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Highlights 
•nZVI particles were used to remove color and COD from real textile wastewater.  

•The effects of solution pH, nZVI dosage and temperature on the removal efficiency were investigated. 

•This study demonstrated that nZVI can be used for efficient treatment of real textile wastewater. 
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Abstract 

Nanoscale zero-value iron (nZVI) has a high specific surface area and significant abilities to 

reduce contaminants. In this study, the removal of color and COD from real textile wastewater 

was studied by nZVI particles. A series of experiments were conducted to evaluate the effect of 

operational parameters such as solution pH, nZVI dosage and temperature on color and COD 

removal. The results showed that the color and COD removals mainly depend on solution pH. 

The color removal efficiencies were 96.3% at 436 nm, 97.8% at 525 nm and 98.0% at 620 nm, 

respectively at nZVI dosage of 0.3 g/L and initial pH of 3 after 180 minutes of reaction time at 

25 ○C. Moreover, the maximum COD removal efficiency obtained under these conditions was 

86%. 
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1. INTRODUCTION 

 

Over the last few decades, rapid urbanization and industrialization have given rise to severe environmental 

issues, especially water pollution [1]. The water pollution is one of the major ecological issues, which 

threats life of all living organisms [2]. Therefore, the water pollution has received great attention all over 

the world [3]. In general, the water pollution is related to the human activities [2]. Most of the water 

resources are polluted due to industrial activities [4]. Among industrial activities, textile industry requires 

special attention due to high water consumption and utilization of a variety of dyes and chemicals [5-6]. In 

comparison to other industries, the textile industry is the second sector in water usage in Turkey and also 

has a significant percentage in economy in accordance with trade statistics [7]. A normal textile industry 

usually uses water of approximately 1.6 million L to manufacture around 8000 kg of textile fabric per day 

[3,8]. The wet fabric industries generate large amounts of wastewater owing to the use of high amounts of 

water in desizing, cleaning, bleaching, mercerizing, dyeing, printing and finishing [6]. During the dyeing 

process, not all the dyes are fixed to the fabrics. There is always a portion of unfixed dye which gets washed 

away along with water that forms the main pollutant in textile effluent [9]. The other components such as 

acids, alkalis, starch, various surfactants, catalytic chemicals, cleaning solvents, NaCl, Na2SO4 and soaps 

of metals are also included in wastewater [5].  

 

Wastewater generated from these industries should be well managed and treated owing to high color, high 

oxygen demand and large amount of total dissolved and suspended solids [3]. Particularly, these effluents 

change quality of water bodies [10]. The discharge into rivers and lakes of these effluents can lead to 

undesirable consequences such as foaming, thermal effect, color problem and unpleasant aesthetic 

appearance [11]. They inhibit the photosynthesis activity by the reducing the passage of light through water, 
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change the natural balance of flora and fauna and thus adversely affect the aquatic life [12-13]. In addition, 

it is poisonous, mutagenic and carcinogenic owing to its dye context [14]. When these effluents reach into 

the water table, groundwater quality also deteriorates [10]. Because large amounts of the effluents have 

been discharged from the textile factories, development of effective treatment methods is essential to lower 

the detrimental impacts of pollutants [2]. 

 

The conventional and advanced treatment methods such as flocculation, Fenton oxidation, membrane 

filtration, adsorption, phytoremediation, bioremediation, photochemical, ion exchange, electrochemical 

oxidation, electrolytic precipitation, and ozonation have been used for treatment of textile dyeing industry 

effluents. They have one and more limitations including high cost of chemical coagulants and adsorbents, 

membrane fouling, sludge production and disposal issue, transfer of contaminants from one phase to 

another, inhibition of bacterial growth and generation of secondary pollutants during the process application 

[10]. Although biological processes are economic, simple and environmentally friendly alternatives [3,15], 

the textile dyes are difficult to biodegrade owing to their synthetic origin and complex structure [14,16-18]. 

Furthermore, biological processes are necessary long time and high energy for treatment [15]. For this 

reason, it is necessary to use different methods in which the dyes are mineralized or converted into more 

biodegradable substances [19].  

