
  

 

Abstract—Excessive toxic metals are commonly found in 

polluted water bodies. This study aimed to synthesise 

kenaf-based adsorbents for the adsorption of lead (II) ions. The 

physical and chemical characteristics of the kenaf (KNF) core 

and fibre were determined using field emission scanning 

electron microscope (FESEM), thermogravimetric analysis 

(TGA), and Fourier-transform infrared spectroscopy (FTIR). 

The further synthesised kenaf-chitosan-alginate 

(KNF-CHT-ALG) beads were characterised through FESEM 

and FTIR, while inductively coupled plasma (ICP) was 

employed to determine the percentage of adsorption. The 

FESEM analysis demonstrated that the KNF core had a 

rougher surface morphology than the KNF fibre. The TGA 

analysis confirmed that the KNF core was coarser and 

contained a higher residue of approximately 75.91%. The FTIR 

spectra established intense functional groups in the KNF core, 

such as hydroxyl and carboxyl, attracting more Pb (II) ions. 

The KNF core was then used to synthesise KNF-CHT-ALG 

beads. The beads confirmed the enhancement in surface 

morphology and the existence of numerous functional groups 

for Pb (II) ions to bind. The ICP analysis demonstrated 95% of 

Pb (II) ion adsorption. Additionally, batch adsorption 

experiments were conducted at pH 2–7 and the contact time was 

within 5–60 minutes. The kinetic study of the adsorption 

followed the pseudo-second order model with an R
2
 value of 

0.9999. The KNF is a crop found in abundance in Malaysia, 

which could reduce the production cost of adsorbents. The 

significant outcomes would minimise the dependency on 

chemical adsorbents and accelerate the removal process of 

heavy metals in natural bodies of water. 

 
Index Terms—Toxic metals, kenaf, polluted, adsorbent, 

adsorption. 

 

I. INTRODUCTION 

Heavy metals are toxic and non-biodegradable 

constituents commonly found in various aquatic 

environments. Heavy metals are naturally low in aquatic 

ecosystems but could increase due to natural or 

anthropogenic sources that penetrate the water body and 
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harm aquatic lives. Moreover, untreated heavy metals from 

various industries, including mining, electroplating, 

automotive, battery enterprises, and agricultural activities, 

have resulted in wastewater contamination [1]. For instance, 

the maximum lead (II) (Pb (II)) ions concentration in the 

Langat River Basin, Malaysia, was 9.99 ± 1.40 µg/L [2], 

which exceeded the permissible limit by the Department of 

Environment (DOE) Malaysia.  
Ion exchange, membrane filtration, and chemical 

precipitation could be applied to treat heavy metals toxicity. 

Nevertheless, these methods are considered expensive and 

ineffective. The advantages of the adsorption method include 

low capital and operational costs, high performance, ease of 

operation, variation in adsorbent availability, and not being 

easily affected by harmful toxic substances [3]-[5]. Recently, 

adsorption methods that employ green adsorbent materials, 

such as chitosan (CHT) and kenaf (KNF) have been gaining 

attention due to their strong adsorption properties [6].  

The CHT was extensively considered for its capability to 

absorb various heavy metal ions due to its functional groups, 

such as the amino (-NH2) and hydroxyl (-OH) radicals [7]. 

Furthermore, a previous study used sodium alginate (ALG) 

as the cross-linking agent that enhanced the hydrophobicity 

of chitosan [8]. An abundant local plant known as KNF is 

another potential adsorbent with several functional groups 

that could enhance the stability of heavy metals adsorption 

[9], [10]. The adsorption mechanism of metal ions are 

demonstrated by equations (1) and (2) [11], [12]: 

 

M2+ + 2(OH)− ↔ M(OH)2 ↓         (1) 

 

R-COOH + Pb2+ → R-COOPb2+ + H+       (2) 

 

The present study proposed the synthesis of a new hybrid, 

kenaf-chitosan-alginate (KNF-CHT-ALG) hydrogel 

composite beads and demonstrated the physical and chemical 

properties of the composite adsorbent. First, to identify the 

adsorbent with the most potential, two types of KNF samples 

were taken, the core and the fibre. Then, the composites were 

characterised using field emission scanning electron 

microscopy (FESEM), thermogravimetric analysis (TGA) 

and Fourier-transform infrared (FTIR) spectroscopy. The 

FESEM and TGA analyses were performed to assess the 

surface morphology and thermal properties of the proposed 

composites [13], [14]. The FTIR spectroscopy analysis 

illustrated the chemical properties of the proposed 

composites, enabling the identification of the functional 

groups present in the composites.  

