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Abstract - This paper demonstrates the use of electrospinning technology to fabricate fly ash composite fibrous membranes 
for adsorption of volatile organic compounds (VOCs)from air. VOCs as one of air pollutants,are mainly from the painting 
industries, plastics industries, chemical industries and fossil fuel combustion industries,which form a serious threat to human 
health and ecological environment. Fly ash (FA), a by-product of coal-fired power stations, has large specific surface area 
and pore structure, and has been widely used in building materials and some adsorbent materials. In this paper, various 
weight ratios (0/1, 1/5, 2/5, 3/5, 4/5 and 5/5) of FA and polyacrylonitrile (PAN) were successfully fabricated into composite 
fiber membranes, respectively.Their binding properties were investigated by field emission scanning electron microscopy 
(FE-SEM), biological transmission electron microscopy (Bio-TEM), X-raydiffraction (XRD) and other experimental 
analyzers. The results show that 2/5 ratio of electrospun fly ash composite fiber membrane has the highest VOCs adsorption 
capacity compared with other ratios of membranes, because it has the smallest fiber diameter (283 nm) and the largest BET 
surface area (13 m2/g) compared with other membranes. In addition, all electrospunFA composite membranes have 
significantly effected for adsorption of xylene, follow by toluene and benzene.FA as a pollutant adsorbent, can not only 
reduce the environmental pollution caused by FA, but also control other environmental pollutants.Especially in the form of 
fiber membrane, it will greatly increase its application fieldfor controlling environment pollution. Suchas an air filter. 
 
Indexterms - Environment pollution, Fly ash, volatile organic compounds, Electrospinning technology, Air filter. 
 
I. INTRODUCTION 
 
Volatile organic compounds (VOCs), any organic 
compound, can participate in thephoto-chemical 
reaction of the atmosphere, which is defined by 
American ASTM D3960-98 standard[1]. VOCs 
mainly come from the furniture and wall painting, 
building materials, office supplies, cooking, industrial 
waste gas, automobile exhaust, thermal power station, 
photochemical smog, some marine organisms and so 
on[2]. At present, more than 300 have been identified. 
The most common harm to human beings and the 
environment of VOCs are aromaticcom- pounds, 
including benzene, toluene, and xylene. Low 
concentration of VOCs can destroy the human 
respiratory system, causing throat irritation, shortness 
of breath, dizziness, chest tightness, and so on. High 
concentrations of VOCs can incur serious diseases, 
such as lung injury, pharynx cancer liver poisoning, 
dizziness, and even death[3, 4].Therefore, it is 
becoming more and more important to effectively 
reduce or control the content of VOCs in the indoor 
and outdoor. Activated carbonis produced from 
carbon-rich materials, including to coal, peat, lignite, 
petroleum pitch, wood, nutshells, etc. by the 
processes of carbonization and activation[5]. It is one 
of the most commonly used adsorbent due to its 
unique molecular structure, large surface area, 
microporous structure and high adsorption capacity. 
Thus,activated carbonis widely used in adsorbing 
toxic/non-toxic gases from air and pollutants in 

wastewater. Such as nitrogen oxides (NOx), sulfur 
dioxide (SO2), carbon dioxide (CO2), VOCs, toxic 
heavy metals, dyes[6, 7].However, theremoval 
properties of activated carbon limit by its 
characteristics,such as fire risk, pore clog (due to 
polymerization of some VOCs catalyzed by ashes 
present on activated carbon surfaces), hygroscopicity, 
and some problems associated with regeneration, etc. 
In addition,the porous structure of activated carbon is 
primarily within the microporerange,which will 
reduce its capacity for adsorption of the large 
molecular size of substances.Due to the increase of 
diffusion resistance in irregular pore structure, 
disordered pores of activated carbon will prolong the 
adsorption equilibrium. The adsorption capacity of 
the activated carbon decreases with high pressure 
drops over the adsorbent bed or after initial carbon 
fouling[5, 8-10]. 
 
