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Изучен процесс деструкции красителя кислотного оранжевого 52 в водных раство-
рах электрокаталитическим методом. Кислотный оранжевый 52 был выбран из-за того, 
что он является типичным представителем семейства азокрасителей и одним из часто 
используемых кислотных красителей в текстильной промышленности. В электрокатали-
тическом реакторе в качестве анода использовали титановые пластины с нанесенным 
слоем катализатора, а пластины из нержавеющей стали работали как катоды. Слои ка-
тализатора наносили на титановые пластины электрохимическим методом с последую-
щим прокаливанием. Изучено влияние начальной концентрации красителя (Cкрас.), природы 
катализатора на аноде, начального напряжения (Uн), времени электролиза (t), начального 
значения рНн раствора и концентрации NaCl на скорость процесса деструкции кислотного 
оранжевого 52 при протекании электрокаталитического процесса. Установлено, что оп-
тимальными условиями электрокаталитической обработки, в частности, являются: 
Cкрас. = 100 мг/л, Uн = 20 В, pHн = 6, t = 50 мин. Экспериментальные данные свидетельствуют 
о том, что при обработке в оптимальных условиях модельных сточных вод, содержащих 
кислотный оранжевый 52, эффективность обработки составляла, соответственно: 95% 
в видимой области спектра (464 нм) и 38,6% в ультрафиолетовой области (270 нм). Сте-
пень снижения величин химического потребления кислорода (ХПК) и общего органического 
углерода (ООУ) составила 23,5% и 47,7% соответственно. Обнаружено, что электроката-
литический процесс может обеспечить высокую степень обесцвечивания кислотного 
оранжевого 52. Однако, невысокие значения снижения величины ХПК свидетельствуют о 
том, что в процессе обработки, вероятно, не происходило существенного разрушения боль-
ших фрагментов структуры красителя, таких как бензольное кольцо. 

Ключевые слова: электрокаталитическое окисление, краситель кислотный оранжевый 52, де-
струкция красителя 
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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. In the electrocatalytic reactor, the tita-
nium plates with catalyst layer were used as anode, and the stainless steel plates worked as cathodes. 
The layers of catalyst were coated on titanium plates by electrochemical method followed by calci-
nation. The effect of dye initial concentration (Cdye), catalyst nature on anode, initial voltage (Uin), 
electrolysis time (t), initial solution pHin 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: Cdye=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 benzene ring. 
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INTRODUCTION 

The dye wastewater which is characterized by 
large amounts of discharge, high concentration, com-
plicated composition and high chroma is a kind of in-
dustrial wastewater which is difficult to be treated [1-
2]. It accounts for about 10% of the total amount of 
industrial waste water. Azo dyes are the most variety 
and the largest number of synthetic organic dyes [3]. 
The vast majority of azo dyes are coupled from aro-
matic amines after diazotization and phenols, aromatic 
amines which have active methylene compounds. Azo 
dyes wastewater direct discharge has great harm to en-
vironment and organism [4-6]. 

Advanced oxidation processes (AOPs) are one 
of the most effective methods to degrade organic con-
taminants. Among AOPs, electrochemical oxidation 
method has good application prospects. Electrochemi-
cal oxidation method requiring a little or even no 
chemical reagent is a clean and effective wastewater 
treatment method [7]. There are two processes to de-
stroy the pollutants in the electrochemical process, di-
rect or indirect oxidation process. In direct anodic oxi-

dation process, the pollutants are adsorbed on the an-
ode surface at first and then destroyed by the anodic 
electron transfer reaction. In indirect oxidation pro-
cess, strong oxidants such as hypochlorite/chlorine, 
ozone, hydrogen peroxide are electrochemically gen-
erated. The pollutants are then destroyed in the bulk 
solution by oxidation reaction of the generated oxidant. 
All the oxidants are generated in situ and are utilized 
immediately [8-10]. 