Batch mode sorption experiments with different 

parameters, including pH and contact time, were conducted 
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to determine the removal of Pb (II) ions using the 

KNF-CHT-ALG beads as the sorbent. The removal 

percentage was verified through the inductively coupled 

plasma (ICP) analysis. Additionally, the adsorption kinetics 

of the synthesised adsorbents were determined using the 

fitted models of pseudo-first and pseudo-second orders. 

 

II. MATERIALS AND METHODS 

A. Study Site and Sampling 

Raw KNF samples were obtained from the Raw Material 

Collecting Centre (RMCC) owned by Lembaga Kenaf dan 

Tembakau Negara (LKTN) in Cherating, Kuantan, Pahang. 

Raw KNF samples were collected from the site and 

transported to the MyBioREC laboratory at the School of 

Civil Engineering, UiTM, Shah Alam.  

B. Materials 

The KNF core and fibre samples were cut. A sander 

machine was employed to turn the cut samples to powder. 

Lead(II) nitrate (Pb(NO3)2) purchased from R&M Chemicals 

was used to prepare Pb (II) ions solution in the desired 

concentration. Calcium chloride salts (CaCl2) was also 

purchased from R&M Chemicals. Sodium alginate (ALG) 

and CHT powder purchased from Sigma Aldrich, Germany, 

were used to produce the adsorbents. 

C. Preparation of the KNF Core and Fibre Samples 

The collected raw KNF samples were cut into small 

chunks, around 30 cm each, and kept in a water basin for 

about 17 days. Fig. 1 displays the water retting process 

employed to ease the separation of the KNF fibre from its 

core. Subsequently, the samples were grounded, sieved and 

kept in air-tight plastic bags (Fig. 2). Finally, FESEM and 

TGA were employed to characterise the samples physically, 

while FTIR was utilised for chemical characterisation. 

 

 
Fig. 1. The water retting process. 

 

 
Fig. 2. The kenaf core and fibre samples powder after being sieved. 

D. Characterisation of the KNF Core and Fibre Samples 

Fig. 3 demonstrates the equipment utilised in the 

characterisation analyses of the proposed composites. The 

surface morphologies of the KNF core and fibre were 

observed using the FESEM Zeiss MERLIN at an accelerating 

voltage of 3.0 kV. The FESEM equipment was located at the 

Research Instrumental Management (RIM), Universiti 

Kebangsaan Malaysia (UKM). The FESEM analysis offered 

physical information at magnifications of 10× to 300000×, 

with nearly infinite depth of view. Compared to the 

traditional scanning electron microscopy (SEM), FESEM 

produced simpler and less electrostatically distorted images.  

The thermal properties of the KNF core and fibre were 

investigated using the TGA analysis. The equipment 

employed was the Mettler-Toledo TGA/DSC Model in 

Instrumental Lab 2, School of Chemical Engineering, UiTM. 

The test was conducted in a nitrogen atmosphere with a 50 

mL/min flow rate at 30 ℃ to 900 ℃ and a heating rate of 

10 °C/min. This technique offered easy operation with a 

small sample (1–20 mg).  

The functional groups in the KNF core and fibre were 

subjected to FTIR analysis using a Spectrum One FTIR 

Spectrometer. The equipment used was also in Instrumental 

Lab 2, School of Chemical Engineering, UiTM. FTIR 

spectroscopy analysis is one of the most important analytical 

techniques available to investigate the chemical properties of 

various substrates. One of the main advantages of the 

approach is that various types of samples could be examined, 

including liquids, solutions, pastes, powders, films, fibres, 

and gases. 
 

