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Abstract In this paper, silver nanoparticles (NPs) were reduced form silver nitrate. 

Morphology and distribution of the synthesized silver NPs were characterized. In order to 

obtain cellulose acetate (CA) nanofibrous membrane with high effective adsorption 

performance to carry silver NPs for treatment of dye wastewater, different solvent systems 

were used to fabricate CA nanofibrous membranes with different morphologies and porous 

structures via electrospinning. Morphologies and structures of the obtained CA nanofibrous 

membranes were compared by Scanning Electron Microscopy (SEM), which showed that CA 

nanofibrous membrane obtained from acetone/dichloromethane (DCM) (1/2, v/v) was with 
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the highly porous structure. SEM, Energy Dispersive Spectrometry (EDS) and Fourier 

Transform Infrared Spectrometry (FTIR) showed that the silver NPs were effectively 

incorporated in the CA nanofibrous membrane and the addition of silver NPs did not damage 

the porous structure of the CA nanofibrous membrane. Adsorption of dye solution (rhodamine 

B aqueous solution) revealed that the highly porous CA nanofibrous membrane exhibited 

effective adsorption performance and the addition of silver NPs did not affect the adsorption 

of the dye. Antibacterial property of the CA nanofibrous membrane showed that the silver 

loaded highly porous CA nanofibrous membrane had remarkable antibacterial property when 

compared to the CA nanofibrous membrane without silver NPs. The silver loaded highly 

porous CA nanofibrous membrane could be considered as an ideal candidate for treatment of 

the dye wastewater.  
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Introduction 

Organic dyes are one of the major pollutants released into wastewater from various industries 

including dyeing, paper, tannery, paint, cosmetic and textile, which have caused severe water 

pollution because of their brilliance, non-biodegradability and toxicity even at a very low 

concentration.
1,2

 Thus, the removal of dyes from wastewater before it is discharged is 

environmentally important. Membrane filtration technology has been proved to be an 

attractive and competitive method for dye removal due to no requirement of introducing 

chemicals, simplicity, high efficiency and economy.
3,4 

As one of the filtration membranes, 

nanofiltration membranes have become increasingly popular due to their properties between 

those of ultrafiltration and reverse osmosis membranes, and significant advantages over 

reverse osmosis membranes include low operation pressure, high permeate flux, high 



rejection of low molecular weight organic compounds such as divalent salts and dyes, and 

relatively low operating costs.
5-7

 In general, separation and adsorption performance, 

permeability and lifetime of the membranes mainly depend on porous structure and porosity 

of the membranes and membrane resistance to fouling since 1) membranes with larger surface 

to mass ratio, lower density and pore sizes, and higher porosity exhibit higher filtration 

efficiency, 2) membranes with antifouling property indicate higher separation performance 

and longer lifetime.
8,9

 Up to now, how to produce nanofiltration membranes with the above 

characteristics has become the subject of much attention.  

Usually, nanofibrous membranes are considered as the main part of nanofiltration membranes 

since they can offer higher permeability due to their larger specific surface area, higher fiber 

aspect ratio and higher porosity.
10,11

 Therefore, many studies have focused on fabrication of 

nanofibrous membranes via electrospinning due to it is a simple and cost effective method to 

produce fibrous mats with micro to nanometer fiber diameter range, controllable composition, 

porous structure from polymer solutions.
12-14

 Electrospinning allows the functionalization of 

nanofibrous membranes through simply incorporation of different types of nanomaterials 

and/or tailoring the nanofibers' inner structures, which include core-shell, tri-layer, 

side-by-side structures and also NPs or pores within the nanofibers.
15-19

 Often, most 

electrospun nanofibrous membranes with porous structures have been reported refer to 

nanofibrous membranes with pores between fibers rather than pores also exist on fibers, fibers 

in the membranes have very smooth surface. It is known that the formation of biofilm on the 

membrane surface and clogging of the membrane pores caused by dye molecules are two 

