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Abstract: Bentonite has been widely utilized as a natural adsorbent; however, it exhibits relatively low effectiveness and 

selectivity, necessitating its combination with other supporting materials. Graphene and chitosan possess strong capabilities 

for binding metal ions in water due to their high surface area. Therefore, integrating bentonite with graphene and chitosan 

can produce an adsorbent with enhanced selectivity. This study aims to develop and optimize a bentonite–graphene–

chitosan–based nanocomposite adsorbent for removing Fe3+ ions from contaminated water. The nanocomposite was 

prepared through the synthesis of graphene oxide, activation of bentonite, and incorporation of chitosan, followed by 

characterization using XRD and FTIR. The FTIR and XRD results indicate that each component retains its characteristic 

features, and graphene oxide is successfully formed in an amorphous structure. The combination of these three materials 

shows strong potential as an Fe3+ adsorbent due to the synergistic interaction among the cation-exchange capacity of 

bentonite, the active surface of graphene oxide, and the amino functional groups of chitosan. 
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Introduction 
 

Advances in technology have driven the 

development of numerous alternative innovations 

to meet societal needs. In the field of materials, 

high-quality materials with superior mechanical 

properties are increasingly required. 

Nanocomposites represent one promising 

alternative for producing materials with enhanced 

mechanical performance compared to conventional 

materials. The fabrication of nanocomposites 

typically involves the use of fillers and a matrix. 

Fillers serve as reinforcing elements that play a 

critical role in determining the mechanical 

properties of the nanocomposite, as they transmit 

the load transferred from the matrix. 

The Jambi Province possesses substantial 

natural resources with strong potential for use as 

adsorbent materials, particularly bentonite. 

Bentonite is a montmorillonite clay known for its 

high adsorption capacity as an absorbent agent 

(Srasra and Bekri-Abbes 2020). In Jambi Province, 

bentonite deposits are distributed across several 

regions, including Merangin, Bungo, and Batang 

Hari Regencies, with an estimated reserve of 

160,143,200 tons. However, bentonite exhibits 

limitations in adsorbing pollutants, especially 

heavy metals, due to its low selectivity. Therefore, 

modification is required to enhance its adsorption 

capacity. Several approaches have been employed 

to improve bentonite’s performance, such as 

bentonite pillaring (Permana et al. 2024), 

bentonite/chitosan composites (Majiya et al. 2024; 

Permana et al. 2025), and bentonite/SiO composites 

(Yahya et al. 2024). 

Bentonite is a clay mineral commonly used as a 

filler in composites due to its hydrophilic nature 

and high adsorption capability. Graphene, a two-



 

 

 

1560 Proceeding International Conference on Religion, Science and Education (2026) 5 
 

 

dimensional carbon material, provides exceptional 

mechanical strength and high conductivity, 

making it suitable as a reinforcing agent in 

nanocomposites. Chitosan, a biopolymer derived 

from chitin, is often employed as the matrix owing 

to its biodegradable and biocompatible 

characteristics. 

The utilization of bentonite/graphene/chitosan 

nanocomposites is not yet widely recognized by 

the public; however, these materials hold 

significant potential in biomaterial applications, 

such as the fabrication of implants and medical 

devices. The chitosan matrix functions to distribute 

the applied load throughout the reinforcing 

components of the nanocomposite. Typically, 

matrix materials exhibit ductile behavior. 

The combination of 

bentonite/graphene/chitosan composites can 

produce an adsorbent with a large surface area and 

strong metal-ion binding capability. Bentonite 

possesses a high cation-exchange capacity and a 

large surface area (Oliveira et al. 2016). Graphene 

oxide provides an active surface enriched with 

oxygen-containing functional groups that can 

strongly interact with heavy metals through 

complexation mechanisms (Gu and Fein 2015; Joel 

and Lujanienė 2022). Meanwhile, chitosan, a 

biopolymer obtained through the deacetylation of 

chitin, contains nucleophilic amino groups that 

effectively bind metal ions (Crini et al. 2017; Geeta 

et al. 2014). Consequently, the resulting 

nanocomposite is expected to exhibit strong 

affinity toward Fe3+ ions, with nanoscale adsorbent 

dimensions and a large surface area. A study by 

Lavelim et al. (2023) demonstrated that 

bentonite/graphene nanocomposites are effective in 

adsorbing Pb (II), achieving an adsorption 

efficiency of up to 87% and a capacity of 271 mg/g. 

