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ABSTRACT 
The present paper focuses on comparison of mixed metal oxide coated electrodes Ti/NiO-RuO2-
SnO2-Sb2O5 fabricated indigenously using Standard Thermal Decomposition (STD) and 
Polymeric Precursor Thermal Decomposition (PPTD) methods towards the elimination of dye 
compound. Electrodes synthesized by both the methods were tested for degradation of 100 mg/L 
synthetic RB-5 solution at pH 2 and constant current density 50mA/cm. The performance of 
electrodes for electrochemical oxidation of Reactive Black-5 dye (RB-5) was measured for 
colour, COD and TOC reduction. It was observed that decolourization and mineralization was 
best achieved by an electrode fabricated with PPTD. This was also supported by kinetic rate 
constant obtained through the studies. At the same time, effects of preparation method on the 
instant current efficiency and energy consumption were also calculated. Although PPTD proved 
efficient for RB-5 removal, during service life measurement, electrode coated by PPTD 
deactivated after 72 hr of electrolysis compared to 475 hr of electrode prepared by STD. The 
prepared electrodes were further characterized using SEM, EDX and XRD for surface 
morphology, thin film composition and coating microstructure respectively. 

Key Words : Nickel, Polymeric precursor thermal decomposition (PPTD), Standard 
Thermal Decomposition (STD), Service life, Reactive Black-5 dye 

 
INTRODUCTION 

Due to advantages of over traditional 
processes, electrochemical technologies are 
now widely used in wastewater treatment.1 As 
a part of electrochemical process, DSA 
(Dimensionally Stable Anode) are proved to be 
very efficient electrodes2 and are the subject of 
a recent review for the treatment of organic 
pollutants.3 DSAs are further known for their 
eco-friendly behavior and hence are comm.-
ercially available3, however the cost of 
electrodes is quite high and thus, till date the 
DSA electrodes are not widely used in indust-
ries for effluent treatment purpose. It stated 
that performance of electrode is strongly infl-
uenced by preparation method and composi-
tion of the metal coating1. Perfect composition 
of coating makes the electrode competent not 
only in terms of degradation efficiency but also 
increases its duration of service                   
life.3-5  Various methods are reported   for    the  

fabrication of DSA in literature and thermal 
decomposition is one of the widely used 
procedure using appropriate precursors. Depends 
on precursors, thermal decomposition method 
can be classified as Standard or Conventional 
Thermal Decomposition (STD)6-10, Polymeric 
Precursor Thermal Decomposition (PPTD) 11 and 
Sol-gel method.12 Coating microstructure and 
performance of the DSA for electrochemical 
processes are subjective to preparation 
procedure, coating material and its composition, 
procure application technique and sintering 
treatment.13-18 Salts of various metals, such as 
cobalt, cerium, and zirconium, copper, tin, 
antimony, ruthenium, tantalum, iridium, 
platinum etc. are useful for fabrication of DSA 
type electrodes. Only some of them such as 
ruthenium, platinum, iridium are effective and 
gives long life to the electrode. However, these 
metal’s salt are expensive, therefore to fabricate a 
low cost and efficient electrode remain a 
challenging task. In general, DSA was studied 
using titanium supported ruthenium, titanium *Author for correspondence 
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oxide, tin, antimony, iridium, tantalum, or 
mixture of these metals. In this paper an attempt 
has been made to fabricate an electrode 
introducing nickel with ruthenium, tin and 
antimony to reduce amount of ruthenium and 
taking advantage of its properties. It is reported 
that electro-catalytic activity of nickel is not 
comparable with that of other commonly used 
metal oxides such as RuO2, IrO2, and SnO2 

8, 19 
but its catalytic performance can be improved by 
addition of transition metals like Ru, Ir and other 
elements. Other than this, OER over potential of 
nickel is higher compared to RuO2 or IrO2. In 
addition to this, nickel based electrodes are 
reasonably inexpensive and exhibit outstanding 
corrosion resistance in alkaline media.20  Further 
it was reported that ozone generation efficiency 
and therefore electrochemical degradation of 
organic pollutants can be enhanced by addition 
of trace nickel.21 

AIMS AND OBJECTIVES 
To prepare electrodes Ti/NiO-RuO2-SnO2-
Sb2O5 indigenously using STD as well as 
PPTD methods for higher removal efficiency 
of RB-5 dye from wastewater at lower cost. 
Additionally, for the comparison of those 
electrodes, some of the parameters such as 
the instantaneous current efficiency and 
energy consumption were to be calculated 
with service life and characterization. 

