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Abstract 
This study investigated the sustainable chitosan supported magnetite nanocomposites (C-Fe3O4) for sequestration of Rhodamine B 

(RhB) Dye from environment. The synthesis of C-Fe3O4, its physicochemical characterization and synergistic influence of initial 

concentration of the dye and time of contact with the adsorbent during the sorption of Rhodamine B (RhB) on C-Fe3O4 were studied. 

The physicochemical properties indicated better equilibration via bulk density of 0.731 g/cm3, moisture content 7.2, point of zero 

charge (PZC) of 4 indicated suitability for RhB. Functional group of C-Fe3O4 determined by FTIR revealed characteristics peaks 

at 3433 cm-1 and 698 – 478 cm-1 confirming the successful formation by incorporation of chitosan and magnetite nanoparticles. 

Synergistic influence of the time of contact and initial concentration of Rb dye influenced the dye sorption. Effective adsorption of 

RhB onto C-Fe3O4 was studied using batch adsorption techniques at initial concentration (200 – 1000 ppm), contact time (10 – 120 

min), stirring speed (120 rpm), temperature of 25 oC and adsorbent dosage of 100 mg. Rapid adsorption of RhB onto C-Fe3O4 was 

obtained at 10 min with 96.9% removal efficiency at highest RhB concentration of 1000 ppm. The study revealed the efficacy of 

contact time and initial dye concentration as imperative operational parameters majorly influencing sorption study.   

 

Keywords: Sustainable magnetite nanocomposite; Rhodamine B Dye; Adsorption; Environment; Chemical Removal efficiency 



7th International Conference on Science and Sustainable Development and Workshop
IOP Conf. Series: Earth and Environmental Science 1342 (2024) 012013

IOP Publishing
doi:10.1088/1755-1315/1342/1/012013

2

 

1. Introduction  

Anthropogenic activities as a result of various industrial development has been reported to aid dye 

release into the environment [1]. The majority of industries that utilize dyes to provide color to 

their final goods are textile, leather, paper, plastics, and cosmetics[2]. This has raised concerns on 

a global scale, because dye is a risk to the environment and may bioaccumulate, which could 

eventually have an impact on humans and aquatic life through the food chain [3]. Wastewater with 

even trace amounts of color reduces dissolved oxygen and light penetration, it can have a negative 

impact on aquatic life. Dye's negative effects have been connected to some mutagenic and 

carcinogenic effects [4]. The dye being studied in this study is rhodamine B. This cationic dye is 

widely utilized in the textile sector because of its high solubility and good fastness on materials. 

But according to reports, it causes cancer [5]. Impact of these dyes have adulterated water and 

environment quality thereby militating against some of the sustainable development goals (SDG). 

The actualization of the reality of SDG 13-climate action, SDG 14-life below water and SDG 6- 

clean water and sanitation and would be vague if the indiscriminately introduced dyes are not 

addressed. 

Chemical precipitation process, ion exchange technique, solvent extraction process, membrane 

processes, reverse osmosis technique and electro dialysis are some of the techniques at which have 

been applied for eliminating dyes from wastewater [6]. These techniques are expensive and have 

several drawbacks, such as the inability to completely remove dyes, the high energy and reagent 

consumption, and the production of hazardous sludge and other by- products that need to be treated 

or disposed of [7]. Among the various conventional techniques (Biological, chemical and physical 

methods) for dye removal, adsorption technique has demonstrated to be unique, cost-efficient, 

rapid, with greater ease in practicality [8]. Chitosan is among the intriguing organic substances 

being used for adsorption purposes is chitosan. The presence of ‒NH2 and ‒OH groups in its 

molecular structure is primarily responsible for the likelihood of adsorption surfaces between 

adsorbate molecules and chitosan molecules[9]. Hence Chitosan has been applied for the 

sequestration of various emerging contaminants because of its low cost, ease of polymerization 

and functionalization, and high stability [10]. 