However, the application of 

bentonite/graphene/chitosan nanocomposites for 

the adsorption of Fe3+ ions remains limited. 

The aim of this study is to fabricate a 

bentonite/graphene/chitosan nanocomposite 

through chemical activation by synthesizing 

graphene into graphene oxide and activating 

bentonite, followed by characterization using XRD 

and FTIR to determine the material characteristics 

and verify the successful formation of the 

nanocomposite. 

 

 

Materials And Methods 

 

Materials 

The equipment used in this study includes a set of 

glassware, an oven, a furnace, an analytical 

balance, and a 150-mesh sieve. The materials 

employed were chitosan derived from tilapia fish 

scales, H2SO4 (p.a.), CH3COOH (p.a.), NaOH, 

graphite (99.8%), H2O2 (p.a.), and distilled water. 

 

Methods 

Preparation of Bentonite/Graphene/Chitosan 

Nanocomposites 

Bentonite was physically activated at 250°C, while 

graphene was synthesized from graphite. The 

preparation of the bentonite/graphene/chitosan 

nanocomposite followed a modified procedure 

based on previous studies (Permana et al. 2025; 

Lan Huong et al. 2018). A total of 2.5 g of chitosan 

was dissolved in 350 mL of 0.5% (w/v) acetic acid 

and stirred at 650 rpm for 2 hours. Simultaneously, 

2.5 g of activated bentonite/graphene was 

dispersed in 100 mL of distilled water and stirred 

at low speed for 1 hour. The bentonite/graphene 

suspension was then added to the chitosan solution 

under continuous stirring. Subsequently, 0.5 M 

NaOH solution was slowly added until the mixture 

reached a neutral pH, followed by further stirring 

for 3 hours. The resulting material was dried at 

60°C for 6 hours. The bentonite/graphene/chitosan 

nanocomposite was characterized using XRD and 

FTIR to determine its structural properties and 

functional groups.  

 

Data Analysis 

Determination of Particle Size Using X-Ray 

Diffraction (XRD) 

The X-ray diffraction (XRD) data obtained in this 

study were processed to determine the crystalline 

particle size using the Scherrer equation, expressed 

as follows: 
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Figure 1.  FTIR spectra of graphene oxide (GO), bentonite, and 

chitosan 

 

𝐷 =
𝐾𝜆

β cos(𝜃)
                               (1) 

Keterangan :  

λ  : Wavelength of the X-ray used 

θ  : Diffraction angle 

K  : Shape factor (0,94)  

β   : Full Width at Half Maximum (FWHM)  

 

 

Results And Discussion 

 

The FTIR characterization results for graphene 

oxide (GO), bentonite, and chitosan are presented 

in Figure 1. Figure 1a shows the FTIR spectrum of 

graphene oxide (GO) synthesized from activated 

carbon. The spectrum appears relatively flat, with 

no significant absorption corresponding to specific 

functional group vibrations. This phenomenon is 

attributed to the synthesis process, which 

employed a highly concentrated sulfuric acid 

solution (6 M), potentially causing degradation of 

the functional groups originally present in 

graphene (Zhang et al. 2023). 

Figure 1b shows the FTIR spectrum of the 

activated bentonite. The absorption band at 3360 

cm-1 corresponds to the vibrational stretching of –

OH groups. The characteristic vibration of the Si–O 

bond appears at 1006 cm-1, while the Al-O bond 

vibration is observed at 535 cm-1 (Chen et al. 2013; 

Daou et al. 2025). 

The FTIR spectrum of chitosan is presented in 

Figure 1c. The characteristic peak at 3311 cm-1 

corresponds to –OH vibrational stretching, while 

the absorption at 2890 cm-1 represents the C–H 

stretching vibration. The N–H absorption band 

appears at 1580 cm-1, and the band at 1030 cm-1 is 

attributed to the characteristic C–H functional 

group (Mozaffari et al. 2019; Delgado-Cedeño et al. 