MATERIAL AND METHODS 
Experimental  
Electrode preparation 
Mixed metal oxide coated electrodes Ti/NiO-
RuO2-SnO2-Sb2O5 of nominal composition (Ni: 
Ru: Sn: Sb: 15:15:60:10) were thermally 
decomposed to fabricate electrodes by STD 
and PPTD methods. For electrode preparation 
first of all, titanium metal pieces of effective 
area 25 cm2 (99.2%, Grade 2, Steel Emporium, 
Mumbai) were polished with SiC paper (400–
2000 grit) and etched1,8 at 80°C for 1 h in 10 % 
oxalic acid (NICE, LR grade) followed by 
rinsing with deionized water. For synthesis of 
NiO-RuO2-SnO2-Sb2O5 precursor by STD 
route, metal salts of RuCl3·XH2O (99.9%, 
Aldrich), SbCl3 (98.5%, CDH), SnCl4·5H2O 
(98% Aldrich), NiCl2.6H2O (98% HPLC) as 
per nominal composition were dissolved in 
mixture of  10mL  iso-propanol (99.8% CDH, 

AR- grade) and 0.5mL hydrochloric acid 
(37%, CDH).3,7 Recently prepared precursor 
solution was then applied on pre-treated 
titanium substrate at room temperature, 
followed by solvent evaporation at 80°C for 5 
min and then heated at 550° C for 5 min.8 
Above mentioned steps were repeated about 
15-16 times to achieve oxide loading on 
substrate about 1.5-1.7 mg/cm. Finally, loaded 
electrode was further heated at 550°C in 
muffle furnace under atmospheric pressure for 
an hour and cooled in desiccators up to room 
temperature. 
For NiO-RuO2-SnO2-Sb2O5 precursor by PPTD 
method11 citric acid (Ranbaxy) and ethylene 
glycol (AR grade, Spectrochem Pvt. Ltd, 
Mumbai) was mixed at 65°C. Moreover the 
precursor salts of Ru, Ni, Sn and Sb having 
nominal composition was then added slowly, 
considering molar ratio CA/EG/ Metal salts as 
4:16:1.12 After confirming entire dissolution of 
the metal salts, the temperature of precursor 
was raised to 90°C and maintained for             
1-1.5 hr, under vigorous stirring. The precursor 
mixture was applied by brushing on both the 
sides of a pre-treated Ti support.1-3 The solvent 
evaporation was carried out at 110°C and rest 
of the heat treatment steps were followed same 
as in STD method. Triplicate samples were 
prepared by each method to keep one sample 
separate for characterization, one for testing 
service life of electrode and remaining for 
experimentation.    
Experimental set-up 
The batch experiments were performed on 
500mL, RB-5 (λmax-597) (Gayatri colour 
chemical, GIDC, Ahmadabad, India solution 
containing 100mg/L dye compound and 4 g/L 
NaCl (NICE, LR grade) as supporting 
electrolyte in tap water. The pH of the 
solutions was measured by pH meter and 
initially adjusted pH 2 by adding 1M H2SO4 
solutions.  Electrodes prepared by above 
described method were used as anodes and 
stainless steel (SS-304) plate of same size as 
titanium was used as cathode in each 
experiment. DC power was supplied through 
electrodes (LD 3205, Aplab-India) (Fig. 1) for 
constant current density of 50mA/cm2 while 
homogeneous dispersion was achieved through 
magnetic stirring at 150 rpm.  
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Fig. 1 : Schematic diagram of batch process 

