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H3yuen npouecc oecmpykyuu Kpacumeinsi KUCIOMHO20 OPAHICEB020 52 8 600HBIX pacmeo-
pax rnekmpokamanumuueckum memooom. Kucnomuouit opansceswrii 52 o1 6v1opan uz-3a mozo,
YMO OH AGNAEMCA MUNUYHBIM NPEOCHABUMeNeM CeMeliCmaa a30Kpacumeneii u 0OHUM U3 YACHO
UCROIL3YEMBIX KUCTIOMHBIX KPACUMEel 6 MeKCIMUNbHOI npombluiieHHocmu. B snexmpoxamanu-
MUu4ecKomM peaxkmope 8 Kauecmee aHo0a UCHOJIb306ATU MUMAHO6ble NIACHUHBL C HAHECEHHbIM
cll0emM Kamanuzamopa, a RACHUNbL U3 Hepcagelowell cmanu pabomanu kax kamoowt. Cou Ka-
mManu3amopa HAHOCUIU HA MUMAHOEblE NAACIMUHDL INEKMPOXUMUULECKUM MEMOOOM C ROCTEOYI0-
wium npokanusanuem. Hzyueno enusnue nauanvnoii konyenmpayuu kpacumens (Cepac), Rpupoost
Kamanuzamopa Ha anooe, Hauanvho2o Hanpsaxcenus (U,), epemenu snexkmponusa (1), Hauanvnozo
snauenusn pH, pacmeopa u konyenmpayuu NaCl na ckopocms npoyecca decmpykyuu Kuciommnozo
opandice0zo 52 npu npomexanuu IMEKMPOKAMATUMUYLECKO20 NPOUECCA. YCManosieno, Ymo on-
MUMAIbHLIMU YCTIOGUAMU  IJIEKMPOKAMAIUMUYECKOU 00padomKu, ¢ YaACMHOCHU, AGHAIOMCA.
Cipac. = 100.me2/n, U, = 20 B, pH,, = 6, t = 50 mun. Ixcnepumenmanvhole Oannsie ceudemenscmayiom
0 MOoM, Ymo npu 00padomke 6 ONMUMANLHBIX YCAOGUAX MOOETAbHBIX CHOUHBIX 800, COOEPIHCAUUX
Kuciaomubwlit opamsicesvlit 52, yghhpexmuenocms oopadbomku cocmaenana, coomeemcmeenno. 95%
¢ euoumoit ooracmu cnexkmpa (464 num) u 38,6% ¢ yrompaguonemosoit o6racmu (270 um). Cme-
HeHb CHUMNCEHUS 8EIUMUH XUMUYECK020 nompeoaenus Kucaopooa (XIIK) u oouezo opzanuueckozo
yenepooa (00Y) cocmasuna 23,5% u 47,7% coomeemcmeenno. Oonapyiceno, umo rnieKmpoxama-
JUMUYECKUI Hpouecc modxcem 00ecneuums 6blCOKYI0 CHIEHEeHb 00ecU8edusanus KUci0mHOzZ0
opandiceozo 52. Qonaxo, nesvicokue 3nauenusn cuuxcenusn geauuunvl XIIK ceudemenvcmeyrom o
moM, Umo 6 npoyecce 0OpadoOmMKU, 6ePOAMHO, He HPOUCXOOUTLO CYULECMBEHHO20 PA3PYULEHUS (0T1b-
wux pazmenmos CMpyKmypsl Kpacumeins, MaxKux Kak 6eH30/1bHoe Koablyo.

