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Abstract 

The adsorption is widely used to remove dyes from wastewater because of its low cost, simple 

preparation, and environmental friendliness. However, the existing adsorbents suffer from difficult 

recycling, inconvenient use, and low regeneration rate. In this study, polyacrylonitrile (PAN) and 

graphene oxide (GO) was mixed for electrospinning GO/PAN nanofiber membrane and then chitosan 

(CS) was grafted to obtain CS-GO/PAN nanofiber membrane. CS-GO/PAN membrane were 

characterized with FE-SEM, EDX, FT-IR and, WCA. The effects of membrane types, dosage, solution 

pH on the removal of dye sunset yellow (SY) were systematically investigated. The results showed 

that more than 80% of SY were removed within 15 min at pH 2 using 100 mg CS-GO/PAN membrane. 

Adsorption kinetic data were fitted well with the pseudo-second-order model and adsorption 

equilibrium achieved within 240 min. The isotherm study followed the Langmuir model with the actual 

maximum adsorption capacity of 211.54 mg/g. After 5 adsorption-desorption cycles, the adsorption 

efficiency and the desorption efficiency of CS-GO/PAN were over 90% and 93%, respectively. 

Moreover, the membrane recovered easily from the water while its integrity was still maintained. The 

CS-GO/PAN membrane demonstrates the virtue of high adsorption capacity, easy operation, and good 

reusability, which could be considered as a promising material for adsorbing dyes in wastewater. 

Keywords Nanofiber membrane · Electrospinning · Polyacrylonitrile · Graphene Oxide ·  

Chitosan · Sunset Yellow 
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Introduction 

Dyes are widely used in various industries producing food, textiles, printing, leather, and 

cosmetics [1, 2]. Dye wastewater is one of the most difficult industrial wastewaters to treat because of 

its stable composition, high chroma, and high concentration of organic matter [3]. The common 

methods in the treatment of dye wastewater include coagulation, electrolysis, photocatalytic 

degradation, biodegradation, ultrafiltration, adsorption and etc [4-9]. However, the majority are 

complicated and expensive. Among these technologies, the adsorption has attracted much attention 

due to its simple design, easy operation, low cost, and wide range of adsorbent sources [10, 11]. 

Pollutants in the water are adsorbed by materials with a large specific surface area and porous 

structure, or polar groups on the surface of materials. Graphene oxide (GO) is a two-dimensional (2D) 

carbon-based with atomic thickness and large planar size [12]. High adsorption capacity, mechanical 

flexibility, and chemical stability is given by its unique structure [13, 14]. The GO activated carbon (GO-

AC) composite synthesized by the one-step mixing method has an adsorption capacity of 147 mg/g for 

Crystal Violet [15]. An alginate/gelatin/graphene oxide (SGGO) composite aerogel was prepared by a 

“hydrophilic assembly–sustained release gelation” method, showed an ordered fishing net-like 

microstructure, and the maximum adsorption capacity for Methylene blue and Congo red was 322.6 

mg/g and 196.8 mg/g respectively.[16] As a non-toxic and environmentally benign amino 

polysaccharide, chitosan (CS) contains a large number of amino(-NH2) and hydroxyl (-OH) functional 

groups, which provides active sites for the adsorption of dyes and other pollutants [17, 18]. However, CS 

dissolves slowly in an acidic environment. The practicability of CS was significantly improved by 

compounding with other materials. Zheng et al. [19]prepared dialdehyde microfibrillated cellulose 

(DAMFC), and then DAMFC was compounded with CS through the Schiff Base. The addition of 

DAMFC resulted in drastically improved stability of CS in dye solution. 

The combination of GO and CS enlarged the specific surface area as well as active sites of the 

adsorbent. The magnetic CS/GO (MCGO) nanocomposite was prepared by slowly adding CS/GO 

suspension into the iron oxide magnetic nanoparticle dispersion. The maximum adsorption capacity of 

MCGO for Methyl Orange reached 398.08 mg/g [20]. Although excellent adsorption property of these 

dispersed adsorbents was reported, they usually lack enough durability and recovery, and lead to the 
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generation of secondary pollution.  