All the batch experiments were performed at 
room temperature (about 35°C) and after 
starting electro-oxidation of synthetic 
wastewater; samples were collected for 
characterization of water in terms of COD, 
colour and TOC analysis.  
Characterization of electrodes 
To co-relate the performance of Ti/NiO-RuO2-
SnO2-Sb2O5 electrodes prepared by STD and 
PPTD methods with their surface morphology, 
surface structure and surface composition, 
characterization of electrodes were performed. 
Different methods used for characterization 
were scanning electron microscopy with X-ray 
energy dispersive spectrometry (SEM-EDX, 
LEOs- 440i With Oxford Energy dispersive X-
Ray analyzer 7060, Cambridge) and X-ray 
diffraction (XRD, 3000PTS, Seifert, Germany). 
Accelerated life test  
For any electrode, life is equally important to 
its degradation efficiency. Only long service 
life of electrode makes the electrochemical 
process economic, but the problem is testing 
service life of any electrode in real 
conditions. Testing of an electrode under 
normal condition may takes years and years. 
To reduce the testing time from years to 
months or hours, accelerated life test were 
used to assess electrode stability.8,12 In present 
work, life test of fabricated electrodes by both 
the methods was performed using two 
electrode cell systems (Fig. 1) with DC power  

supply. In cell, fabricated electrodes were 
used as working electrodes and standard 
platinum electrode as counter electrode. For 
that an electrochemical reactor with effective 
volume of 200mL 0.5M H2SO4 was used as 
the electrolyte at around 35°C (room 
temperature) and constant electrolyte volume 
was maintained by adding make up solution. 
A DC power supply was used to provide a 
constant current density 400 mA/cm. The cell 
potential was monitored with time manually 
up to the cell potential3 rises by 2V.  
Characterization of synthetic wastewater  
The performance evolutions of indigenously 
prepared electrodes were made based on 
COD, colour and TOC reduction. The colour 
removal occurred during electrolysis was 
assessed measuring sample absorbance on 
UV-visible spectrophotometer (UV-1800, 
Shimadzu, Japan) in wavelength range 200-
800 nm. For that UV-spectrum of the initial 
RB-5 and treated RB-5 after 5 min of electro-
oxidation using both the fabricated electrodes 
was recorded at 597 nm wavelength. The 
COD values of treated samples of RB-5 at 
different interval of time were measured using 
standard closed reflux method22,23 by COD 
reactor (Hach DRB200, USA).  TOC of initial 
dye and treated dye solution after 60 min of 
electrolysis was also determined using TOC 
analyzer (TOC-Vcsh, Shimadzu, Japan). The 
colour and COD removal ratio was calculated 
from Eq. (1) and Eq. (2) respectively.7 
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Here ABS0 and ABS are absorbance values of 
initial and treated RB-5 solution at maximum 
visible wavelength (λ max) of the wastewater.  

100
COD

CODCODremovalCOD%
i

fi 


   (2)   

 Where CODi and CODf, are initial and final 
(after electrolysis) values of COD. Same way 
TOC decays are calculated from Eq. (3). 

100
TOC

TOCTOCremovalTOC%
i

fi 


        (3)  

Instantaneous current efficiency (ICE) i.e. 
oxidation ability of the anode material was also 
calculated using Eq. (4).1  

tI8
VF]CODCOD[

ICE ttt




        (4)    

Where (COD)t and (COD)t+Δt are the COD 
values at t and t+Δt time (seconds) in              
(g O2 dm−3), respectively, I is the applied 
current (ampere), F is the Faraday constant 
(96487Cmol−1), V is the volume of the 
electrolyte solution (L), 8 is a dimensional 
factor for unit consistence.7 Consumption of 
electrical energy was calculated using Eq. (5). 

V)CODCOD(
tIUE

ttt 
                (5)     

Where (COD)t and (COD)t+Δt are the COD 
values at t and t+Δt time (hr)  in (g O2 dm−3), 
respectively, U is the average cell potential(V), 
I is the applied current (ampere), and V is the 

volume of the electrolyte solution (L), to get 
energy consumption in kWh/kg COD. 

