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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
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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.

clear water

f

polluted water

L: 5 3
'}1: ) ) £ M
e e

4

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).

diode

N
[ ac LT A
{ current U
t regulator
m Figure 2 —
\\\_// General representation of electrical circuit
for electrolysis of phenol purification
{  Electrolyzer |-
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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 electrodes 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 area of a
surface of frontier electrodes.

However at using of lumpy electrodes it is possible to assume that they work as volume electrodes [11].

0., %o o, %o
904 954
90+
851 g5
80+
80+
754
i 70+
2 651
T T T T T T i..}’l.-‘llll T T T T T T 't-, min.
30 60 90 120 150 180 5 10 15 20 25
Figure 3 — The purification percentages of phenol Figure 4 — Degree of purification from phenol
at different current densities from electrolysis duration.
(Cu(C4HsOH) = 50 mg/L, Na,SO,=1 g/L, 1= 10 min) (Co(C6HsOH) = 50 mg/L, Na,SO, =1 g/L, i = 115 A/m?)

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.

a. %0 a., %
964 9721
941 904
924 881
90 861
88| 4
821
86 ‘ . ; : — Na, S0, g/l
10 20 30 40 50 © (('5 HﬁoH).lllg'I 0‘5 1 IO 1‘5 2‘0 2 4=
Figure 5 — Degree of purification ability Figure 6 — Degree of purification from phenol
at various initial phenol concentrations at various sodium sulfate concentrations.
(t=10 min, Na,SO4= 1g/l, i =115 A/m?) (=15 min, C,(C¢HsOH) = 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

pH 5,6 6,3 6,4 6,6 6,8

Note: =15min, C,(C¢HsOH)=50 mg/L, i=115 A/m>.

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.

a, % a, %o
. 90+
944 :
80+
704
92+
60+
504
90+
40+
NaOH, mg/l 30 V. ml/min.
50 100 150 200 250 300 0 50 100 150 200 250
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?, (Co(C6HsOH) = 50 mg/L, i = 115 A/m’, Na,SO,= 1g/L)

Na2804 = 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 electrolyte 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.

0
goth> 70
704

Figure 9 —
G0 Degree of purification from phenol
in various sections in a flowing mode.
(Cy(C¢HsOH) = 50 mg/L,

50 i=115 A/m?, Na,SO,= 1g/L)
404

T T T . Nogections

2 4 6 8
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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
7 U=2v U=3,5V U=5,5V U=7,4V U=10,6V
CH(C&P;SS(I){):E > Ommg/ L, pH=5,0 pH=4,4 pH=3,7 pH=3,7 pH=3,5
> o AE=2°C A=4C A=6C A=7"C At=10°C
' 0=74,6% 0=78,3% a=83,3% a=88,0% 0=90,0%
7, min 5 10 15 20 30
7 U=8V U=7,4V U=8V U=8V U=8V
C"(Cligsgg):_l > ?ng/ L, pH=3,5 pH=3,7 pH=3,6 pH=3,7 pH=3,7
115 A/ Ii 27 At=3"C At=7"C At=10"C At=16"C At=22°C
0=66,1% 0=88,0% 0=92,8% 0=93,5% 0=94,1%
Cu(CsHsOH), mg/L 10 20 30 40 50
=10 min U=82V U=8V U=7,6V U=7,3V U=7,4V
NSO ol pH=48 pH=3,7 pH=3,6 pH=3,5 pH=3,7
A A=13C A=12°C A=14C A=13C A=TC
0=94,8% 0=91,0% 0=89,3% 0=88,0% 0=88,0%
Na,SO, g/L 0,2 0,5 1,0 1,5 2,0
=15 min U=16V U=12v U=82V U=6,5V U=5,7V
> pH=3.6 pH=33 pH=3.,4 pH=3.4 pH=3.9
C“(Cﬁli{j?g) N /i?zmg/ L At=24C At=19°C At=13°C At=14°C At=11°C
0=91,1% 0=89,0% 0=86,8% 0=85,8% 0=82,7%
NaOH, mg/L 50 100 150 200 300
7=15min, U=8,5V U=8,5V U=8,4V U=8,2V U=7,5V
C,(C¢HsOH)=50 mg/L, pH=5,0 pH=6,3 pH=6.4 pH=6.6 pH=6,8
=115 A/m?, At=13°C At=12°C At=12°C At=13°C At=13°C
Na,SO,=1 g/L 0=89,0% 0=93,6% 0=94,4% 0=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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M. K. KypuHnos, A. b. baemos, H. C. UBanos, T. J. I'aunos, Y. A. A6ayBaiueBa,
A. E. Konypbaes, b. 3. Mbip3a6ekos, H. b. Capcentaen

