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Abstract 

 

A research study was conducted to evaluate the effectiveness of a newly synthesized 

bionanoadsorbent in removing oil from wastewater. Shirvan oil was used in our experiment to 

extract oil from the aquatic environment as part of our research work. The hazelnut shell was 

used as a bioadsorbent to remove Shirvan oil from water experimentally. In our research 

work, the synthesis process of a bio-nanoadsorbent incorporating Fe3O4 nanoparticles was 

carried out to enhance the efficiency of the bioadsorbent and its adsorption capabilities. To 

test the adsorption assay for the synthesized biosorbent and bionanoadsorbent, the optimal 

adsorption time, optimal temperature, and pH were determined. The optimal adsorption time 

was determined to be 30 minutes for the biosorbent and 12 minutes for the bio-nanoadsorbent 

(61.25% and 92.5%). SEM analysis of bio-nanoadsorbents synthesized from hazelnut shells 

and hazelnut shell-Fe3O4 nanoparticles revealed that the Fe3O4 nanoparticles wholly covered 

the surface of the hazelnut shells. It was also determined that the agglomeration of Fe3O4 

nanoparticles inside hazelnut shells is due to the monodisperse and homogeneous distribution 

of nanoparticles. 
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1. Introduction 

 

Oil and petroleum products are highly soluble in the aquatic environment and are 

among the most widespread pollutants of groundwater and surface water, posing a serious 

threat to global drinking water supplies and aquatic ecosystems [1].  

Oil spills are a common occurrence in the environment, primarily because we use oil 

and oil products extensively in modern times. According to research, oil and oil products spill 

into the environment every day [1,2]. Oil spillage in the environment, assessment of 

environmental damage, and selection of measures for cleaning oil from the environment are 

among the primary objectives of the modern era [1,3]. 

Many cleaning processes are known for removing oil from water. In our research, we 

preferred the adsorption method and used the plant of origin waste as an adsorbent [1,2]. The 

primary purpose of utilizing plant-based waste is to provide technology with minimal waste 

and a reduced environmental impact [2,3].  
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The primary objective of implementing zero-waste and low-waste technologies is to 

substantially reduce the solid waste generated due to population growth, rapid economic 

development, and urbanization. In modern times, solid waste in the environment is one of the 

global environmental problems [1-3].  
In general, the depletion of natural resources leads to an environmental crisis. To 

prevent the depletion of natural resources and to clean the environment of waste of natural 

origin, several measures are implemented for the strategic management of waste [1]. The 

primary objective of these measures is to minimize solid waste and promote the use of low-

waste and zero-waste technologies. 

For this purpose, in our research work, plant-based solid waste, specifically hazelnut 

shells, was reused and utilized in the treatment of water contaminated with oil and oil 

products [1,2]. Additionally, to enhance the sorption capacity of hazelnut shells, their surface 

is coated with superparamagnetic Fe3O4 nanoparticles [2,3]. By coating the surface of 

hazelnut shells with superparamagnetic nanoparticles, a novel type of bio-nanoadsorbent was 

synthesized. The primary purpose of selecting Fe3O4 nanoparticles is that they possess 

magnetic properties and are economically viable. Based on the experiments, it was determined 

that the newly synthesized bio-nanoadsorbent based on hazelnut shell+Fe3O4 nanoparticles is 

more effective in treating oil-polluted waters [2,3]. 

 

 2. Experimental part 

 

Fe3O4 magnetic nanoparticles were synthesized because of the co-precipitation of Fe3+ 

and Fe2+ ions [4]. After drying the hazelnut shell in a muffle furnace at a temperature of 600C 

for 24 hours, a biosorbent of plat of origin waste is synthesized by grinding and crushing [4-

5]. Uncrushed hazelnuts are less absorbent than more crushed hazelnuts. This is because the 

reduced size of the hazelnut shells increases their surface area, resulting in a greater 

adsorption capacity compared to unshredded hazelnut shells. To enhance the activity and 

sorption capacity of the biosorbent, Fe3O4 superparamagnetic nanoparticles were impregnated 

onto the surface of the hazelnut shell under laboratory conditions [4-7]. For the synthesis of 

bio-nanoadsorbents based on hazelnut shells and Fe3O4 nanoparticles, varying concentrations 

of Fe3O4 nanoparticles (1%, 3%, 5%, and 10%) are added to the hazelnut shell and thoroughly 

mixed for a few minutes. Then, 1 ml of a 25% ammonium solution is added, and the mixture 

is mixed for 1 hour. Synthesized bio-nano adsorbents are washed in a centrifuge and then 

transferred into a Petri dish, where they are dried [7,8]. The oil purification experiments of the 

newly synthesized bio-nanoadsorbent and the pure plant of origin of the biosorbent based on 

hazelnut shell+Fe3O4 nanoparticles were performed [8,9,10]. 