As a representative compound of Azo dyes and 
one of the often used acid dyes in the textile industry, 
Acid Orange 52 was selected for this study. The objec-
tive was to investigate the enhancement of the degra-
dation efficiency of Acid Orange 52 in the electrocata-
lytic technique. And this study was specifically fo-
cused at: the effect of catalyst on anode, initial voltage, 
electrolysis time, initial solution pH and salt concen-
tration on the rate of Acid Orange 52.  

EXPERIMENTAL 

Materials 
Acid Orange 52 (C14H14N3SO3Na) was pur-

chased from Sinopharm Chemical Reagent Co., Ltd.  
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Fig. 1 shows that there are two characteristic 
absorption wavelengths, 270 nm and 464 nm, respec-
tively. The 270 nm is the absorption peak of benzene 
ring, and the 464 nm is the absorption peak of the con-
jugated system of the two benzene rings and –N=N–. 

 

 
Fig. 1. Characteristic absorption wavelengths 

Рис. 1. Характерные длины волн поглощения 
 

All chemicals were of analytical grade if not 
noticed otherwise and were obtained from Sinopharm 
Chemical Reagent Co., Ltd. All chemicals were used 
as received without further purification. The sample 
solutions were prepared using deionized water (Aqua-
pro, USA) throughout the experiments. 

Anodic titanium plate was purchased from 
Baoji Honghang Titanium Industry Co., Ltd. The total 
titanium content of titanium plate is more than 99.8%.  

Electrolytic cell 
In the electrocatalytic tank, the titanium plates 

was anode plate, and the stainless steel plates was cath-
ode plate. A layer of catalyst A was coated on titanium 
plates by electrochemical method and calcination 
method. Fig. 2 shows the scheme of experimental fa-
cility for electrocatalytic degradation study. 

 

 
Fig. 2. The experimental setup for electrocatalytic degradation 
study: 1 - titanium anode; 2 - stainless steel cathode; 3- input of 
dye's wastewater; 4 - output of solution; 5 - peristaltic pump;  

6 - initial dye's wastewater solution tank; 7 - electrocatalytic reac-
tor; 8 - DC power source 

Рис. 2. Экспериментальная установка для исследования элек-
трокаталитической деградации: 1 - титановый анод; 2 - катод 

из нержавеющей стали; 3 - вход сточных вод красителя;  
4 - выход раствора; 5 - перистальтический насос; 6 - резервуар 
для исходного раствора сточных вод красителя; 7 - электрока-
талитический реактор; 8 - источник питания постоянного тока 

Electro-catalytic degradation procedures 
The experimental setup employed in this study 

is shown in Fig. 2. The simulated dye wastewater was 
filled into the electrolytic cell and then began to be 
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 
was continuously fed into the electrolytic cell by means 
of a BT100-1L model peristaltic pump (Nanji Bo-Xin 
Biological Technology Co., Ltd.) with a constant flow 
velocity. The electrolysis was carried out under a con-
stant current supplied by a DC power source (KXN-
6020D, Shenzhen trillion source Electronic Technol-
ogy Co., Ltd.). The treated solution was collected from 
the exit 4 (Fig. 2).  

In electrolysis experiments, the effects of ini-
tial voltage (U, V), electrolysis time (T, min), pH, and 
salt concentration on the degradation efficiency were 
investigated. 

Analysis 
UV-VIS absorption spectra  
To monitor the degradation process of Acid 

Orange 52, solution samples were taken out at prede-
termined time intervals and measured immediately on 
a UV-1201 spectrophotometer (Beijing Rayleigh Ana-
lytical Instrument Co., Ltd.) under the Characteristic 
absorption wavelength (270 nm, 464 nm) to record the 
temporal UV-VIS spectral variations of the dye. The re-
lated reaction progress was monitored using the UV-VIS 
absorption spectra of Acid Orange 52, which was cal-
culated from the following equation (percentage of de-
colorization): 