J1. B. CokonbCkHii aThIHIAFbI XKaHApMail, KaTaau3 KoHe JIEKTPOXUMUS HHCTUTYThI, AsiMaTsl, Kazakcran

HUMIIYJIbCTI TOKITEH MOJAPASANUSIAHF AH ®EHOJIJIBIH TYAIPIIIKTI
SJEKTPOATAPAA SJIEKTPOXUMUAJIBIK TOTBIFYbI

AHHOTanMsA. OHAIPICTIK aFbI3BIHABI CyNlapa KCHIHCH TapayiraH (EHONJaH Tasaiay mporiecci 3eprrenmi. MyHait Gemim
aNlBIHFaHHAH COH KaJIFaH CPITiHAI 3epTTey YIIiH aFbI3bIH/IBI Cy PETIHAC KOJIIAHBULIBL. Byl aFbI3bIH/bI Cy/Ia 3USH/IBI JIACTAFBIIITAD
GousrraHbl cebenTi OH KaiiTa KoygaHy OapbichiHAa Oip KaTap KUBIHIBIKTAp Tyabl, coll cebenti Oy Macese MLy i Tajarn eTe/i.
Bbyn moceseni menty yurid 6i3 TyHipuiiKTi 3IeKTpOATapabl KOJIAaHa OTHIPHIIT UMITYJIbCTI TOKIICH MOJsIpU3alusuiay 9/1iCiH KOJIaH-
JbIK. DEHOIBIH TOTBIFYH CTALMOHAPIIBI PEXKUMJE, Op CEKLMSIHBIH KosneMi 75 M1 GOIFaH TOPT CEKLMSIIbI IEKTPOIU3EPAE KYp-
Ti3giK. AHOITHI Kamepanap rpaUTTaH TYPaThIH TYHIPIIIKTI 3JIEKTPOATAPMEH TOJITHIPBUIBII, KaTOATH KaMepalapJaH KeyeKTi 0e-
JKTEPMEH @KbIpaThUIFaH. AJI KaTOATHl KaMepanap Karoi KbI3METiH aTKapaTblH TpaduT TasKIIaJapbIMEH TOJTHIPBUIIBL.
Kypamsbiana ¢enon 6ap epiTiHaiHi 3epTTey MakcaThiHIa Mopenbaey ymiH 10-50 mr/m Hatpuii cynbdaTsl (GOH peTiHAe ajbIHBII,
0,25-2,0 r/n-re neitin kexripimin oTeIpAbl. DeHON KOHIEHTpPAIUsICH (HOTOMETPUSIIBIK OMICTICH aHBIKTAIIBL. VIMITyIbCTI TOKIIEH
HOJISIPU3ALMSIIail OTBIPBIN TYHIPLIIKTI SIEKTPOATADP KATHIChIHIA (DEHOIIBIH Typa TOTBIFY d/1ici OYJaH aJlIBIHFbI SJICKTPOXMHSLIBIK
QIIiCTEpPMEH CaJBICTBIPFaH/Ia AHAFYPIIBIM apTHIKIIBUIBIKTAPBI Oap.