 
Fig. 3. The equipment used for characterisation analyses of FESEM (a) 

TGA (b) and FTIR (c). 

 

E. Preparation of Pb(NO3)2 Solutions 

The desired Pb(II) ions solution were obtained by 

dissolving 0.8 g of Pb(NO3)2 salts into 1 L conical flasks. 

F. Preparation of the KNF-CHT-ALG Beads 

The KNF-CHT-ALG beads were prepared by dissolving 

alginate (ALG) in ultrapure water (UPW) at 100 ℃ with 

magnetic stirring of 900–1200 revolutions per minute (rpm) 

for five minutes. The CHT powder was added to the solution 

and dissolved with 1% acetic acid. Next, the KNF core 

powder was added and stirred homogeneously. The blended 

solution then was dripped into 100 mL of calcium chloride to 

form smooth magnetic KNF-CHT-ALG beads. Finally, the 

beads were rinsed three times with UPW and dried at 60 ℃ 

for three hours. 

G. Characterisation of the KNF-CHT-ALG Beads 

The FESEM+EDX and FTIR equipment mentioned in 

Sect. D were employed to characterise the KNF-CHT-ALG 

beads. 
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H. Sorption Studies 

The removal of Pb(II) ions by the KNF-CHT-ALG beads 

was studied using a batch sorption experiment conducted in 

250 mL glass flasks. First, 0.5 g of adsorbent was added to 

the flask containing 50 mL of Pb(II) ions solution (a 

concentration of 50 mg/L). Then, the solution was shaken in 

an incubator shaker at 125 rpm for 60 minutes. Subsequently, 

the beads were filtered from the solution. The residual 

concentration of Pb(II) ions in the solution was analysed 

through ICP analysis. Finally, the adsorption percentage was 

calculated using the following equation [1]: 

      

Percentage of adsorption (%R) = (C0 − Ct)/C0 × 100      (3) 

 

where C0 is the Pb (II) ions concentration before adsorption 

(mg/l) and Ct is the Pb (II) ions concentration after adsorption 

(mg/l). 

1) The effects of pH 

The pH was maintained between 2.0 to 7.0 with aqueous 

0.1 M nitric acid (HNO3) and 0.1 M sodium hydroxide 

(NaOH). Simultaneously, the contact time, adsorbent dosage, 

and Pb (II) ions solution concentration were fixed at 60 

minutes, 0.5 g, and 50 mg/L. Subsequently, the controlled 

parameters of the effects of pH were determined. 

2) The effects of contact time 

Approximately 0.5 g of the KNF-CHT-ALG adsorbent 

beads was mixed with 50 mL of Pb (II) solutions in a 250 mL 

conical flask at 50 mg/L. The solution was shaken for 5–60 

minutes using a Thoth 6430 shaker model at 125 rpm. The 

final concentration of the Pb (II) ions was determined using 

an inductively coupled plasma optical emission spectrometer 

(ICP-OES). 

I. Adsorption Kinetics 

Pb (II) ions adsorption kinetics investigation was based on 

the pseudo-first and pseudo-second orders kinetic models. 

The pseudo-first and pseudo-second orders equations are 

defined by linear equations (4) and (5). 

 

log (qe – qt) = log (qe) – (k1/2.303)t             (4) 

t/qt = 1/k2qe
2 + t/qe            (5) 

 

where qt (mg/g) is the amount of Pb (II) ions adsorbed at time 

t, and k1 is the rate constant of adsorption (1/min). k1 and qe 

were be obtained from the intercept and slope of the linear 

graph of log (qe – qt) versus time, t. In the pseudo-second 

order kinetic model, k2 denotes the pseudo-second order rate 

constant (mg/g/min), and qe is the amount of Pb (II) ions 

adsorbed at equilibrium. The linear plot of t/qt versus time, t, 

was utilised to determine k2 and qe values, respectively. 