major factors in membrane fouling due to their hydrophobic nature and the lack of 

antimicrobial activity, which can reduce separation performance of the membranes and 

shorten membrane life.
20

 To improve antifouling performance of the membranes, various 

approaches to improve membrane hydrophilic property by changing membrane surface 



property or to impart antibacterial property to the membranes by using antibacterial agents 

have been explored. The typical methods of changing membrane surface property to 

hydrophilic include incorporation of inorganic additives like Si, SiO2, ZrO2, TiO2 NPs, 

etc.,
21,22

 addition of organic hydrophilic polymers like cellulose acetate phthalate (CAP), 

polyvinyl alcohol (PVA), polyvinylpyrrolidone (PVP), and so on,
23,24

 coating with hydrophilic 

polymers,
25

 and grafting with hydrophilic polymers or monomers.
26,27

 However, these 

methods are relatively complicated as compared to directly use of natural hydrophilic polymer. 

As one kind of cellulose derivatives, CA has advantages of abundant availability, good 

mechanical property, high stability to most organic solvents, biodegradability, compatibility 

with biological systems, and most importantly, high percentage of hydroxyl groups which will 

bring improved antifouling performance.
28

 The most widely used antibacterial agents are 

antibacterial NPs, in particular, noble metal and metal oxides, including silver and gold NPs, 

copper, zinc and titanium oxides. Among them, silver NPs are the most commonly used on 

account of their high surface area, chemical stability, catalytic activity and antimicrobial 

efficiency.
 29,30

 

To our knowledge, reports about electrospun CA nanofibers containing specific nanoparticles 

for wastewater treatment have been reported,
 30-32

 but research about preparation of highly 

porous electrospun CA absorptive nanonofibrous membrane (pores between and exist on 

fibers) containing silver NPs with antibacterial property and efficient separation performance 

for dye removal is rarely reported. Hence, in this work, we firstly synthesized colloidal silver 

NPs, and then the highly porous CA nanofibrous membrane loaded silver NPs was prepared 

by via electrospinning. We investigated the possibility of the membrane as the candidate for 

treatment of the dye wastewater. 

Materials and methods 

Materials 



Silver nitrate (AgNO3) (99.99wt%), PVP (PVP-K30, Mn =40 000) and CA (Mn=30 000, 39.8 

wt% acetyl content) were purchased from Sigma Aldrich. Ethanol (98wt%), DCM (98wt%), 

acetic acid (98wt%), acetone (98wt%) were purchased from Shanghai Chemical Reagent Co. 

Ltd. All chemicals were used without further purification.  

Synthesis of silver nanoparticles 

Firstly, 1.7g PVP used as the capping agent to protect the synthesized silver NPs from 

agglomeration was dissolved in 10 ml ethanol and heated up to 160°C until it turned from 

colorless to light yellow. Then, 0.17g of AgNO3 in another 10 ml ethanol was added dropwise 

into the above solution. The reaction was allowed to proceed at this temperature until the 

color of the solution turned brown, which indicates the formation of silver NPs. The silver 

colloidal solution was cooled down to room temperature and centrifuged at 10000rpm for 

10min to collect the silver NPs. Then, the silver NPs were washed repeatedly with anhydrous 

ethanol and dispersed in ethanol. The concentration of silver NPs in ethanol was tested as 

10g/L. 

Preparation of different CA nanofibrous membranes by electrospinning  

For pure CA samples, CA solutions were prepared by dissolving 17wt% CA in acetone/acetic 

acid (2/1, v/v), acetone/DCM (2/1, v/v) and acetone/DCM (1/2, v/v) solvent systems 

respectively and stirring for 3 h using magnetic stirrer. For the sample containing silver NPs, 

pure CA solution was prepared by dissolving 17 wt% CA in acetone/DCM (1/2, v/v) solvent 

system and stirring for 3 h using magnetic stirrer. Then, 5wt% silver NPs (on the basis of the 

weight of CA) was added into the CA solution. The blend solution was placed under 

sonication for 4 h. Electrospinning was carried out at an applied voltage of 17.5 kV, 



tip-to-collector distance of 15 cm, and a solution feed rate of 1 mL.h
-1

 at room temperature. 