2022; Fuhr et al. 2025). 

The XRD characterization results of bentonite, 

chitosan, and graphene oxide (GO) are presented 

in Figure 2. Figure 2a shows the diffractogram of 

bentonite. The peak at 2θ = 28.65° corresponds to 

quartz, while the peaks at 2θ = 33.91°, 47.75°, and 

52.17° represent characteristic reflections of 

montmorillonite (Mudasir et al. 2020; Permana et 

al. 2025). Based on these XRD results, it can be 

concluded that montmorillonite is the primary 

mineral component of the bentonite. Figure 2b 

displays the diffractogram of chitosan, where a 

sharp peak at approximately 2θ = 27.61° is 

observed, which is typical of pure chitosan 

(Satpathy et al. 2021). Figure 2c presents the 

diffractogram of graphene oxide (GO). The absence 

of high-intensity peaks and the presence of a broad 

hump at around 2θ = 20–30° indicate that the 

synthesized graphene oxide possesses an 

amorphous structure (Tiwari et al. 2025; Stobinski 

et al. 2014). 

 
Figure 2. XRD diffractograms of bentonite, chitosan, and graphene 

oxide (GO) 
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Conclusions 

 

This study successfully synthesized a 

bentonite/graphene/chitosan nanocomposite 

through bentonite activation, oxidation of graphite 

into graphene oxide (GO), and subsequent 

incorporation with chitosan. The FTIR and XRD 

results indicate that each component retained its 

characteristic features, and the graphene oxide was 

successfully formed with an amorphous structure. 

The combination of these three materials 

demonstrates strong potential as an Fe3+ adsorbent 

due to the synergistic interaction among the cation-

exchange capacity of bentonite, the active surface 

of graphene oxide, and the amino functional 

groups of chitosan. 

 

 

Acknowledgements: We gratefully acknowledge 

the financial support provided by the Universitas 

Jambi. 

 

Conflict of Interest: The authors declare that there 

are no conflicts of interest concerning the 

publication of this article. 

 

 

References 

 
Chen D, Du G, Zhu Q, Zhou F. 2013. Synthesis and 

characterization of TiO2 pillared montmorillonites: 

Application for methylene blue degradation. J Colloid 

Interface Sci 409:151–7.  

Crini G, Morin-Crini N, Fatin-Rouge N, Déon S, Fievet P. 

2017. Metal removal from aqueous media by polymer-

assisted ultrafiltration with chitosan. Arab J Chem 

10:S3826–39.  

Daou I, Aadnan A, Zegaoui O, Shaim A, Hsini A, Moussout 

H. 2025. Physicochemical and photocatalytic properties 

of TiO2-bentonite composite used as photocatalysts for 

methylene orange degradation. Nano-Structures & 

Nano-Objects 43:101535.  

Delgado-Cedeño A, Hernández-Martínez SP, Ramos-Zayas 

Y, Marroquín-Cardona AG, Méndez-Zamora G, Franco-

Molina MA, Kawas JR. 2022. Insoluble chitosan complex 

as a potential adsorbent for aflatoxin B1 in poultry feed. 

Front Mater ;9.  

Fuhr ACFP, Raupp IN, Silva LFO, Crissien TJ, Philippi VP, 

Alomar SY, dos Reis GS, Dotto GL. 2025. Chitosan/clay 

adsorbent for dye removal: Statistical mechanics and 

thermodynamic insights. J Mol Liq 435:128153. 

Geeta, Kumar S, Shivani, Shayoraj, Saini M, Dubey SK. 

2014. Phosphorylation of chitin and chitosan: A review 

on its significance and various synthesis routes. Polym 

from Renew Resour. 15(2):278–306.  

Gu D, Fein JB. 2015. Adsorption of metals onto graphene 

oxide: Surface complexation modeling and linear free 

energy relationships. Colloids Surfaces A Physicochem Eng 

Asp. 481:319–27. 

Joel EF, Lujanienė G. 2022. Progress in Graphene Oxide 

Hybrids for Environmental Applications. Environments. 

9(12):153.  