KiroueBble c10Ba: 3JEKTPOKATATUTHYECKOE OKUCIICHHE, KPACUTENh KUCIOTHBIN OpaHkeBbIi 52, ne-
CTPYKIIUSI KPACUTEJIS
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The degradation process of Acid Orange 52 dye in aqueous solutions by electrocatalytic
technique has been studied. Acid Orange 52 was chosen as a representative compound of azo dyes
and one of the often used acid dyes in the textile industry. I n the electrocatalytic reactor, the tita-
nium plateswith catalyst |ayer were used asanode, and the stainless steel platesworked as cathodes.
The layers of catalyst were coated on titanium plates by electrochemical method followed by calci-
nation. The effect of dyeinitial concentration (Caye), catalyst nature on anode, initial voltage (Uin),
electrolysis time (t), initial solution pH;, and NaCl concentration on the rate of Acid Orange 52
degradation process was studied in the electrocatalytic process. It was determined that the optimal
conditions of electrocatalytic treatment, in particular are: Cqe=100 mg/l, Uin=20 V, pHin = 6, t =50 min.
The experimental results show that when Acid Orange 52 simulated dye wastewater was treated
under the optimal conditions, the treatment effect was 95 % in visible part of light spectrum (464 nm)
and 38.6 % in ultraviolet part (270nm), respectively. The removal rate of chemical oxygen demand
(COD) and total organic carbon (TOC) were 23.5 % and 47.7 %, respectively. It was found that
electrocatalytic process can provide an effective decolorization rate of Acid Orange 52. However,
not high values of COD removal rate most likely witness that there was no significant destruction
of large fragments of the dye structure, such as the benzenering.

Key words: electrocatalytic oxidation, Acid Orange 52 dye, dggradation
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INTRODUCTION dation process, the pollutants are adsorbed oarthe
?%fie surface at first and then destroyed by theianod
lectron transfer reaction. In indirect oxidatiorop
cess, strong oxidants such as hypochlorite/chlprine
dustrial wastewater which is difficult to be trefa- ©ZON€: hydrogen peroxide are electrochemically gen-
darated. The pollutants are then destroyed in thie bu

2]. It accounts for about 10% of the total amouht . L ;
industrial waste water. Azo dyes are the most twriesolutlon by oxidation reaction of the generatedlaxi.

and the largest number of synthetic organic dyés [3AII the.OX|dants are generated in situ and arezetil

The vast majority of azo dyes are coupled from argnmediately [8-10].

matic amines after diazotization and phenols, ati@ma Asa representative comppund of AZ.O dyes and

amines which have active methylene compounds. A o of the often used acid dyes in _the textile s :

dyes wastewater direct discharge has great haem-to _C'd Orang(_e 52 was selected for this study. Thembj

vironment and organism [4-6]. tive was to investigate the enhance_ment of theadegr
Advanced oxidation processes (AOPs) are oj@t'on efﬁqency of Ac'd. Orange 52 in the e."?CHm:‘

of the most effective methods to degrade organic coYtiC technique. And this study was specifically- fo

taminants. Among AOPs, electrochemical oxidatioﬁusecl at: _the_effeqt QT catalys_t on anode, iniidiage,

method has good application prospects. Electroc-herf‘“f*e‘,:trolys's time, initial _solut|on PH and salt cen-

cal oxidation method requiring a little or even pdration on the rate of Acid Orange 52.

chemical reagent is a clean and effective wastewate EXPERIMENTAL

treatment method [7]. There are two processes 1o de

stroy the pollutants in the electrochemical procdss

rect or indirect oxidation process. In direct aiconki-

The dye wastewater which is characterized
large amounts of discharge, high concentration,-co
plicated composition and high chroma is a kindnef i

Materials
Acid Orange 52 (€H14N3SOsNa) was pur-
chased from Sinopharm Chemical Reagent Co., Ltd.
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Fig. 1 shows that there are two characteristic Electro-catalytic degradation procedures
absorption wavelengths, 270 nm and 464 nm, respec- The experimental setup employed in this study
tively. The 270 nm is the absorption peak of beezems shown in Fig. 2. The simulated dye wastewates wa
ring, and the 464 nm is the absorption peak ottdre filled into the electrolytic cell and then beganlie
jugated system of the two benzene rings and —N=N-treated. The initial COD of the simulated dye
wastewater was about 59 mg/L. During the treatment,
the above Acid Orange 52 simulated dye wastewater
251 was continuously fed into the electrolytic cellgans
of a BT100-1L model peristaltic pump (Nanji Bo-Xin
Biological Technology Co., Ltd.) with a constaravl
velocity. The electrolysis was carried out undeoa-
stant current supplied by a DC power source (KXN-
6020D, Shenzhen trillion source Electronic Technol-

39 464nm

(9]

