevas prepared by thermal deposition of the outetimgdayer. During
this process the plate was dipped into a coatihgiea that consisted of 30g of Sn@&H,0, 0.8g SkO; and 2.5ml
of concentrated HCI (35%) in 50ml n-butyl alcohafter five dipping drying cycles at ambient tempera, the Ti
plate was annealed in a muffle furnace at’85€br 2 hours. The above procedure was repeated titwes to

produce the final Ti/Sng Sb anodes.

+ 0-1A
* Q)
BATTERY N 0—20V
ELIMINATOR
— - - T+ Electroplating
— solution
Ti —| Pt

2.2. Phenol Electrolysisfor Electrochemical method

Electrochemical oxidation of phenol was conductedm undivided reactor. This experimental setuphigwn in
Fig. 2. The hexagonal shaped titanium doped witB,S8b (6 x 7.5) cfhanode and a cylindrical stainless steel
(AISI 305 Grade) (2 x 7.5) chrathode were concentrically assembled each 2 em o the electrolytic cell with
a final volume of about 1000 ml. The supportingctlayte of 0.25M NaSO, and certain concentration of phenol
pollutant was pumped through the reactor and teammed to the reservoir for recycling. A const supply of
0.36A was applied through the pair of electrode&lvhesulted in a current density of 7.5 mAfcamd a constant
voltage of 7V. The solution was stirred by the wgltical cathode for maintaining constant ambientpgerature
without any special control measures. Experimepéahmeters like current density, initial pH, tengtere, initial
phenol concentration and cathode speed was vaniedgdthe experiment. Samples were withdrawn falysis of
the phenol concentration at certain intervals duthe degradation process. Concentration of pheaslmeasured
by 4-amino-antipyrine titration. From the intermetgi concentration of phenol and the percentageadaton of
phenol is calculated by the formula.
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Phenol degradation (%) = {$C/Co} X 100,

Where G and C are the initial and final concentration sxtjvely.
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Fig.2. Circuit diagram for phenol electrolysisfor electrochemical method

RESULTSAND DISCUSSION

3.1. Effect of pH on phenol degradation

It has been established that pH is the most impbrtperating factor influencing the performance aof
electrochemical process. The effect of initial m¢lécted pH 2, 3, 4, 5, 6) of 500 ppm phenol sotutn the
degradation of phenol was tested over a period6fr@inutes reaction time as shown in Fig 3. TheainpH of the
solution was adjusted using sulfuric acid. The piheamoval rates possess its maximum at pH 3 agul llegin to
decrease at pH 5 and pH 6. Since the anode isglgrigable in acid medium, no attempt was madexidore the
phenol degradation in higher alkaline medium. Ldivgould inhibit the occurrence of oxygen evolutieaction, in
order to promote anodic oxidation. At the same tanglic conditions were more conducive to produgérdgen
peroxide, which could be decomposed into hydroagical. At pH 3, the phenol removal rate reached%8as
shown in Fig. 4. The increase in the pH from 6.771® was noticed in the beginning and latter therpiained
constant during the whole run due to the productbracid compounds. The acids seem to be the miistat
compounds to be mineralized, likewise for the falrmermediate reaction products such as aromatics.
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Fig.3. Variation of phenol degradation with time at different Fig.4. Effect of pH on phenol degradation rate

pH values
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3.2. Effect of Current Density on phenol degradation

Current density is one of the influential factanseiectrochemical oxidation of organic effluentdiieth plays a key
role in the output of the electronics. Oxygen etiolu from the anodes is also a major competitivaction in the
electrochemical oxidation. Fig. 5 shows the vaviatdf phenol degradation with time at differentremt densities
ranging from 2.5 to10 mA/ctnlit was found that at a current density of 10 nm&/@nd after 3 hrs of degradation
process, phenol removal rate reached 98.0% as shokig. 6. It was noted that increasing to curréansity can
produce more electronic, promoting the generatfo@ld” and reduction of oxygen. However, it also seem witn
increased current density, the current efficiencas weduced. Comprehensively considering the remmial,
current efficiency and energy consumption a val@e mA/cnf was chosen as a suitable current density for
degradation system. Therefore phenol removal ienikely to be degraded to organic acids and wéllfaster at
higher current density. The application of the ligthcurrent density can be suggested in order tairolthe
complete abatement of the organic content in dfitog. Thus the degradation process has been tuntedhe so
called electrochemical cold combustion. Obvioudligher degradation rate can be achieved at highmermt
density. Phenol removal rate is rapid at high aurdensity and low initial phenol concentration.
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Fig.5. Variation of phenol degradation with time at different
current densities

