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ABSTRACT: 
This work investigates the electro-catalytic degradation of alizarin black dye in an electrochemical cell using Fe as anode and Al 
as cathode. The influence of initial dye concentration, effect of salt, pH, change of temperature and effect of change of applied 
voltage have been studied in addition, the influence of semiconductor dose has studied as well. In the current work roughly total 
removal of 70 mg/L of dye occurred in 16 min only. The results showed that effect of both electrolyte concentration and applied 
voltage was positive if combined together and the rate of degradation in neutral medium was the best for degradation of Alizarin 
black dye.       
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1. INTRODUCTION 

Water contamination denote to the presence of a harmful and 
destructive material in water, even at very low concentrations, 
which makes it unsuitable for drinking purpose. Water 
pollution debilitates or obliterates natural ecosystems that help 
human health, nourishment generation and biodiversity. The 
issue is particularly looked by developing nations, because of 
quick increment in industries   (Kaur & Kaur, 2016). In textile 
industries, huge quantity -of dyes are lost to the effluents 
throughout manufacturing and processing operations. These 
effluents, due to the existence of metals and other chemicals in 
their structure, are either toxic or cancer-causing. Therefore, 
many new treatments are needed for either removal of dyes or 
converting them to harmless compounds in water body (S. A. 
M. S. Haydar A. Mohammad Salim, Reving A. Rashid, 2016; 
Mohammad Salim & Simo, 2015; Haydar A Mohammad Salim 
& Salih, 2015; Haydar A Mohammad Salim, Salih, & Simo, 
2014; Hayda A Mohammad Salim, Simo, & Yaseen, 2014; H. 
M. Salim, 2015; Tizaoui, Mohammad-Salim, & Suhartono, 
2015).  
Powerful and economic treatments of dyes effluent have 
progressed toward becoming a genuine worry in the course of 
recent decades. No single conventional treatment system is 
satisfactory for breaking down the dye structure. At present, 
much research has focused on chemical and physical 
degradation of dyes in wastewater body (S. M. S. Haydar A. 
Mohammad Salim, 2015; Mohammad Salim, 2017; Haydar A 
Mohammad Salim et al., 2014; Soloman et al., 2009). These 
methods include advanced oxidation techniques which use 
strong oxidizers such as hydrogen peroxide (Meriç, Kaptan, & 
Ölmez, 2004), ozone (Franco, Jardim, Boodts, & Da Silva, 
2008), semiconductors (Shinwar Ahmed Idrees & Ibrahim, 
2018; Haydar A Mohammad Salim et al., 2018) etc. Electro-
chemical removal of dyes effluent on noble metal oxide 
removes the generation of chemical sludge and is thus 
important regarding process costs and simplicity of the process. 
Trying complete mineralization of large volumes of such a 
heavy loaded organic effluent is questionable. However, the 
possibility of coupling of electro-chemical methods with 
conventional methods for an enhancement, economically 
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viable overall performance may be inspected (Soloman et al., 
2009). In electro-chemical process, the primary reagent is the 
electron, called the “Clean Reagent,” which breaks down all 
the organics present in the effluent without creating any side 
contamination or by-product. The electro-chemical method 
offers high degradation efficiencies even at lower temperature 
if compared to non-electrochemical treatment (Morsi, Al-
Sarawy, & El-Dein, 2011). The aim of this work was to 
describe the electrochemical oxidation of alizarin black in 
sodium chloride solution using aluminum/iron electrodes as 
cathode and anode in turn semiconductor has been examined as 
well. 