Electrospinning nanofiber membranes have been extensively studied due to their advantages of 

large specific surface area, easy recovery, excellent mechanical properties, and high recycling rate [21-

23]. Polyacrylonitrile (PAN) has chemical stability, the resistance of corrosion and biodegradation, 

hence used to prepare fiber membrane frequently [24, 25]. The abundant nitrile groups (C≡N) on the 

surface of PAN fiber can be easily converted into active groups by chemical reaction [26]. Oxime grafted 

PAN nanofiber membrane with high grafting percent (79%) showed good adsorption to Methylene 

Blue, Rhodamine B and Safranin T [27]. Sunset yellow (SY) is mainly used for tinting drugs and food 

(The details are shown in Table 1). Long-term or a one-time large intake of SY leads to symptoms such 

as allergies, diarrhea, and risk of cancer [28]. However, there are still very few reports on successful 

adsorption of SY in wastewater though electrospinning nanofiber membrane. 

Herein, the preparation of CS-GO/PAN nanofiber membrane by electrospinning and chemical 

grafting technology was presented, which overcomes the shortcomings of poor acid resistance of CS. 

The adsorption characteristics of the CS-GO/PAN were emphatically discussed for dye pollutants 

represented by SY. Investigate the influence of membrane types, dosage, solution pH on the adsorption, 

and utilize related models to analyze the isotherm and kinetic adsorption mechanism. Besides, the 

desorption process and recycling were discussed. 

Table 1 Chemical structure and properties of SY 

Sunset Yellow Detail 

Chemical formula C16H10N2Na2O7S2 

Class Azo 

Color index 15985 

Molecular weight (g/mol) 452.38 

λmax (nm) 482±2 

Molecular structure 
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Materials and methods 

Materials 

GO(>95 wt%)was obtained from Suzhou Hengqiu Graphenechina Technologies Co., Ltd. CS and 

PAN were provided by Sinopharm Chemical Reagent Co., Ltd and Tianjin Yongda Chemical Reagent 

Co., Ltd, respectively. N, N -dimethylformamide (DMF, 99.5%) was purchased from Shandong Qilu 

Petro-Chemical Engineering Company. Sodium hydroxide (NaOH) and hydrochloric acid (HCl) were 

purchased from Tianjin Sailboat Chemical Reagent Technology Co., Ltd. 1-Ethyl-3-(3-

dimethylaminopropyl)carbodiimide (EDC) and N-Hydroxy succinimide (NHS) were obtained from 

Shanghai Macklin Biochemical Co., Ltd. Polyethylene glycol (PEG, 6000) was purchased from 

Aladdin Chemical Co., Ltd. 

Preparation of the CS-GO/PAN nanofiber membranes 

The preparation process and adsorption activity of CS-GO/PAN nanofiber membranes were 

presented in Fig. 1. 

 

Fig. 1 Schematic of CS-GO/PAN nanofiber membranes preparation process and adsorption activity 
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GO/PAN nanofiber membranes were obtained by electrospinning. A homogeneous 

electrospinning precursor solution of PAN and GO was prepared by adding 0.40 wt% GO into DMF 

and sonicated at 4 o C for dispersing uniformly. PAN (15 wt%) was added to the above solution and 

mixed by a magnetic stirrer for 10 h. The precursor solution was then injected into a 5 mL syringe 

equipped with 21-gauge needle. The spinning parameters were set to the voltage of 20 kV, the collect 

distance between the needle tip and aluminum foil of 15 cm, the temperature of (30±5 o C), the 

humidity of (30± 5%). The GO/PAN nanofiber membrane was collected for 4 h continuous 

electrospinning at a feed rate of 1 mL/h. 

GO/PAN membrane was modified by grafting with CS. GO/PAN was hydrolyzed in 2.5 M NaOH 

at 40 o C for 4 h, and then put into 2 M HCl for 1 h. Take it out, wash with water until neutral and dry. 