270nm

Absorbances
=
v
1

—
1

0.5 1 ogy Co., Ltd.). The treated solution was colledtedh
0 , i , . , , the exit 4 (Fig. 2).
200 300 400 500 600 700 800 In electrolysis experiments, the effects of ini-
A, nm tial voltage (U, V), electrolysis time (T, min), plnd
Fig. 1. Characteristic absorption wavelengths salt concentration on the degradation efficiencyewe
Puc. 1. XapakTepHble JUTHHBI BOJIH MOTJIOMIEHNS investi gate d.
All chemicals were of analytical grade if not Analysis
noticed otherwise and were obtained from Sinopharm UV-VIS absorption spectra
Chemical Reagent Co., Ltd. All chemicals were used To monitor the degradation process of Acid

as received without further purification. The saenplOrange 52, solution samples were taken out at prede
solutions were prepared using deionized water (Aquigrmined time intervals and measured immediately on
pro, USA) throughout the experiments. a UV-1201 spectrophotometer (Beijing Rayleigh Ana-

Anodic titanium plate was purchased fronytical Instrument Co., Ltd.) under the Charactieis
Baoji Honghang Titanium Industry Co., Ltd. The totaabsorption wavelength (270 nm, 464 nm) to recoed th
titanium content of titanium plate is more than889. temporal UV-VIS spectral variations of the dye. Tae

Electrolytic cell lated reaction progress was monitored using theAls/-

In the electrocatalytic tank, the titanium plate@bsorption spectra of Acid Orange 52, which was cal
was anode plate, and the stainless steel platesattas culated from the following equation (percentageef
ode plate. A layer of catalyst A was coated omiiten ~ colorization):
plates by electrochemical method and calcination A% = (Ao — Ay)/Ao [1L00% Q)
method. Fig. 2 shows the scheme of experimental fa- Where A is the absorbance at 270 nm and
cility for electrocatalytic degradation study. 464 nm for Acid Orange 52 at reaction time t aRdsA
the related initial absorbance.

COD/TOC

To monitor the properties of biodegradable of
Acid Orange 52, solution samples were taken out
at predetermined time intervals and measured im-
mediately using the relevant standard methods of

[ ¢ - i People's Republic of China (COD:HJ/T399-2007;
== =1 gg TOC:HJ/T104-2003) on the COD digestion instrument
-== = (Lovibond ET125SC, Qingdao Xu-Yu Environmental

Fig. 2. The experimental setup for electrocatalgigradation T echnology Co. Ltd.) and the Total organic carbon
study: 1 - titanium anode; 2 - stainless steeladeh3- inputof  (TOC) analyzer (Multi N/C 2100, Germany Jena Ana-

dye's l"‘(’jaStewater? 4- OUtPUIt of SO'U“E“; Eﬂamlpumﬁ lytical Instrument Co., Ltd.). The related remoeéi-
6 - initial dye's wastewater solution tank; 7 -ctlecatalytic reac- . : P
for: 8 - DC power source ciency was calculated from the following equation:
Puc. 2. BKCHepHMeHTaﬂbHaﬂ YCTaHOBKaA /1A UCCIIEA0BaHUS DJICK- COD% = (CO[B - COD)/COD) EU'OO% (2)
TPOKATAINTHYECKON Jerpajatyu: 1 - THTAHOBBIN aHOL; 2 - KaTOX TOC% = (TOG - TOQ)/TOG [1100%  (3)
n3 Hep)KaBe}omeﬁ crajiu, 3 -BXOJ CTOYHBIX BOJ KpaCI/ITeJISI; Where CODand Tocare the monltorlng data

4 -BLIXO paCTBOpa; S -NCPUCTAIIBTIIECKITE HACOC; 6 -PEsCPBYAP e dlifferent reaction conditions for Acid Orarkge
JUISl ICXOHOTO PACTBOPA CTOYHBIX BOJI KPACHTENS; 7 - 3JIEKTPOKa-

TAJTUTUYECKUI peaxkrTop, 8 - ICTOYHHK MUTAHKS TIOCTOSHHOTO TOKA COD) and TOG are the related Inltlal data
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RESULTS AND DISCUSSION (464 nm) is 95.1%, and the ultraviolet part (270 s
39.8%. Compared with the reaction time 50 min, the
removal efficiency of visible light was increasey b

/0-1%, and the ultraviolet part was improved by 1.3%

the reaction time in the following experiments@srbin.