The ambient temperature and humidity were controlled around 23°C and 70%.  

Characterization of synthesized silver NPs and prepared CA nanofibrous membranes 

Morphology of the synthesized silver NPs were characterized by TEM (H-7650, Hitachi) at 

an operating voltage of 200 kV. Samples for TEM were prepared by dropping particles 

dispersed in cyclohexane onto a carbon coated copper grid, which was then dried under 

ambient conditions prior to being introduced into the TEM chamber. Size distribution of the 

synthesized silver NPs was obtained by the laser particle size analyzer (ZETASIZER NANO 

Series, Malvern). Morphologies of the fabricated CA nanofibrous membranes with and 

without silver NPs were analyzed by SEM (S-4700, Hitachi), the CA nanofibrous membranes 

with silver NPs were also analyzed by another SEM (S-3700N, Hitachi). Samples for SEM 

were examined at an accelerating voltage of 15 kV. Distribution of silver NPs in the highly 

porous CA nanofibrous membrane was studied by EDS (S-3700N, Hitachi). Chemical 

structures of the highly porous CA nanofibrous membranes with and without silver NPs were 

investigated by FTIR (Nicolet 5700, PE Co., USA) in the range of 400-4000 cm
-1

with a signal 

resolution of 1 cm
-1

and a minimum of 16 scans. All samples were ground with potassium 

bromide (KBr) and pressed into pellets before testing. 

Dye adsorption measurement 

Adsorption capacity of the CA nanofibrous membranes with and without silver NPs was 

evaluated using aqueous Rhodamine B solution. Samples (60 mg) were immersed into a 

Rhodamine B aqueous solution (10mL, 1×10
-6

mol/L) for 24 h at 25℃. After adsorption, the 

concentration of the Rhodamine B solution decreased. Optical absorption spectra of the 

solutions were measured an UV-visible spectrophotometer (Shimadzu UV2450, Japan). The 



adsorption ratio of Rhodamine B can be calculated by formula (1). 

0

  (1- ) 100%AAbsorption ratio
A

= ×   (1) 

Where A0 and A are the absorbance values before and after dye adsorption process. 

Antibacterial property test 

The antibacterial property of the highly porous CA nanofibrous membrane electrospun by 

using acetone/DCM (1/2, v/v) with and without silver NPs was tested against Gram positive S. 

aureus and Gram negative E. coli. The cultures were maintained in nutrient agar slopes at 4°C 

and sub cultured on nutrient agar plates. The concentration of isolated colonies of S. aureus 

and E. coli was adjusted to 1-2×10
7
 CFU/ml by 0.5 Mcfarland standards. The culture was 

inoculated on Muller-Hinton agar plates. Nanofibrous membrane disks were placed 

aseptically on the Muller-Hinton agar medium which was already swabbed with the test 

organism. The plates were incubated at 37°C for 24 h to observe the inhibition zone. The 

antimicrobial efficiency of the nanofibrous membrane was tested against Gram positive S. 

aureus and Gram negative E. coli by using a shaking flask method according to FZ/T 

73023-2006 (China). 
33

  

Results and discussion 

Morphology and size distribution of the synthesized silver NPs 

Morphology of synthesized silver NPs is illustrated in Figure 1a and b. It can be seen that 

silver NPs are uniformly scattered in high monodispersion and are spherical in shape. The 

high monodispersion of the synthesized silver NPs can be attributed to the addition of PVP, 

which acted as a solvent, stabilizer, reducing agent and formed a stabilizing bilayer between 

the silver surface and the ethanol, thus limited particles growth and hindered 



agglomeration.
34,35 

Despite this, mild cross-linking and agglomeration still can be noticed, this 

is because ethanol is a low polar solvent and the formation of weak electrical double layer.
36

 

The diameter distribution of the as-obtained silver NPs is displayed in Figure 1c. It can be 

seen that the size distribution is narrow and the average diameter of the synthesized silver 

NPs is 13 ± 2 nm. 