CS (0.2 wt%, 0.5 wt%, 0.7 wt% and 1 wt%) was added to a beaker containing 100 mL water, and then 

the pH of the solution was adjusted to 5 by HCl to dissolve it. 0.5 wt% hydrolyzed GO/PAN membrane 

was added to CS solution with a small amount of EDC and NHS. Then beaker was sealed and kept at 

35 o C with shaking for 16 h, and an amide bond was formed between the membrane surface and CS. 

The solution was adjusted pH to 8 with NaOH, and then the pure sample was obtained by dialysis, 

concentration with PEG, and dry. The various samples mentioned above are defined in Table 2. 

Table 2 The recipe of the nanofiber membranes 

Simple DMF (mL) PAN(g) GO (mg) CS (g) 

PAN 10 1.5 0 0 

GO/PAN 10 1.5 40 0 

0.2CS-GO/PAN 10 1.5 40 0.2 

0.5CS-GO/PAN 10 1.5 40 0.5 

0.7CS-GO/PAN 10 1.5 40 0.7 

1.0 CS-GO/PAN 10 1.5 40 1.0 

Characterization 

The surface morphologies of PAN, GO-PAN and CS-GO/PAN nanofiber membranes were studied 

by FE-SEM (Hitachi S-4800, Japan). The Energy Dispersive X-ray spectrometry (EDX) was used to 

characterize the element information. The average diameters of nanofiber membranes were measured 

from FE-SEM images by Nano Measure software (n=100). The chemical groups of membranes are 

analyzed by Fourier Transform Infrared Spectroscopy (FT-IR, Thermofisher, Nicolet iS50, China) in 

the range of 500-4000 cm-1 spectra. The dynamic water contact angle of the sample surface measured 
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by the WCA (DSA-100, Kruss, Germany) reflects the hydrophilicity. 

Adsorption and regeneration experiments 

The performance of adsorbents was studied by using the batch method. Batch assays were carried 

out at a shaking rate of 120 rpm during the experiment. Firstly, 100 mg of each sample was added to 

100 mg/L SY at pH 6.4 and shaken at 35 o C for 480 min to determine the effect of adding GO and CS 

on the adsorption. Secondly, the optimal adsorption dosage was evaluated between 50 to 400 mg in 

100 mg/L SY. NaOH and HCl were used to adjust the pH of the solution through a digital pH meter. 

The effect of pH was studied in the range of 1-10. The kinetics of 100 mg/L and 150 mg/L SY were 

discussed at different contact times (0-480 min), and the wave spectrum of 100 mg/L SY at the 

corresponding time was measured. For the adsorption isotherm experiment, the data of different initial 

concentrations (0-2000 mg/L) were collected to explore the maximum adsorption capacity. Finally, the 

membranes were immersed in 1 M NaOH for 60 min and washed with water to separate the adsorbed 

dye. Five adsorption-desorption cycles were carried out to evaluate the reusability. The concentration 

of SY was determined by a UV-Vis spectrophotometer (HNY-200B, Honour, China) at the maximum 

absorption wavelength of 483 nm. 

The adsorption capacity (qe, mg/g) and the adsorption efficiency (E, %) at equilibrium were 

calculated by Eq. 1 and 2, respectively[29]. In addition, the desorption efficiency (DE, %) was used to 

characterize the desorption effect of the membranes (Eq. 3).                                           𝑞𝑒 = (𝐶0 − 𝐶𝑒)𝑉/𝑚 (1) 𝐸 = (𝐶0 − 𝐶𝑒)/𝐶0 × 100% (2) 𝐷𝐸 = 𝑞𝑒′/𝑞𝑒 × 100% (3) 

where C0 and Ce (mg/L) are the initial and equilibrium concentrations of SY, respectively. V (L) is the 

volume of the solution and m (g) is the mass of adsorbents. q’e (mg/g) is the amount of SY after 

desorption.  

