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ELECTROCHEMICAL OXIDATION OF PHENOL
ON LUMPY ELECTRODES AT A SURGE CURRENT POLARIZATION

Abstract. Phenol which one of the most abundant pollutants in industrial wastewater was investigated for
purification. The selected wastewater was provided from the rest of the solution after petroleum producing. This is
the major problem for regaining the water without including poisonous contaminants and it should be solved
throughly. For this purpose lumpy electrodes and a surge current polarization were employed. Phenol oxidation in a
stationary mode was carried out by four-sectional electrolyzer which each has 75 mL volume capacity. Anode
chambers of purification vessel were equally filled with lumpy electrodes obtained from graphite and they were
separated from cathode chambers by porous divisions. Cathode chambers were also completely filled with graphite
cores which were used as cathodes. Research of the phenol containing solutions for modeling was selected 10-50
mg/L and sodium sulfate as a background was adjusted with the ratio of 0,25-2,0 g/L. Phenol concentration was
defined photometrically. The direct oxidation of phenol on lumpy electrodes at polarization with a surge current has
significant advantages when compared to the previous electrochemical methods.

Key words: phenol, electrochemical oxidation, lumpy electrodes, stationary mode, anode, electrochemical
method.

Introduction. Phenol which is also called oxybenzene, monohydroxybenzene or phenyl hydroxide
has a weak acidity (K,=10"'%) and specific fragrance. Phenolic compounds exist in some plants’ structure
such thyme, carnation and anise. It has been using in multipurpose fields like pesticides, making synthetic
resins, perfumes, solvents, pharmaceuticals, dyes, lubricating oils and synthetic tanning agents. It had also
used as drug for itching treatments in earlier ages. On the other hand its higher doses have found quite
harmful and toxic for the human health in the last decades. Due to the facile solubility in water at room
temperature (approximately 9g/100mL) and being miscible with any percentages at more than 65 °C are
the main problems for the running water, lakes, seas etc. contaminated by petroleum or any reasons [1-3].

The production of phenol in each year is over 3 million tons so its pollution can’t be ignored at all.
The human central nervous system, lungs and kidneys are being damaged because of the long-term
exposure. Thus, the phenol is classified as a water hazard substance in many countries. The allowed
concentration of phenol is only 0.5 mg/L in drinking water. [4]

Purification of wastewater from phenol and its derivatives has carried out by a great number of
techniques in particular with chemical oxidation with hydrogen peroxide, ozone [1, 2]. There is a great
number of researches devoted to electrochemical oxidation of phenol which cause water contamination for
the demand of human being [5-8].

The basic process of purification of water has applied not with direct oxidation of phenol, but also
the usage of hydrogen peroxide reagent as it is described as a Fenton’s reagent [2, 9-11]. Phenol oxidation
has researched on with various modified electrodes by scientists [12-14]. It has been difficult to provide
deep cleaning to electrodes in direct oxidation process due to the small contact area with solution that
cause decreasing of final installation amount phenol. In the case of application of lumpy electrodes for the
purification, it facilitates the handicaps with the aid of using a surge current which essentially reduces the
voltage and allows achieving without a rectifier [15]. The lumpy electrodes lead us to remove phenol and




H3seecmus Hayuonanvhoii akademuu Hayk Pecnybauxu Kasaxcman

its derivatives from wastewater with an efficient manner. Its structure and purification mechanism have
significant and novel properties. The surface of electrodes has been increased and also the recycling of
purification process has increased [16-20].

Despite the abundance of investigations on purification of phenol from wastewater, it is really
difficult to conclude that the exact procedure has obtained. Because the water structure is unique in each
specific case, and deep cleaning requires expensive reagents further recycling operations. So that it shows
the all necessity of the further researches of accessible technologies about the purification treatments.

In the present paper, we report the construction of lumpy electrode system which newly used by our
research team that provide an effective purification method for phenol from wastewater contaminants.
Without requiring additional oxidizing reagents this procedure shows a durable and recyclable aspect.

Materials and Method. Phenol oxidation in a stationary mode was carried out in four-sectional
electrolyzer with the each of 75 mL capacity. Anode chambers were equally filled with lumpy electrodes
derived from graphite and were split from cathode section by porous partitions. Graphite cores were also
completely added into cathode chambers to use as cathode. The construction of lumpy electrode packed
system was depicted in Figure 1.
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Figure 1 — Construction of lumpy electrode packed system for purification:
1 — Graphite rods/electrodes, 2 — Plastic walls with apertures, 3 — Lumpy graphite electrodes,
4 — Current supplier of graphite anode, 5 — Current supplier of cathode (stainless steel)

It is necessary to put free space between cathode and anode electrode chambers for exact cleaning in
the given mode. The voltage was moved from an alternating current network through the laboratory auto
transformer to adjust current in system. One rectifier diode was also integrated to the system that resulted
a creation of the unidirectional pulsing anode current on lumpy electrodes in an anode chambers, and also
on electrodes in cathode chambers. Demanded voltage for purification essentially increases when the
electrodes connected in parallel type with consecutive connection (Figure 2).
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Phenol containing model solutions for research was prepared between the range of 10-50 mg/L and
sodium sulfate was selected about 0,25-2,0 g/L. Phenol concentration was defined photometrically.

