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The sugar industry is a significant contributor to wastewater production, primarily due to its substantial water 
usage. The treatment and reuse of this wastewater have become pressing concerns. In the present study, sugar 
industry wastewater was treated via Fenton oxidation using zero-valent iron (ZVI). The study focused on 
assessing the impact of key reaction parameters, namely pH, ZVI amount, [H2O2]0 on the removal of TOC. Optimal 
reaction conditions for the Fenton oxidation process were identified, with a pH of 3.5, 2 g/L of ZVI, and 4 mM of 
H2O2, resulting in nearly 65% of TOC removal. The kinetic study revealed that the observed reaction adhered to 
a second-order kinetic reaction model. Furthermore, the activation energy for this observed reaction was 
determined as 49.14 kJ/mol. These findings suggest that Fenton oxidation, utilizing ZVI, holds promise as an 
effective method for treating wastewater originating from the sugar industry. 
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Introduction 
 

Various industries (i.e., textile, paper, sugar, 
petrochemistry, etc.) generate a large amount of 
wastewater and industrial wastewater streams are one of 
the important contamination sources in the water 
environment. Therefore, it could lead to serious problems 
in the water environment and it might cause negative 
impacts on the ecosystem and human life. [1-4]. Before 
discharge, they must be treated and several wastewater 
treatment methods were applied to reduce TOC, COD, and 
BOD in various wastewater streams. In this context, the 
Fenton process is an effective, feasible control, and 
inexpensive wastewater treatment method in Advanced 
Oxidation Processes (AOPs) that have some advantages 
over biological treatment methods. Additionally, it could 
be used for the remediation of recalcitrant and 
biologically non-degradable compounds in industrial 
wastewater streams and it is applicable to various 
industrial wastewater streams [5, 6]. For instance, in the 
literature, it was used for the treatment of olive mills, 
textiles, antibiotics wastewater, etc. [7-10]. In addition to 
them, it could be used for sugar industry wastewater 
which produces large amounts of wastewater due to the 
high amount of water usage in sugar production steps. 
Turkey is the fifth country among the sugar beet producer 
countries in the world and a high amount of sugar is 
produced in our country [11]. Due to the production 
process of sugar, a high amount of wastewater is 
generated in the sugar factories in Turkey so they should 
be treated since they contain organic and inorganic 

compounds that are hazardous to the water and soil 
environment if they accumulate in these environments 
[12, 13]. Therefore, the remediation of sugar industry 
wastewater has become a significant concern for 
environmental health. 

Zero-valent iron (ZVI) could be a good alternative to 
remediate the sugar industry wastewater via Fenton 
oxidation since it is non-toxic and inexpensive. In addition, 
it has high reactivity and fast kinetics and thus, it has some 
advantages in Fenton-like processes [5, 7-9]. In the 
presence of H2O2, iron ions easily release in acidic reaction 
media to initiate the Fenton reaction and these reactions 
are given in equation (1) and equation (2). Thereafter, the 
generated ferric ions react with ZVI as given in eqution (3) 
and hence, a continuous Fenton-like reaction could be 
achieved [5]. 

 
𝐹𝐹𝐹𝐹0 + 𝐻𝐻2𝑂𝑂2 + 2𝐻𝐻+ → 𝐹𝐹𝐹𝐹2+ + 2𝐻𝐻2𝑂𝑂   (1) 
𝐹𝐹𝐹𝐹2+ + 𝐻𝐻2𝑂𝑂2 → 𝐹𝐹𝐹𝐹3+ + 𝑂𝑂𝐻𝐻· + 𝑂𝑂𝐻𝐻− (2) 
2𝐹𝐹𝐹𝐹+3 + 𝐹𝐹𝐹𝐹0 → 3𝐹𝐹𝐹𝐹2+ (3) 

 
To our knowledge, various wastewater treatment 

methods based on biological and chemical treatment 
were used to treat sugar industry wastewater, however, it 
has not been treated via Fenton-like oxidation using ZVI. 
Therefore, in this study, ZVI was used to treat sugar 
industry wastewater, and the impact of reaction 
parameters (pH, initial H2O2 concentration, ZVI amount) 
over TOC removal % from sugar industry wastewater was 
investigated.  
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Material and Method 
 
Sugar industry wastewater was supplied from 

Eskişehir Sugar Factory (Eskişehir, Turkey) and its 
characterization study was published elsewhere [14]. The 
other chemicals (ZVI (≥99.9), H2O2 (35%), HCl (37%), and 
NaOH(≥97, pellet)) were supplied from Sigma-Aldrich. 