 

Figure 1. (a) TEM, (b) high resolution TEM images of silver NPs and (c) diameter 

distribution of silver NPs. 

Morphology of the CA and silver loaded CA nanofibrous membranes 

Morphology of the CA nanofibrous membranes fabricated by using three different solvent 

systems, with and without silver NPs were studied by SEM, which is shown in Figure 2 and 

Figure 3. From Figure 2 and Figure 3, we can find that continuous and beadless electrospun 

CA fibers with and without silver NPs were obtained from all solvent systems selected. From 

Figure 2, all CA fibers show mixture of both ribbon-like and cylindrical fiber structures. The 

ribbon-like/cylindrical fiber ratio increased as the solvent system changed from acetone/acetic 

acid (2/1, v/v) to acetone/DCM (2/1, v/v), and then acetone/DCM (1/2, v/v). This is attributed 

to the relatively high volatility of the used solvent systems and difference in their volatility. 

For the three solvents selected, DCM (boiling point (BP) = 40°C) is of the highest volatility, 

followed by acetone (BP=56°C) and acetic acid (BP=118.1°C), which led to the relatively 



high volatility of the three used binary solvent systems. It is known that the high volatility of 

the used solvent system can produce ribbon-like fibers since it can bring the formation of a 

skin structure on the surface of the fiber, which collapses under the atmospheric pressure after 

the solvent evaporates rapidly from the inside of the fiber.
37,38 

The different 

ribbon-like/cylindrical fiber ratio is caused by the volatility difference of the three used 

solvent systems. In particular, the ribbon-like/cylindrical fiber ratio increased as the volatility 

of the solvent system increased since the volatility of acetone/acetic acid (2/1, v/v, 

BPmix=76.7°C) < that of acetone/DCM (2/1, v/v, BPmix=51°C) < that of acetone/DCM (1/2, 

v/v, BPmix=45°C). In addition, compare images at higher magnification in Figure 2, other 

interesting morphological differences can be found. As shown in Figure 2a, there are grooves 

on the surface of the fibers obtained by using acetone/acetic acid (2/1, v/v). This can be 

attributed to the volatility difference of acetone and acetic acid. On the one hand, the 

relatively high volatility of acetone led to the relatively rapid evaporation of acetone, which 

made the surface of the fiber collapsed under the atmospheric pressure. On the other hand, the 

relatively low volatility of acetic acid led to slight move rather than rapid solidification of the 

CA polymer chains. It is because the cooperative effect of acetone and acetic acid, grooves 

rather than holes or pores formed on the surface of the fibers. For fibers obtained from using 

acetone/DCM (2/1, v/v) (Figure 2b), not only grooves but also a certain amount of holes exist 

on the surface of the fibers. This is because that both acetone and DCM are highly volatile 

solvents, especially the DCM. In solvent-rich regions, fast evaporation of solvent and rapid 

solidification of CA polymer chains gave rise to phase separation, which transformed into 

holes.
39

 When the DCM/acetone ratio increased from 1/2 to 2/1 (v/v) (Figure 2c), it can be 



observed that the surface of the fiber is full of grooves, holes and micropores as compared to 

Figure 2b. This indicates that the highly volatile DCM is responsible for the existence of 

micropores on the fiber surface. The higher the content of DCM in the solvent system, the 

more micropores were formed on the fiber surface, which in turn means nanofibrous 

membrane with more porous structure can be obtained. From the above comparison, we can 

know that CA nanofibrous membrane with more porous fiber structure can be obtained by 

using acetone/DCM solvent system than by using acetone/acetic acid solvent system. 