 

III. RESULTS AND DISCUSSION 

A. Surface Morphology of the KNF Core and Fibre 

Samples 

The FESEM micrographs that displayed the morphology 

of KNF core and fibre are shown in Fig. 4(a), (b), 

respectively. At 500× magnification, the KNF core exhibited 

a higher number of micropores compared to the KNF fibre. 

The findings were consistent with previous reports [15], [16], 

which reported that pore development increased the surface 

area, and the pore volume promoted the diffusion of heavy 

metal molecules into the pores.  

According to [17], the surfaces of raw KNF are often 

rough. The same observation was reported by [18], which 

found that the KNF core exhibited better adhesion properties 

for the adsorption process when the surfaces were rougher. 

Comparably, the KNF core in this study provided preferable 

conditions that would improve the adsorption of heavy 

metals compared to the KNF fibre.  
 

 
Fig. 4. FESEM images at 500× magnification and an accelerating voltage of 

3.0 kV of KNF core (a) and fibre (b) samples. 

 

B. Thermal Study of the KNF Core and Fibre Samples 

Fig. 5 depicts the TGA thermograms, demonstrating the 

thermal decomposition behaviour of the KNF core and fibre 

samples. The KNF fibre thermally decomposed earlier 

compared to the KNF core. The phenomenon was caused by 

higher moisture absorption due to the presence of 

hemicelluloses. The percentage of weight reduction at 400 ℃ 

displayed the amount of residue left after the degradation of 

the composites.  

The KNF fibre contained less residue compared to the 

KNF core due to the removal of lignin through alkalisation. 

Lignin in KNF is the primary cause for charring, contributing 

to higher char production in KNF fibre [19]. The charring 

produced by the degradation of the KNF fibre might improve 

the thermal resistance of its composites. Resultantly, the 

KNF fibre was more thermally resistant. However, the KNF 

fibre samples were less effective in trapping heavy metals 

because of their higher lignocellulosic components 

degradation, which led to the smoother surface of its 

composites [20]. 
 

 
Fig. 5. TGA curves of the KNF core and fibre samples at a flow rate of 50 

mL/min, the temperature of 30 ℃ to 900 ℃, and a heating rate of 10 ℃/min. 

 

Table I shows the thermal decomposition temperature 

range and residual mass percentage after the KNF core and 

fibre samples underwent TGA. Based on the table, the KNF 
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core and fibre could hold a maximum heating temperature of 

595 ℃ and 469 ℃, respectively. The maximum 

decomposition temperature for the KNF core was consistent 

with a previous report [21], which found that the maximum 

decomposition temperature of a KNF core was 

approximately 598 ℃.  

In general, KNF plants consist of lignocellulosic 

components that mechanically support the plant, strengthen 

the plant, and help control biodegradation, thermal 

degradation, and moisture adsorption. An investigation 

reported that the mass of lignocellulosic components such as 

lignin, cellulose, and hemicellulose continued to decompose 

as temperature increased [22]. In this study, the initial weight 

for both samples were 20 mg. The KNF core exhibited a 

higher residue at 75.91% (15.18 mg) compared to the fibre 

sample at 43.09% (8.62 mg) due to a higher percentage of 

lignin content. The observation confirmed the results by [23], 

[24], in which a higher lignin content at 25.21% in the KNF 

core exhibited a higher residue percentage than the KNF fibre 

at 2.8% lignin content.  

The weight decomposition displayed by the KNF core 

(24.09%) was lower than the KNF fibre (56.91%), indicating 

the degradation of lignocellulosic components in the core 

samples was much lower. The study by [22] highlighted that 

a higher percentage of weight reduction was primarily due to 

the increased degradation of the lignocellulosic components, 

promoting smoother and cleaner surfaces of KNF composites. 

Therefore, the KNF core was coarser and more irregular [25] 

than the KNF fibre, which could potentially assist the 

adsorption process of metal ions. 
 