The experimental study was carried out using 100 mL 
of sugar industry wastewater at room temperature and 
the pH of wastewater was adjusted to the desired pH 
using 0.1 M of HCl and NaOH solutions. After pH 
adjustment, desired amounts of ZVI (1-4 g/L) and H2O2 (2-
10 mM) were added into the wastewater. The 
experiments were carried out for 1 h and hence, the 
impacts of catalyst amount and initial H2O2 concentration 
over TOC removal % from sugar industry wastewater were 
investigated. The experimental set-up and conditions are 
given in Figure 1(a) and Figure 1(b), respectively. All 
experiments were performed three times and at the end 
of the experiments, liquid products were analyzed via TOC 
(Shimadzu TOC-Vcph TNM-1/SSM-5000A) to determine 
TOC removal % from sugar industry wastewater. 

 

 

 
Figure 1. Experimental set-up (a) and reaction conditions (b) 

 
Results and Discussion  

 
The treatment of the sugar industry has significant 

importance because it consumes a high volume of water 
during sugar production. In the sugar production process, 
water is used to remove impurities by washing and 
flotation. Due to the high consumption of water, a high 
volume of wastewater is generated by the sugar industry 

[13,15]. In this study, sugar industry wastewater was 
treated via Fenton oxidation using ZVI, and impacts of 
reaction parameters (pH, ZVI loading, and, initial H2O2 
concentration) and reaction temperature were 
investigated. The effect of pH of sugar industry 
wastewater was investigated within 2.5 and 8.2 (natural 
pH of sugar industry wastewater) of pH and the results are 
given in Figure 2. The highest TOC removal efficiency 
(~20%) was achieved at a pH of 3.5 whereas the lowest 
TOC removal was observed at the natural pH of sugar 
industry wastewater. Almost the same degradation 
efficiency was observed for pH 2.5 and 3. In acidic media, 
the formation of •OH radicals that are highly reactive to 
degrade organic compounds could enhance and it is 
expected that higher TOC removal efficiency might be 
observed with a decrease in pH [16, 17]. In this study, 
higher TOC removal efficiencies were observed in acidic 
reaction media and it is consistence with the literature. 
Therefore, the optimum pH value was selected as 3.5 for 
the sugar industry wastewater treatment using ZVI since 
usage of less amount of HCl acid to arrange the pH value 
of sugar industry wastewater offers an economical 
benefit. In addition, the set-up might prevent from its 
corrosive effects for a long term.  

 

 
Figure 2. pH effect (Reaction conditions: 100 mL sugar 

industry wastewater, pH: 2.5-8.2, ZVI: 1 g/L, [H2O2]0: 2 
mM, T: 25 °C t: 60 min) 
 
After that, the effect of ZVI amount was investigated, 

and the results are given in Figure 3. The highest removal 
efficiency was observed using 4 g/L of ZVI. However, there 
is no significant difference between the TOC removal % 
when 2 g/L or 4 g/L of ZVI was used for the treatment of 
sugar industry wastewater. ZVI amount doubling did not 
result in a twofold increase in TOC removal efficiency. It 
only caused almost a %5 increase in TOC removal 
efficiency and thus, it is not considerable to use 4 g/L of 
ZVI. In addition, the usage of iron species might cause iron 
leaching in treated wastewater streams, and the 
allowable iron limit in drinking waters based on EU 
regulation is 0.2 ppm [18, 19].  To determine the optimum 
ZVI amount, the increase in TOC removal % should be 
considered alongside with the iron concentration that will 
leach into the treated wastewater. Therefore, to avoid the 
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excess usage of ZVI and higher leaching amounts of ZVI in 
treated sugar industry wastewater, the optimum ZVI 
loading was selected as 2 g/L. 

 

 
Figure 3. ZVI loading effect (Reaction conditions: 100 mL sugar 

industry wastewater, pH: 3.5, ZVI: 1-4 g/L, [H2O2]0: 2 mM, 
T: 25 °C t: 60 min) 

 

Another significant reaction parameter is the initial 
H2O2 concentration for Fenton processes because 
excessive usage of hydrogen peroxide might cause a 
scavenging effect so it should be optimized [20-22]. For 
this purpose, the experiments were carried out using 2, 4, 
and 10 mM of hydrogen peroxide, and the results are 
given in Figure 4. The utilization of 4 mM H2O2 
demonstrated nearly double TOC removal efficiency 
compared to the usage of 2 mM. Therefore, it can be 
inferred that doubling the initial H2O2 concentration leads 
to a doubling of TOC removal. 