SEM and EDX analysis of biosorbents and bio-nanoadsorbents was performed on a 

ZEISS DSM 940A scanning electron microscope. 

 

3. Results and discussion 

 

An experiment was conducted using the synthesized hazelnut shell biosorbent and bio-

nanoadsorbent for the adsorption of oil-contaminated water [11-13]. First, an oily water 

sample was prepared by mixing 10 mL of oil with 100 mL of water. Then, biosorbent 

(hazelnut shell) and bio-nanoadsorbent (based on hazelnut shell + Fe3O4 nanoparticles) are 

added to the oil water for the adsorption experiment. An experiment was conducted to 

investigate the time dependence of the sorption process for biosorbents and bio-

nanoadsorbents, with a focus on the amount of oil adsorbed. These experiments enable the 

determination of optimal conditions [13-15]. 

For the experiment, 0.5 g of hazelnut shell and hazelnut shell + Fe3O4 were taken, 

respectively. The experiment on the time dependence of biosorbent and bioadsorbent was 

carried out over 1, 2, 4, 6, 10, 12, 15, 20, 30, and 60 minutes. 
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a) 

b) 

 
Figure 1. Time dependence graph of a) Hazelnut shell and b)bio-nanoadsorbent synthesized based on 

hazelnut shell+ Fe3O4 nanoparticles 

  

 According to the graphs of time dependence in figure 1, the biosorbent adsorbs 60.26% 

and the bio-nanoadsorbent 92.1% of oil in 20 minutes. According to figure 1 a,b, 0.5 g of 

hazelnut shell adsorbs 61.25% oil in 30 minutes, and the adsorbent we synthesized based on 

hazelnut shell+Fe3O4 nanoparticles, which we use as a bio-nanoadsorbent, adsorbs 92.5% oil 

in 13 minutes, and these results show the optimal time. 

a) 

b) 

Figure 2. a) HN and b) HN+ Fe3O4 pH dependence graph of a bio-nanoadsorbent synthesized based 

on nanoparticles 
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 We then continued our experiment to determine the pH dependence of the bio-

nanoadsorbent synthesized based on the biosorbent and hazelnut shell + Fe3O4 nanoparticles. 

In the experiment, the sorption process was carried out over a pH range of 0-10 for both the 

biosorbent and bio-nanoadsorbent [16]. Based on the results obtained, it was determined that 

the optimal pH for oil absorption by biosorbent and bio-nanoadsorbent is 7.5 (figure 2 a,b). 

Shahabaldin Rezania [17] et al. reported in their paper that Fe2O3 nanoparticles are effective 

adsorbents for heavy metal ions and that bioreduced α-Fe2O3 removes 82.8%, 47.6%, and 

75.7% of COD, TDS, and TSS from textile wastewater, respectively. Mansooreh khalatbary 

et al. reported the adsorption of malachite green from aqueous solutions using γ-

Fe2O3/MWCNTs/cellulose adsorbent obtained from waste tires and natural cellulose and 

determined that the malachite green adsorption capacity of γ-Fe2O3/MWCNTs/cellulose was 

47.61 mg/g (87.35%) [18]. 

The experiment was also conducted at temperatures of 100C, 21.50C (room 

temperature), and 400C [19-22]. 

a) 

b) 
 

Figure 3. a) HN and b) HN+ Fe3O4 temperature dependence graph of a bio-nanoadsorbent synthesized 

based on nanoparticles (1-100C, 2-21.50C, 3-400C) 

 

Figure 3 a,b shows that the optimal temperature for oil adsorption of bio-nanoadsorbent 

synthesized based on hazelnut shell and hazelnut shell + Fe3O4 nanoparticles is considered to 

be 100C and room temperature (21.50C) [22]. Thus, as the temperature rises, the adsorption 

decreases. 