In recent years, the creation of nano-adsorbents and their uses in environmental remediation are 

also being investigated by researchers[11]. Nanomaterials have several applications, including 

optical devices, environmental remediation, medicinal, catalysis, and more, and their use is 

constantly expanding [12][13]. To the scope of our knowledge, no known reports exist on the 

application of chitosan supported magnetite nanocomposites for the sorption of Rb dye. This study 

therefore focuses on the physicochemical characterization and synergistic effect of operational 

parameters on adsorptive uptake of Rb on chitosan supported magnetite nanocomposites.  

2. Materials and Methods 

2.1 Materials Collection 

All chemicals used for this research were of analytical grade and were purchased from Sigma 

Aldrich and used for this research. Materials and Equipment used include; Iron Chloride 

hexahydrate (98.2 % purity, CAS-10025-77-1), sodium borohydride (99 % purity, CAS-16940-
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66-2), chitosan (CAS-9012-76-4), Isopropyl alcohol (CAS: 67-63-0, 98% purity), Sodium 

Hydroxide (1310-73-2, 98 % purity), Hydrochloric acid (95% purity), filter paper, measuring 

cylinders, pH meter (model: Hanna HI98107), Rhodamine B, FTIR Spectrophotometer (model: 

PerkinElmer), UV-Vis Spectrophotometer (model: UV 6300PC-VWR). 

2.2 Preparation of Magnetite Nanoparticle 

The nanoscale magnetite nanoparticle was prepared using the chemical reduction process reported 

by Mohammadi et al., [14]. The synthesis is described by the Equation 1: 

4���� + 3��   �
	 + 9�
� → 4�� ↓ +3�
��   �

	 +6�
     (1) 

0.023 M FeCl3 was synthesized by adding 6.22 g of FeCl3.6H2O into water (distilled) and stirred 

well. Also 0.123 M NaBH4 solution was prepared i.e. 4.73g of NaBH4 was dissolved in 1000ml 

de-ionized water, the solutions were then reacted together drop wise using burette and Erlenmeyer 

flask, 0.123 M NaBH4 as the titrant and 0.023M FeCl3 as titrant while stirring at 200 rpm using 

magnetic stirrer. The mixture was allowed to stir for 20 mins after adding all the borohydride 

solution, then left to age for 24 hours, nanoscale particles were then removed from the solution by 

utilizing vacuum filtration technique alongside a millipore filter paper (0.45µm). The black solid 

nanoscale particles were washed twice with 25 ml isopropyl alcohol, this washing process is 

necessary to prevent the oxidation of zero-valent iron nanoscale particles [15]. 

2.3 Preparation of chitosan supported magnetite Nanocomposite  

This was done in accordance with a similar process reported by Imran et al.,[3]. Chitosan supported 

magnetite nanocomposite was prepared with FeCl3 and chitosan in a ratio of 1:1. Firstly, chitosan 

(4g) was accurately weighed into 2% volume of acetic acid (100 mL). For a period of 4 hours, the 

obtained mixture was agitated continuously on a magnetic stirrer to obtain a homogenous mixture. 

Following that, 10 g of the produced iron nano-composites were added to 100 ml of 4% chitosan 

and stirred continuously with a magnetic stirrer for 4 hours. To separate the solution, a Millipore 

filter paper (0.45m) was employed for vacuum filtration, and NaOH (0.1 M) was utilized to 

neutralize it. After that, the chitosan-supported magnetite nanoparticles were oven dried overnight 

at 50 degrees Celsius and stored in an airtight container [17].  

2.4 Physicochemical Characterization 

2.4.1 Bulk Density 

The bulk density was derived via the Archimedes principle. The reported procedure by Dada et 

al., [18] was followed by measuring accurately an empty cylinders weight  and a cylinder 

containing 5 ml of the adsorbate. Equation 2 was applied for the bulk density determination.  

B.D= (�
 − ��)/�         (2) 

Where w1 represents the empty measuring cylinder’s weight, w2 stands for the weight of cylinder 

+ adsorbate and v represents the cylinder’s volume. 
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2.4.2 Moisture Content Determination 

The moisture content value was obtained by heating 1g of the adsorbent and heating in the 

oven for a period of 5 hours with the aid of a crucible at a temperature of 75 oC. The weight of the 

crucible was taken before and after heating to determine the left amount of moisture present in the 

adsorbent. The moisture content equation is given in the equation 3. 