Therefore, the high cost and various disadvantages of 
activated carbon motivates the search for cheaper 
materials from some industrial waste, like fly ash 
(FA). Fly ash, a by-product of coal-fired power 
stations, has large specific surface area and pore 
structure, and has been widely used in building 
materials and some adsorbent materials, including to 
removal of dyes, heavy metals and organics from 
aqueous solution[11]. 
 
In this study, we investigated the binding properties 
of fly ash (FA) and polyacrylonitrile (PAN) under 
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electrospinning technology. And the VOCs 
adsorption capacity of FA composite fiber mem- 
branes with different ratioshas also been studied in 
detail, respectively. 
 
II. MATERIALS AND METHODS 

 
A sample of the fly ash (FA) powderwas were 
purchased from Won Engineering Company Ltd., 
Korea.PAN precursor fibers (Mw=150,000) were 
purchased from SIGMA-ALDRICH, Co., USA. 
Analytical grade N,Ndimethylformamide (DMF) as 
received was purchased from Samchun Chemical Co., 
Ltd., Korea. Tolueneand xylene solutions were 
purchased from SIGMA-ALDRICH, Co., USA, 
benzene solution was purchased from Samchun 
Chemical Co., Ltd., Korea, and they were used to 
prepare VOCs mixture. 
 
10% PAN polymer was added to 90% N,N-
Dimethylformamide (DMF) solution (by weight 
ratio), and the mixed solution was prepared using a 
magnetic stirrer at 300 rpm for 12 h at room 
temperature, then different amounts of 
FA(FA:PAN=0/1, 1/5, 2/5, 3/5, 4/5 and 5/5)  were 
added to the above prepared solution for further 
ultrasonic treatment for 4 hours to obtain 
homogeneous spinning solution. Electrospinning was 
carried out using the setup shown in Figure 1.  

 

 
Figure 1: Schematic of the experimental setup. 

 
III. RESULTS AND DISCUSSION 
 
The VOCs absorption capacity of the FA electrospun 
membranes is shown in Fig. 2b. It can be clearly seen 
that all membranes has VOCs absorption capacity, 
and xylene is the most easy to be absorbed, followed 
by toluene and benzene. Because the ionization 
potential of xylene (8.56 eV) is the smallest in the 
aromatic hydrogen compounds (toluene 8.82 eV; 
benzene 9.27 eV), it leads xylene to be more easily to 
act with other substances without more 
momentum[12, 13]. The fly ash composite membrane 
(2/5) has the highest VOCs adsorption capacity 
compared with other membranes.In addition, the 
methyl group (-CH3) of xylene is more than benzene 

and toluene, which will cause the interaction of π-π 
between VOCs and FAelectrospun composite fiber 
membranes. In addition, other characteristics of 
adsorbent and adsorbate also affect the adsorption 
effect of VOCs, such as BET surface area, pore 
structure, porosity and functional group of adsorbent, 
boiling point  and molecular weight of adsorbate[5, 
14].The schematic diagram of the adsorption 
mechanism of FA electrospun composite fiber 
membraneson VOCs is shown in Figure 3. 

 

 
Figure 2: VOCs absorption capacity of the fly ash 

 

 
Figure 3: Schematic diagram of the adsorption mechanism. 

 
CONCLUSION 
 
The functional fly ash composite fibrous membranes 
with different fly ash rations weresuc-cessfully 
fabricated via electrospinning technology. Their 
adsorption mechanism on volatileorganic compounds 
was also investigated in detail. The detailed 
conclusions are summarized as follows: 

 
1. A series of FA with different weight 

ratios(FA:PAN=0/1, 1/5, 2/5, 3/5, 4/5 and 5/5) 
can be spun into functional composite fiber 
membranes for adsorption of VOCs from air. 

2. The fly ash composite membrane (2/5) has the 
highest VOCs adsorption capacity compared 
with other membranes. 
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3. The physicochemical characteristics of fly ash 
electrospun membrane play animp-ortant role 
in the adsorption of VOCs from air. Such as, 
fiber diameter,BET surface area, pore structure, 
porosity and some functional groups. 
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