A% = (A0 − At)/A0 ⋅ 100%    (1) 
Where At is the absorbance at 270 nm and  

464 nm for Acid Orange 52 at reaction time t and A0 is 
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 
People's Republic of China (COD:HJ/T399-2007; 
TOC:HJ/T104-2003) on the COD digestion instrument 
(Lovibond ET125SC, Qingdao Xu-Yu Environmental 
Technology Co. Ltd.) and the Total organic carbon 
(TOC) analyzer (Multi N/C 2100, Germany Jena Ana-
lytical Instrument Co., Ltd.). The related removal effi-
ciency was calculated from the following equation: 

COD% = (COD0 − CODt)/COD0 ⋅ 100%    (2) 
TOC% = (TOC0 − TOCt)/TOC0 ⋅ 100%    (3) 
Where CODt and TOCt are the monitoring data 

under different reaction conditions for Acid Orange 52, 
COD0 and TOC0 are the related initial data. 



 
Изв. вузов. Химия и хим. технология. 2018. Т. 61. Вып. 3 
 

Izv. Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol. 2018. V. 61. N 3 67 
 
 

RESULTS AND DISCUSSION 

Degradation efficiency of Acid Orange 52 un-
der different systems 

In this experiment, the effect of the catalyst A 
which was coated on the titanium plate on the degrada-
tion of the dye was investigated. The anode of a set of 
experimental electrolytic tank is titanium plates, and 
the cathode is stainless steel plates; the anode of the 
other set of experimental electrolytic cell is titanium 
plates coated with the catalyst A, and the cathode is 
stainless steel plates.  

Experimental conditions: Cdye = 100 mg/L,  
Uin = 20 V, pHin = 6, t = 50 min. The results are shown 
in Fig. 3. 

 

 
Fig. 3. Effect of catalyst A coated on titanium plate on the dye's 
degradation efficiency: 1 - simulated dye's wastewater which is 

untreated; 2 - titanium plate without catalyst A; 3 - titanium plate 
coated with the catalyst A 

Рис. 3. Влияние катализатора А, нанесенного на титановую 
пластину, на эффективность деструкции красителя: 1 - не об-
работанная модельная сточная вода, содержащая краситель;  
2 - титановая пластина без катализатора А; 3 - титановая пла-

стина, покрытая катализатором А 
 
Because the catalyst A was coated on the an-

ode titanium plate, and then calcined, the degradation 
effect of the Acid Orange 52 was improved. The re-
moval efficiency of visible light (464 nm) was in-
creased from 51.4% to 95%, while the ultraviolet part 
(270 nm) increased from 0.0% to 38.6%. The addition 
of catalyst A to the reaction system enhances the oxi-
dation performance of the system, which is beneficial 
to improve the decolorization rate of the visible part of 
the dye. The catalyst A was coated on the anode tita-
nium plate in the following experiments.  

Effect of electrolysis time 
Experimental conditions were Cdye = 100 mg/L, 

pHin = 6. The results are shown in Fig. 4.  
Fig. 4 shows that the longer the reaction time, 

the higher the degradation rate between 10 and 60 min. 
When the reaction time was 60 min, the visible light 

(464 nm) is 95.1%, and the ultraviolet part (270 nm) is 
39.8%. Compared with the reaction time 50 min, the 
removal efficiency of visible light was increased by 
0.1%, and the ultraviolet part was improved by 1.2%. So, 
the reaction time in the following experiments is 50 min. 

 

 
Fig. 4. Effect of electrolysis time: 1 – 464 nm, 2 – 270 nm 

Рис. 4. Влияние времени электролиза: 1 – 464 нм, 2 – 270 нм 
 

Effect of initial voltage of DC power source 
Experimental conditions were Cdye = 100 mg/L, 

pHin = 6, t = 50 min. The results are shown in Fig. 5. 
 

 
Fig. 5. Effect of initial voltage of DC power source: 1 – 464 nm,  

2 – 270 nm 
Рис. 5. Влияние начального напряжения источника питания 

постоянного тока: 1 – 464 нм, 2 – 270 нм 
 
Fig. 5 shows that the higher the voltage, the 

higher the degradation rate between 10 V and 40 V. 
When the initial voltage was 40 V, the visible light 
(464 nm) is 96%, and the ultraviolet part (270 nm) is 
48%. Compared with the initial voltage of 20 V, the 
removal efficiency of visible light was increased by 
1%, and the ultraviolet part was improved by 9.4%. 
However, the increase of the initial voltage means that 
the energy consumption increases during the operation. 
Based on cost considerations, the initial voltage selec-
tion in the following experiments is 20 V. 