Degradation efficiency of Acid Orange 52 un-
der different systems

In this experiment, the effect of the catalyst
which was coated on the titanium plate on the désgra
tion of the dye was investigated. The anode ot afse

. i P 100 - 93 95 95,1
experimental electrolytic tank is titanium platesd 90 - 87,9
the cathode is stainless steel plates; the anodeeof § 80 - L
other set of experimental electrolytic cell is ritam = 70 1
plates coated with the catalyst A, and the catliede £ &
stainless steel plates. = 10 4349 309 | P86 | (328
Experimental conditions: & = 100 mg/L, é 30 A 22,1 | |234
Uin =20V, phh = 6, t = 50 min. The results are shown g 20 1| L,
in Fig. 3 FlRSEE HE BE BU N
g. 3. 0 _ _ . . ‘
10 20 30 40 50 60
4,5 1 t, min
4. Fig. 4. Effect of electrolysis time: 1 — 464 nm-270 nm
45 Puc. 4. Bmusiane BpemeHn snekrponmsa; 1 — 464um, 2 — 270am
wv ? -.
§ 31 Effect of initial voltage of DC power source
£ 25 Experimental conditions wereye= 100 mg/L,
2 21 pHin = 6, t = 50 min. The results are shown in Fig. 5.
<15
11 100 - 95 93.1 96
0,5 — 90 A
X 80 |
0 " " " " " i ! S 704
200 300 400 500 600 700 800 900 € g0l
5 7.7 48
A, nm = 501 38.6
Fig. 3. Effect of catalyst A coated on titaniumtplan the dye's S 40 4 34
degradation efficiency: 1 - simulated dye's wastewahich is g 30 4
untreated; 2 - titanium plate without catalyst A; tBanium plate & 20 1 12
coated with the catalyst A 109 11 1 ! 1
Puc. 3. Bausiuue kaTanusaropa A, HAHECEHHOTO Ha THTAHOBYIO L T T T
01 : 10 20 30 40
IUIACTHHY, Ha 9 QEKTUBHOCTD eCTPYKLUUH KpacuTess: 1 - He 00 wV

paboTaHHas MOJieNIbHAsL CTOYHAS BOJA, COJIEpIKAILas KpacuTelb;
2 - TuTaHOBas IIIACTHHA Oe3 KaTanu3aTopa A; 3 - THTaHOBas IUIa-
CTHHA, IOKPHITAsl KATATU3aTOPOM A

Fig. 5. Effect of initial voltage of DC power sourde— 464 nm,
2-270nm
Puc. 5. Biustaue HauaabHOTO HaIIps)KEHU NUCTOUYHMKA TUTAHUA

MOCTOSIHHOTO ToKa: 1 — 464sm, 2 — 270aMm
Because the catalyst A was coated on the an-

ode titanium plate, and then calcined, the degraalat Fig. 5 shows that the higher the voltage, the

effect of the Acid Orange 52 was improved. The rgsigher the degradation rate between 10 V and 40 V.

moval efficiency of visible light (464 nm) was in-\when the initial voltage was 40 V, the visible ligh
creased from 51.4% to 95%, while the ultraviolet pai464 nm) is 96%, and the ultraviolet part (270 risn)

(270 nm) increased from 0.0% to 38.6%. The additiofges. Compared with the initial voltage of 20 V, the
of catalyst A to the reaction system enhances e Oremoyal efficiency of visible light was increased b
dation performance of the system, which is ber@flul%, and the ultraviolet part was improved by 9.4%.
to improve the decolorization rate of the visibéetpf However, the increase of the initial voltage metias
the dye. The catalyst A was coated on the anode tifhe energy consumption increases during the opeati

nium plate in the following experiments. Based on cost considerations, the initial voltagecs
Effect of electrolysistime tion in the following experiments is 20 V.
Experimental conditions wereyfe= 100 mg/L, Effect of initial pH of Acid Orange 52 solution

pHin = 6. The results are shown in Fig. 4. The effects of initial pH value (pH=4, pH=6 and

