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Wastewater containing dyes is a major source of environmental pollution. The purpose 

of this study is to evaluate the use of celery leaves extract employed to prepare zero-

valent Iron nanoparticles (C-nZVFe) as a catalyst in Fenton reaction. The getting 

nanoparticles are then applied to decolorization aqueous solutions containing orange 

(OG) dyes. The C-nZVFe catalyst has been characterized by Fourier transformed infrared 

(FTIR) spectroscopy, X-ray diffraction (XRD), Field emission scanning electron 

microscopy (FESEM) techniques for the investigation of structural and surface 

morphology properties. The size and surface area of synthesized C-nZVFe are observed 

around 40 -55 nm. Using ultraviolet-visible (UV – vis) spectroscopy, the amount of dye 

in the aqueous sol is observed. Orange G removal percentage (100 mg L-1) reached 86% 

[35 mg L-1, 60 min, and pH 4]. C-nZVFe nanoparticles demonstrated more efficient 

percentage capacity as a Fenton catalyst removal and are more economical, efficient, and 

recyclable than other conventional Fenton oxidation catalysts. 
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1. INTRODUCTION

Water pollution occurs when pollutants are leaked into 

waterways either directly or indirectly without regard to 

pretreatment for the removal of hazardous compounds. The 

textile sector is one of the world's most significant sources of 

water pollution [1]. The World Bank estimates the industrial 

water released at about 20% is caused by tinting and fabric 

treatment. Globally, the agriculture sector is rising clean water 

polluter. The textile sector is ranked second on the list [2]. 

Statistics showed that 90% of all colors were used in the 

coloring of fabrics and the rest in the food and chemical 

industries. Textile termination effluents, for example, account 

for 22% of the total volume of industrial wastewater generated 

in Malaysia. Water is a good way to carry organic compounds 

in their molecules, with polar groups. The presence of 

sulphonic groups in the dye makes these groups polar and 

water-soluble. The azo dye which contains polar groups in its 

molecular structures is therefore easily transferred from one 

water matrix to another [3]. Azo dyes, one of the largest 

classes of synthetic dyes, have one or more azo bonds (-N = 

N-) and are commonly used in many applications, due to their 

solubility, low cost, stability and color variety [4]. Orange G 

is one of the rising colorants. (OG) is an acid azo dye, used as 

a color indicator, pH marker, stain keratin and also widely 

used in food industry, textile, paper printing, pharmaceutical; 

leather and cosmetics [5]. The presence of these component in 

the environment is considered unacceptable not only because 

of color but because of their high toxicity and poor 

degradability. In the past few decades, with the increase in 

water demand, strict regulations have been developed to 

reduce pollution from its consumption. 

There are several ways to eliminate these dyes from 

wastewater, including biological treatments, ultrafiltration, 

oxidation, coagulation, and physical treatments such as ozone, 

nanofiltration, adsorption, and chemicals such as the Fenton 

process and other advanced oxidation processes (AOP) [6]. 

AOP is an effective, promising, efficient and environmentally 

friendly method developed for generally extracting POPs from 

water and wastewater. This technology features its simple 

equipment, is easy to operate and automate, and no more 

chemicals are needed [7]. 

Recent studies have concentrated on the water quality and 

developing less costly treatment systems to tackle the 

biological toxicity of organic contaminants in surface water 

and wastewater [8]. The traditional and most widely used 

chemical advance oxidation process is the Fenton procedure, 

in which a blend of soluble Fe (II) salt and H2O2, renowned as 

the Fenton reagent, is applied to degrade and eliminate 

persistent organic pollutants (POPs) (Fenton, 1894). Fenton 

processes include the production of highly reactive, low-

selectivity oxygen (ROS), such as hydroxyl radicals (HO), 

which have been prove to form due to a series of reactions 

consisting of iron and iron salts and catalytic hydrogen 

peroxide breaking in addition to other factors such as reaction 

time, pH and temperature, which are essential parameters for 

ease of operation and maintenance giving tract of complete 

mineralization to CO2, H2O and inorganic ions or acids [9]. 