Result and Discussion. The influence of current density onto the anodic lumpy clectrodes versus the
degree of electrochemical destruction of phenol is illustrated in Figure 3. Prior to the current density
115 A/m® linear growth of degree of purification is observed. The current strength was 2A, for simp-
lification of calculations the current density was calculated not on the volume area, but on the arca of a
surface of frontier electrodes.

However at using of lumpy electrodes it is possible to assume that they work as volume electrodes [11].
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Figure 3 — The purification percentages of phenol Figure 4 — Degree of purification from phenol
at different current densities from electrolysis duration.
(Cx(CsHsOH) = 50 mg/L, Na,SO,=1 g/L, t= 10 min) (Cx(C¢HsOH) = 50 mg/L, Na,SO,=1 g/L.,1= 115 A/ml)

As it can be clearly seen in Figure 4, the amount of electrolysis degree of purification practically
doesn't change after 15 minutes. The quick reduction of phenol concentration in a solution in first 10 mi-
nutes explains that full phenol destruction will be reached after longer time under purification conditions.
So after that it will be more practical to clean residual concentration by other methods.

Influence of initial concentration of phenol onto the degree of purification under other constant
conditions was investigated. According to Figure 5, as one would expect, increasing the maintenance of
phenol in modeling solutions reduces the degree of purification.
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Figure 5 — Degree of purification ability Figure 6 — Degree of purification from phenol
at various initial phenol concentrations at various sodium sulfate concentrations.
(=10 min, Na,SO, = 1g/l, i = 115 A/m?) (t=15 min, C,(CeHsOH) = 50 mg/L, i = 115 A/m?)

Since sodium sulfate has been chosen as a background, it was necessary to explore the effect of it for
this employed process. Background concentration was changed in a range of 0,25-2,0 g/L, and as it is
apparently seen from Figure 6, increasing the salt concentration reduces efficiency of process. However,
the voltage between anode and cathode electrodes inherently decreases in the case of adding more sodium
sulfate salt.
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It is also mandatory to control one more important parameter that is known as pH value for
purification of wastewater. Because aqueous solutions of phenols have acidic reaction, in particular it is
adjusted to 5,5 of pH value for the purification of 50 mg/L phenol concentration. It is obtained that after
electrolysis in first 10 minutes pH displaced to 3,3 in the sour medium. The influence of sodium hydroxide
concentration in the range of 50-300 mg/L was studied for acidity adjustment. Table 1 shows the pH of the
solution after electrolysis in the presence of alkali.

Table 1 — Influence of the sodium hydroxide concentration on the pH after electrolysis

NaOH, mg/L 50 100 150 200 300

rH 5,6 6,3 6,4 6,6 6.8

Note: 1=15min, C4(CsHsOH)=50 mg/L, i=115 Alm?.

Thus, as it is shown in Figure 7, there was also a minor alteration for degree of purification, and the
process was accompanied by voltage increasing on 0,5 B.
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Figure 7 — Degree of purification of phenol Figure 8 —
from various concentrated sodium hydroxide solutions Degree of phenol purification versus flowing speed
(T= 15 min, C,(C¢HsOH) = 50 mg/L, i = 115 A/m’, (Ci(C6H50H) = 50 mg/L, i = 115 A/m’, Na,SO,= 1g/L)

Na,SO,=1g/L)

It was also enlightened that flowing speed of phenol during the purification process in the volume of
1,5 L from 9 sections. By the way, each chamber has also 75 mL volume. In addition electrode chambers
were divided by impenetrable partitions to provide ¢lectrolyte passing completely through electrolyzer
chambers, instead of through them. The amount of the modeling solution passing from was adjusted 1
liter. In appearance, the scale of the removing the phenol from water decreased proportionally (Figure 8).

Also phenol concentration has been measured in various sections of electrolyzer, and apparently from
Figure 9, degree of purification grows proportionally to section numbers added.
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In table 2, it is summarized the information about influences of some parameters onto the electrolysis
conditions such; voltage between electrodes, pHs after electrolysis, temperature change of electrolyte,
degree of purification in a stationary mode.