Results and discussion 

Characterization of nanofiber membranes 

The morphology and diameter distribution of PAN, GO/PAN and 0.7CS-GO/PAN nanofiber 

membranes were shown in Fig. 2. Pure PAN nanofiber exhibited uniform, smooth and randomly 



7 

 

oriented filaments (Fig. 2 a, b). The average diameter of fiber was 287±21 nm (Fig. 2 c). The nodes 

emerged on the nanofibers after adding GO, indicating that GO was wrapped in the fibers (Fig. 2 d, e), 

which has also been confirmed by other researchers [30, 31]. The average diameter of GO/PAN was 

239±27 nm (Fig. 2 f). A possible reason for diameter decrement was that lamellar GO leads to unstable 

spinning jets during the electrospinning process, which enhanced the stretching of the jets. 0.7CS-

GO/PAN nanofibers shown a certain degree of bending and adhesion (Fig. 2 g). In addition, fibers of 

0.7CS-GO/PAN were covered with abundant CS, and a small amount of CS layer even blocked the 

gap between the fibers (Fig. 2 h), which resulted in the average diameter of 0.7CS-GO/PAN (D=308±39 

nm, Fig. 2 i) higher than that of PAN and GO/PAN. The diameter distribution analysis was proved that 

the distribution of GO/PAN was more dispersed than pure PAN, which was attributed to the existence 

of nodes with larger diameter while the PAN fiber wrapped with GO became thinner due to stretching. 

Besides, the digital photo in Fig. 2 showed that the surface of CS-GO/PAN was rougher than PAN. A 

rough surface can improve the wettability of the membrane[32], which is consistent with the 

experimental results of the WCA in the following text. 
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Fig. 2 SEM images and the diameter distribution of the membranes. (a-c) PAN, (d-f) GO/PAN and (g-i) CS-
GO/PAN (The illustrations were digital images of the membranes) 

The chemical structure of nanofiber membranes was analyzed by FT-IR. As shown in Fig. 3 a, 

the characteristic peak of PAN representing stretching vibration of nitrile groups (C≡N) was observed 

at 2240 cm-1 and distinctive peaks at 2932 and 1450 cm-1 were the asymmetrical and symmetrical 

bending of C-H, respectively [33]. In addition, the peak around 1732 cm−1 was a typical peak formed 

by the stretching vibration of the C=O, the peak at 1047 cm-1 and 880 cm-1 were responsive to the C-

O, and the peak at 3413 cm-1 was related to the stretching vibration of hydroxyl (-OH) [34-36]. Various 

active groups, such as hydroxyl and carboxyl, were proved to be forming on the surface of GO/PAN 

after hydrolysis, which provided the basis for grafting reaction. The peaks at 2885 cm-1(-CH2), 1339 

cm-1(amine І C-N), 1150 cm-1(C-O), 1103 cm-1(C-O-C), and 959 cm-1(C-N) were assigned to the 

characteristic of the CS in Fig. 3 b [37]. The new stretching vibrations of amide I C=O (1670 cm-1) and 

the bending vibrations of amide II N-H (1579 cm-1) indicated that amide bonds (-NHCO-) formed on 
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the treated GO/PAN membrane surface [38]. The above results revealed that CS was successfully grafted 

onto the surface of GO/PAN membrane. 

 

Fig. 3 Comparison of FT-IR patterns of (a) GO/PAN before and after hydrolysis and (b) PAN, hydrolyzed GO/PAN 
and 0.7 CS-GO/PAN 

The EDX elemental analysis results of PAN, GO/PAN and 0.7CS-GO/PAN were shown in Fig. 4. 

The main elements in the three samples were carbon, nitrogen and oxygen. The increase of nitrogen 

and oxygen content in GO/PAN and 0.7CS-GO/PAN was attributed to the effect of active oxygen 

groups in GO and CS. EDX spectra confirmed that GO and CS were completely mixed in PAN. 
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Fig. 4 EDX analysis of nanofiber membranes. (a) PAN, (b) GO/PAN and (c) 0.7 CS-GO/PAN 

The permeability and selectivity of the membrane were influenced by the hydrophilicity of its 

surface. The improvement of hydrophilicity was beneficial to the penetration and adsorption of dyes 
[39, 40]. The WCA results of the three types of membranes are shown in the Fig. 5. As a hydrophobic 

polymer, the initial WCA of the electrospun PAN membrane was about 131.4 o and only decreased by 

1.5 o after 20 s. The initial WCA of GO/PAN (115.5 o) after mixing GO was smaller than PAN, and 

there is a certain degree of decrease (4.9 o) after 20 s. However, it still showed hydrophobicity. The 

membrane was proved to improved hydrophilicity after grafting CS. The initial WCA of 0.7CS-

GO/PAN is 24.5 o and the water-drop penetrated the membrane in a very short time (<0.5 s), showing 

super hydrophilicity. 