The Fenton reaction is characterized by its low cost and high 

efficiency in removing and degrading non-degradable organic 

contaminants in water and is considered one of the fastest 

advanced mechanisms of oxidation [10]. The general Fenton 

reaction (Fenton homogeneous reaction) requires equivalent 

quantities of H2O2 and Fe+2, at optimum pH 2.5-3.0. According 

International Journal of Design & Nature and Ecodynamics 
Vol. 15, No. 3, June, 2020, pp. 309-314 

Journal homepage: http://iieta.org/journals/ijdne 

309

https://crossmark.crossref.org/dialog/?doi=10.18280/ijdne.150304&domain=pdf


 

to Munoz et al. [11] dissolved iron salt cannot be recycled in 

this homogeneous system, so the additional treatment process 

can produce a significant volume of iron oxide sludge. 

Separating iron and sludge salts from treated water needs more 

effort and expense, and because of a final disposal problem, 

the process is often limited. To solve the drawbacks of the 

traditional Fenton reaction, (heterogeneous Fenton reaction) 

was developed by Fe solid supported catalysts such as pyrite 

and hematite [12]. 

Many researchers have been interested in developing new 

methods for creating heterogeneous catalysts that support 

Fenton interaction using nanocatalyst technology [13]. Iron 

nanoparticles have recently gained much attention in 

environmental treatment methods. One of the most promising 

applications in the removal of organic and inorganic 

contentious in water solutions [14, 15]. In the Fenton process 

nanoparticles containing zero irons ions (n-ZVFe) can also be 

used as a catalyst to remove organic from water solutions [16, 

[17]. The compact nano-size provides ample surface area and 

investable pores in removal pollutants. Many studies indicate 

that nanocatalyst they are low cost, easy to operate, and can 

show good results by integrating the ability of the Fenton 

reagent with the advantages of Fe nanoparticles (FeNPs). 

Green chemistry for nanoparticles production is among the 

most significant and environmentally friendly alternatives 

available at a low cost [18, 19]. Hitherto, green chemistry-

prepared Fe nanoparticles have proven effective in removing 

various pollutants. The purpose of this work is to estimate the 

efficiency of the catalyst used in the Fenton reaction and its 

ability to remove the staining of the dye. The iron 

nanoparticles created from green plants were prepared as a 

catalyst in the Fenton reaction, using celery leaves. To 

establish the best experimental environment for color removal 

from orange G, the dose of nanocatalyst, initial dye 

concentration, and pH were improved. The pH and UV 

spectrum variations were tracked both before and after 

removal of the dye [20]. 

 

 

2. CHEMICALS AND REAGENTS 
 

Both chemicals and analytical reagents used are of the 

highest purity grade; namely, Ferrous Sulphate dehydrate 

(FeSO4•7H2O), H2O2 (30%), Merck Co. Ltd.) Ltd. Using 

sulfuric acid (H2SO4, 98%), and sodium hydroxide (NaOH), 

the pH is adjusted. Malaysia's celery plant using to prepare a 

catalyst for the heterogeneous Fenton processes. Orange G 

(C16H10N2Na2O7S2, Sigma–Aldrich), anhydrous alcohol 

(Fisher Scientific Co. Ltd.), anhydrous methanol (Fisher 

Scientific Co. Ltd.), and Distilled water are also used through 

the current experiments. Deionized water (DIW) used was 

supplied by EASYPure RODI (U.S.A). 

 

 

3. EXPERIMENTAL PROCEDURE 

 

3.1 Implementation 

 

Experiments for Azo dye can be done without further 

purification. The Experimental Producer's steps are as follows: 

Optimum conditions for removing dyes were determined by 

dissolving 1 g of dye in a 1000 mL volumetric flask with 

deionized water for their aqueous solutions of initial dye 

concentration. Then the flask was wrapped in aluminum foil, 

and stored in the dark. All trials were conducted at room 

temperature (25±2°C). A color measurement was performed 

using a UV / Visible spectrophotometer, using the colorimetric 

method. Celery leaves were washed with Tap water, then 

distilled water and dried at 50°C in an oven. The leaves were 

then cut into small pieces and sewn with a 2 mm sieve. In a 

flask, 200 g of dried leaves were added to a 1000 mL of 

distilled water, and the solution was boiled at 60°C for 10 min, 

then filtered, and stored at 4°C. About 10 g Dissolving 

FeSO4.7H2O in 1L distilled water. Celery extract (250 ml) was 

taken and added [drop by drop] to 500 mL salt mixture, 

followed by stirring for 10 min. The indication of the 

formation of C-nZVFe, the color of the solution was changed 

(yellow to brown than black), then the nanoparticles were 

collected using centrifugation for 5 min, washed with distilled 

water and ethanol, the steps of preparation of C-nZVFe as 

shown in Schematics 1. Fenton’s Reagent is prepared by 

dissolving 70 gm of ferrous analytical grade sulfate 

(FeSO4.7H2O) and 33% hydrogen peroxide in 500 mL of 

sterilized DI containing 5 mL of concentrated H2SO4 to the 

adjusted pH Fenton system. 