Furthermore, the morphology and the porous structure of the CA fibers depend on the content 

of DCM in the binary system. Among the selected three solvent systems, CA nanofibrous 

membrane obtained from acetone/DCM (1/2, v/v) is with the highest porous structure. 

Therefore, nanofibrous membrane obtained from acetone/DCM (1/2, v/v) was selected as the 

substrate to carry silver NPs. Figure 3 shows the silver loaded CA nanofibrous membrane 

obtained by using acetone/DCM (1/2, v/v). Samples used for images of Figure 3a, b, c were 

coated with gold, while samples used for images of Figure 3d, e, f were not coated with gold.  

Compare Figure 3a, b, c with Figure 2c, the morphology of the silver loaded nanofibers 

remained same, the addition of the silver NPs didn’t result in beaded fibers or damage the 

porous structure of the CA nanofibrous membrane. As Figure 3d, e, f shows, the silver NPs 

were successfully incorporated into/on the CA fibers. Distribution of silver NPs in/on the 

fibers was also confirmed by EDS analysis (Figure 4). As can be seen from Figure 4b, the 

weight of silver NPs accounts for 4.063wt%, almost as same as the weight of silver NPs had 

been added in. It shows that most of the silver NPs dispersed on the surface of the CA fibers. 

The weight of silver NPs was tested less than 5wt% on account of the embedment of a small 



amount of silver NPs in the CA fibers. Homogenous distribution of yellow dots in Figure 4c 

indicates that silver NPs were well introduced with visibly widely dispersion. More 

concentrated distribution of silver NPs or bigger silver NPs in some areas reflected in yellow 

dots with higher visibility. 

With respect to the fiber size, acetone/acetic acid (2/1, v/v) produced fiber with the lowest 

average diameter of 2.03µm (Figure 2a). Using solvent system with higher volatility, 

acetone/DCM (2/1, v/v) yielded fibers with an average width of 4.61µm (Figure 2b) and 

fibers with an average width of 4.92µm (Figure 2c) were obtained by acetone/DCM (1/2, v/v). 

The increase in average fiber diameter is observed as the volatility of the three used solvent 

systems gradually increases, this is because that the faster evaporation of the solvent system 

decreased the time left for the stretch of the droplet.
 36

 Compare Figure 2c with Figure 3, the 

average diameter of fibers containing silver NPs produced by acetone/DCM (1/2, v/v) 

decreases to 3.78µm due to the decrease in the viscosity of the electrospinning solution when 

silver colloidal solution were added in.  



 

Figure 2. SEM images of CA nanofibrous membranes prepared by using (a) acetone/acetic 

acid (2/1, v/v), (b) acetone/DCM (2/1, v/v), (c) acetone/DCM (1/2, v/v). 

 

Figure 3. SEM (coated with gold(a)-(c) and without coated with gold (d)-(f)) images of CA 

nanofibrous membrane (using acetone/DCM (1/2, v/v)) containing silver NPs. 



 

Figure 4. EDS spectrum of (a) pure highly porous CA nanofibrous membrane and (b) highly 

porous CA nanofibrous membrane containing silver NPs (electrospun by using acetone/DCM 

(1/2, v/v)) and (c) mapping-scan of highly porous CA nanofibrous membrane containing 

silver NPs (electrospun by using acetone/DCM (1/2, v/v)).  