RESULTS AND DISCUSSION 
Colour reduction  
Electrodes Ti/NiO-RuO2-SnO2-Sb2O5 prepared 
by STD and PPTD was tested for 
decolourization of 100 mg/L synthetic RB-5 
solution and Fig. 2(a) and Fig. 2(b) are UV-vis 
spectra of dye solution treated using electrodes 
Ti/NiO-RuO2-SnO2-Sb2O5 prepared by STD 
and PPTD respectively. In both the cases,    
RB-5 initially shows color indicating peak at 
597 nm without treatment but after 5 minutes 
of treatment there are no peaks indicating 
color. Means both the electrodes prepared by 
different methods are capable to reduce color 
up to 99.9% within five minutes only. But the 
presence of absorbance band in UV region 
(between 200-300 nm) indicates aromatic ring 
of RB-5 or formation of by-products. With 
reference to the experimental results of present 
study, it can be concluded that 99.9% 
degradation achieved by Ti/NiO-RuO2-SnO2-
Sb2O5 electrodes within 5 min of electrolysis 
process has shown better performance.  
COD and TOC reduction   
It is reported that the high chemical oxygen 
demand of wastewater containing dye 
compound is due to presence of toxic and 
coloured organic substances.1-3 To reduce the 
possible impacts on the aquatic environment, it 
becomes necessary to remove such type of 
organic substances from wastewater.2, 3 

 

  

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2 : (a) UV-Vis spectra of RB-5 at 0, 5, 10, 30, 60 minutes treatment using Ti/ NiO-RuO2-
SnO2-Sb2O5 (STD) (b) and Ti/ NiO-RuO2-SnO2-Sb2O5 (PPTD) electrode (operating condition: 

pH 2, NaCl 2 g/L, current density 50 mA/cm2) 
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Fig. 3 is the results of COD reduction obtained 
after treatment of RB-5 using Ti/NiO-RuO2-
SnO2-Sb2O5 anode prepared by STD and 
PPTD. Results indicate that COD (initial COD 
96mg/L) reduction due to electrode, fabricated 
with PPTD is slightly higher than the electrode 
prepared by STD. Similar behavior was 
observed by Ribeiro et al.9 during investigation 
on effects of preparation method on ethanol 
oxidation and reported that, electrode prepared 
by PPTD showed higher electrochemical 
activity in terms of electro-oxidation of ethanol 
compared to the electrode prepared by STD of 
same composition. In this electrode NiO and 
RuO2 gives catalytic activity, SnO2 acts as 
dispersing agent and Sb2O5 as the dopent for 
conductivity improvement.1 It was further 

stated that SnO2 is sensitive to the preparation 
procedure. In STD method, appreciable Sn loss 
(43%) has been reported3 while in PPTD, 
polyester chain formed during thermal 
treatment fixes Sn atom and gives better 
control of metal oxide loss.11,12 Therefore 
PPTD is a good alternative for prevention of 
Sn loss from applied coating and proper 
control of metal oxide is responsible for better 
electrochemical performance.12 Hence, 
electrode prepared by PPTD showed higher 
performance with respect to COD and TOC 
reduction compared to electrode prepared by 
STD. Here TOC reduction after one hour of 
treatment was 64%and 57% using Ti/NiO-
RuO2-SnO2-Sb2O5 electrode prepared by 
PPTD and STD respectively.  

  
   
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3 : COD reduction of 100 mg/L RB-5 using (∆) Ti/ NiO-RuO2-SnO2 (STD) and () Ti/NiO-
RuO2-SnO2-Sb2O5 (PPTD) electrodes 

ICE and energy consumption 
Instantaneous current efficiency is defined as 
the ratio between the current used for the 
combustion (in case the limiting current) and 
the applied current2 and can be calculated 
according to Eq. (4). Fig. 4(a) presents 
changes of ICE occurred during 
electrochemical treatment using Ti/NiO-RuO2-
SnO2-Sb2O5 electrode prepared by PPTD and 
STD methods. As indicated in Fig. 4(a), the 
ICE value of an electrode prepared by PPTD 
method is higher than that of another one due 
to higher COD reduction at that time.  It is 
further observed that ICE values continuously 
decreases due to formation of intermediates.7 
After 40 minutes of oxidation, ICE reduction is 

very less due to formation of resistant 
intermediates, indicating that the degradation 
during the first 40 minutes of treatment mainly 
contributes to the whole process. Fig. 4(b) 
shows the evolution of the energy 
consumption, in kWh/kg COD as a function of 
COD reduction (%) during the electrochemical 
treatment using Ti/NiO-RuO2-SnO2-Sb2O5 
electrode prepared by PPTD and STD 
calculated according to Eq. (4). It was 
observed that energy requirement for PPTD 
electrode is higher than an electrode of STD 
due to its high resistance. The rise in energy 
consumption observed in initial stage of 
oxidation may be due to high colour and COD 
removal rate.  

