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Abstract – The use of electrospun fiber using polyacrylonitrile (PAN) as an adsorbent is a promising 

premise in the treatment of dyed wastewater, such as brilliant green dye, from the environment. 

Electrospinning is the technology where polymer solutions can be formed into micro to nano-sized fibers 

that contain massive potential in wastewater treatment technology. In the present study, PAN/Bentonite 

(PAN/Ben) was prepared by suspending bentonite powder in PAN solution before the electrospinning 

process. The composite electrospun adsorbent fiber is then used for treating cationic dye wastewater. The 

composition and morphology study of the adsorbent fiber found that the diameter of the fibers formed at 

3.42 µm with elements of bentonite embedded in it. The adsorption ability of the adsorbent fibers reached 

96% removal of 100 ppm dye concentration, with 64.84 mg/g adsorption capacity. The batch adsorption 

analysis demonstrated that the adsorption process followed the Langmuir isotherm best, showing that the 

adsorption process consists of monolayer adsorption on the surface of the adsorbent fiber. The experimental 

data fits better in the pseudo-second order kinetic model, proving the adsorption to be chemisorption. The 

pH and temperature study found that the adsorbent performs better as the pH levels increase from neutral 

to basic conditions, meanwhile the fiber adsorption ability improves as the temperature of the solution 

increase. The present work can provide new ways to utilize the electrospinning technology for adsorption 

fibers. 
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I. INTRODUCTION 

Batik is one of the fastest growing industry in 

Malaysia which contributes to the economic growth 

of the country. The textile industry increased the 

GDP of Malaysia up to 93.6% in 2021 alone [1]. 

However, with increased production of textile, 

comes the increased production of scheduled waste, 

where Malaysia produced 7249.40 MT/year if 

schedule waste in 2020 [2]. The United Nations 

World Water Development report stated that 80% of 

the wastewater from these sectors is released to the 

environment with appropriate treatment [3]. The 

release of the dye water affects both the 

groundwater and soil. With repeated uncontrolled 

dye wastewater release, the contamination of the 

soil and water source reduces the nutrients of the 

soil, affects the health of aquatic creatures, and 

hinders the photosynthesis of underwater plants [4]. 
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Thus, wastewater treatment is a serious issue that 

has been studied by many scientists such as [5]–[9]. 

One of the typically used approach to treat these 

wastewaters is by the use of the adsorption 

technology [10]–[13]. Various adsorbents, such as 

activated carbon [14], [15], natural clay [16]–[18] 

and polymer membranes or fibers [19], [20] have 

been employed in water remediation studies. 

Polyacrylonitrile (PAN), a synthetic polymer, have 

been used in water purification due to its high 

mechanical strength, high degree of molecular 

orientation and flexibility [21], [22]. Additionally, 

PAN is also compatible in electrospinning as well. 

However, PAN lack in necessary functional group 

limits its adsorption ability, thus reducing its 

efficiency. To overcome this weakness, physical 

blending of adsorbents into the polymer is one of the 

ways. Bentonite, known for its strong adsorption 

capacity, can be introduced into the polymer 

through this method, providing additional active 

adsorption sites. The negative charge is induced by 

isomorphous substitution of Al3+ for Si4+ in the 

tetrahedral layer and Mg2+ for Al3+ in the 

octahedral layer. Moreover, the existence of 

exchangeable cations such as Na+ and Ca2+ in the 

lattice structure enables the bentonite in adsorbing 

cationic contaminants by ionic exchange [23].  

Following this reasoning, PAN polymer can be 

electrospun with bentonite as its filler, increasing its 

ability to treat dye wastewater. Electrospinning is a 

technology with increasing interest due to its ability 

to produce highly efficient adsorbent, having 

fibrous structure along with high specific surface 

area, and ease of use [24]. Using electrospinning, a 

nanofiber made from a mixture of PAN polymer and 

bentonite can be created. Few studies have been 

reported using bentonite as the filler for PAN 

nanofiber for the treatment of cationic dyes. 

Therefore, in the present study, electrospun 

PAN/Ben nanofibers were prepared by mixing PAN 

solution with bentonite clay until homogeneity 

before undergoing the electrospinning process. The 

physicochemical properties of the resultant 

PAN/Ben nanofiber were characterized by scanning 

electron microscope (SEM), and Fourier-transform 

infrared spectroscopy (FTIR). To evaluate the 

adsorption behaviour of PAN/Ben nanofiber for the 

removal of BG dye, the effects of adsorbent dosage, 

adsorbate concentration, pH, adsorption kinetics, 

and adsorption isotherm were studied.  
 