Lan Huong PT, Tu N, Lan H, Thang LH, Van Quy N, Tuan 

PA. 2018. Functional manganese ferrite/graphene oxide 

nanocomposites: effects of graphene oxide on the 

adsorption mechanisms of organic MB dye and 

inorganic As(v) ions from aqueous solution. RSC Adv.  

8(22):12376–89.  

Lavelim B, Destiarti L, Adhitiyawarman A, Sasri R. 2023. 

Synthesis of Reduced Graphene Oxide-Bentonite 

Composite and Its Application as a Lead(II) Ion 

Adsorbent. Indones J Chem. 23(1):1.  

Majiya H, Clegg F, Sammon C. 2024. Bentonite-Chitosan 

composites or beads for lead (Pb) adsorption: Design, 

preparation, and characterisation. Appl Clay Sci. 

246:107180.  

Mozaffari M, Emami MRS, Binaeian E. 2019. A novel 

thiosemicarbazide modified chitosan (TSFCS) for 

efficiency removal of Pb (II) and methyl red from 

aqueous solution. Int J Biol Macromol 123:457–67.  

Mudasir M, Baskara RA, Suratman A, Yunita KS, Perdana 

R, Puspitasari W. 2020. Simultaneous Adsorption of 

Zn(II) and Hg(II) Ions on Selective Adsorbent of 

Dithizone-Immobilized Bentonite in the Presence of 

Mg(II) Ion. J Environ Chem Eng 8:104002.  

Oliveira CIR de, Rocha MCG, Silva ALN da, Bertolino LC. 

2016. Characterization of bentonite clays from Cubati, 

Paraíba (Northeast of Brazil). Cerâmica. 62(363):272–7.  

Permana E, Naswir M, Hidayat ANH, Wijaya DE, Rahayu 

MA, Wazzan H. 2024. Optimization of Nanobentonite-

CuO Adsorption for Reducing 3-MCPDE, Free Fatty 

Acids, and Peroxide Values in Bulk Cooking Oil: A 

Study of Adsorption Efficacy and Isotherm Modeling. 

Indones Food Sci Technol J. 8(1):108–16.  

Permana E, Naswir M, Wijaya DE, Hidayat AN, Nurjamil 

DS, Prayogi AS. 2025. Application of bentonite-chitosan 

nanocomposites for the adsorptive removal of iron and 

natural organic matter in peat water. Journal of 

Degraded and Mining Lands Management 12:8107–16.  

Satpathy AA, Dash S, Das SK, Shyamasuta S, Pradhan S. 

2021. Functional and bioactive properties of chitosan 

from Indian major carp scale. Aquaculture International 

29:417–30.  



 

 

 

 Permana et al. – Synthesis and Characterization of … 1563 
 

 

Srasra E, Bekri-Abbes I. 2020. Bentonite Clays for 

Therapeutic Purposes and Biomaterial Design. Curr 

Pharm Des. 26(6):642–9. 

Stobinski L, Lesiak B, Malolepszy A, Mazurkiewicz M, 

Mierzwa B, Zemek J, Jiricek P, Bieloshapka I. 2014. 

Graphene oxide and reduced graphene oxide studied by 

the XRD, TEM and electron spectroscopy methods. J 

Electron Spectros Relat Phenomena 195:145–54.  

Tiwari A, Rathour V, Singh V, Singh S, Ganesan V. 2025. 

Electrochemical detection of trace-level clozapine in real 

samples using fluorine- and boron-doped reduced 

graphene oxide: Heteroatom-facilitated enhanced 

sensitivity. Electrochim Acta 540:147269.  

Yahya AK, Nurmalasari E, Aini AP, Ulya HN. 2024. 

Performance Evaluation of Bentonite/Nano-SiO2 

Composite as Bleaching Earth in Crude Palm Oil 

Processing. J Kim Sains dan Apl. 27(4):167–73.  

Zhang P, Sun Y, Wei J, Zhang T. 2023. Research progress on 

properties of cement-based composites incorporating 

graphene oxide. Reviews on Advanced Materials 

Science 62. 

 

 



 

THIS PAGE INTENTIONALLY LEFT BLANK 



  D =   K 𝜆    β   cos ⁡  ( 𝜃 )                                                               ( 1 )