 
Fig. 5 Contact angle of PAN, GO/PAN and 0.7CS-GO/PAN nanofiber membranes 

Adsorption activity of CS-GO/PAN nanofiber membranes  

Effect of membrane types 

Different types of the membrane were selected to remove SY in order to investigate the best ratio 

of GO and CS. The introduction of GO was demonstrated to increase the adsorption efficiency by 23%. 

The adsorption efficiency increased significantly with the increase of CS addition (Fig. 6 a). 0.7CS-

GO/PAN has been observed the highest adsorption efficiency, which was 90 times that of PAN. 

Therefore, the adsorption capacity and adsorption mechanism of SY by 0.7CS-GO/PAN nanofiber 

membrane (Hereafter referred to as CS-GO/PAN) was investigated in detail.  
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Fig. 6 Effect of membrane type (a), the dosage (b) and pH of solution (c) on the absorption of SY onto the 
nanofiber membranes 

Effect of CS-GO/PAN membrane dosage 

The adsorption efficiency and adsorption capacity of CS-GO/PAN in the range of 50 to 400 mg 

for SY are shown in Fig. 6 b. The adsorption efficiency ascended sharply from 51.74% to 77.12% with 

the increase of membrane mass from 50 to 100 mg. The ascending trend was related to the increase of 

the active sites and surface area of the membrane. However, the further increase did not significantly 

change the adsorption efficiency when the dosage reached 100 mg, because surface saturation resulted 

in the unavailability of adsorption sites. It was also observed that the adsorption capacity descended 

from 35.07 mg/g to 6.61 mg/g with the ascend of dosage from 50 mg to 400 mg, because fewer dye 

molecules were exposed to a unit mass of CS-GO/PAN, and active sites could not be covered 

completely. The optimum dosage of 100 mg was utilized in the subsequent experiments to reduce 

errors and further explore the adsorption mechanism. 

Effect of pH value  

The pH is an important factor of the adsorption process as it affects the ionization degree of the 

adsorbent and the speciation of various dyes[41]. A wide range of pH was used in the experiment. CS-

GO/PAN had better adsorption for SY under acidic conditions from Fig. 6 c. The adsorption capacity 

reached the maximum value of 44.29 mg/g at pH 2. There were massive protons in the acidic solution, 

thus the amino and hydroxyl groups in the membrane were protonated, leading to the surface with 

positive charges. The negative charges in the anionic dye SY combined with the positive charges on 

the surface of the membrane by electrostatic attraction, promoting the adsorption for SY. Therefore, 

the following experiments were conducted using the solution at pH 2. 
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Adsorption Kinetic 

The residual SY concentration was measured at a different time to explain the adsorption kinetic 

mechanism. Two different initial concentrations of SY were used for comparison. As shown in Fig. 7 

a, the adsorption capacity of CS-GO/PAN increased rapidly in 0-60 min, and 80% of SY was removed 

in 15 min, while increased slowly within 60-240 min, and then gradually stabilized. SY was almost 

completely removed finally. Adequate binding sites and positive charges were exposed on the surface 

of the membrane in the initial stage of adsorption, offering an enhanced adsorption rate. With the 

extension of time, the sites tended to be saturated and the positive charges reduced, weakening the 

adsorption. Besides, the absorption spectrum of 100 mg/L SY was measured at the corresponding time 

(Fig. 7 b). The characteristic peak of SY was observed to decrease drastically in 15 min and then 

remained approximately unchanged in 240 min. In order to ensure that SY was adsorbed fully by CS-

GO/PAN and save experimental time, the adsorption time was determined to be 240 min. 