2. EXPERIMENTAL PART 

2.1 Method 
The electro chemical degradation experiments were performed 
under galvanostatic condition and the voltage was drawn from 
a DC power supply (victor stabilized power supply 1.5-15v/5A, 
MOD.V-5016R) as in figure 1, the electrolysis of dye solution 
was carried out at different temperature, salt concentration, 
voltage and semiconductor dose. The volume of cell was 
250mL and all experiment was performed at constant stirring 
using magnetic stirrer.  
To follow the degradation process, small portion of sample 
analyze were taken out at regular time intervals; UV-Visible 
absorbance spectrum was recorded using (UV.-vis. 
Spectrophotometer type Perkin-Elmer lambda 25) as shown in 
figure (2 and 3). 
The percentage of alizarin black dye degradation with referring 
to the absorption spectra at λmax was calculated using the 
equation:  

%R= [(Ao-At)/ Ao]*100 
Where %R is the removal percent, A0 and At are the 
absorbance at maximum absorbance, at time 0 and t minutes of 
Electro chemical processes, respectively (Rao & 
Venkatarangaiah, 2014). 
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Figure 1. Schematic illustration of electro-catalytic degradation. 

 

 
Figure 2. UV.-Vis. Spectral change for the degradation of 70ppm of 

alizarin black, 0.2g/L NaCl, 15ev ROOM TEMP. 

 
Figure 3. UV.-vis. Spectral change for the degradation of alizarin 

black 15ev, 0.02A,   0.4g/L ZnO ROOM TEMP. 
The color line in both figure 2 and 3 represents the degradation 
process of alizarin dye after passing two minutes in case of 
figure 2 and three minutes with regards to figure 3 starting from 
zero time of degradation until 16 minutes in figure two and 24 
minutes in case of figure 3.  

2.2 Material  
Acid Alizarin Black (AAB) was purchased from Hopkin and 
Williams LTD, UK and used as received. A stock solution of 
AAB (1,000 mg/L) was prepared on a daily basis in distilled 
water and other concentrations (30 mg/L, 50 mg/L and 70 mg/L) 
were prepared by dilution the stock solution of AAB prepared 
stock solution was covered by aluminum foil and kept in dark. . 
The Zinc oxide (ZnO) was purchased from Alpha Chemika, 
India. Sodium chloride was purchased from Fisher-Scientific, 
UK. 

 

3. RESULT AND DISCUSSION  

3.1 Effect of initial dye concentration 
The influence of the initial concentration of alizarin black dye 
on its electro-catalytic removal rate was studied using (40, 50, 
60 and 70 mg/L) with 0.1M NaCl 15v and at neutral pH value. 
Figure 4 shows the percentage of degradation of initial dye 
concentration with respect to time. The results illustrate that the 
degradation of 50 ppm is faster than other concentrations. 
However, there is randomness among degradation percentage 
this perhaps due to the formation of different compound during 
electro-degradation process as shown in fig.2 which interferes 
with degradation paths. Regarding high concentration there is a 
decrease in removal percentage this this is because of the 
increasing number of intermediates produced at higher dye 
concentrations which compete electro-oxidation of alizarin 
black at the electrode surface (Emran, Ali, & Al-Oufi, 2018). 
Hence, adversely influence on day removal percentage.  With 
regards to this difference in percentage was not of that 
importance 100, 99.4, 98.9 and 98.6% for 40, 50, 60 and 70ppm 
respectively.  

 
Figure 4. Effect of initial dye conc. (applied voltage= 15ev, Vol.e = 250 
mL, [NaCl] = 0.1 g/L, pH=6.7) 

3.2 Effect of salt added  
The influence of electrolyte concentration was studied and for 
this purpose sodium chloride was used with various 
concentration (0.1, 0.15 and 0.2 g/L). The result shows that at a 
given NaCl concentration throughout the experiment the 
removal percentage of alizarin black dye were generally 
increased with the increasing the salt concentration, as shown in 
figure (5). This may be due to the increasing of formation of 
hypochlorite ion (OCl-) at anode and electrical conductivity as 
well (Sh A Idrees, Naman, & Shorachi, 2018).  
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Figure 5. Effect of salt conc. (applied voltage= 15ev, Vol.e = 250 mL, 
[dye] 70mg/L, pH=6.7) 

3.3 Effect of pH of solution 
The influence of pH of solution on electro-catalytic degradation 
has been examined applying (pH= 3, 6.7 and 10) at constant 
applied voltage, temperature and electrolyte dose. The best 
result was in case of neutral solution 98.6% was degraded after 
16 minute of degradation time. On the other hand, basic solution 
was not working well if compared to neutral and acidic solution 
with 79.6 and 55.4% for acidic and basic solution respectively 
in a given degradation time. As shown in figure 6. 