 

Nanoparticles have been studied on the removal of various contaminants due to sorption and redox capacity. 

Nanoparticles such as nano-zero iron (nZVI), nZVI/Pd bimetallic, titania, zinc oxide and carbon nanotubes 

were previously used on the removal of contaminants [20]. Recently, nZVI has great attention in many 

studies for the removal of contaminants such as halogenated organics, heavy metals, pesticides, dyes, nitro-

aromatic compounds and nitrates due to high specific surface area and the ability to reduce pollutants [21-

31]. On the other hand, nZVI is environmentally friendly, highly reactive and low cost [32]. The reaction 

between nZVI particles and dye molecules plays a significant role for the removal of dyes. In this reaction, 

the nZVI donates electrons and dye molecules receive electrons, i.e. nZVI particles are oxidized to Fe2+ and 

Fe3+ ions and the hydroxyl, hydrogen ion formed react with dye molecules to disrupt chromophore bond. 

As a result, partial mineralization and complete degradation have been achieved. The dye removal by nZVI 

particles depends on parameters such as pH, the nanoscale zero-valent iron amount, dye concentration and 

volume [10].  

 

Many researches have been done on treatment of synthetically prepared industrial wastewater. However, it 

is difficult to treat real textile wastewater because it has a complex composition and variety [33]. In this 

study, color and COD removals from real textile wastewater by nZVI particles were studied. The effects of 

pH, nZVI dosage and temperature on color and COD removals were investigated. 

 

2. MATERIALS AND METHODS 

 

2.1. Real Textile Wastewater 

 

Real wastewater from the rinse tanks of the indigo dyeing process of a denim production factory (Malatya, 

Turkey) was used in this study. Characterization of the real wastewater is shown in Table 1. It was kept in 

the refrigerator at +4 oC to prevent any possible change of wastewater properties.  

 

Table 1. Properties of real textile wastewater used in this study 

Parameter Unit  Values 

pH   10.35-10.39 

COD mg/L  295-315 

Color     

   -436 nm m-1  44.0-62.3 

   -525 nm m-1  40.0-53.3 

   -620 nm m-1  61.0-88.8 
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2.2. Batch Experiments 

 

Batch experiments were carried out in 250-mL Erlenmeyer flasks containing 100 mL of real textile 

wastewater. The initial pHs were adjusted by adding diluted H2SO4 or NaOH using a digital pH-meter 

(Orion 3 STAR). The experiments were carried out in an orbital shaker (Gallenkamp) at 160 rpm shaking 

speed. 

 

2.3. nZVI Synthesis and Characterization 

 

The synthesis of nZVI particles used in this study was carried out by using the borohydride reduction 

method [34]. It was prepared in the laboratory in four open-necked 500 mL bottles. The solution was mixed 

strongly with a mechanical stirrer (250 rpm). To reduce ferric ions to nZVI, borohydride solution (358.5 

mM BH4
–) of 250 mL was added with a constant delivery rate of 20 mL/min into ferric ion (Fe3+) solution 

(71.7 mM Fe3 +) of  250 mL from one of the necks on side of the flask reactor. Nitrogen gas was used to 

hinder iron oxidation, and the inlet and outlet of gas were provided by the other two necks of the flask. This 

reaction is described as follows: 

 

4Fe3+ + 3BH4
– + 9H2O → 4Feo + 3H2BO3

– + 12H+ + 6H2  .               (1)  

 

The particle size and morphology were determined using scanning electron microscopy (Jeol-JSM-7001F) 

at voltage of 15 kV. 

 

2.4. COD and Color Measurements 

 

COD measurements were determined by applying open reflux methods [35]. The absorbance values of the 

samples at 436 nm, 525 nm and 620 nm wavelengths were measured by a UV/Vis spectrophotometer 

(Perkin Elmer Lambda 25) and then color measurements were expressed as the spectral absorption 

coefficient (SAC). In this way, the spectral absorption coefficient values were accounted by using the 

following relationship: 

 

𝑆𝐴𝐶(𝑚−1) =
𝐴 ()

𝑑
.                    (2) 

 

In Equation (2), A is the absorbance of the sample and d is the path length (0.01 m). 