0
10
20
30
40
50
60
70
80
90

0 10 20 30 40 50 60 70

C
O

D
 R

ed
uc

tio
n 

(%
) 

Time (min)



J. Environ. Res. Develop. 
Journal of Environmental Research And Development        Vol. 8 No. 2, October-December 2013 

229 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 4(a) : Evolution of ICE with time at operating condition using (○)Ti/NiO-RuO2-SnO2-Sb2O5 
(STD), ()Ti/NiO-RuO2-SnO2-Sb2O5 (PPTD) electrodes 

 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 

Fig. 4(b) : Evolution of energy consumption as a function of COD reduction (%) at operating 
condition using (◊)Ti/NiO-RuO2-SnO2 (STD), ()Ti/ NiO-RuO2-SnO2-Sb2O5 (PPTD)electrodes 

SEM analysis  
The composition of metal oxides in thin film 
coating of an electrode influence its surface 
morphology as well as its structural 
characteristics and these properties again 
influence electrochemical behavior and 
catalytic activity.11 Fig. 5(a) to Fig. 5(b) 
shows SEM micrographs of thin film of Ti/ 
NiO-RuO2-SnO2-Sb2O5 electrode prepared by 
STD and PPTD respectively. Clear difference 
of morphology is observed in micrographs of 
thin    film coated on titanium support by two  

different precursor solutions.  Fig. 5(a) is a 
micrograph of layer obtained using STD 
reveals a cracked layer of metal oxides.       
Fig (b) is a micrograph of layer prepared by 
PPTD before use, characterized by continuous 
but unequal layer of plates instead of cracked 
mud structure. It is specified that PPTD is 
best way to control loss of Sn.11 As Sn 
content is increased in the mixture (shown in 
EDX analysis), the cracked- mud aspect 
disappeared and a more agglomerated surface 
is    observed.12     The    existence of plates is  
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probably due to rapid exit of CO2 gas originating 
from the decomposition of the organic polymer11. 
Because of these layers of plates, electrode 
prepared by PPTD has higher roughness 
compared to STD and high roughness indicates 
large surface area of the coating layer available 
for oxidation of the organic pollutants12. Large 
surface area is responsible for high 
electrochemical performance of the electrode1. 
Forti et al.1 observed changes in morphology  
and  electrochemical  activity  due  to  rise  in  Sn  

from 0 to 30% in performance of Ti/Ru0.3Ti(0.7-

x)SnxO2 prepared by PPTD. Fig. 5(c) is SEM 
image of an electrode prepared by PPTD after 
using it for 70 h electrochemical oxidation of 
RB-5. It can be observed clearly from 
micrographs that there is a wide difference 
between thin layer of an electrode before and 
after use. The plate type of structure disappeared 
from the surface of the electrode and become a 
smooth surface indicating loss of coating and 
hence reduces active sites. 

   

 

 

 

 

 

 

 

 
(a)               (b) 

 
  
 
 
 
 
 
 
 
 
 
 
 
 

(c) 

Fig. 5 : (a) Scanning electron micrograph of the surfaces of Ti/NiO-RuO2-SnO2-Sb2O5 (STD) 
(before use), (b) Ti/NiO-RuO2-SnO2-Sb2O5 (PPTD) (before use) (c) Ti/NiO-RuO2-SnO2-Sb2O5 

(PPTD) 