TABLE I: TGA RESULTS OF THE KNF CORE AND FIBRE SAMPLES 

 

 

C. Functional Groups Spectra of the KNF Core and Fibre 

Samples 

The FTIR spectra of the KNF core and fibre samples are 

shown in Fig. 6(a), (b), respectively. Both the KNF core and 

fibre exhibited almost similar peaks. A wideband was 

observed at around 3300 cm−1 (peak I), confirming the 

presence of free hydroxyl (OH) groups imposing the 

functions of OH and carboxyl (COOH). Peak III band 

exhibited at around 1000 cm−1 corresponded to C-OH groups 

[26], [27]. Meanwhile, peak II at 1734 cm−1 attributed to the 

presence of –C=O, confirming the existence of carbonyl in 

the carboxyl group (-COOH) [28].  

Both the KNF core and fibre samples confirmed the 

presence of functional groups and displayed potential in 

promoting the binding of metal ions. However, the KNF core 

was expected to demonstrate a better surface as its peaks I 

and III were more intense compared to the bands obtained 

from the KNF fibre samples. Therefore, only the KNF core 

was utilised to produce the KNF-CHT-ALG beads. 

 

 
Fig. 6. FTIR spectra of the KNF core (a) and fibre (b) samples within the 

515–4000 cm−1 range. 

 

D. Surface Morphology of the KNF-CHT-ALG Beads 

before and after Adsorption of Pb (II) Ions 

The surface morphology of the KNF-CHT-ALG beads 

before and after adsorption of Pb (II) ions are depicted in Fig. 

7. The KNF-CHT-ALG beads, shown in Fig. 7(a), displayed 

rougher surfaces, indicating the presence of agglutinative 

flakes of fibrous cellulose materials that increased the 

adsorption rate of Pb (II) ions. Meanwhile, the image of the 

KNF-CHT-ALG beads after Pb (II) ions adsorption 

displayed in Fig. 7(b) were smoother and denser due to the 

formation of Pb (II) ions layer over the surface of the beads 

[29]. The observations were later confirmed with the EDX 

elemental spectra of the chemical composition of the beads. 
 

 
Fig. 7. FESEM images at 500× magnification and an accelerating voltage of 

3.0 kV of the KNF-CHT-ALG before (a) and after (b) adsorption of Pb (II) 

ions. 

 

Based on the EDX analysis illustrated in Fig. 8, the 

KNF-CHT-ALG beads before Pb (II) ions adsorption 

represented carbon, oxygen, calcium, and zirconium 

elements. Moreover, Pb peaks were detected on the surfaces 

of the beads after the adsorption of Pb (II) ions, confirming 

that the Pb (II) ions were adsorbed onto the KNF-CHT-ALG 

beads. 
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Fig. 8. The EDX spectra of the KNF-CHT-ALG beads before (a) and after (b) 

adsorption of Pb (II) ions. 
 

E. Functional Groups Spectra of the KNF-CHT-ALG 

Beads 

FTIR analysis was utilised to investigate further the 

functional groups present in the KNF-CHT-ALG beads to 

confirm the adsorption of Pb (II) ions. The results are 

displayed in Fig. 9. A wideband was observed within the 

3200–3300 cm−1 range, confirming the presence of free OH 

groups imposing the OH functions in the beads [28]. The 

FTIR spectrum at around 1590 cm−1 might be due to the 

immobilisation of –C=O groups onto the cellulose groups of 

the KNF powder [10]. The band perceived within the 

1416–1418 cm−1 region represented COO− and C-O 

stretching, while the band within the 1008–1028 cm−1 range 

demonstrated the stretching vibration of ALG and CHT 

polymer [30]. The peak at 1734 cm−1 of the KNF-CHT-ALG 

beads confirmed the existence of the –C=O group in the 

-COOH group [28]. On the other hand, the peak at the 1244 

cm−1 region corresponded to the C-O-C stretching vibration 

[10]. Overall, the KNF-CHT-ALG beads exhibited numerous 

functional groups, as illustrated by the FTIR spectra, 

confirming Pb (II) ions binding capabilities. 
 