II. MATERIALS AND METHOD 

a) Reagents and chemicals 

Brilliant green (BG) dye (purity of 90%, colour 

index 42040, molecular weight of 482.63 g/mol λmax 

= 625 nm, CAS:2734-67-6, molecular formula = 

C27H34N2O4S) was supplied from Chemolab 

Supplies Sdn. Bhd. BG dye acts as the cationic 

adsorbate, in an aqueous solution. Polyacrylonitrile 

powder (MW = 150 000 g/mol), and bentonite clay 

powder was purchased from Biotek Abadi Sdn. 

Bhd. Dimethyl sulfoxide (DMSO) which acts as the 

solvent for the polymer was acquired from BT 

Science Sdn. Bhd. Distilled water was used for the 

preparation of an aqueous dye solution. The pH of 

solutions was adjusted by NaOH and HCl solutions 

(0.1 M) purchased from Merck, Malaysia. The stock 

solution of BG dye was prepared by weighting 1 g 

with an analytical balance (A&D Company, model 

HR-250A) and then dissolved completely in 1 L of 

distilled water. Dilution is then used to obtain 

various adsorbate concentrations for subsequent 

adsorption tests. The adsorbate concentration was 

measured using UV-VIS spectroscopy (model 

Shimadzu UV-1800) where the calibration curve of 

the BG dye was obtained from 50 – 250 mg/L at 625 

nm. 

 

b) Preparation of PAN/Ben nanofibers, and 

physicochemical characterization. 

 PAN/Ben nanofiber was synthesized from 

PAN solution and commercial bentonite clay 

powder. Initially, 9% w/v PAN solution was 

prepared with 40 mL of DMSO solution at 55 ℃ 

and ℃ then magnetically stirred for 8 h. The 

bentonite powder was then added to the PAN 

solution and stirred until homogeneity. The 

homogenous solution was then electrospun using 

the electrospinning equipment (Progene Link Sdn. 

Bhd.). The electrospinning parameter was set to 11 

kV voltage, a flow rate of 1 mL/h, tip-to-collector 

distance of 12 cm. The resultant nanofiber was dried 

at 55 ℃ for 1 h. The material was used as the 

adsorbent in BG dye adsorption tests. 

 The surface morphology of PAN nanofiber 

before and after the addition of bentonite was 

characterized by Scanning Electron Microscope 

SEM/EDX (FEI model Quanta 450 FEG). The 

changes in the functional groups of the PAN 
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nanofiber were determined in the region of 4000-

400 cm-1 with a spectral resolution of 4 cm-1 using 

FTIR spectroscopy (Shimadzu model IR Prestige-

21). The surface area and pore volume of the 

PAN/Ben nanofiber were estimated via nitrogen 

adsorption at 22 ℃ using a BET surface analyzer 

(Micrometrics model ASAP 2000, Nocross, GA). 

 

c) Batch adsorption experiments, kinetics, and 

isotherms 

 Batch adsorption experiments were carried 

out to evaluate the PAN/Ben nanofiber performance 

for BG dye removal. The adsorbent performance 

was studied by analyzing various operating factors 

such as initial adsorbent concentration (1 to 7 wt%) 

initial adsorbate concentration (50 to 250 mg/L), 

adsorption temperature (25 to 100 ℃) and solution 

pH (2 to 10). All experiments were performed with 

50 mL of BG dye solution until the nanofiber 

adsorbent reached equilibrium (i.e., 3 h of contact 

time). The adsorption capacities in all the 

experiments were estimated via an adsorbate 

material balance using the equation:  

 𝑞 =
(𝐶𝑂−𝐶𝑓)𝑉

𝑊
   (1) 

 where CO and Cf are initial and final 

concentrations (mg/L) of the BG dye adsorption 

experiment respectively, V is the volume of 

adsorbate solution (L), and W is the mass of the 

nanofiber (g). The adsorption capacities at time t (h) 

and equilibrium state are denoted as qt and qe (mg/g) 

respectively.  

 BG dye adsorption isotherms and kinetics 

with PAN/Ben nanofiber were also quantified and 

stated in Table 1.  Kinetics were determined with 

initial BG dye concentrations from 50 – 250 mg/L 

at actual pH and 30 ℃ under stirring of 500 rpm. 

Other than that, the PAN/Ben adsorption isotherm 

was conducted at 25 – 100 ℃ and actual pH using a 

contact time of 3 h. Both kinetic and isotherm 

experiments were done with 0.3 g of adsorbent 

dosage.  

 Therefore, the experimental data for the 

PAN/Ben adsorption was correlated with the 

Langmuir and Freundlich isotherm model and the 

pseudo-first-order and pseudo-second-order kinetic 

models were used to fit the experimental data. The 

summary of each model is given in Table 1 and 

explanations of each model can be found in the 

references. Model parameters of KL and KT are the 

adsorption constants of each isotherm equation 

given in L/mg, while KF is the adsorption constant 

for Freundlich isotherm given in unit 

(mg/g)·(L/mg)1/n. qmax is the maximum adsorption 

capacity (mg/g), and 1/n is the adsorption intensity.  