 

Fig. 7 Effect of contact time for (a) SY adsorption and kinetic fitting on CS-GO/PAN and (b) UV–vis spectra of SY 
solution 

To get further determine the adsorption process of dyes on CS-GO/PAN, the kinetic data were 

fitted with the pseudo-first-order kinetic model (Eq. 4) and pseudo-second-order kinetic model (Eq. 5). 

The pseudo-first-order kinetic model is based on the approximation that the adsorption rate relates to 

the number of the unoccupied adsorptive sites and one adsorbate is adsorbed onto one site. Whereas, 

the pseudo-second-order kinetic model assumes that adsorption relates to the squared product of the 

difference between the number of the available equilibrium sites and the occupied sites [27]. The forms 
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of the two models could be described in the following equations[42]: 𝑙𝑛(𝑞𝑒 − 𝑞𝑡) = 𝑙𝑛𝑞𝑒 − 𝑘1𝑡 (4) 𝑡/𝑞𝑡 = 𝑡/𝑞𝑒 + 1/(𝑘2𝑞𝑒2) (5) 

Where qe (mg/g) is the adsorption capacity at equilibrium, qt (mg/g) is the amount of adsorbed 

SY on the CS-GO/PAN at time t (min). k1 (min-1) and k2 (g/(mg·min)) are the rate constant of pseudo-

first-order kinetic equation and pseudo second-order kinetic equation, respectively. 

The kinetic model type of adsorption process could be used to identify the rate-controlling 

mechanisms by the correlation coefficient (R2). The kinetic parameters and R2 were summarized in 

Table 3. The R2 of the pseudo-second-order model (0.998 and 0.999, respectively) were higher than 

the pseudo-first-order model (0.983 and 0.987, respectively) at the two concentrations, which was 

proved that the adsorption data of CS-GO/PAN was fitted the pseudo-second-order model better. 

Table 3 Pseudo-first and second-order kinetic parameters for SY absorption on CS-GO/PAN using two initial dye 
concentrations 

SY 

(mg/L) 
qe,exp 

(mg/g) 

 Pseudo-first order model Pseudo-second order model 
 qe,cal 

(mg/g) 
k1 

(min-1) 
R2 

 qe,cal 
(mg/g) 

k2 

(g/(mg·min)) 
R2 

100 29.31  28.55 0.065 0.983  29.81 0.004 0.998 

150 45.78  45.27 0.109 0.987  46.15 0.006 0.999 

Adsorption Isotherm 

 
Fig. 8 Adsorption isotherms and fitting for SY on CS-GO/PAN 

The adsorption isotherm is the relation curve between the adsorption capacity and concentration 

of solution when the adsorption reaches equilibrium. As presented in Fig. 8, the adsorption curve risen 
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with the increase of the initial concentration and then decreased slightly. The maximum adsorption 

capacity (qmax) of CS-GO/PAN was 211.54 mg/g at 1250 mg/L. Langmuir and Freundlich models were 

utilized to interpret the isotherm adsorption data for further analyze the interaction between CS-

GO/PAN and SY. Langmuir model presents monolayer adsorption based on the assumption of 

adsorption uniformity, while Freundlich model is an empirical description for adsorption equilibrium 

of a single component [43]. The linear equations of two isotherm models were respectively expressed 

as follows: 𝑐𝑒/𝑞𝑒 = 𝑐𝑒/𝑞𝑚𝑎𝑥 + 1/(𝐾𝐿𝑞𝑚𝑎𝑥) (6) ln𝑞𝑒 = (1/𝑛) 𝑙𝑛 𝑐𝑒 + 𝑙𝑛𝐾𝐹 (7) 

where qmax (mg/g) is the Langmuir maximum adsorption capacity. KL (L/mg) and KF ((mg/g) 

(L/mg) 1/n) are the rate constant of Langmuir model and Freundlich model, respectively. n is Freundlich 

heterogeneity factor related to the heat of adsorption. 