_ Fig. 4 shows that the longer the reaction timg=g) on the degradation of dyes were investigated
the higher the degradation rate between 10 and0 Mpe study. Results are shown in Fig. 6. Experinienta
When the reaction time was 60 min, the visible tligh-onditions were Ge= 100 mg/L, G =20V, t = 50 min.
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100, 96 95 94 Changes of COD/TOC removal in degradation
R gg ' Experimental conditions wereye= 100 mg/L,
s 70 Uin =20 V, t = 50 min, piH = 6. Results are shown in
5 60 Fig. 8.
= 30 40 38,6
£ 404 31 100 -
g 30 -
5 90 -
~ 20 A 1 1 1 80 4
10 @
0 . : Z 70 4
4 6 8 5 60 -
pH £ 50 -
Fig. 6. Effect of initial pH of Acid Orange 52 stiln: g 40 -
1-464nm,2-270 nm: 1 —-464 nm, 2 —-270 nm £ 30 A
Puc. 6. Binsuue nayanpHO#M Benuuunbl pH pacTBopa KUCIOTHOTO ~o90
opamxesoro 52: 1 — 464, 2 — 270am 10
0 : . . . : .
Fig. 6 shows that in the different acid-base 0 10 20 30 40 50 60
condition, the removal effect of Acid Orange 52he , tmin .
visible light is about 95%. And in the ultravioleart, Fig. 8. Changes of COD/TOC ratio in degradation pssce

. . . 1-270 nm; 2 — 464 nm; 3 — COD; 4 — TOGy€100 mg/l;
Acid Orange 52 has better removal effect in thel aci Un=20 V: t=50 min: phh=6

condition, 40%. Compared with pH6 of simulatedbuc. 8. Msmenenus ornomenns XITK/OOY B nporecce 31eKTpo-
wastewater, the removal efficiency of ultraviol@irp xaramuruueckoit necrpykmmm: 1 — 270 nm; 2 — 464 nm; 3XIIK;
was improved by 1.4%. And in alkaline conditiofge t 4 =00V Caae = 100mr/n; Uy = 20B; t = 50mui; pH. = 6
removal rate decreased significantly. o ) i
The change of pH value can change the nature | AS Shown in Fig. 8, with the extension of the re-
of Acid Orange 52, affect the electrode reactioth the action time, the removal rate is increasing. AR@min
surface characteristics of the catalyst which vamged Of reaction, the removal rates of COD and TOC were
on the anode titanium plate. Under the acidic diorjj 23-5% and 47.4%, respectively. And the treatment ef
the anode showed strong oxidation. fect of the characteristic absorption wavelengthmewe
Effect of NaCl concentration on treatment efficiency 95% (464 nm) and 38.6% (270 nm). So, the electrocat
The effects of NaCl concentration on the dec@!Ytic process not only damages the large coloring
radation of dyes were investigated in the studguRe Structures (chromophore groups) in the dye molecule
are shown in Fig. 7. Experimental conditions wexg C but also improves partially the biodegradabilitytio¢

=100 mg/L, pkh = 6, Un = 20 V, t = 50 min. dye water solution.
CONCLUSION
100 - 95 98
90 4 Acid Orange 52 degradation process was stud-
30 ied in the electrocatalytic process. It was deteedi
S 70 4 that the optimal conditions of electrocatalyticatre
f 60 | ment, in particular are: £ = 100 mg/l, th = 20 V,
E 50 123 pHin = 6, t = 50 min.
ER 386 : 39 The experimental results show that when Acid
£ 30 Orange 52 simulated dye wastewater was treated un-
= 20 der the optimal conditions, the treatment effecs wa
10 - 1 1 1 95% in visible part of light spectrum (464 nm) and
0 . - 38.6% in ultraviolet part (270 nm), respectivelyer
g o ch . 03 removal rate of chemical oxygen demand (COD) and
NaCl, .
Fig. 7. Effect of NaCl concentratic%n on treatmefficefncy: total organlc carbon (TOC) were 23.5% and 47.7%,
1-464 nm, 2 —-270 nm respectively.
Puic. 7. Bmusnue xonnentpauun NaClua sdpdexTusHocTs 06pa- It was found that electrocatalytic process can pro-
Gotku: 1 — 464m, 2 — 270am vide an effective decolorization rate of Acid Orar.

o However, not high values of COD removal rate most
As shown in Fig. 7, the presence of NaCl saltkely witness that there was no significant destian

has a small effect on the treatment efficiency. But of large fragments of the dye structure, such adém-
was observed in this experiment that the additibn gene ring.
salt leads to current growth.
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