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Abstract
Nanofibres are easily produced from polymer solutions of polyvinyl alcohol using the elec-
trospinning method. Nanofibres combined with nonwoven PP material (polypropylene) 
have potential uses in a wide range of filtration applications. The high surface area of a 
high porous structure makes nanofibres ideally suited for many filtering submicron parti-
cles from gas. The main aim of this article is to determine which organic compounds can 
be eliminated from gas using a nonwoven PP material filter covered by a PVA nanofibre 
membrane. In this study PVA solutions were prepared with 8% PVA. A nanofibre web was 
manufactured using the electrospinning method on a NS LAB NanospiderTM laboratory 
machine. Specimens of filtered gas were obtained with a device which was made especially 
for this research. An IR spectrum of the filtered gas and filters was written. The research 
showed that a nonwoven PP material filter covered by a PVA nanofibre membrane is suit-
able to eliminate organic polar compounds, ethers and compounds containing carbonyl 
groups from gas. 
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n Introduction
Electrostatic fibre spinning or ‘electro-
spinning’ is a process where nanofibres 
are formed using an electrostatically 
driven jet of polymer solution or polymer 
melt. More than 50 polymers have been 
successfully spun into fibres through this 
technique [1, 2].

Layers of nanofibres have a low basic 
weight, high permeability and small pore 
size that make them appropriate for a 
wide range of filtration applications. In 
addition, a nanofibre membrane offers 
unique properties such as a high specific 
surface area, good pore interconnectiv-
ity and the potential to incorporate active 
chemistry or functionality at a nanoscale. 
Nanofibre membranes are being exten-
sively studied for air and liquid filtra-
tion [3]. Nanofibre filters could be used 
for water, blood, gas and oil filtration 
(among others). 

Cigarettes contain numerous compo-
nents: tobacco, paper material and ad-
ditives. Therefore, after burning, a very 
complex mixture is generated [4]. Ciga-
rette smoke comprises a highly complex 
chemical mixture of non-specific prod-
ucts of organic material combustion and 
chemicals specific to the combustion of 
tobacco and other components of the 
cigarette. For most of the compounds 
and substances added to tobacco, little 
is known of their combustion chemistry, 
which creates difficulties in determin-
ing the relationship between chemicals 
in tobacco and those actually inhaled in 
the smoke [5]. It has been estimated that 
there are over 4000 chemical constituents 
in tobacco smoke.

Nanofibres can be used either alone or 
in conjunction with other filtering me-
dia, such as larger fibres, paper, activat-
ed charcoal, etc. Filters with nanofibres 
need not be dense as the molecules of the 
smoke become attracted to the nanofibres 
due to quantum mechanics instead of be-
ing sieved out [6]. 

The main aim of this article is to explain 
a research project undertaken to investi-
gate the use and effectiveness of a PVA 
nanofibre membrane as a cigarette smoke 
filter.

n Materials and methods
A PVA aqueous solution was chosen to 
form the nanofibres. This polymer is dis-
tinguished by its chemical and thermal 
stability (in normal conditions it pre-
serves excellent physical and mechanical 
qualities). It is produced by the polym-
erisation of vinyl acetate monomer after 
partial or complete hydrolysis of polyvi-
nyl alcohol is obtained [7].

PVA aqueous solution was made from 
PVA powder dissolved in distilled wa-
ter by mixing. In the making of the  
8% PVA polymer solution concentrate, 
0.5% phosphate (H3PO4) was infused, 
which increased the conductivity of the 
electric current. 

Nanofibres from the PVA solution were 
spun into nonwoven PP material the NS 
LAB NanospiderTM (Elmarco, Czech 
Republic) laboratory machine. A work-
ing scheme of the NanospiderTM is pre-
sented in Figure 1.

On this device an electrostatic field was 
created using two electrodes with a dis-
tance of 15 cm between them. One of 
these electrodes was a roller 1 connected 
to a high voltage distributor (0 – 75 kV) 
2 plough 3. In this research the voltage 
was 64 kV. The roller was partially im-
mersed or soaked in the polymer solution 
contained in tray 4 . Tray 4 is made from 
insulation material. The second electrode 
5 was fixed to a grounded device carcass. 
Under the influence of the electrostatic 
field, nanofibres were formed from the 
polymer solution. These nanofibres were 
collected on base fabric 6 , which was at-
tached to upper electrode 5.

