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Abstract 

Air quality is an important factor for human breathing requirements. 

The presence of the particulate matter which is a mixture of solid 

particles and liquid droplets presence in atmosphere such as PM10 and 

PM2.5 in the indoor air leads to fatal problems for human health.  In 

the present investigation, two types of nanofilters (polyacrylonitrile 

PAN, 15wt.% and polyvinyl alcohol PVA 12wt.%) were synthesized 

using the electrospinning method. The polymeric solutions were 

prepared under high mixing conditions. The structural and 

morphological specifications of produced nanofibers were 

characterized using many measuring devices.  Also, airflow 

characteristics across the prepared nanofilter were evaluated by 

designing and constructing an airflow apparatus. The apparatus 

consisted of two stainless steel sections and the middle zone was 

designed to fit the filter media. The characterization results indicated 

that the synthesized of PVA 12 wt.% nanofilter has uniform 

morphological distribution with fibers average diameter of 92 nm 

while the produced PAN with 15wt.% showed and an average fibers 

diameter of 556 nm. Moreover, the PVA nanofilter showed high-

pressure values in comparison with the PAN filter. Interestingly, both 

filters provided high air permeability.  Furthermore, the produced PAN 

nanofilter showed a high ability to capture the PM10 and PM2.5 due to 

the significant properties and specifications of nanofibers. 

Additionally, the produced nanofilter can be applied in air filtration 

processes effectively with low manufacturing costs.
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1. Introduction 

Air filtration processes are focused on the environmental concern removal of harmful pollutants from the 

environment. Air pollution caused by particulate matter PM10 and PM2.5 can cause birth defects, asthma, skin 

irritation, cancer, and cardiovascular diseases [1-4]. The risk degree highly depends on the level of exposure and 

the nature of pollutants in the indoors and outdoors air. Usually, the pollution of indoor air is 2-5 times that of 

outdoor air. Industrial activities such as petroleum production sites, petroleum refineries, petrochemical, and 

chemical industries can contribute significantly to the increase of PMs in the air [5-7]. Accordingly, air filters are 
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a better choice for capturing various air pollutants. The performance of the air filters is usually determined by the 

type of PMs presented in the air and their concentration [3, 8]. From an industrial application point of view, there 

are many kinds of air filters such as multi-layers cloth, fiberglass, sponges, and membrane. The electrospinning 

technology witnessed dramatic extension in the environmental treatment processes due to the importance of 

these nanofibrous materials in real applications [9-14].  

Actually, electrospinning is a method that produces high-quality nanofibers from the injection of the polymeric 

solution. Usually, the used polymeric solutions have excellent thermal, structural, and chemical stability during 

the manufacturing process. The selection of nanofilter required managing of size, shape, and chemical structure 

of these filters to be suitable to capture the PMs [15-20]. Therefore, the nanofilters synthesis process using the 

electrospinning technique required a deep understanding of the type pollutants (PM10 and PM2.5) and their 

nature.  In other words, the production of fiber materials is usually designed according to the target PM size.  

Many papers were published by many authors using different polymer solutions. Chayad et al. [21] evaluated the 

effect of sodium chloride addition on the specifications of prepared nylon six nanofibers using electrospinning 

technology.  They noted that the conductivity of the polymer solution increased with a slight reduction in surface 

tension and solution viscosity. Karthick and Gobi [22] synthesized a polyacrylonitrile/silver nanofiber for 

antimicrobial purposes. The authors noted that the prepared nanofilters provides a high efficiency and a 

bactericidal activity. Tian et al. [23] produced electrospinning nanofilters using a hydrophobic protein of zein. 