The model parameters for each isotherm equation 

are as follows:  

Table 1. Isotherm and kinetics used for the analysis of BG 

dye adsorption on PAN/Ben fiber 

Isotherm 

models 

 Reference Equation 

Langmuir 𝑞𝑒

=
𝑞𝑚𝑎𝑥𝐾𝐿𝐶𝑒
1 + 𝐾𝐿𝐶𝑒

 

[25] (2) 

Freundlich 𝑞𝑒

= 𝐾𝐹𝐶𝑒
1/𝑛

 

[25] (3) 

Kinetic 

models 

 Reference Equation 

Pseudo-

first-order 

𝑞𝑡

= 𝑞𝑒(1

− 𝑒−𝑘1𝑡) 

[26] (4) 

Pseudo-

second-

order 

𝑞𝑡

=
𝑞𝑒
2𝑘2𝑡

1 + 𝑞𝑒𝐾2𝑡
 

[26] (5) 

 

III. RESULTS 

3.1 Physicochemical characterization of PAN/Ben 

nanofiber 

The surface morphology of PAN nanofiber and 

PAN/Ben nanofiber is shown in Figure 1. The 

normal PAN nanofiber surface shows a thin fibrous 

fiber (368.88 nm) with a criss-cross pattern. 

Meanwhile, the bentonite-infused PAN shows a 

thicker fiber (3.42 µm). The irregularity became 

more uniform as bentonite was integrated into the 

fiber and the thickness of the fiber increased. The 

SEM-EDX of each fiber is reported in Table 2, 

which indicates the major element composition is 

composed of carbon. The aluminium and silica were 

identified in the adsorbent point to the presence of 

bentonite. The specific surface area and pore 

volume of PAN/Ben nanofiber were 43.52 m2/g 
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0.006 cm3/g, respectively. Figure 2 reports the FTIR 

spectra for the PAN/Ben nanofiber to identify the 

functional groups of the PAN polymer and 

bentonite. The band of OH stretching at 3442 cm-1 

of structural hydroxyl groups and water present in 

the mineral [27]. The H-O-H bending vibration is 

shown at 1666.65 cm-1 and CH2 scissoring can be 

found at 1425.40 cm-1 [28]. The peaks at 1031.92, 

947.06, 696.23 and 663.51 cm-1 show the 

vibrational modes of Si-O stretching and show the 

characteristic of layered silicate montmorillonite 

mineral. 

 
Table 2 : Result of the elemental analysis (SEM-EDX) of 

PAN and PAN/Ben nanofiber 

Elements Weight % 

PAN PAN/Ben 

Carbon, C 100 76.36 

Oxygen, O N/A 15.23 

Aluminium, Al N/A 1.36 

Silica, Si N/A 6.30 

Sulphur, S N/A 0.75 

 

 

 

 

 

 
Figure 2. FTIR result of PAN/Ben nanofiber 

 

3.2 Impact of adsorption operating conditions on BG 

dye removal with PAN/Ben nanofiber: kinetic and 

isotherms 

 

Figure 3. Impact of addition of bentonite to PAN on the BG 

dye removal and adsorption capacity at 303 K, 50 ppm 

adsorbate concentration, actual pH and 500 rpm of stirring 

 

 

Figure 4. Impact of increasing bentonite dosage on BG dye 

removal and adsorption capacity at 303 K, 50 ppm adsorbate 

concentration, actual pH and 500 rpm of stirring 
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Figure 1 : Surface morphology of (a) PAN nanofiber and (b) 

PAN/Ben nanofiber 
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Figure 5. Impact of adsorbate concentration on the BG dye 

removal and adsorption capacity of PAN/Ben nanofiber at 

303 K, actual pH and 500 rpm of stirring 

 

Figure 2. Impact of pH on the BG dye removal and 

adsorption capacity of PAN/Ben nanofiber at 303 K, 50 ppm 

adsorbate concentration and 500 rpm of stirring. 

Table 3. Result of isotherm models for the BG dye adsorption 

on the PAN/Ben nanofiber at actual pH 

 

IV. DISCUSSION 

The effect of PAN nanofiber and PAN/Ben 

nanofibers were studied to identify the adsorption 

capacity and removal performance (%) of cationic 

BG dye using fixed adsorbate concentration (50 

mg/L) at 303 K and actual pH under 400 rpm of 

stirring. Figure 3 shows the effect of the addition of 

bentonite to the PAN solution. It was found that the 

removal performance had increased from 53 to 97% 

removal.  In addition, the BG dye adsorption 

capacity increased from 19.32 to 33.72 mg/g with 

the addition of bentonite. Meanwhile, Figure 4 

shows the impact of increasing bentonite dosage on 

PAN for the removal of BG. With the increase in 

adsorbent dosage from 1 to 7 wt%, the maximum 

adsorption ranged from 10.76 to 35.2 mg/g at tested 

operating conditions. The increment in pollutant 

removal is caused by an increase in the availability 

of active sites of composite nanofibers for BG dye 

removal. From here, the optimal dosage of bentonite 

was determined to be at 7 wt% to obtain a high 

pollutant removal (-97%). This operating parameter 

was then used for the determining adsorption 

parameter which includes the kinetics and 

isotherms. 