Chemical structure of the highly porous CA and silver loaded CA nanofibrous 

membranes 

The functional groups present in the samples and the interaction between silver and CA were 

analyzed by FTIR. As shown in Figure 5, the main characteristics peaks of CA at 3500cm
-1

, 

2960cm
-1

, 1750cm
-1

, 1250cm
-1

 and 1050cm
-1 

are related to O-H, υ(C-H)(CH3), υ(C=O) 

carbonyl, C-O group acetyl and υ(C-O-C), respectively.
40

 After silver NPs incorporation, 

FTIR spectra of the highly porous CA nanofibrous membrane with silver NPs was almost 

same as that of the pure highly porous CA nanofibrous membrane except the intensity of the 

peaks at the wave number of 1050cm
−1

 increased, which not only confirms the addition of 

silver NPs but also indicates that the introduction of silver NPs did not affect the hydrophilic 

property of CA and functional groups of CA interacted with silver NPs. 



 

Figure 5. FTIR spectra of pure porous CA nanofibrous membrane and porous CA nanofibrous 

membrane containing silver NPs. 

Dye adsorption  

Adsorption performance of all CA nanofibrous membranes with and without silver NPs was 

compared by investigating the change in the absorbance at λmax = 551nm of Rhodamine B 

solutions containing different CA samples with the reaction time, by measuring the 

concentration of Rhodamine B in the solution after underwent adsorption and by observing 

the color change of Rhodamine B solution. As shown in Figure 6, the absorbance at λmax = 

551nm of Rhodamine B solutions containing different CA samples decreased to various 

extents with the reaction time. The decrease in absorbance is due to the adsorption of the 

Rhodamine B. Therefore, the adsorption ratio can be determined by measuring the absorbance 

value of the Rhodamine B solution at λmax = 551nm. The lower absorbance value indicates 

more adsorption of Rhodamine B. From Figure 7a, absorbance values of solutions containing 

CA nanofibrous membranes obtained from acetone/acetic acid (2/1, v/v), acetone/DCM (2/1, 

v/v), acetone/DCM (1/2, v/v) and acetone/DCM (1/2, v/v) loaded with silver NPs are 0.106, 

0.1, 0.095 and 0.092. Accordingly, their adsorption ratios of Rhodamine B are calculated as 

32.9%, 36.7%, 39.9% and 41.7%, respectively (shown in Figure 8). From Figure 7b, 

Rhodamine B decolored to varying degrees due to difference in adsorption performance of 

different CA samples. It can be seen that whether there are micropores on the fiber surface or 

not, adsorption of Rhodamine B occurred for all CA samples. This is because CA's good 



hydrophilic property and the superior properties of nanofibrous membranes over other kinds 

of membranes, including large surface area to volume ratio, higher fiber aspect ratio and high 

porosity, which allow greater surface adsorption of contaminants from water. Regardless of 

this, amount and distribution of micropores on fiber surfaces made a difference on adsorption 

capability of different CA nanofibrous membranes. Evidently, CA nanofibrous membrane 

obtained from acetone/DCM (1/2, v/v) shows the best adsorption property, with the 

adsorption ratio increased from 32.9% to 39.9% and the color changed from hot pink to 

almost transparent as the amount and distribution of micropores on fiber surfaces increased to 

maximum. Therefore, it is the best candidate to load silver NPs. The results reveal that CA 

nanofibrous membranes can promise certain adsorption ability and micropores on fiber 

surfaces can help to improve adsorption ability of CA nanofibrous membranes. In brief, CA 

nanofibrous membrane with a more porous structure and a higher porosity implies a better 

adsorption performance. It also can be seen that the adsorption ratio before and after silver 

incorporation are 39.9% and 41.7%, together with the Rhodamine B solution decolored more 

thoroughly, which clearly shows the adsorption performance was slightly improved rather 

than reduced with the addition of silver NPs. This is probably because the more fluffy 

structure resulted from mildly decreased viscosity of solution caused by the addition colloidal 

silver NPs. 



 

Figure 6. Change in the absorbance at λmax=551nm of Rhodamine B solution with reaction 

time absorbed by CA nanofibers fabricated by using (a) acetone/acetic acid (2/1, v/v), (b) 

acetone/DCM (2/1, v/v), (c) acetone/DCM (1/2, v/v) and (d) acetone/DCM (1/2, v/v) loaded 

with silver NPs. 