Initially, a scanning electron microscopic (SEM) analysis of bio-nanoadsorbent based 

on hazelnut shell and newly synthesized hazelnut shell+Fe3O4 nanoparticles was performed to 

determine the coverage of the hazelnut shell surface by nanoparticles [23-25]. During the 

analysis, high-quality images of the surface of both types of adsorbents were obtained. Figure 

4 a and b show SEM images of bionanoadsorbents synthesized using hazelnut shells and 

hazelnut shell+Fe3O4 nanoparticles [26]. 
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a) 

b) 

Figure 4. SEM micrographs of hazelnut shell a) and hazelnut shell+Fe3O4  b) bionanoadsorbents at 

different magnifications 

 

During the SEM analysis of the hazelnut shell, which was used as a pure plant-based 

adsorbent, voids and pores were observed on the surface of the bioadsorbent. The results of 

the SEM analysis of the bio-nanoadsorbent revealed that the sizes were further reduced, as 

nanoparticles covered the surface of the hazelnut shell pores and penetrated into the interior 

from the surface of the hazelnut shell [27]. According to the SEM image, it is clear that the 

morphology of the nanoparticles is quite spherical, with a homogeneous distribution and very 

small sizes. In contrast, the bio-nanoadsorbent is heterogeneously distributed, together with 

the collected nanoparticles and hazelnut shell [27].  

Elemental EDX analysis was performed to determine the elemental composition and 

chemical characteristics of the pure plant-derived biosorbent and the hazelnut shell+Fe3O4 

bio-nanoadsorbent [28-30]. Energy-dispersive X-ray analysis (EDX), a technique that can be 

combined with scanning electron microscopy (SEM) analysis, enables elemental analysis over 

areas as small as a few nanometers using electron microscopes. 

a) 

b) 

Figure 5. EDX analysis of (a) hazelnut shell and (b) hazelnut shell + Fe3O4 bionanoadsorbents 
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The results of energy-dispersive X-ray (EDX) analysis, based on the bionanoadsorbent 

hazelnut shell and Fe3O4, are presented in figure 5 a,b. The chemical composition of the 

hazelnut shell reveals the presence of primary elements, including C, K, O, and Cl [30-31]. In 

addition, in figure 5b, the presence of Fe, Na, and Au residues, along with C, O, and Cl, was 

observed on the surface of the bio-nanoadsorbent synthesized using hazelnut shell+Fe3O4 

nanoparticles in complex shapes. In both types of samples, the element carbon is observed as 

a significant component deposited on the machined surface, either in its free form or as a 

compound due to decomposition [32-34]. 

 
Element Weight % Atomic % 

C K 34.95 49.47 

O K 40.66 43.20 

NaK 0.00 0.00 

AuM 10.55 0.91 

ClK 9.43 4.52 

K K 3.16 1.38 

 
Table 1. Results of EDX analysis of hazelnut shell 

 

Based on the results shown in table 1, it can be determined that although chlorides are 

present in the chemical composition of the hazelnut shell surface, oxygen is the dominant 

element. 

 
Element Weight % Atomic % 

C K 23.03 45.43 

O K 18.26 27.04 

NaK 2.48 2.55 

AuM 9.03 1.09 

ClK 15.77 10.54 

FeK 31.44 13.34 

  
Table 2. Results of EDX analysis of newly synthesized bio-nanoadsorbent based on hazelnut 

shell+Fe3O4 nanoparticles 

 

Based on the results shown in table 2, it can be determined that although chlorides are 

present in the chemical composition of the bio-nanoadsorbent's surface, iron (Fe) is observed 

as the dominant element [34]. According to this result, it is determined that Fe3O4 

nanoparticles were located on the surface of the hazelnut shell. Thus, the analysis of the 

chemical composition of the bio-nanoadsorbent's surface enables the determination of the 

presence of chlorides in addition to the Fe element. This will allow us to confirm the 

absorption of Fe3O4 nanoparticles on the surface of the hazelnut shell, as it corresponds to the 

chemical composition of the substances used in the synthesis of Fe3O4 superparamagnetic 

nanoparticles [34-35]. 

 

4. Conclusion 

 

The hazelnut shell biosorbent, which we utilize as a waste product from our plant, was 

synthesized in our research work to provide low-waste and zero-waste technology. The 

activity of the biosorbent in purifying water polluted by oil and petroleum products was 

tested, and new bionanoadsorbents were synthesized by impregnating Fe3O4 

superparamagnetic nanoparticles onto the surface of the biosorbent to increase its adsorption 

capacity. As a result of the oil sorption of the hazelnut shell, it was determined that the 

biosorbent adsorbed 61.25% of the oil within 30 minutes. The adsorption capacity of bio-

nanoadsorbent is 92.5% (13 minutes). The optimal pH for both adsorbents is considered to be 

7.5, and the optimal temperatures are 10 and 21.50 C. Based on the SEM and EDX analyses of 

the synthesized natural biosorbent and bio-nanoadsorbent, it was determined that Fe3O4 
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nanoparticles agglomerated inside the hazelnut shells. Thus, according to SEM and EDX 

analysis results, Fe3O4 superparamagnetic nanoparticles wholly covered the surface of the 

hazelnut shell. 
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