 

3. RESULTS AND DISCUSSION 

 

3.1. Characterization of nZVI 

 

The X-ray diffractogram and FTIR spectra of nZVI particles were reported in detail in our previous study 

[36]. The surface morphology and elemental composition of synthesized nanoparticles were investigated 

by an SEM–EDX and are presented in Figure 1. As seen from SEM images, the nZVI particles had spherical 

shape and chain-like structures. The sizes of nZVI particles were mostly in the range of 40–100 nm. This 

structure can be formed due to the magnetic interactions of inter-particle van der Waals forces [34]. The 

similar chain-like structure has also been reported in other studies. For example, Sawafta and Shahwan [37] 

and Fang et al. [38] reported the chain-like structures. According to SEM-EDX analysis, the nanoparticle 

consists mostly of iron (92%). 

 

3.2. Effect of Initial pH 

 

The behavior of adsorbent is highly dependent on the pH value of aqueous solution, as pH highly changes 

the surface charge, ionization degree and existence species of adsorbent [39]. The effect of pH was studied 

at different pH values ranging from 2 to 9 with nZVI dosage of 0.2 g/L. The results obtained are illustrated 

in Figures 2, 3 and 4. The color removal efficiencies increased as pH decreased. The maximum color 

removal efficiencies were determined at pH of 3.0 at 436, 525 and 620 nm wavelengths after 180 min. The 
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lowest spectral absorption coefficient values were 2.3 m-1 at 436 nm, 0.9 m-1 at 525 nm and 1.0 m-1 at 620 

nm at initial pH of 3. The lowest color removal efficiencies were 11% at 436 nm, 4% at 525 nm and 0.5% 

at 620 nm within 180 min at pH 9, while the maximum color removal efficiencies were 98% at 436 nm, 

99.2% at 525 nm and 99.5% at 620 nm within 180 min at pH of 3. As seen in Figure 4, COD removal 

efficiencies within 180 min at pH 2, 3, 4, 5, 6, 7, 8 and 9 were 49.2, 76.2, 41.3, 47.6, 47.6, 50.8, 41.3 and 

19.0%, respectively. The maximum COD removal (76%) was observed at pH of 3. Based on both color and 

COD removal, pH of 3 appears to be optimal. Figures also show that solution pH had an adverse effect on 

the removal when pH ranged from 4 to 9.  

 

   

 
Figure 1. SEM-EDX images of the synthesized nZVI 

 

This phenomenon can be attributed to positively charged adsorbent and negatively charged dye molecules 

when pH was below the pHpzc (≈5.38). Since pHpzc value of nZVI was determined to be 5.38 [34]. Therefore, 

electrostatic interaction occurs. This result may also be described that more hydrogen ions were released at 

acidic pH values. In this case, they can speed up the corrosion of nanoparticle, and remove iron (II) 

hydroxide from the nanoparticle surface to create fresh active sites. At alkaline pH values, hydroxly ions 

will remarkably increase the generation of the iron hydroxide on the nZVI surface and dye removal 

efficiency will decrease [27, 40-42]. Furthermore, low removal efficiency of dye was observed at an 

extremely acidic (pH: 2) condition, possibly due to the rapid dissolution of the nZVI particles in bulk 

solution [40].  

 

Similar results have been observed in studies of removing several dyes and organic contaminants by nZVI. 

Fang et al. [38] studied metronidazole removal using nanoparticle and reported that metronidazole removal 

increased as the pH decreased. Similarly, Satapanajaru et al. [43] studied the effectiveness of nanoparticle 

to remove two types of dyes and stated that dye removal was 100% for two dyes at pH of 3.  
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Figure 2. Effect of pH on color removal (nZVI: 0.2 g/L, T:25 ○C) 
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Figure 3. Comparative representation of pH effect on color removal (nZVI: 0.2 g/L, T:25 ○C) 

    
Figure 4. Effect of pH on COD removal (nZVI: 0.2 g/L, T:25 ○C) 