  The highest TOC removal % was observed using 10 
mM of H2O2; however, it is not a considerable increase. In 
addition, H2O2 is generally considered to be a relatively 
environmentally friendly compound when used in 
appropriate concentrations and applications. However, 
like any chemical substance, hydrogen peroxide can have 
hazardous effects on environmental health under certain 
conditions. For instance, high concentrations of H2O2 may 
be toxic to aquatic organisms, including fish and other 
aquatic life. Discharge of untreated or high-strength H2O2 
into water bodies may result in adverse effects on the 
local aquatic ecosystem [23-24]. Thus, considering the 
economic and environmental reasons, it could be decided 
that the usage of a lower concentration of H2O2 is more 
appropriate since in this study, a real wastewater stream 
was treated and hence, to avoid high H2O2 concentration 
in the treated wastewater, 4 mM of H2O2 was selected as 
the optimum initial H2O2 concentration. Consequently, 
optimum reaction conditions for the treatment of real 
sugar industry wastewater using ZVI were determined as 
pH of 3.5, 2 g/L of ZVI, and 4 mM of H2O2, and almost 65% 
of TOC removal was achieved at these reaction conditions.  

In literature, Kallel et al. studied the treatment of 
olive-mill wastewater via Fenton oxidation using ZVI and 
H2O2. They found that higher COD removal was achieved 
at acidic reaction media (pH 2-4). Also, 20 g/L and 9.5 M 
were selected as the optimum ZVI amount and H2O2 
concentration, respectively [8]. In addition to this study, 

Kallel et al. carried out another study to remove phenolic 
compounds from olive mill wastewater in the presence of 
ZVI and they found similar results [9]. In the present study, 
to treat sugar industry wastewater, relatively lower 
amounts of ZVI and H2O2 were used. Consequently, the 
results are in line with the literature. 

 

 
Figure 4. Initial H2O2 effect (Reaction conditions: 100 mL sugar 

industry wastewater, pH: 3.5, ZVI: 2 g/L, [H2O2]0: 2-10 mM, 
T: 25 °C t: 60 min) 
 

After that, a kinetic study was carried out to 
comprehend the characteristics of the reaction that 
occurred during the treatment of the sugar industry 
wastewater via Fenton using ZVI. In this context, the 
experiments were carried out at the optimum reaction 
conditions, and the effect of reaction temperature was 
investigated at 25, 35, and 45 °C. The results were given in 
Figure 5 and the obtained experimental data was analyzed 
to determine the reaction kinetic model and rate 
constants. The experimental data were fitted to the 
second-order reaction model and the linearized second-
order kinetic model was given in Figure 6. The reaction 
rate constants were found as 0.00002, 0.00003, 0.00007 
for 25, 35, and 45 °C and the activation energy for this 
reaction was determined from Figure 6 as 49.14 kJ/mol. In 
the literature, cork, and olive mill wastewater were 
treated using Fe+2:H2O2, and the activation energies were 
found as 70.7 and 28.2 kJ/mol, respectively [25, 26]. 
Consequently, the determined activation energy in this 
study is in line with the previously reported values. 

 

 
Figure 5. Temperature effect (Reaction conditions: 100 mL 

sugar industry wastewater, pH: 3.5, ZVI: 2 g/L, [H2O2]0: 4 
mM, T: 25-45 °C t: 60 min) 
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Figure 6. Linearized second-order kinetic plot (Reaction 

conditions: 100 mL sugar industry wastewater, pH: 3.5, 
ZVI: 2 g/L, [H2O2]0: 4 mM, T: 25-45 °C t: 60 min) 
 

 
Figure 7. lnk vs 1/T 

 
Conclusion 

 
The sugar industry stands out as one of the major 

contributors to wastewater generation, underscoring the 
critical need for effective reuse and treatment methods 
within this sector. This study focused on employing 
Fenton oxidation in the presence of ZVI to treat 
wastewater from the sugar industry. Various wastewater 
treatment processes were explored previously, and the 
impact of different reaction parameters on the removal of 
total organic carbon (TOC) was assessed. Optimal 
conditions were identified as a pH of 3.5, 2 g/L of ZVI, and 
4 mM of H2O2 in this study. Furthermore, the influence of 
reaction temperature was examined, and the results of 
kinetic study indicated that the observed reaction 
adhered to a second-order kinetic reaction model, with 
the activation energy calculated at 49.14 kJ/mol. These 
findings contribute to our understanding of effective 
wastewater treatment methods for the sugar industry, 
emphasizing the importance of specific reaction 
conditions in achieving optimal results. 
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