X-ray diffraction analysis  
The structure and presence of phases of metal 
components in thin film deposited on Ti support 
was analyzed by XRD.  Fig. 6(a) and Fig. 6(b) 
represents XRD patterns of DSA type Ti/NiO-
RuO2-SnO2-Sb2O5 electrode prepared by STD 
and PPTD respectively. In both the cases, phases  

of  NiO, SnO2 and RuO2 can be seen easily. Less 
intensity Ti peaks was detected in PPTD 
compared to STD indicates uniformity of 
polymeric coating over Ti metal support than 
standard coating. There were no peaks observed 
for Sb2O5. These facts reveal that Sb2O5 has been 
highly intermixed with other oxides.3 This could 
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be concluded from some unidentified peaks.  
XRD charts also indicate that in case of STD, 
peaks are narrow while for PPTD, peaks are 
wide. These indicates that layer of metal oxides 
formed due to STD is more crystalline compared 
to the layer formed by PPTD. High crystalline 
nature of layer is an indication of less 
electrochemical activity but high stability of 
coating compared to the other one. Fig. 6(c) is 
XRD pattern of an electrode Ti/ NiO-RuO2-

SnO2-Sb2O5 prepared by PPTDafter using it 70 h 
for electrolysis.In XRD pattern of used electrode 
prepared by PPTD, significant difference was 
observed compared to unused electrode of 
PPTD. In XRD pattern of used electrode        
(Fig. 6(c))only Ti phases were observed with 
high intensity compared to unused (Fig. 6(b)) 
electrode while phases of RuO2 and NiO were 
not found.The reason behind it is loss of mixed 
metal oxide coating from titanium substrate.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6 :  X-ray diffraction patterns of  Ti/NiO-RuO2-SnO2-Sb2O5  electrode (a) prepared by STD, 
(b) prepared by PPTD (before use), (c) prepared by PPTD (after  use)PCPDF WIN reference files 

for SnO2 (no.88-287), NiO (no.44-1159),Ti (no.44-1294), RuO2 (no.88-332) 

EDX analysis  
Elemental composition of the deposited thin 
film on titanium support can be analyzed by 
EDX. The quantitative chemical analyses of 
the metal oxide film coated on titanium 
surface is required to identify actual 

composition of thin film to compare with 
initial composition and hence to calculate 
deposition ratio. Table 1 shows the nominal 
and actual atomic percentages of metal 
components present in coated thin film on 
titanium support. 

Table 1 : Actual (based on EDX analysis) and nominal weight percentage of metal 
components 

Electrode Ni Ru Sb Sn Ti 

  Ti/NiO-RuO2-Sb2O5-SnO2 (PPTD)  10.28(15) 10.63(15) 4.93(10) 40.86 (60) 33.3 

  Ti/NiO-RuO2-Sb2O5-SnO2 (STD) 35.41 (15) 21.42(15) 18.92(10) 8.97(60) 8.8 

Number in brackets shows nominal 
composition of respective components in 
fabricated electrode.  There was no chlorine 
found in EDX analysis means all chlorine 
compounds were completely converted in    
to oxides. In PPTD, actual compositions   of 
coating are more near to nominal one compa- 

red to STD and this is due to prevented Sn 
loss in PPTD. In PPTD, for the case of used 
electrode, no Ni and Ru oxides are found in 
EDX results. This is   also  observed in XRD 
pattern of used PPTD  electrode, indicates 
short life of NiO-RuO2-Sb2O5-SnO2 
polymeric coating. 
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Accelerated life test   
Life test for both types of electrodes was carried 
out and potential Vs. current plots are shown in 
Fig. 7. From the plot, it is observed that STD 
electrode has long life compared to PPTD 
electrode. Service life of PPTD electrode is less 
may be due to loss of Ni and Ru from the 
coating as observed from XRD and EDX 

data and this loss may be due to not proper 
adhesion of coating on titanium metal 
surface. The results of life test observed here 
is opposite to the results obtained in some of 
the studies12 in which it was reported that 
electrode fabricated with PPTD is more 
stable and has longer service life compared 
to STD. 