 
Figure 6. Effect of pH  (applied voltage= 15v, Vol.e = 250 mL, [NaCl] 
= 0.1 g/L, [dye]=70mg/L) 

3.4 Effect of temperature 
This investigation has been carried out in 0.1 g/L sodium 
chloride solution and at operating condition: applied voltage 
15ev, 70 mg/L initial alizarin black concentration and contact 
time was 16 minute per run at each temperature. It was shown 
that with increasing temperature the rate of the percentage of 
dye removal increases at a given condition, as shown in figure 
(7).

 
Figure 7. Effect of temperature (applied voltage= 15ev, Vol.e = 250 
mL, [NaCl] = 0.1 g/L, pH=6.7, [dye]=70mg/L) 

3.5 Effect of applied voltage 
Various voltage densities value (5, 10 and 15v) were applied to 
solution that contain constant amount of operating condition 
including: 0.1 g/L electrolyte concentration, pH of solution was 
6.7, temperature 298K and initial dye concentration was 70 
mg/L. The results show that at a given applied voltage the 
percentage of dye removal increases as a function of contact 
time until reached the limiting value. As the applied voltage 
increases the dye removal percentage increases about 60.3, 
82.85 and 98.6% for applied voltage 5,10 and 15ev in turn at a 
given degradation time which was 16 minute per run, as shown 
in figure (8). 

 
Figure 8. Effect of applied voltage (Vol.e = 250 mL, [NaCl] = 0.1 g/L, 
pH=6.7, [dye]=70mg/L) 

3.6 Effect of semiconductor dose  
The influence of ZnO was studied at different voltage intensity 
(5, 10 and 15ev) and other operating condition were kept 
constant throughout the experiments (0.4 g/L ZnO dose, pH= 
6.7, [dye] = 70 mg/L and all experiments were carried out at 
ambient temperature 25oC). The aim of this part of research was 
to investigate the effect of applied voltage on the semiconductor 
efficiency. The results investigate that the increase of applied 
voltage does not have a remake able influence on the percentage 
of dye removal 53.9, 54.1 and 50.55% for 15, 10 and 5ev 
respectively, as shown in figure (9). This due to the fact that gap 
energy (band gap) of Zinc oxide is roughly 3.2 ev that means for 
the valence bond to be exited to the conduction band more than 
3.2v is needed, as a result higher voltage dose not influence on 
ZnO work [12, 13].      

 
Figure 9. Effect of semiconductor (temperature=298K, Vol.e = 250 
mL, [NaCl] = 0.1 g/L, pH=6.7, [dye]=70mg/L) 

3.7 Kinetic study 
The kinetic study was difficult to be measured because new 
compound was formed during degradation process with 
different wave length, as shown in fig (2). On the other hand, 
after examining the order of degradation using integration laws 
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of kinetics the degradation by ZnO was shown first order, as 
shown in fig (3 and10).  

 
Figure 10. First order kinetics of electro-catalytic removal of alizarin 
black dye using semiconductor (ZnO= 0.4 mg/L, Vol. = 250 mL, pH = 
6.7, temperature=298k, applied voltage= 15v) 

 

4. CONCLUSION  

Electro-catalysis was successfully applied for the removal of 
alizarin blue dye if compared to similar research with different 
mechanism of degradation such as photo catalysis. The result 
has been obtained from this research was given a better results 
than that of photodegradation. A research was done by Salim [2] 
showed that for nearly total mineralization process for 30 mg/L 
of dye, 50 minute was needed, however, in the current work 
roughly total removal of 70 mg/L of dye was 16 minute only. 
Effect of different parameter was studied including temperature, 
semiconductor dose, initial dye concentration, pH, electrolyte 
concentration and applied voltage. The results were shown that 
effect of both electrolyte concentration and applied voltage was 
positive if combined together and acidic medium was the best.  
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