Table 2 — Influence of various parameters for purification after electrolysis

i, A/m? 28 56 84 115 140
. - U=2V U=3,5V U=5,5V U=74V U=106V
L“(LI‘(IH5(S)§):‘1 0mell., pH=5.,0 pH=4.4 pH=37 pH=37 pH=3.5
i 1B, A=2°C A=4°C A=6°C A=7'C a=10°C
v omn 0=74.6% 0=78,3% 0=83.3% 0=88,0% 4=90,0%
T, min 5 10 15 20 30
_ U=8V U=74V U=8V T=8V U=8V
GHCLO = 9ng/L’ pH=3.5 pH=37 pH=36 pH=3.7 pH=37
?‘_211 Ta /g2 : A=3°C M=7C A=10°C At=16°C A=22°C
= m 0=66,1% 0=88,0% 0=92,8% 0=93,5% a=94,1%
Ca(CeH;OH), mg/L 10 20 30 40 50
—10.min U=82V U=8V U=7,6V U=73V U=74V
i, pH=4.8 pH=37 pH=36 pH=3.5 pH=3,7
NSO Ll a=13%C a=12%C a=14bc A=13°C A=TC
! 1 a=94,8% a=91,0% 0=89,3% 0=88,0% a=88,0%
Na,SO, g/l 02 0,5 1,0 L5 2.0
A U=16V U=12V U=82V U=6,5V U=5,1V
< =5 pH=3,6 pH=33 pH=34 pH=34 pH=3,9
Pk =245 AEE19°C A=13°C At=14%C a=11%C
! m 0=91,1% a=89,0% 0=86,8% 0=85,8% 0=82.7%
NaOIL mg/L 50 100 150 200 300
=15min, U=8,5V U=8,5V U=8 4V U=82V U=7,5V
C(CoHOH)=50 mg/L, pH=5.0 pH=63 pH=6.4 pH=6.6 pl=6.8
i=115 Afm?, At=13°C At=12°C At=12°C At=13°C AE13°C
Na,SO,=1 g/L a=89,0% 0=93,6% =94 4% a=93,6% 0=92,8%
Note: These results are for a stationary mode.

Conclusion. Thus, direct oxidation of phenol on lumpy electrodes at polarization by a surge current
has following advantages before other electrochemical methods: it is not required additional oxidizing
reagents, not spent cheap graphite electrodes are used, isn't required the straightening equipment, probably
consecutive connection of several electrolyzers, if necessary.
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J1. B. COKOIbCKUI ATBIH/IAFBI JKaHAPMal, KaTalH3 JKOHE 3IeKTPOXUMIS MHHCTUTYTh, AMatsl, KazakcTaH

HMITYJIbCTI TOKIEH IMMOJAPASAIIMSATIAHF AH ®EHOJIBIH, TYATPIIIKTI
JIEKTPOATAPIA SJEKTPOXUMHUSIBIK TOTBIT'YbI

AHHOTanMsL. OHJIPICTIK arbI3pIHABI Cyllapjia KeHiHeH TapaifaH (eHONJJaH Ta3anay Iporlecci 3eprreiai. MyHait Geir
aNIbIHFaHHAH COH KaTraH epiTiHJI 3epTTey YIIH arbI3bIHIbI CY PeTiHIe KOIJaHBULIBL. byl arbI3bIHIBL CY/la 3USIH/IBI JTaCTaFbIIITap
OoiraHbl cebeITi OH KakiTa KojlaHy OapbhIchIH/a Oip KaTap KUBIH/IBIKTap Tya b, coll cebelrTi Oy Macene MIETy/Il Tajlall eTe/i.
By MocerteHi Iienty YImiH 6i3 TYHIpINKTI SIeKTpoATapabl KOJIJaHa OTHIPHIT UMITYJIHCTI TOKIIEH MOJSIPU3aIsuIay 9JIiCiH KO IaH-
JbIK, OEHOIJIBIH TOTHIFYH CTAllMOHAPNIBI PEXUMIE, 9p CEKLIMSHBIH KoseMi 75 M OOJFaH TOPT CEKIMSUIBI AIEKTPOIIU3EPAE KYp-
Ti3MIK. AHOATH Kamepaiap rpadUTTaH TYPAThIH TYHIPITKTI AIEKTPOITAPMEH TOITHIPBUIBIIL, KaToIThl KaMepanap/iaH KeyeKkTi 6e-
JTIKTEPMEH aXBIpaThUIFaH. AJ KaTOATHI KaMmepalap KaToJ KbI3METIH aTKapaThIH TpaQuT TasKIIalapbIMEH TONTHIPBUIIBL.
Kypampiaga ¢eHon Gap epiTiH/IHI 3epTTey MakcaThHa Mojenbaey yirH 10-50 Mr/in Hatpuit cyiabdaTel (OH peTiHe aTbIHbIL,
0,25-2,0 1/1-re aeiiH KenTipimin oThIpAbl. DeHOT KOHICHTPAISICH (POTOMETPHSUIBIK, 9JICIICH aHBIKTATBL. VIMITyJILCTI TOKIIEH
TIOJISIPU3AIMSIIAl OTBIPBIIT TYHIPIIKTI SIIEKTPOITap KaThIChIH/A (GEHONIBIH Typa TOTHIFY 9JIici OYJIaH alIbIHEBI 3IEK TPOXIMUSIIBIK
d/licTepMeH CalIbICTHIPFaH/Ia aHaFyPIIbIM apTHIKITILUTBIKTaphI Gap.