 

 
 

Schematics 1. The steps of preparation of C-nZVFe 

 

3.2 Analytical methods of OG dye  

 

Using a UV visual spectrophotometer (Unicam HeliosM) 

with a spectrometric quartz cell (1 cm path length), the dye 

spectra was measured from 200 to 500, the standard 

calibration curve (λmax = 478 nm) was prepared for orange G 

dye and the shift in dye concentration was calculated using a 

UV-Vis spectrophotometer. The dye color removal 

experiments were carried out for a volume of 100 mL and the 

dye solution was collected at every reaction time of 10, 20, 40, 

60 and 80 min. Fenton’s performance on decolorization of the 

dye with nano iron particles was calculated using the equation 

below: 
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Decolorization efficiency (%) =
(𝐶𝑜 − 𝐶𝑡)

𝐶𝑜
× 100%  

 

where, 

The Co: representing the initial concentration of OG,  

Ct: representing the concentration of OG at reaction time t 

(min). 

 

3.3 Characterization of C‑nZVFe  

 

To know the size of particles, components and the type of 

functional groups in the sample, several test and analysis were 

done, including Field emission Scanning electron microscope 

(FESEM), EDX, and FTIR spectroscopy. FESEM used to get 

information about the size of the particles while EDX 

employed to clarify the sample composition. As well, FTIR 

spectroscopy used to identify the chemical composition of 

nanoparticles prepared with C-nZVFe. 

 

 

4. RESULTS AND DISCUSSION 

 

4.1 Characterization of the C-nZVFe heterogeneous 

Fenton catalyst 

 

Particles morphology of samples is investigated using 

Oxford-Instruments INCA 400 Nano lap field emission 

scanning electron microscope (FESEM). Figure 1 shows the 

C-nZVFe FESEM image was semi-sphere particle form and 

the size of these particles ranged from 40.2–55 nm. The 

FESEM image shows large nano-clusters formed because of 

the magnetic forces between the nanoparticles C-nZVFe, and 

also may be due to the centrifugation process for the sample. 

There are many pores which enable better transportation of the 

orange G and the spread of contamination mass to the 

nanoparticles inside C-nZVFe. The FESEM images show 

clearly that large particles are in fact agglomerates of much 

smaller particles; in addition, incorporation of C-nZVFe 

nanoparticles into pores caused forming the tiny guest 

particles due to the steric hindrance inside the pores shown in 

Figure 1.   

Using FESEM / EDX the surface morphology and 

elemental composition have been determined. Biosynthesized 

C-nZVFe obtained the elemental constituents and relative 

abundance from Energy Dispersive X-ray (EDX), as shown in 

Figure 2. The EDX spectrum shows the purity of the C-nZVFe 

and the full chemical composition. The EDX analysis showed 

percentage relative composition of elements such as Fe 

(17.0%) Oxygen (O) 28%, Silicon (Si) 1.9%, Carbon (C) 