Effect of initial pH of Acid Orange 52 solution 
The effects of initial pH value (pH=4, pH=6 and 

pH=8) on the degradation of dyes were investigated in 
the study. Results are shown in Fig. 6. Experimental 
conditions were Cdye = 100 mg/L, Uin = 20 V, t = 50 min.  
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Fig. 6. Effect of initial pH of Acid Orange 52 solution:  

1 – 464 nm, 2 – 270 nm: 1 – 464 nm, 2 – 270 nm 
Рис. 6. Влияние начальной величины рН раствора кислотного 

оранжевого 52: 1 – 464 нм, 2 – 270 нм 
 
Fig. 6 shows that in the different acid-base 

condition, the removal effect of Acid Orange 52 in the 
visible light is about 95%. And in the ultraviolet part, 
Acid Orange 52 has better removal effect in the acid 
condition, 40%. Compared with pH6 of simulated 
wastewater, the removal efficiency of ultraviolet part 
was improved by 1.4%. And in alkaline conditions, the 
removal rate decreased significantly.  

The change of pH value can change the nature 
of Acid Orange 52, affect the electrode reaction and the 
surface characteristics of the catalyst which was coated 
on the anode titanium plate. Under the acidic condition, 
the anode showed strong oxidation.  
Effect of NaCl concentration on treatment efficiency 

The effects of NaCl concentration on the deg-
radation of dyes were investigated in the study. Results 
are shown in Fig. 7. Experimental conditions were Cdye 
= 100 mg/L, pHin = 6, Uin = 20 V, t = 50 min. 
 

 
Fig. 7. Effect of NaCl concentration on treatment efficiency:  

1 – 464 nm, 2 – 270 nm 
Рис. 7. Влияние концентрации NaCl на эффективность обра-

ботки: 1 – 464 нм, 2 – 270 нм 
 
As shown in Fig. 7, the presence of NaCl salt 

has a small effect on the treatment efficiency. But it 
was observed in this experiment that the addition of 
salt leads to current growth. 

Changes of COD/TOC removal in degradation 
Experimental conditions were Cdye = 100 mg/L, 

Uin = 20 V, t = 50 min, pHin = 6. Results are shown in 
Fig. 8.  

 

 
Fig. 8. Changes of COD/TOC ratio in degradation process:  

1 – 270 nm; 2 – 464 nm; 3 – COD; 4 – TOC. Cdye=100 mg/l; 
Uin=20 V; t=50 min; pHin=6 

Рис. 8. Изменения отношения ХПК/ООУ в процессе электро-
каталитической деструкции: 1 – 270 nm; 2 – 464 nm; 3 – ХПК; 

4 – ООУ. Cкрас = 100 мг/л; Uн = 20 В; t = 50 мин; pHн = 6 
 
As shown in Fig. 8, with the extension of the re-

action time, the removal rate is increasing. After 50 min 
of reaction, the removal rates of COD and TOC were 
23.5% and 47.4%, respectively. And the treatment ef-
fect of the characteristic absorption wavelength were 
95% (464 nm) and 38.6% (270 nm). So, the electrocat-
alytic process not only damages the large coloring 
structures (chromophore groups) in the dye molecule, 
but also improves partially the biodegradability of the 
dye water solution. 

CONCLUSION 

Acid Orange 52 degradation process was stud-
ied in the electrocatalytic process. It was determined 
that the optimal conditions of electrocatalytic treat-
ment, in particular are: Cdye = 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 un-
der the optimal conditions, the treatment effect was 
95% in visible part of light spectrum (464 nm) and 
38.6% in ultraviolet part (270 nm), 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 pro-
vide 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 ben-
zene ring. 
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