 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 7 : Potential variation with time in accelerated life test performed in 0.5M H2SO4 solution 
under 400mA cm−2 at 35 °C for () Ti/NiO-RuO2-SnO2-Sb2O5 (STD) electrode, (○) Ti/ NiO-

RuO2-SnO2-Sb2O5 (PPTD) electrode 

Kinetic degradation and rate of reaction  
Degradation of RB-5 due to Ti/ NiO-RuO2-
SnO2-Sb2O5 electrode prepared by STD and 
PPTD was performed by indirect oxidation due 
to presence of chlorine compound added in form 
of NaCl.6, 7 In this oxidation, chlorine was 
converted to chlorine and hypochlorite at the 
anode. These will oxidize the organic 
compounds and get reduced to a chlorine ion 
again.6 This process repeated in a cyclic manner 
hence concentration of chlorine is assumed to be 
constant. The kinetic behavior of the 
electrochemical process by the COD reduction is 
indicated in reaction (6).  

b
2

a ]Cl[]COD[kdt/]COD[d                (6) 
Due to constant concentration of Cl2 Eq. (7) 
can be reduced to  

t
'

0 ]COD[Intk]COD[In                       (7) 
Where, COD0 and CODt are values of COD at 
time zero and t respectively. A plot of ln 
(COD0/CODt) vs. t (time) gives k1' (rate 
constant for COD reduction in min-1). Similarly 
a plot of ln (C0/Ct) gives rate constant k2'     
(mim-1)  for  concentration (colour) reduction. ln  

[COD0/COD] and ln [C0/Ct] vs. time (min) are 
plotted for STD (Fig. 8) and PPTD (Fig. 9) 
electrodes respectively and results are 
presented in Table 2. The behavior of plots 
indicates that oxidation carried out on both the 
electrodes followed 1st order reaction kinetics 
but values of (k’) apparent kinetic constants 
are different for both types of electrodes. Here 
k' value of reaction occurred with an electrode 
of PPTD is almost 5 % higher than the reaction 
with STD electrode indicates faster reaction. 
The rate of colour reduction on both the 
electrodes is observed same and supported by 
almost same values of rate constants. 
Degradation of RB-5 was reported by Salazar 
et al.24,25 using photo electro-Fenton, electro-
Fenton, Fenton and photo-Fenton processes 
and values of kinetic rate constant reported for 
decolourization of 250 mg/L RB-5 was 0.098, 
0.041, 0.011, 0.020 min-1 respectively. As can 
be seen, the rate constants obtained by Ti/NiO-
RuO2-SnO2-Sb2O5 electrodes for colour and 
COD reduction are higher than the rate 
constants obtained by advanced oxidation     
processes.26, 27 
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Fig. 8 : () ln [COD0/CODt] Vs. time, (○)ln [C0/Ct] Vs. time for Ti/ NiO-RuO2-SnO2-Sb2O5 
(STD)electrode 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 9 : ()  ln [COD0/CODt] Vs. time, (○) ln [C0/Ct] Vs. time form Ti/ NiO-RuO2-SnO2-Sb2O5 
(PPTD) electrode 

Table 2 : Kinetic rate constants of Ti/ NiO-RuO2-SnO2-Sb2O5 electrodes 

Electrode Rate constant k1' for COD 
reduction in min-1 

Rate constant k2' for 
concentration  reduction  

in min-1 

Ti/ NiO-RuO2-SnO2-Sb2O5 (STD) 0.024 0.56 

Ti/NiO-RuO2-SnO2-Sb2O5 (PPTD) 0.025 0.59 
  

y = 0.024x
R² = 0.827
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CONCLUSION 
In this work, Ti/NiO-RuO2-SnO2-Sb2O5 

electrodes were prepared with STD and PPTD 
for the application on degradation of RB-5 dye 
solution. Nickel was added in precursor mixture 
to reduce the amount of ruthenium. Nickel based 
DSA electrodes was found promising for 
decolourization and mineralization of organic 
dye compounds. In XRD analysis phases of NiO, 
RuO2 and SnO2 is observed in coating in both the 
cases. It was found that an electrode prepared 
with PPTD is more promising compared to STD 
electrode having same composition for 
degradation but deactivation of an electrode 
prepared by PPTD was observed only after 72 h 
of electrolysis indicates short service life of the 
coating. 
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