 
Fig. 9. FTIR spectra of the KNF-CHT-ALG beads within the 700–4000 cm−1 

scanning range. 

F. Heavy Metals Adsorption 

The KNF-CHT-ALG beads that were analysed using the 

FESEM and the FTIR were initially tested for adsorption of 

Pb (II) ions. Table II illustrates several studies conducted on 

green KNF-based adsorbents in capturing heavy metals in 

wastewater. An investigation reported that the KNF fibre 

functionalised with phosphoric acid adsorped up to 88.2% of 

copper ions from electroplating wastewater [10]. In another 

study [31], the adsorption potential of a low-cost adsorbent 

Hibiscus Cannabicus KNF fibre investigated for Cr(VI) 

adsorption from water demonstrated a maximum Cr(VI) 

removal of 73%. Zinc chloride (ZnCl2), used as a carbonising 

promoter for KNF core in treating heavy metal contamination, 

removed up to 91.2% manganese ions [32].  

An investigation found that surface-modified CHT beads 

were more efficient in the adsorption of lead [29]. Based on 

the results, the current study proposed the synthesis of 

KNF-CHT-ALG beads, which exhibited 95% adsorption of 

Pb (II) ions upon further investigation. Additionally, the 

KNF core increased the adsorption binding capacity of the 

beads towards the Pb (II) ions. 
 

TABLE II: PERCENTAGES OF HEAVY METALS REMOVAL BY GREEN 

MATERIAL-BASED ADSORBENTS 

 
 

G. Batch Adsorption Studies 

1) The effects of pH 

The pH of solutions is a critical parameter that affects the 

metal binding process and the availability of functional 

groups on the surface of adsorbents. The pH applied in the 

current investigation was within the 2–7 range. The effects of 

pH on the adsorption of metal ions by the KNF-CHT-ALG 

beads are depicted in Fig. 10. Based on the graph, the higher 

the pH, the higher the removal percentage. The maximum 

removal was at 96%, which was at pH 5. The findings were 

supported by a previous report [29], which demonstrated that 

at a lower pH, the positively-charged Pb (II) ions competed 

with the hydroxonium ions (H3O
+), inducing a lower capture 

of the heavy metal ions. According to the same report, 

solutions at a higher pH improved the adsorption of Pb (II) 

ions. Solutions with a higher pH consist of an excess of 

hydroxyl ions (OH−). 

The beads were damaged and swollen at pH 2, while at pH 

above 5, a cloudy solution formed when Pb (II) ions were 

precipitated as lead hydroxide (Pb(OH)2) (Fig. 11). The 

optimum pH observed was in agreement with a previous 

study [29], where the CHT beads surface modified with an 

anionic surfactant, sodium dodecyl sulfate (SDS), effectively 

removed up to 83.69% Pb (II) ions at pH 5. Additionally, 

another experiment [15] reported a higher percentage of 

removal that resulted from a pH close to neutral. 
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Fig. 10. The percentages of Pb (II) ions removal for adsorbent dosage of 0.5 g, 

50 mg/L of Pb (II) ions concentration, and 60 min of contact time at pH 2–7. 

 

 
Fig. 11. The colour of Pb (II) solutions at pH 2–7. 

 

2) The effects of contact time 

The effects of contact time on Pb (II) ions adsorption by 

the KNF-CHT-ALG beads from an aqueous solution was 

investigated at different contact times within the range of 

5–60 min. The concentration of Pb (II) ions used was 50 

mg/L at an adsorbent weight of 0.5 g, and the pH of the 

solution was at the pH of 4.43 to reach maximum heavy 

metals extraction.  

Fig. 12 displays the effect of contact time on Pb (II) ions 

removal over time. The rapid uptake of Pb (II) ions in the first 

5 min were observed due to the high availability of vacant 

adsorption sites on the surface of the adsorbents followed by 

slow increments of removal after 40 min. The observations 

were due to increased repulsive forces of the adsorbed ions, 

making the remaining sites more difficult to access [33]. The 

optimal percentage of removal was reached at 60 min at 94%. 
 