 

Figure 7. UV-vis spectra (a) and color change (b) of the dye removal experiment. ① initial 

Rhodamine B solution, ② solutions adsorbed by CA nanofibers fabricated by using 

acetone/acetic acid (2/1, v/v), ③ acetone/DCM (2/1, v/v), ④ acetone/DCM (1/2, v/v) and ⑤ 

acetone/DCM (1/2, v/v) loaded with silver NPs. 



 

Figure 8. Adsorption ratio of CA nanofibrous membranes (60mg) prepared by using ① 

acetone/acetic acid (2/1, v/v), ② acetone/DCM (2/1, v/v), ③ acetone/DCM (1/2, v/v) and ④ 

acetone/DCM (1/2, v/v) loaded with silver NPs. 

Antibacterial activity of highly porous CA adsorptive nanofibrous membrane loaded 

silver NPs 

Antibacterial property of highly porous CA nanofibrous membrane loaded silver NPs against 

Gram positive S. aureus and Gram negative E. coli under normal lighting condition were 

investigated by means of Kirby Bauer technique. The pure highly porous CA nanofibrous 

membrane was used as a control. Five samples in each group were tested to ensure the 

effectiveness of the results. As shown in Figure 9, no detectable inhibition zones can be seen 

for pure CA samples. By contrast, significant zones against both microorganisms can be 

observed for silver NPs loaded CA samples, with the average diameter of the inhibition zone 

against S. aureus is 10.8±0.9 mm and that against E. aureus is 8.5±0.7 mm. We also 

investigated the antibacterial efficiency (Figure 10), it could be found that both the reduction 

rate of the Gram positive S. aureus and Gram negative E. coli are higher than 90%. 



Futhermore, the reduction rate of the antibacterial efficiency has only decreased a litter within 

5 cycles. The results further confirm the successful incorporation of silver NPs and show that 

the highly porous CA nanofibrous membrane containing silver NPs has effective antibacterial 

property. 

 

Figure 9. Antibacterial tests of S. aureus (a) and E. coli (b). 1 and 3 are highly porous CA 

nanofibrous membrane containing silver NPs, 2 and 4 are pure highly porous CA nanofibrous 

membrane 



 

Figure 10. Antibacterial efficiency of the the nnofibrous membrane containing silver NPs and 

recycle test of the antibacterial efficiency.  

Conclusion 

Silver NPs were reduced from silver nitrate, and the TEM results show that the synthesized 

silver NPs were in small diameter and in high monodispersion. Bead-free electrospun CA 

nanofibrous membranes were successfully prepared by the selected three different solvent 

systems. However, the volatility difference of the selected solvent systems can greatly affect 

the morphologies and structures of the as obtained CA nanofibrous membranes. SEM results 

showed that the higher the volatility of the solvent system, the more porous structure and the 

higher ratio of ribbon-like fibers the yielded CA nanofibrous membrane had. Highly porous 

CA nanofibrous membrane can be obtained by using acetone/DCM (1/2, v/v) and it was 

selected to carry silver NPs. EDS results showed that silver NPs were successfully introduced 

into the highly porous CA nanofibrous membrane with homogenous distribution. FTIR results 

showed that the introduction of silver NPs did not affect the hydrophilic property of CA and 



functional groups of CA interacted with silver NPs. Adsorption test results showed that 

membrane with higher porous structure can offer better dye adsorption ability, the highly 

porous CA nanofibrous membrane exhibited effective adsorption performance and the 

addition of silver NPs didn’t affect the adsorption of the dye. Antibacterial test against Gram 

positive S. aureus and Gram negative E. coli showed that the highly porous CA adsorptive 

nanofibrous membrane containing silver NPs had effective antibacterial property. The above 

results indicated that the highly porous CA adsorptive nanofibrous membrane loaded silver 

NPs could be very promising in treatment for dye adsorption.  
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