45.6%, Potassium (K) 0.8%. The highest peak due to zero-

valent iron absorption signal the presence of iron nanoparticles 

and another peak identical to carbon and oxygen atoms reveals 

the vital function of organic molecules celery leaves extract in 

C-nZVFe constancy. FTIR measurements were conducted to 

understand the contribution of molecules from celery leaves 

extracts to the formation of nanoparticles. As shown in Figure 

3, C-nZVFe's FTIR spectrum in the range 400-4000 cm-1 

before the reaction. Notice that the vibration of O-H expansion 

lies 3779-3415 cm-1 within the wideband. Where it can be 

inferred from the presence of polyphenols which enhance 

material stability and this result is consistent with this 

(Soliemanzadeh & Fekri 2017). 2926 cm-1 (C – H and CH2 

aliphatic hydrocarbon vibration), band 1493 refer to 

methylene CH, while the peak 1354 cm-1 suggests the presence 

of aromatic ring polyphenols C = C stretching vibration. The 

shows strong peaks about 1640 cm-1 and 3300 cm-1 

respectively corresponding to the alkene (C = C) stretching 

vibrations and phenolic hydroxyl groups (-OH) suggesting the 

hydrogen bonding between the celery polyphenols. According 

to Figure 3, iron's presence decreases with the rise in the 

production and strength of phenolic compounds, which is a 

good indicator of C-nZVFe synthesis. This result was 

observed after testing more than one sample and the 

comparison showed that an increase in phenolic compounds 

results in an increase in the synthesis of nanoparticles which 

indicates a decrease in the presence of the iron. Although 

stretch vibrations of polyphenols occur in C-nZVFe, celery 

polyphenols do the surface behavior of nanoparticles. The 

results are consistent with those findings [21]. 

 

 
 

Figure 1. FESEM of prepared C-nZVFe sample 

 

 
 

Figure 2. EDX of prepared C-n ZVFe sample 
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Figure 3. FTIR spectra of C-nZVFe nanoparticles celery leaves extract 

 

4.2 Decolorization of azo dye OG 

 

Figure 4 shows the process of decolorizing OG using green 

artificial C-nZVFe as a catalyst in the Fenton procedure, where 

the UV – vis spectrum of OG decolorization estimated is 

presented with the C-nZVFe / H2O2 reagent various reaction 

time. The absorption spectra of OG are tested in the range of 

250–500 nm. The light absorption spectrum of the OG solution 

consists of three major peaks at 342, 396, and 478 nm, before 

reaction. The peak at 478 nm was due to the absorption of the 

naphthalene ring transition π → 𝝅 ∗ in the group – N = N –, 

while the naphthalene ring transition in the OG molecule was 

within to additional bands at 342 and 396 nm respectively. 

As shown in Figure 4, the characteristic absorption peak 

rapidly decreased by 396 and 478 nm, with the reaction 

continuing mainly after 20 minutes. This indicates complete 

destruction of the chromophore systems and π*. On the other 

hand, the area gradually dropped to about 342 nm, suggesting 

that aromatic rings still exist.  

 

 
 

Figure 4. Analytical OG dye by UV-vis spectrophotometer 

 

Evidently, the OH radicals formed in the heterogeneous 

Fenton method will strike azo groups and break down the –

N=N– bonds, followed by the destruction of the long 

conjugated π* structures. Nevertheless, rapid absorption 

within the range of 342 nm, at 478 nm, which meant that 

certain aromatic ring intermediates existed after decoloration 

of the OG by the heterogeneous Fenton process. 

 

4.3 Effect of pH 

 

The effect of the pH value on the quantity of OG extracted 

by C-nZVFe from the aqueous solution in heterogeneous 

Fenton was determined by conducting experiments with 

various pH values (2.5, 4, 6, 8, and 10) at different contact time 

(10,20,40 60,80 min), and pH plots against the percentage of 

OG that was removed from the aqueous solution were shown 

in Figure 5.  
 

 
 

Figure 5. pH Vs. removal OG dye 

 

The outcomes show that the catalyst's surface charge was 

affected by solution pH, which convinced the deterioration of 

hydrogen peroxide to create hydroxy radicals and impacted 

contaminant removal. About 99% of OG was degraded in 20 

min at pH of dye (pH= 4), while the degradation efficiency 

was 85%, 75%, 63% and 55% after 20 min at pH, 2.5, 6,8 and 

10, respectively. As well, the results uncover that the color 

removal efficiency increases with growing pH and this growth 

are related to the adsorption ability of the catalyst at high pH 

values. Based on the results, the percentage of dye removal at 
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a pH higher than 4 was low, due to the electrostatic repulsion 

between the C-nZVFe surface and the OG dye. As well, the 

dye molecules in the aqueous solution are slowly decomposed 

by the presence of the hydroxyl radical as a result of the rapid 

decomposition of hydrogen peroxide.  

This can be seen in pH values below 4, where the results 

tended to decrease the rate of removal of the dye a little. 

Furthermore, it was found that hydroxyl radicals can be 

formed at neutral acidity values in the C-nZVFe Fenton, which 

is the main cause of the dissolution of dye molecules [22]. 

Therefore, the reaction between the dye and the catalyst in the 

Fenton reaction can take place without adjusting the pH of the 

solution during the catalytic reaction.   
 