% moisture content =
��	��

��	��
∗ 100       (3) 

Where W1 is the empty dry crucibles weight, W2 is the weight of crucible and 1g of the adsorbent 

before heating and w3 weight of 1g of adsorbent contained in the crucible after heating [19]. 

2.4.3 pH point of Zero charge (pHpzc) 

The technique outlined by Tokula et al [20] was used to determine the pH point of zero charge 

(pHpzc) of the adsorbent.. This was done by bringing 0.1g of the adsorbent into contact with 25ml 

of 0.1M NaCl, the initial pH of which had been previously changed between pH 2 and 10 using 

HCl or NaOH. The final pH values were tested 24 hours after which the vessels were wrapped and 

put on a shaker. Calculated and plotted against the initial pH was the observed difference between 

the final and initial pHs. The pHpzc was found at the point where the resulting curve and the 

vertical axis intersected. 

2.4.4 Analysis Using the Fourier Transform Infrared (FTIR)Spectroscopy. 

The FTIR characterization was carried out with the Shimazu model FTIR. The several functional 

groups that were present on the exterior of C-Fe3O4 were identified via the analysis of FTIR. The 

different bonds and groups of bonds vibrate at distinct frequencies according to FTIR. As a result, 

samples that were subjected to infrared radiation absorbed the energy at frequencies unique to the 

molecules in the sample [21]. 

 

2.5 Adsorption Studies       

 The sorption of Rhodamine B to ascertain the adsorption capacity of C-Fe3O4, de-ionized water 

was used to dissolve 0.01 M of Rhodamine B, and the mixture was then added to a 1000 mL 

standard flask to prepare 10 ppm. Serial dilution was done to prepare lower concentration that were 

used for the adsorption studies. 1, 2, 3, 4, and 5 ppm initial concentrations were used for the work 

in less than 50 minutes of preparation, so as to ensure that concentration of the adsorbate remain 

constant prior to sorption studies [22]. 

2.5.1 Influence of Initial RhB Concentration, Time of Contact and Initial concentration.  

The Influence of Contact time, initial concentration and temperature on the adsorption of 

Rhodamine B was monitored [23][24]. This was done by weighing adsorbent (0.1 g) into a beaker 

and agitating with various concentrations (1-5 mg/L) of RhB dye. 
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2.5.2 Effect of pH  

Different concentrations of Rhodamine B (1-5) mg/L dye were formed by diluting the stock 

solution using the serial dilution method, it was then agitated with 0.1g of the adsorbents with 25 

mL of RhB at various pH ranging from 1-12 to determine the optimum pH for RhB adsorption 

[22]. 

2.5.3 Influence of Contact Time  

Different time durations, (10, 20, 30, 60, 90 and 120) mins were used to establish the equilibrium 

time. A known concentration of the adsorbate (1, 2, 3, 4 and 5) ppm was agitated with 0.1 g of the 

adsorbents at room temperature [25]. 

3. Results and Discussion 

3.1 Characterization of Chitosan supported magnetite (Physicochemical) 

The FTIR, moisture content, bulk density, and the pH point of zero charge (pHpzc) were used to 

analyze the synthesized Chitosan supported magnetite. Table 1 shows results for the moisture 

content, point of zero charge and bulk density. The point where a surface area possesses a net 

neutral charge, is said to be at the point of zero charge (pHpzc) [26]. Since C-Fe3O4 has a pH of 4, 

it can be used to adsorb the dye at a lower pH than the (pHpzc). 

According to Table 1, the bulk density of the chitosan supported iron signifies a suitable 

equilibration with RhB Dye, thus reducing its floating abilities. The moisture content of chitosan 

supported iron nanoparticle which is 7.2 signifies a low level of moisture. This indicates that the 

experimental weight is equilibrium with the weighed amount [27]. 