Fig.6. Effect of Current density on phenol degradation rate

3.3. Effect of temperature on phenol degradation

The electrochemical reaction of phenol is highimperature dependent and shows that an increasenjpetature
will strongly facilitate the degradation of phenblg. 7 shows a series of experimental runs peréadriat different
temperatures say 40, 45, 50,°65 A temperature of 5% could improve the degradation to high level aitérs of
electrolysis period. The rise of temperature asaaobd the molecular motion velocity and catalyttivity of the
electrodes, which in turn speeds up the reactionerperature of 5% the degradation was higher when compared
to 40°C as shown in Fig. 8. An increase in the tempeeaten to more efficient process. However, thenmeoisieed
for heating wastewater at much higher temperatur@sactical application due to increase in energgsumption.
Similar results were obtained for phenol degradati@. complete removal of phenol 98% was achiel#ihg the
first 3 hrs duration. Higher temperatures appearendetrimental to phenol degradation than do Iadesmperatures.
Therefore it might be convenient to operate at &igemperatures for the complete removal of pheRoé main
influence of the electrolysis temperature on thgrdeation system was the production of hydroxylaaldand the
catalytic activity of the electrode.
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Fig.8. Effect of temperature of phenol degradation rate

electrolysistemperatures

3.4. Effect of initial concentration on phenol degradation

The effect of initial phenol concentration was $tddat five different initial concentrations say01@00, 300, 400,
500 ppm. It was observed that the degradation ehphtakes place quickly during the initial stagesl almost
complete mineralization was achieved with a degradaate of 92.2% after 1.5 hrs electrolysis peérés shown in
Fig. 9. The higher initial concentration of phemeds found to undergo relatively lesser mineralaatiFig. 10
shows that the phenol removal rate linearly incesasith increase in the initial phenol concentmatii is clear that
complete phenol removal was achieved on high cdratgon of phenol as the electrolysis time was eoézl. At
current density of 8.5mA/ctmwith NaSO, as supporting electrolyte, the phenol conceninatiecreased from
around 20, 40 and 80 ppm to zero after 30, 60 &mirg respectively. The electrolysis time for coatplremoval
of phenol was proportional to the concentratiorpleénol. In conclusion, the Ti/Sp&sb anode performs well for
electrochemical degradation of high concentratibphenol solution with appropriate current densitd NaSO,
as supporting electrolyte.
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Fig.9. Variation of phenol degradation with time at different
initial concentrations

Fig.10. Effect of initial concentration on phenol degradation
rate
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It has been found that the cathode speed is an rtemooperating factor influencing the performanae
electrochemical process. The effect of cathodedspes studied at four different speeds say 250, @00 and 750
rom. The cathode speed was adjusted using a speethtor.A cathode speed of 750 rpm could improve the
degradation to high level in of 97.6% after 150 mliectrolysis period is shown in Fig. 11. The néeathode speed
enhanced molecular motion velocity and catalytitivig of the electrodes, which speed up the resctiFig. 12
shows that higher cathode speed of 750 rpm shogéehidegradation when compared to reactions at@2%0 An
increase in the cathode speed lead to more effipiacess.
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Fig.11. Variation of phenol degradation time at different Fig.12. Effect of cathode speed on phenol degradation rate
cathode speeds
CONCLUSION

Electrochemical degradation of Phenol using titananode with sodium sulphate as an electrolytesézi o treat
the petrochemical industrial effluents. Degradatiate depends upon electrode surface area, suppetéactrolytes,
current intensity, agitation and electrolysis terapgre. Degradation rate of phenol begins by foionaof
intermediate compounds like Hydro-Quinone, Benza@Que and then it is converted into malic acid. phefalls
from base character to acidic. Optimization is daiith different concentration using varying paraemstlike pH
value, current density, speed of the cathode ampeaeature. The experiment was conducted by usiagabove
parameter and the rate of degradation of phenoldetected. The phenol removal rate possess itsmougxiat pH 3
and then begins to decrease at pH 5 and pH 6. 8iecanode is perfectly stable in acid medium, ttengpt was
made to explore the phenol degradation in highaaliale medium. Low pH could inhibit the occurrerafeoxygen
evolution reaction, in order to promote the ancak@dation. At pH 3 the phenol removal reached 98.6%r a
current density of 10 mA/ctmand after 3hrs degradation, phenol removal read®&6@%. The reason is that
increasing of current density can produce moretmei, promoting the generation of Oldnd reduction of
oxygen. However it also seen that with increasedeotl density, the current efficiency was redudet@emperature
of 55°C could improve the degradation to a high levetra® hrs of electrolysis period with a degradatiate of
98.0%. The rise of temperature enhanced molecutdiom velocity, which speed up the reaction. Degtimh of
phenol takes place quickly during the initial staged almost complete mineralization was achieveth i
degradation rate of 92.2% after 1.5hrs. High ihitiancentration of phenol was found to undergotnetty lesser
mineralization. It was observed that phenol remoratk linearly increases with increases in initdenol
concentration. The cathode speed of 750 rpm coufgrdve the degradation to high level in which 97.6#%s
achieved after 2.5 hrs electrolysis period. The $ cathode speed enhanced molecular motion ¥lacid
catalytic activity of the electrodes speeds upréaetion.
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