Tyiiin ce3mep: ¢deHoN, 3JICKTPOXUMHSIIBIK TOTBIFY, TYHIPIIIKTI 3JEKTPOATap, CTAL[MOHAPINBI PEXKHUM, aHOI, IJIEKTPO-
XAMUSUIIBIK JIIiC.

M. K. KypuHos, A. b. Baemos, H. C. Uanos, T. J. I'aunos, Y. A. A6ayBaJiueBa,
A. E. Konyp6aes, b. . Mbip3adexoB, H. b. Capcenfaes

AO «/HCTHTYT TOIUTMBA, KaTainu3a U anekrpoxumun uM. J. B. Cokonbckoro», Anmarsl, Kazaxcran

SJIEKTPOXUMHNYECKOE OKHUCJIEHUE ®EHOJIA HA KYCKOBBIX 3JIEKTPOJAX
IIPH IMOJIAPU3AIIMA UMITYJIbCHBIM TOKOM

AHHoOTanus. VccnenoBal mpomecc OYUCTKH OT ()EHOTA, SIBISIOMIET0CS OJHUM M3 CAMBIX PacIpPOCTPAHEHHBIX 3arpsA3HSIIO-
KX BEIIECTB B MPOMBIIIICHHBIX CTOYHBIX Bojax. OTOOpaHHbBIE CTOYHBIE BOJBI OBIIN MOyYEHBI U3 OCTABIIECHCS YacTH pacTBOpa
nocsie o0k HeTH. DTO SIBISETCS OCHOBHOHM NPOOJIEMON IS MOBTOPHOTO HCIIOIB30BAHHS BOIBI, TaK KAaK OHA COXEPKHUT
SIIOBUTBIC 3aTPS3HEHUs, W 3TO TpeOyeT CpodHOro pemreHus. [ penreHus 5Toil mpoOiIeMbl HaMU HCIIOIB30BAIHCH KYCKOBBIE
ANIEKTPOJBI ¥ MOJIIPU3ALMS UMITYJIbCHBIM TOKOM. OKHciieHne (eHolia B CTAllMOHAPHOM PEKHME MPOBOJMIIM C ITOMOIIBIO YETHI-
PEXCEKIMOHHOTO JJIEKTPOJIM3epa, KaXkIbIiH M3 KOTOPBIX MMEN €MKOCTh 00beMOM 75 M. AHOJAHBIE KaMepbl ObLIM OZMHAKOBO
3aII0JHEHBI KYCKOBBIMH 3JIEKTPOJIAMH, MOJTYyUSHHBIMU U3 rpaduTa, U OHM OBUIN OTAEJICHBI OT KATOJHBIX KAMEp MOPUCTHIMU JIee-
HuAMH. KaTtonHbple kamMepsl Takke ObIIM TMOTHOCTBIO 3aMOJNHEHBI TPAHUTOBBIMHE CTEPHKHAMHU, KOTOPBIE HCIIOIb30BAINCH B Kade-
cTBe KaToAoB. Jms mccienoBanus (HEHONOCOAEPKALIMX PACTBOPOB I MOJENUpOBaHUS ObuTo BBIOpaHo 10-50 mr/a cymbdata
HaATpHs B KauecTBe (OHA, U OBUIO oTperynupoBaHo B cootHomieHnu 0,25-2,0 r/n. Konnentpamuio ¢eHona onpeaensin GoTo-
Mmetpuueckd. [Ipsmoe okucenne heHona Ha KyCKOBBIX JICKTPOAX IIPH MOJISPU3ALHH UMITYJIECHBIM TOKOM UMeeT 3HAYUTEIbHBIE
HpPEUMYIIECTBA [0 CPABHEHUIO C MPEABIIYIIIMH JIEKTPOXUMUIECKIMH METOTAMH.

KnioueBble ciioBa: GeHo, SIEKTPOXUMUYECKOE OKHUCIICHUE, KYCKOBBIE JJICKTPO/IbI, CTALOHAPHBIH PEXUM, aHOJ, 3JIEKTPO-
XMMUYECKUH METOx.
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