The protein was dissolved in acetic acid and then was mixed with polyethlyoxid at different concentration 4 

wt.%, 7 wt.%, 15 wt.%, and 25 wt.%.  The authors used a voltage of 16-21 KV, distance between needle and 

collector 10 cm and flow rate 0.6 ml/h. They noted that with increase a protein load the nanofiber diameter was 

decreased. Zulfi et al. [24] produced an acrylonitrile butadiene styrene nanofibers membrane for air filtration 

systems via electrospinning technique using three different solvents. They noted that the prepared a fiber 

diameter in the range of 210-440 nm with an efficient filtration process of 98%.  Cao et al. [25] investigated air 

filtration to remove dust particles at a low operating pressure which included a reaction of 0.8 g of the 

polysilsesquioxane and 40 g of the poly lactic acid. The authors noted that as the spinning distance increases, the 

fiber diameter decreases. Kim and Lee [26] developed an air filter using a polyurethane/polydiacetylene 

nanofiber which was dissolved in N,N-dimethyl-formamide. They noted that the produced diameters of the 

fibers from 129 to 254 nm. Then, the authors indicated that the diameters of the nanofibers increased with 

increase the mass-ratio.  

Furthermore, electrospinning technology was used in many important applications in the area of filtration and 

energy. Barakat et al. [27] investigated nanofiber films can be applied as a hybrid organic semiconducting 

material. The authors used a thin layer from titanium isopropoxide/PVAc 14% of dissolved in 

dimethylformamide at different concentrations using 6 KV. They noted that the titanium isopropoxide plays a 

significant role in electrical conductivity. Also, Oleiwi et al. [28] blended two polymers of PAN/PS and used 

voltage of 20 KV, flow rate 1 ml/hour, and the distance between a needle and a collector was 15 cm. They noted 

that with increase the PAN concentration in the blend the hydrophobicity of the membrane and fibers diameter 

were reduced. It is important to mention here that the size of penetrated PMs into the ventilation system 

produces a fatal problem in the indoor air quality. Then, many clinical diseases can appear in the human 

breathing system such as cancer due to these particles activity [29-34]. 

According to the literature review, there were a few works published on the production of polyacrylonitrile 

nanofilters (PAN) and polyvinyl alcohol PVA for air purification purposes [35-40].  Moreover, the synthesis 

process using electrospinning technique required more understanding to explain the influence of the preparation 

method on the final physical properties of the air filters. Additionally, there was a limited number of publications 

that deal with the evaluation of airflow characteristics across the prepared nanofilters. Therefore, the present 

investigation aims to synthesize high-quality polymeric nanofilters for air purifications from PMs using the 

electrospinning technique. Also, the evaluation of the airflow characteristics across the synthesized nanofilters. 

2. Experimental Procedure 

2.1 Materials 

In present work, polyacrylonitrile of (PAN of purity 99.8% and Mwt. of 150,000) and polyvinyl alcohol (PVA of 
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purity 98% and M.wt of 80,000) were obtained from the Fluka Company while dimethylformamide of 98.5% 

purity was purchased from the Sigma. 

2.2 Nanofilter Synthesis Procedure 

The preparation of acrylonitrile nanofilter was carried out using electrospinning apparatus (Model-ESB200). 

Figure 1 shows a photograph of the electrospinning unit while Figure 2 represents the schematic diagram of the 

electrospinning apparatus. The apparatus includes a high-voltage source with an earthling system and an 

efficient control system for voltage and temperature. Moreover, the apparatus contains a polymer pumping 

machine with a high accurate control system for flow measurement to inject polymeric solution at the required 

polymer flow velocity and has a collection plat for the produced nanofiber. The distance between the needle of 

the syringe and the collection plate was controlled according to the required distance according to experiment 

requirements.    

The PAN solution was synthesized by dissolving the polymer with the selected solvent of dimethylformamide. 

The experimental results and testing indicated that the polymer solution of 15wt.% is the best concentration for 

the experiments. Table 1 illustrates the experimental operating parameters for the nanofilters synthesis. The 

polymeric mixture was stirred in a 200ml conical flask for 3 h. of stirring time at an operating temperature of 

25
o
C. Then, a homogenous mixture was produced in this stage. Moreover, the PVA nanofilter was prepared by 

mixed the polymeric material in the deionized water at concentration of 12 wt%. The polymeric solution was 

stirred in a 200ml conical flask under mixing conditions for time of 6 h at 80oC. Then, a uniform homogenous 

polymer mixture was obtained and ready for injection in the electrospinning apparatus. 