The nanofibre spun from the polymer 
solution has significant applications in 
the area of filtration because a nanofibre 
membrane has a highly porous structure 
of high surface area. The low basic weight 
and small diameter of the filaments are 
ideally suited for filtering submicron par-
ticles from gas or water [8]. Electrospun 
nanofibres have diameters three or more 

Figure 1. Working schema of the principal 
laboratory device - NanospiderTM: 1 – roll-
er (electrode); 2 – high voltage distribu-
tor (0 – 75kV); 3 – high voltage plough;  
4 – tray with polymer solution, 5 - spinning 
collector, earth plate (electrode); 6 – base 
fabric. 
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times smaller than those of other fibres 
formed by other technologies [9].

Air permeability is the one of the main 
properties of filter materials. The air per-
meability of nonwoven material with the 
PVA nanofibres membrane was meas-
ured using an air permeability device. 
The method of working with this device 
is specified in LST EN ISO 9237 [10]. 
The specimen was put into the device 
and pressed air streams were run through 
it. After the pressure mounted and es-
tablished a dm³/h at 10, 20, 30, 40, 50 
and 60 mm H2O column, the rate of air 
through a rotameter was fixed. The arith-
metical rate of the air average for each 
pressure was calculated, coverting dm³/h 
to dm³/min. Later the air permeability at 
each pressure was calculated according 
to the formula:

Rn = Dn/A×0.167 m/s;

Dn – arithmetical average of the air rate 
in dm³/min; A – effective area of the 
specimen, which is 10 cm². 

The air permeability m/s of the textile 
material is presented for each pressure 
from 10 to 60 mm H2O column. 

In this research nonwoven polypropylene 
material with a PVA nanofibre membrane 
was used as a filter for cigarette smoke. 
Before filtering, cigarette combustion 
during puffing had been investigated, and 
the schema of it is presented in Figure 2 
[11]. This schema shows that cigarette 
smoke is the result of pyrolisis and com-
bustion and that cigarette combustion 
from puffing is influenced by air, side 
streams of gases and other chemicals, 
any of which can influence the results of 
cigarette smoke filtration. 

A specimen of smoke filtered through 
nonwoven material covered by a PVA 
nanofibres membrane was obtained by 
using a device (Figure 3) created par-
ticularly for this research. The main prin-

ciple of the device operation consists of 
imbibing the cigarette smoke through 
the filter with the help of a vacuum. The 
specimen was collected in a filtered ciga-
rette smoke container to be used in fur-
ther gas analysis. In this research smoke 
was filtered from one cigarette for 30 s.

Infrared spectroscopy was made for the 
filtered cigarette smoke and used filters 

of PVA nanofibres. The spectrum was 
written using a Perkin Elmer FTIR Spec-
trum GX spectrometer (USA). A 100 mm 
cell with KBr was used for IR spectrum 
fixation.

Pictures of the filter with a nanofibre 
membrane before and after filtering were 
taken by aSEM Quanta 200 FEG elec-
tronic microscope.

Figure 2. Schematic of cigarette combustion during puffing. Smoke 
is generated in two zones: (A) combustion and (B) pyrolysis.

Figure 3. Device for obtaining gas specimen: 1 – specimen; 2 – fil-
ter; 3 – filtered gas container; 4 – vacuum pump. 

Figure 4. Infrared spectrum of nonwoven material without (a) and with (b) a PVA nanofi-
bre membrane: 1 – before filtering; 2 – after cigarette smoke filtering.

a)

b)
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 Experimental results 
and discussions

Three types of specimens of nonwoven 
PP material with a PVA nanofibre mem-
brane were chosen for air permeability 
research: nonwoven material without a 
nanofibre membrane, nonwoven material 
with a nanofibre membrane d = 250 nm 
and nonwoven material with a nanofibre 
membrane d = 300 nm (d - the average 
thickness of nanofibres). 