 

 

3.3. Effect of nZVI Dosage 

 

The amount of nZVI is one of the most important factors for effective color removal efficiency. The results 

obtained from the experiments performed by applying nZVI at concentrations in the range of 0.1-0.6 g/L 

at pH of 3 are given in Figures 5 and 6. With the increasing amount of nZVI, color removal efficiencies 

increased. It provides a larger surface activity area to collide with dye molecules by using more nZVI. This 

is described both the increase in the nZVI surface area and the enhancement in the number of available 

active sites. Hence, this accelerates the dye removal efficiency. At a nZVI dosage of 0.1 g/L, after 180 min, 

the color removal efficiency was determined as 35.4% at 436 nm, 39.3% at 525 nm and 27.9% at 620 nm 

while the COD removal efficiency was 42.9%. At a nZVI dosage of 0.2 g/L, after 180 min, the color 

removal efficiency was determined as 98.0% at 436 nm, 99.2% at 525 nm and 99.5% at 620 nm. At a nZVI 

dosage of 0.3 g/L, the color removal efficiencies were determined as 96.3% at 436 nm, 97.8% at 525 nm 

and 98.0% at 620 nm within 180 min. On the other hand, a sharp increase in color removal efficiency 
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nZVI of 0.3 g/L were used. After 30 minutes of reaction time, the color removal efficiencies increased to 

91.0% at 436 nm, 91.8% at 525 nm and 92.8% at 620 nm. The usage of nZVI more than 0.3 g/L was 

unnecessary as the color and COD removal efficiencies are close to each other. For instance, COD removal 

efficiency was 76% at nZVI dosage of 0.2 g/L, and 86% at nZVI dosages of 0.3 and 0.4 g/L. This can be 

described by the fact that most of the dye molecules in the medium are adsorbed and there is not enough 

dye molecules in the medium. Based on these results, the optimum amount of nZVI was determined to be 

0.3 g/L. Shu et al. [26] performed a feasibility study for removing Acid Black 24 by the nZVI and reported 

that the amount of nZVI exponentially increases the efficiency. Xia et al. [44] stated that the 

chloramphenicol removal was significantly increased with increasing nZVI and reported that this increase 

was owing to the catalytic reduction occurring at the nZVI surface and the increased surface area for the 

adsorption and reaction sites. 

 

     

     

     
Figure 5. Effect of nZVI dosage on color removal (pH: 3, T:25 ○C) 
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Figure 6. Comparative representation of effect of nZVI dosage on color removal and effect of nZVI 

dosage on COD removal (pH: 3, T:25 ○C) 

 

 

3.4. Effect of Temperature 

 

The effect of temperature on color and COD removal from real textile wastewater with nZVI was 
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that increased temperature caused a shortening of the required reaction time and an increase in the reaction 

rate. The COD removal efficiencies obtained at 25, 35 and 45 ○C were determined as 86%, 83% and 83%, 

respectively. Similar findings were previously reported by Chen et al. [45] in the removal of methyl orange 

with bentonite-supported nZVI. 
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Figure 7. Effect of temperature on color removal (pH: 3, nZVI: 0.3 g/L, ■: 25 ○C, ◊: 35 ○C, ∆: 45 ○C) 
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Figure 8. Effect of temperature on COD removal (pH: 3, nZVI: 0.3 g/L) 

 

4. CONCLUSIONS 

 

nZVI was used to treat real textile wastewater in this study. The solution pH of 3 is more effective for the 

removals of color and COD. However, pH adjustment is required after the treatment of the real textile 

wastewater by the nZVI and may be done by using lime. The lime is significantly cost effective compared 

to sodium hydroxide. Alternatively, wastewater generated during the mercerizing process in textile facility 

and typically containing waste chemicals such as alkali and sodium hydroxide may be used for 

neutralization. The current study showed that the removal efficiency increased when the nZVI dosage was 

increased and the temperature had a minor effect on the removal of color and COD for real textile 

wastewater. In this study, it may also be concluded that nZVI can be an excellent alternative to treat real 

textile wastewater.  
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