Accordingly, each polymeric solution was pumped using a syringe pump of the electrospinning unit at the 

specified operating parameters as shown in Table 1. The produced nanofibers were collected on the collection 

plate of the apparatus. Figure 3 summarized the various stages of the nanofilter preparation method by 

electrospinning technique. Additionally, Figure 4 shows a photograph of the prepared samples of the PAN and 

PVA air filter that were synthesized by electrospinning technique. 

Furthermore, many characterization techniques were utilized to characterize the specifications of the prepared 

nanofilters using a XRD analyzer (Shimadzu-6000)  for structural specifications, a FE-SEM (JEOL-7610F)   to 

identify the morphological features and an FTIR analyzer was used to identify the functional groups.  

 
 

Figure 1: Photograph of electrospinning apparatus for nanofiber synthesis. 
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Figure 2: Schematic diagram of the electrospinning apparatus. 

 

Table 1. The operating parameters for the nanofilters synthesis processes. 

Polymer Velocity 

(ml/hr) 

Distance Between Needle 

and Collector (cm) 

Concentration 

(wt.%) 

Voltage 

(kV) 

Operating 

Parameters 

1 20 15% 20 PAN 

0.5 20 12% 25 PVA 

 

 

 
Figure 3: The sequences of preparation stages of PAN and PVA nanofilters via electrospinning technique. 
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Figure 4: Photograph of the prepared air nanofilters: (a) PAN 15% and (b) PVA 12%. 

2.3 Air Flow Apparatus 

The air flow characteristics across the prepared air nanofilters were evaluated using an experimental apparatus 

designed and constructed for this purpose. Figure 5 illustrates the photograph the airflow apparatus, while, figure 

6 shows the schematic diagram of the apparatus. The system consists of sections constructed from stainless steel 

type 316-L of 6 cm in diameter. The length of the first and second sections was 60 cm and 50 cm respectively. 

The middle zone between the two sections was arranged to support the nanofilter media. The input pollutant air 

was managed using an air blower fitted at the end of the apparatus. The airflow rate was controlled by employing 

calibrate airflow meter. The pressure drop was measured on the two sides of filter media using two highly 

sensitive pressure gauges fitted on both sides of filter media. Also, the pressure was measured using calibrated 

water monometer supported in the both sides of the apparatus. 

The performance of the prepared nanofilters was investigated in the experimental apparatus of the airflow 

system. The prepared filter material was fitted in the middle zone between the two sections. The experiment was 

carried out at different air superficial velocities of 1, 2, 3, 4, and 5 m/s. Then, the pressure drop was measured at 

each air superficial velocity. Also, the permeability of each filter material was determined. 

 

Figure 5: Photograph of the air flow system for nanofilters flow performance measurements. 
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Figure 6: Schematic diagram of the air flow system. 

2. 3.3. Results and Discussion 

3.1. XRD Analysis 

The structure and phases of the prepared nanofilters (PAN and PVA) were evaluated using X-ray diffraction 

(XRD). Figure 7 shows the structure of synthesized PAN (15 wt%) nanofilter. The results of the XRD pattern 

indicated that the overall structure of the synthesized nanofiber is in accord with the standard structure of 

polyacrylonitrile [34, 35]. Accordingly, a characteristic diffraction peak for the structure appeared at a 2θ° value 

of 17. This peak is clear and strong and has a standard position at the phase (100). Moreover, another higher 

peak was noted at plans (110) at 2θ equal to 22.6, this peak is clear and strong.  

 

 

 

 

 

Figure 7:  XRD pattern of PAN nanofibers at concentration of 15 wt%. 

Also, Figure 8 illustrates the XRD patterns of the synthesized PVA (12 wt%) nanofilter and was noted that the 

general structure of the PVA nanofilter is in accord with standard trends of pure PVA nanofibers. The main 

broad diffraction peak is noted at the 2θ° value equal to 19.7. Also, from the results in Figure 8, it can be seen 

that the PVA showed a significant peak at a 2θ° value of 20° related to the semi-crystalline nature of PVA [34]. 
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Figure 8:  XRD pattern of PVA at concentration of 12 wt.%. 