Table 4 Langmuir and Freundlich model parameters for SY adsorption on CS-GO/PAN 

Langmuir model  Freundlich model 

qmax (mg/g) KL(L/mg) R2  n KF((mg/g) (L/mg) 1/n) R2 

223.68 0.005 0.980  4.33 1.908 0.923 

The parameters in Table 4 reveal that the experimental data were well fitted with the Langmuir 

model (R2=0.980) instead of the Freundlich model (R2=0.923). This implied that the adsorption 

behavior of on CS-GO/PAN for SY belongs to Langmuir model, that is, adsorption of a mono 

molecular layer for SY and uniform distribution of active centers on the fiber surface. The qmax of CS-

GO/PAN was 223.68 mg/g according to the Langmuir fitting parameter, which was very close to the 

actual results (211.54 mg/g). 

Regenerability of Membrane 

The excellent reusability of adsorbent is conducive to reducing usage costs. The positively 

charged groups on the adsorbent are deprotonated in the concentrated alkaline solution leading to 

adsorbed SY shed from the membrane. Therefore, the used membrane should be regenerated in an 

alkaline solution, as reported in previous literature [44]. The data of the desorption experiment implied 

that 1 M NaOH solution had a fast and terrific desorption effect for SY adsorbed on the surface of CS-

GO/PAN, 77.8% of SY being separated in 5 min (Fig. 9 a). Although the adsorption capacity and 
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desorption capacity slightly decreased after five-time regeneration, they still reached 90% and 93%, 

respectively. Besides, the average desorption capacity of five cycles was over 95%, which realized the 

complete desorption of SY basically (Fig. 9 b). The results above demonstrated high reusability and 

excellent regeneration property of CS-GO/PAN.  

 
Fig. 9 Desorption efficiency (a) and regeneration (b) of CS-GO/PAN nanofiber membrane for SY in adsorption-

desorption cycles (The illustrations were digital images of CS-GO/PAN in cycles) 

The qmax of CS-GO/PAN for SY with that of other reported adsorbents was compared in Table 5. 

It could be seen that qmax of CS-GO/PAN belonged to a high level, while most adsorbents were less 

than 200 mg/g. A few adsorbents with high qmax showed high preparation costs, complex synthesis 

processes, or long adsorption time. In contrast, CS-GO/PAN was prepared by a simple and low-cost 

method using a hot water bath. Most raw materials were cheap and easy to obtain, while only expensive 

GO had little dosage. The adsorption process was also speedy and convenient. More importantly, CS-

GO/PAN still maintained original morphology in reuse (Digital images in Fig. 9 a), thus the membrane 

could be recovered easily by taking out the membrane or draining the wastewater. 

Table 5 Comparison of adsorption capacities with various reported adsorbents for SY 

Absorbents pH Equilibrium time (min) qmax (mg/g) Reference 

MOFs/GO 9 60 81.28 [45] 

Cu/C-MA 2 200 105.00 [46] 

OMC-2Nd 2.5 240 285.71 [47] 

TRGO 6 150 243.3 [48] 

Ch-V 9.6 1440 175.1 [49] 

Ni–Ag NPs/ rGO 3 15 28.57 [50] 

PILPyr+AA-TFSI− 10 1440 316.5 [51] 
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Fe3+-TA-HCHO 2 240 30 [52] 

CS-GO/PAN 2 240 211.54 This work 

Conclusion 

CS-GO/PAN nanofiber membranes were prepared by electrospinning and grafting reaction. It was 

observed that CS-GO/PAN was porous, while GO was wrapped in the fibers, and CS was covered on 

the membrane. The existence of active groups for adsorption was determined and GO and CS were 

completely mixed in PAN. It also confirmed the excellent hydrophilicity of CS-GO/PAN. The 

adsorption capacity of CS-GO/PAN for SY was 211.54 mg/g at pH 2, and over 80% of SY could be 

adsorbed in 15 min. The adsorption kinetics and isotherm obeyed pseudo-second-order model and 

Langmuir model, respectively. In addition, adsorbed SY on CS-GO/PAN was separated rapidly in 

NaOH solution. Adsorption capacity and membrane integrity were effectively maintained after 5 

regeneration cycles. In general, CS-GO/PAN membrane would be considered as a promising adsorbent 

for dye removal from industrial wastewater. 
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