Table 1: The physico-Chemical properties of C-Fe3O4 used for Rhodamine B Dye Uptake 

Parameters C-Fe3O4 
Bulk Density (g/cm3) 0.731 

Moisture content 7.2 

Point of zero charge (pHpzc) 4 

 

3.2 Fourier Transform Infrared Spectroscopy (FTIR) Spectroscopy Results 

Prior to adsorption, Fig. 1 demonstrated the FTIR spectrum of C-Fe3O4 revealed the surface 

functional groups depicting the molecular environments before interaction with Rhodamine B 

[28]. 
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Fig 1: FTIR spectrum of C-Fe3O4 

Fig. 1 displays the FTIR spectrum of the iron nanoscale supported by chitosan before adsorption. 

The spectrum shows a distinctive band at 3433.29 cm-1, which indicates the existence of a –OH on 

the adsorbent surface. The vibration band about 1641 cm-1 shows that C=O is present. The range 

of 698–478 cm-1 is attributed to iron nanoparticles found. 

3.3 Determination of Maximum Wavelength and Standard Calibration curve for Rhodamine B. 

The different concentrations of Rhodamine B ranging from 100-1000 ppm were prepared (Fig. 2) 

and the standard calibration curve was determined at 554 nm using UV-VIS Spectrophotometer. 

 

Fig 2: Standard calibration curve for Rhodanine B 
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3.4. Optimization and Effect of Operational Parameters  

3.4.1 Influence of Initial RhB Concentration. 
In order to reduce the resistance caused by mass transfer between the RhB and solid phase, 

concentration is a crucial factor [23]. This investigation (Fig. 3) examined the impact of varying 

the initial concentration on adsorption over a 90-minute period at 25 oC and 0.1 g of adsorbent 

dosage. Adsorption of Rhodamine B was performed at the maximum wavelength of 554 nm. The 

elimination effectiveness of RhB at various starting concentrations is displayed in Fig. 3. Results 

showed that there was a considerable decrease in amount of Rhodamine B dye adsorbed as the 

initial concentration increased. Hence optimum removal capacity of the adsorbent is at lower 

concentrations. This could be attributed to the fact that lower concentrations provide more 

adsorption sites on the surface of he adsorbent. 

 

 

Fig 3: Effect of initial concentration (C-Fe3O4, w=0.1 g, Temp 25 oC, for 1hr 30 mins at 120 

rpm) 

 

3.4.2 Influence of Contact Time on RhB Adsortion. 

In all transfer phenomena, including adsorption, contact time is also a crucial component. The 

quantity of zerovalent iron required for Rhodamine B adsorption was optimized at various initial 

concentrations (200–1000 ppm) between 10 min and 120 min. As shown in Fig. 4, regarding C-

Fe3O4, the reaction rate began quickly at 10 minutes and reached equilibrium at 30 minutes. 

Followed by a steady state approximation which took hold until a quasi-equilibrium state was 

reached [29]. This could also be attributed to the presence of more active adsorption sites at the 

initial 10 minutes. 

For C-Fe3O4, the removal efficiency was quick during the first phase of the contact duration.  A 

rise in quantity of accessible sites for adsorption led to an improvement in the uptake efficiency 

for C-Fe3O4. Fig. 4 demonstrated that the percentage adsorption maintained a steady adsorption 

equilibrium at these various concentrations. 
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Fig 4: Influence of contact time (C-Fe3O4, w=0.1 g, Temp 25 oC, for 1 hr 30 mins at 120rpm 

 

5. Conclusion and Recommendation 

This study reported the preparation of chitosan supported magnetite nanocomposites (C-Fe3O4). 

The physicochemical characterization and influence of the time of contact and initial RhB 

concentration and on the sorption of the dye on as-synthesized chitosan supported magnetite 

nanocomposites. The physicochemical and spectroscopic characterization revealed the potential 

of magnetite nanocomposites (C-Fe3O4) to adsorb Rhodamine B dye. Functional group of C-Fe3O4 

determined by FTIR revealed characteristics peaks that confirmed the successful formation by 

incorporation of chitosan and magnetite nanoparticles. The adsorption studies further revealed the 

efficiency of the prepared nanocomposite to sequester Rhodamine B dye from water. We therefore 

recommend that further studies be carried out on the application of magnetite nanocomposites for 

other environmental pollutants. 
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