The increase in initial adsorbate concentration had 

a clear impact on the BG dye adsorption capacity as 

it increases from 50 to 250 ppm. It had an increase 

in adsorption capacity from 50 to 100 ppm, stating 

an increase in adsorption capacity of 33.75 to 64.84 

mg/g and it plateaued up to 200 ppm before spiked 

down to 27.92 mg/g. This was the result of a 

decrease in pollutant removal from 97% down to 

17% at the highest adsorbate concentration. This 

phenomenon occurred because a high initial 

concentration provides an important driving force in 

overcoming mass transfer resistance between the 

aqueous and the solid phases, which increases the 

rate at which the dye molecules pass from the bulk 

solution to the particle surface [29].  

Although the adsorption mechanism is more 

efficient as the initial dye concentration increases, 

the percentage of the removal is higher at lower 

concentrations because a certain amount of 

bentonite can adsorb a limited amount of dye. It is 

of note that the removal of 100 mg/g of BG dye 

using PAN/Ben (64.8 mg/g) outperformed the 

removal performance of malachite green of 17 mg/g 

that was reported by [30] and the removal 

performance of methylene blue (20.68 mg/g) by 

[31]. Table 3 summarizes the results of the kinetic 

adsorption models used to fit with BG dye 

adsorption data. As a whole, the calculated 

equilibrium adsorption capacities and determination 

coefficients (R2) of the pseudo-second-order (R2 ≈ 

0.96 – 0.99) fit better than the pseudo-first-order (R2 

≈ 0.64 – 0.79). The trends are confirmed by the ARE 

values, which were 0.26 – 0.64 and 0.01 – 0.09 for 
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1/n 0.03 0.20 0.09 0.31 
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18.86 11.36 20.86 19.89 

R2 0.04 0.75 0.46 0.97 
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the pseudo-first-order and pseudo-second-order 

respectively. This suggests that the main mechanism 

of BG dye adsorption is chemisorption. 

The impact of pH on the adsorption of BG with 

PAN/Ben nanofiber are shown in Figure 6. This 

study shows that the pH affects the overall 

adsorption ability of the PAN/Ben nanofiber where 

it performed the best at high pH. Over the pH range 

of 2.3 – 10.3, the adsorption of BG onto PAN/Ben 

increased from 14.76 mg/g to 17.54 mg/g. The 

adsorption of BG onto PAN/Ben nanofiber can be 

attributed to the electrostatic interaction between 

BG and the bentonite-laden nanofiber32. At acidic 

pH > 2.3 to 4.1, the presence of excess H+ ions 

compete with the cations in the solution for the 

available active adsorption sites. It showed 

improvement as the pH becomes more basic due to 

the attraction of the BG ions to the adsorption site of 

the PAN/Ben nanofiber [32]. 

The adsorption isotherm at different temperatures 

(i.e., from 303 to 373 K) was done and the result was 

reported in Table 4 and Figure 8. Overall, the 

adsorption capacity of BG dye increased from 28.65 

to 62.10 mg/g when the temperature increased from 

303 to 373 K. Results from the isotherm data fitting 

with Langmuir and Freundlich are reported in Table 

4. Langmuir model showed a better fit (R2 ≈ 0.78 – 

0.99) than the Freundlich model (R2 ≈ 0.04 – 0.97). 

Furthermore, fitting the Langmuir model assumes 

that the adsorption that occurred was monolayer 

adsorption at its binding sites, homogeneous 

distribution of active sites on the adsorbent surface, 

and no adsorbate molecules interactions [32]. 
 

V. CONCLUSION 

PAN/Ben nanofiber was prepared via 

electrospinning and used as an adsorbent for the 

removal of cationic brilliant green dye from water. 

Bentonite was found to improve the adsorption 

performance of PAN polymer and the best dosage 

for bentonite to treat 50 ppm BG dye was 7 wt% 

with an adsorption capacity of 33.75 mg/g. The 

highest adsorption capacity achieved by PAN/Ben 

for cationic dye removal was 64.8 mg/g. The 

contributing force for adsorption was found to be 

electrostatic interaction. The Langmuir and pseudo-

second-order were the best models to correlate the 

BG dye adsorption data. pH and temperature were 

found to affect the BG dye adsorption capacity 

where the increase of operating variable increased 

the adsorption capacity.  
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