Tyiiin ce3mep: (eHON, PIEKTPOXUMMSUIBIK TOTHIFY, TYHIPIIKTI DIEKTPOATap, CTAIMOHAPIB PEXUM, aHOM, DIEKTPO-
XUMUSITIBIK, 9IIC.
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AO «HCTHTYT TOINIMBA, KaTanmsa U snekTpoxumud uM. J[. B. Cokonbsckoroy», Anmarsl, Kazaxctan

IJIEKTPOXMMMNYECKOE OKMCJ/IEHUE ®EHOJIA HA KYCKOBbBIX JIEKTPOJAX
ITPU TTOJIAPU3 AT UMITYJIBCHBIM TOKOM

Annortanusi. VccneoBaH porece OUMCTKY OT (EHOIA, SBILIOIIEroCcs OJJHUM U3 CaMbIX PACIPOCTPAHEHHBIX 3arPsI3HSIO-
IIUX BEIIECTB B IIPOMBIILIEHHBIX CTOUHBIX BOJax. OTOOpaHHbIE CTOUHBIE BO/IBbI ObLIM IIOTYUEHbI U3 OCTaBINEHCS YacTH pacTBopa
rocne JoOpMU HEeQTH. DTO SBISIETCS OCHOBHOM IIPOOIEMOM IS IIOBTOPHOTO KCIIONH30BAaHUSI BOJBI, TaK Kak OHA COJEPKUT
STOBUTBIE 3arPs3HEHUS, U 3T0 TpeOyeT CpOYHOro pemieHus. Jis pemeHus 3Tod IpoGieMbl HaMHM HCIIONB30BAUCh KYCKOBBIE
BIIEKTPOJIBL U TIOJSIPU3ALIUS UMITYJILCHBIM TOKOM. OKHciIeHre (peHoIa B CTAIMOHAPHOM PEKUME IIPOBOIIM C IIOMOIIBIO YEThI-
PEXCEKIMOHHOTO 3IEKTPONM3epa, KaKIbIi U3 KOTOPBIX UMENT €MKOCTh 00bheMOM 75 ML AHOJHBIE Kamepbl ObUIH OJMHAKOBO
3aII0JIHEHbI KY CKOBBIMU HJIEKTPO/[aMU, IT0JTy YeHHBIMH U3 rpaduTa, U OHU ObUIM OTAENEHBI OT KaTOIHBIX KaMep IIOPUCTBIMU JIelie-
HusiMi. KatotHple KaMephl Takyke GhUTH TOHOCTHIO 3aIlOTHEHB! IPadUTOBHIMU CTEPKHSIMHU, KOTOPBIE HCIIONb30BAIUCH B Kate-
cTBe KarojioB. Jist ucciemoBaHus (HEHOIOCOIePKaIX PacTBOPOB JUIS MOJIeTHpoBaHUs OblIo BhIOpano 10-50 mr/m cyibdara
HaTpusl B KadecTBe (oHA, U ObUIO OTPEryIMpoBaHO B cooTHorenuu 0,25-2.0 r/in. Konnenrparmo denona onpeaensim ¢oro-
Merpuuecku. [IpsMoe okucneHue geHona Ha KyCKOBBIX JIEKTPOIax IIPH HOJSIPU3ALMY UMITY IbCHBIM TOKOM MMEET 3HaUNUTENbHbIE
IIPEUMYIIECTBA 10 CPABHEHUIO C IIPEABLIYIIIMMHU 3IEKTPOXUMUUECKUMHU METOIaMHU.

KiroueBble ci10Ba: (eHON, SIEKTPOXUMUUECKOE OKUCIICHUE, KYCKOBBIE SIIEKTPO/IBL, CTALMOHAPHBIN PEXKUM, aHOJ, SIIEKTPO-
XUMHYECKHI METOJI.
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