 
Fig. 12. The percentages of Pb (II) ions removal for adsorbent dosage of 0.5 g, 

50 mg/L of Pb (II) ions concentration, and pH 4.43 at 5–60 min of contact 

time. 

 

H. Adsorption Kinetics 

The kinetic studies of Pb(II) ions adsorption on the 

KNF-CHT-ALG beads were carried out at 5, 10, 15, 20, 40, 

and 60 minutes using the pseudo-first order and 

pseudo-second order kinetic models. The adsorption was 

verified based on the highest value of regression coefficients 

(R2) and the difference of the uptake capacity of calculated 

(qe cal) and experimental (qe exp) data [10]. Fig. 13(a), (b) 

illustrate the findings for both the pseudo-first and 

pseudo-second orders.  

Fig. 13(a) plots the log (qe – qt) versus time, t, graph, which 

was inversely proportional for the pseudo-first order. Based 

on the figure, the R2 value was 0.9766. On the other hand, Fig. 

13(b) depicts the graph of t/qt versus time, t, which was linear 

for the pseudo-second order. According to the results, the R2 

value was 0.9999, which was significantly higher than the 

pseudo-first order. 
 

 

 
Fig. 13. Kinetic plots for adsorption of Pb (II) ions onto KNF-CHT-ALG 

beads for the pseudo-first order (a) and pseudo-second order (b) of adsorbent 

dosage of 0.5 g, 50 mg/L of Pb (II) ions concentration, and 50 mL of Pb(II) 

ions. 

 

Table III shows the rate constants of the pseudo-first and 

pseudo-second orders calculated from the equation in Sect. I. 

The R2 values obtained for the pseudo-first order was 0.9766 

and considered satisfactory. Nonetheless, a significant 

difference was observed between the experimental value of 

qe (4.8729 mg/g) and the calculated qe (2.275 mg/g) obtained 

from the linear plot. The results suggested that the 

pseudo-first order model did not sufficiently support the 

adsorption data. On the other hand, the R2 obtained for the 

pseudo-second order was 0.9999, which was higher than the 

pseudo-first order model and the nearness of experimental qe 

(4.8729 mg/g) and calculated qe (5.118 mg/g) proved that this 

model was well fitted for explaining the Pb (II) ions 

adsorption onto KNF-CHT-ALG beads. The observations 

also aligned with the research by [10] and [34]. 
 

TABLE III: RATE CONSTANTS FOR THE KINETIC MODELS OF PB (II) IONS 

ADSORPTION 
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IV. CONCLUSION 

The current study investigated the physical and chemical 

properties of the KNF core and fibre through FESEM, TGA, 

and FTIR analyses. According to the FESEM micrographs, 

the KNF core exhibited more micropores and surface 

roughness than the KNF fibre. Therefore, the KNF core 

offered more adhesion surfaces for the adsorption of metal 

ions, including Pb (II) ions. Furthermore, as shown in the 

TGA analysis, the KNF core exhibited higher surface 

roughness due to its high residue of up to 75.91% at 

maximum decomposition temperature. In FTIR spectra 

analysis, both the KNF core and fibre samples exhibited 

similar functional groups (OH, C-OH, and –C=O), suitable 

for heavy metals adsorption. Interestingly, the KNF core 

consisted of a better surface as there were two peaks with 

high intensity compared to the KNF fibre.  

The KNF-CHT-ALG beads that utilised the KNF core 

were successfully synthesised. The KNF-CHT-ALG beads 

exhibited numerous suitable functional groups and illustrated 

a porous microstructure with sufficient surface area to 

provide more reaction sites for Pb(II) ions for up to 95% 

adsorption. The adsorption kinetics was also in good 

agreement with the pseudo-second order model with an R2 

value of 0.9999. The findings demonstrated that the 

KNF-CHT-ALG beads are adsorbents that could potentially 

be utilised for future adsorption of other metal ions. 
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