From the results of the test we can see 
that direct air permeability depends on 
the pressure. By increasing the pressure 
and fixating the rate of air (dm³/h) at 10, 
20, 30, 40, 50 and 60 mm H2O column 
the air permeability of the nonwoven ma-
terials both with and without the nanofi-
bre membrane is increased. A comparison 
of test results of the air permeability of 
nonwoven materials without a nanofibre 
membrane and nonwoven materials with 

a nanofibre membrane show that nonwo-
ven materials with different thicknesses 
of nanofibre membranes (d = 250 nm, 
d = 300nm) have a lower air permeability 
than those without nanofibre membranes, 
hence nonwoven material with a mem-
brane is more suitable for gas filtration.
In order to establish the efficiency of PVA 
nanofibres with respect to the gas filter-
ing of cigarette smoke, infrared spectros-
copy for nonwoven material without a 
nanofibre membrane was used before and 
after filtration and for nonwoven material 
with a PVA nanofibre membrane before 
and after filtration. In Figure 4.a we can 
see that the IR spectrum of nonwoven 
material without a nanofibre membrane 
is very similar before and after cigarette 
smoke filtration, which means that dif-
ferences in quality and quantity did not 
occur. Analysis of the IR spectra in Fig-
ure 4.b shows that the spectra of nonwo-
ven material with a nanofibre membrane 
before and after cigarette smoke filtration 

are obviously different. Qualitative dif-
ferences of the IR spectra are at the fol-
lowing wave numbers: 3282, 1711, 1241 
and 1043 cm-1 . Peaks are in the spectrum 
of the specimen after filtering and not be-
fore . The peak at 3282 cm-1 is specific 
for organic compounds with polar O-H 
or N-H groups. The peak at 1711 cm-1 
is specific for a carbonyl group (>C=O) 
containing compounds. The peak at 1241 
cm-1 is specific for C-O ethers and com-
pounds with C-N bonds. The peak at 
1043 cm-1 is specific for ethers too.
In order to analyse whether the thickness 
of the nanofibre membrane influences the 
filtering properties of nonwoven 

PP material with a PVA nanofibre mem-
brane were tested with the use of ciga-
rette smoke. Cigarette smoke was filtered 
through a nanofibre membrane of varying 
thickness: d = 250 nm and d = 300 nm.  
The IR spectrum of cigarette smoke fil-
tered through nonwoven material with 
nanofibre membranes of varying thick-
ness is presented in Figure 5. The quali-
tative difference at wave numbers 3419 
and 1637 cm-1 is observed in the IR spec-
trum. The spectrum of cigarette smoke 
filtered through the PVA nanofibre mem-
brane of d = 250 nm had these peaks, 
as opposed to the spectrum of cigarette 
smoke filtered through a PVA nanofibre 
membrane of d = 300 nm. Both peaks 
are characteristic for secondary amines. 
The peak at 3419 cm-1 is specific for N-H 
bond stretching vibrations: the peak at 
1637 cm-1 is specific for bending vibra-
tions of secondary amines. Comparing 
nanofibres with membranes of 250 nm 
and 300 nm thickness used in filtration, 
we can state that a PVA nanofibre mem-
brane with a thickness of d = 300 nm can 
hold secondary amines from cigarette 
smoke as opposed to one of d = 250 nm 
thickness, which cannot. 

The pictures of nanofibre membranes be-
fore and after cigarette smoke filtration 
are shown in Figures 6. Comparing the 
IR spectra, the qualitative difference is at 
the following wave numbers: 3282, 1711, 
1241 and 1043 cm-1. 

n Conclusions
The results of the research have con-
firmed the following:
1. Comparison of the results of air per-

meability testing of nonwoven ma-
terials with and without nanofibre 
membranes show that nonwoven ma-

Figure 5. Infrared spectrum of cigarette smoke filtered with different thicknesses of nanofi-
bre membrane: (1) d = 250 nm; (2) d = 300 nm.

Figure 6. Nonwoven material with nanofibres membrane before (a) and after (b) filter-
ing.

a) b)
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terials with different nanofibre mem-
branes (d = 250 nm, d = 300 nm) have 
a lower air permeability than those 
without.

2. The IR spectrums of nonwoven ma-
terials without a nanofibre membrane 
before cigarette smoke filtering and 
after filtering are very similar, which 
shows that this kind of filter is not 
effective with respect to the quality 
and quantity of filtration. Obvious 
differences are shown in the infrared 
spectrum of nonwoven material with 
a PVA nanofibre membrane.

3. PVA nanofibres membranes as a filter 
for cigarette smoke have the advan-
tage of average diameter nanofibre 
filaments, which is obvious for qual-
ity parameters. A higher diameter of 
nanofibre filaments makes the filter 
more effective. The PVA nanofibre 
membrane as a filter for cigarette 
smoke is effective for holding organ-
ic compounds with polar O-H or N-H 

groups, carbonyl group (>C=O) con-
taining compounds, ethers C-O and 
compounds with C-N bonds.
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