 

3.2 Evaluation of Morphological Results  

The morphological specifications of the synthesized nanofilters were evaluated using FE-SEM. The surface 

topography of the nanofibers was highly determined by the concentration of the polymeric solution and 

electrospinning operating conditions. In this work, the applied voltage, polymer flow rate, operating temperature, 

and humidity were kept constant for each polymeric solution (see Table 1). Figures 9 and 10 show FE-SEM 

results at high and low magnifications for the synthesized PAN and PVA air filters respectively. From the results 

in Figure 9, it was noted that the PAN nanofilter possess continuous and smooth nanofibers with a homogenous 

morphological shape. These features are highly helpful in producing an efficient air filtration process with high 

performance. Furthermore, the diameter of the fiber within an average of 556 nm with uniform distribution. 

Additionally, the prepared PAN 15% nanofilter can effectively capture PMs due to its pore diameter which was 

in the range of 662 nm as calculated from the histogram drawn from SEM image analysis [35]. 

Figure 10 represents the FE-SEM results of PVA 12% nonfilter also at low and high magnification.  The results 

indicated the formation of fine and smooth nanofibers with homogenous distribution topography and looked like 

the spider-net. The statistical analysis indicated that the mean average nanofiber diameter of the PVA was about 

92 nm. Furthermore, the morphological results pointed that the PVA network has mean pore size of 96.8 nm as it 

was estimated by statistical analysis for the SEM images. These small pore sizes prevent completely the 

particulate matter (PM10 and PM2.5) from passing through the filter media and capturing them efficiently. 

According to many authors, the pore size of fibrous network structural and morphological specifications are key 

factors that determine the performance of the pollutants capturing process [15,23,25]. Usually, the nanofiber is 

characterized by special specifications such as the nanoporous features, large surface area, uniform size, and low 

operating weight. All these specifications indicated that the synthesized PVA nanofilter was the best choice for 

the high air quality in indoor air applications. 
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Figure 9: FE-SEM results of the synthesized PAN (15wt.%) nanofibers  A) at low magnifications, and B) at 

high magnifications C) Average fiber diameter D) Average pore size. 
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Figure 10: FE-SEM results of the synthesized PVA (12wt.%) nanofiber A) at low magnifications, and B) at high 

magnifications C) Average fiber diameter D) Average pore size. 

3.3 FTIR Analysis 

The functional groups of the synthesized nanofibers were identified using FTIR spectroscopy. Figure 11 

illustrates the FTIR results of the polyacrylonitrile at a concentration of 15 wt.%. The results indicated that the 

absorption peak of 2243 cm
-1

 corresponds to the vibration band of the nitrile function group. Also, two significant 

peaks were appeared at 2939 and 1454 cm
-1

 respectively, which are attributed to the stretching and bending 

vibration bands of methylene and CH groups respectively on the nanofilter surface. The FTIR results indicated 

the presence of a C=C group at 1615-1580 cm
-1

 and a clear band at 1750-1720 cm
-1

 attributed to a carbonyl group. 

Furthermore, there is a band position at 2935-2915 pointed to present of (CH) group. The same observation was 

noted by [35,36]. On the other hand, Figure 12 shows the FTIR spectrum PVA 12 wt.% nanofilter. obviously that 

some absorption peaks appeared at 1092 cm-
1
 assigned to the O–H stretching vibration of the hydroxy group, 

CH2 asymmetric stretching vibration, C=O carbonyl stretch. Also, effective peaks were presented at 1261.05 cm
-1

 

according to ethers and aryl -O stretch, while, at 1736 cm
-1

 is attributed to carbonyl groups [8,19]. 
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Figure 11: FTIR analysis of the prepared 12wt.% air nanofilter. 

Actually, the prepared nanofibers (PAN and PVA) have a high surface area due to thin nanofibers in the network 

structure. This area reflects the ability of the fibrous network of each filter to capture the PMs efficiently from 

pollute air. Finally, the functional groups that appeared in the nanofiber structure are attributed significantly to 

the air purification mechanism and then produce high-quality air without any PMs. This approach agrees with 

the work of many publications [35, 36, 38]. 