4.4 Effect of contact time 

 

The contact time is a significant operational factor 

influencing the efficiency of removal. Experiments are done 

for 10 to 80 minutes as shown Figure 11 using 35 mg / L of C-

nZVFe at pH 4, OG initial concentration was (100 mg\L) to 

determine the optimum time for heterogeneous Fenton 

efficiency in dye removal. The maximum efficiency for the 

decolourization was achieved at 10 and 20 min was 90% and 

99%.  

It is clear from the Figure 6 that the improvement in removal 

efficiency was higher, then decrease to 85%, 74%, 66 % at 40, 

60, 80 min respectively. The explanation for the rise in the first 

moments is due to the rapid release of hydroxyl ions in the 

heterogeneous Fenton process as these ions are formed at high 

concentrations in the first min of the Fenton reaction. By the 

results of this test, it was found that the initial mineralization 

rate was rapid at the beginning of the reaction and continued 

at a slower rate after 60 and 80 minutes.  

This is due to the difficulty in oxidizing all intermediate 

compounds present in the OG dye, such as carboxylic acids. It 

is worth noting that previous studies have mentioned that the 

hydroxyl radicals have a short lifespan, .i.e. less than nano 

second, and interact in the first minutes of their formation and 

this reveals the reason for the dye degradation in general with 

a short oxidation time where most of the color was removed in 

minute 10 and 20, respectively.  

 

 
 

Figure 6. Contact time Vs. removal OG dye 

 

4.5 The effect of C-nZVFe catalyst 

 

The low cost of materials used in treatment processes are 

among the most important factors which determine the success 

of chemical oxidation processes in general and Fenton 

oxidation in particular. It is known that when the Fe2+ dose is 

high, the dye removal rate increases, but the continuous 

increase leads to the formation of sludge, which in turn makes 

the reaction slow and then stops.  

In several experiments the effect of C-nZVFe doses of 

celery leaves on removal of dye was tested using different 

doses ranging from 5 to 50 mg / L. Figure 7 shows that the 

efficiency of color removal reached 35%, 40%, 66%, 86% and 

76% at different C-nZVFe 5, 10, 20, 35 and 50 mg / L, 

respectively, at 20 min. Accordingly, the results indicated that 

the color removal increased significantly with increasing C-

nZVFe concentration from 5 to 35 mg/L.  

As well, it can be seen that the slight decrease has been 

occurred when increasing the initial dose of C-nZVFe from 35 

to 50 mg/L. In the present study, a dose of C-nZVFe at 35 

mg/L can be considered the optimum for the heterogeneous 

Fenton system that treated aqueous solution prepared in the 

laboratory. This discrepancy in the percentage of removing the 

color from OG dye using different doses of the catalyst is due 

to many reasons at the forefront of which is that the 

concentration of Fe+2 enhances the formation of hydroxyl 

radicals, which in turn facilitates decomposition of the organic 

materials present in the dye. In this sense, the previous 

researchers pointed out that the excessive amount of iron ions 

in the heterogeneous Fenton solution encourages the 

unnecessary consumption of hydroxyl ions, which has a 

negative effect on the OG dye's oxidative decomposition.  
 

 
 

Figure 7. C-nZVFe concentration 
 

 

5. CONCLUSIONS 

 

In this study, Orange G can remove from the aqueous 

solutions by means of C-nZVFe. Several functional 

parameters have been investigated and optimized on the 

removal competency of Orange G. Removal affected by 

research conditions such as pH, dose, contact time, the 

concentration of the C-nZVFe catalyst. 

• From the results of the experiments for treating water by 

C-nZVFeFenton's oxidation, the optimum removal of 

Orange G occurred at pH 4. 

• Using different C-nZVFe concentrations (5, 10, 25, 35 

and 50 mg\L) with 100 mg\L of OG solution, Orange G 

removal efficiency was achieved 86 %. When the zero-

valent nano-scale Iron dose increased from 5 to 35 

𝑚𝑔 𝐿−1, the removal of Orange G increased from 35% to 

86% (initial OG = 100 mg L-1, 60 min). 

• The maximum efficiency for the decolourization was 

achieved at 10 and 20 min was 90% and 99%. 

• C-nZVFe is an alternative procedure which is low cost 
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and environmentally friendly and the efficiency of the 

Fenton process can be increased by overcoming the 

limited pH range and reducing the percentage of iron 

sludge from the treatment process. C-nZVFe has proved 

to be a catalyst that can be recycled and used more than 

once for wastewater treatment and waste generation. 
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