 

Figure 12: FTIR analysis of the prepared polyvinlyalcohol air nanofilter. 

3.4 Evaluation of Air Flow across Nanofilter 

The evaluation of airflow across the prepared nanofilters air filters will be very helpful to understand the flow 

characteristics and behavior of indoor air systems across these materials. The air quality in the air filtration 

process is very important for human health indoor in the ventilation and HVAC systems. Figure 13 illustrates the 

relationship between the air superficial velocity (face velocity) and the pressure drop across the PAN and PVA 

nanofilter material, respectively. It was noted that as the airflow velocity increased the pressure drop across the 

filter material increased too. The highest pressure drop was recorded to be 267 Pa of PVA at an air face velocity 
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of 5 m/s. On the other hand, the PAN shows lower values of pressure drop due to the large pore size of the 

fibrous network. Then, at a face velocity of 5 m/s, the pressure drop was 185 Pa for the PAN nanofilter. 

According to the results of Haider et al. [1], Martins et al. [3], and Cheng et al. [20], the management and control 

of air velocity is the main factor in determining the performance through the air filter media. Then, each 

ventilation system keeping a constant level of air velocity for the HVAC ventilation system the range of air face 

velocity up to 4 m/s while for the industrial unit the velocity arrived at 8 m/s [19,25,40]. 

Moreover, according to the FE-SEM results in Figure 9, the capturing efficiency of the PMs is decreased with an 

increase in nanofiber size. The highly condense network textures of the prepared air nanofilter increase the 

ability of the filter to capture the PMs efficiently. Then, airflow across this network textures may be caused 

pressure drop and then reduce the permeability of filter media.  Therefore, passing air through nanofiller media 
was estimated across the PAN and PVA nanofilter was 97% and 96%, respectively. The smaller fiber diameter 

can capture the PM10 and PM2.5 with the high performance and acceptable face velocity and pressure drop. 

Moreover the efficiency of capturing PM(10 and 2.5) also depend on thickness of filters , thicker filters led to 

increase air resistance, the thickness of PAN 58.5µm and PVA 41µm measured by Duplex Coating and Digital 

Optical Microscope . Additionally, Figure 13 indicated that it is very harder for the PMs to pass across the 

nanofilter media due to the perfect synthesized network texture of the PVA nanofilter [3,18,28].  Furthermore, 

Hung et al. [7] pointed to that the smaller nanofibers improve the filtration process (50–500 nm) by enhancing 

diffusion and interception characteristics. 

Finally, from an airflow characteristics point of the view, many authors indicated that as the air velocity 

increased the removal efficiency of PMs decreased. This is attributed the fact that high air velocity provided an 

increase in the passage of particles across filter material and then the movement of particles across the pores will 

be faster with a reduced chance for capturing the PMs.  The same explanation was noted by Haider et al. [1], 

Omollo et al. [12], and Kim and Lee [26]. 

 

 
Figure 13: The relationship between space velocity and pressure drop across the PAN and PVA air nanofilters. 

4. Conclusions 

The electrospinning method was used successfully to produce air nanofilters type PAN 15wt.% and PVA 12% 

for the purpose of capturing particulate matters (PM10 and PM2.5).  The characterization results indicated that 

the synthesized nanofilters have excellent morphological, structural, and surface specifications that allow 

capturing all PM10 and PM2.5 efficiently. The PVA provided the smallest pore diameter of 96.8 nm while PAN 

gave the value of 662 nm. Then, the prepared air filter is considered highly active for providing a high air quality 

by the indoor air filtration through PMs capturing. Also, it was observed that the airflow velocity plays a key 

factor in determining the airflow performance across the synthesized air nanofilter media. It was noted that as the 

airflow velocity increased the pressure drop across the filter material increased and the highest pressure drop was 
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recorded to be 267 Pa at a velocity of 5 m/s for the PVA nanofilter. Additionally, the prepared nanofilters can be 

used efficiently in the air filtration process with economic feasibility. 
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