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1. Introduction

Ensuring air fi ltration for low-dust ventilation in the 
air supply is the primary function of even the sim-
plest ventilation systems. In accordance with the le-
gally binding and normative regulations, it is neces-
sary to fi lter not only the freshly supplied, but also the 
discharged degraded air, and provide it with the ap-
propriate degree of fi ltration according to the type and 
size of pollutants. The subject of this article is not the 
draft of the concept or of the level of fi ltration itself, 
but the introduction of a new material which begins 
to appear in the offer of selected Czech and foreign 
producers. These fi lters are made from nanofi bered 
structures. The paper presents an experimental pro-
totype fi lter which is an alternative to contemporary 
microfi ber air fi lters for F9 fi ltration levels. The pre-
sented measurement results are carried out by the sci-
entifi c workers of the Faculty of Civil Engineering, 
Brno University of Technology, the Institute of Build-
ing Services.

Nanotechnology is a promising manufacturing 
technology, and in fi elds of technology, it deals with 
the production, development and utilization of nano-

materials (1–100 nm). In various sectors of the con-
struction industry, nanotechnology has found its per-
manent place, improving the properties of commonly 
used products.

In case of the use of nanofi ber materials for the 
needs of air fi ltration in the air-conditioning industry, 
the products are only marginally to be had on the mar-
ket. The text of this article tries to elucidate the present 
state of the issue, its basic advantages and disadvan-
tages.

2. Materials and calculation methods

Production of nanofi ber fi lters consists of applying na-
nofi bers to a coarse textile backing layer and then they 
are processed as a classic textile liner into the frames 
of the fi lters.

The technology used for the production of nano-
fi lters is called electrospinning or electrostatic spin-
ning. It is possible to process almost all types of poly-
mers, mostly in form of liquid. To produce the fi bers, 
it is necessary for the polymer to have a suffi ciently 
low viscosity. The diagram of electrostatic spinning is 
shown in Fig. 1.
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The polymeric liquid is directly connected with 
the high voltage power supply electrode, which is then 
spun by a spinneret. Due to the high voltage, some-
times up to 50 kV, the Taylor cone is formed, namely 
between the tip of the capillary and the grounded col-
lector. It produces so-called submicron fi bers, which 
solidify by evaporating the solvent and form a fi brous 
layer. This is settled on the collector surface due to the 
charged fi eld. As collector, a textile material is com-
monly used [2].

The structure of the nanofi ber layer is formed 
by the classic spinning, and the result is presented in 
Fig. 2.

By electrostatic spinning, a wide range of poly-
mers can be prepared. The most commonly used ma-
terial for the production of nanofi bers is a solution of 
PP and PE polymers, as well as carbon, glass and met-
al fi bers. The production of nanofi bers can be divided 
into melts, polymer or aqueous liquids. Each of these 
types of production has its advantages and disadvan-
tages. For the production of textile materials with the 
help of nanotechnology, it is very important to choose 
materials (polymers) with specifi c properties which 
may also infl uence the function of the product itself.

Figure 3 (left) shows the structure of the fi ltration 
stage degree G3 (scale 1:50), illustrated by an electron 
microscope TESCAN VEGA 3, and in Fig. 3 (right), 
there is a four-nanofi ber fi lter (scale 1:150). Although 
the scale for nanofi brous material is three times larger, 
the material is signifi cantly thicker and more regularly 
stratifi ed.

The incorporation of nanofi lters into the normal 
distribution used in practice is quite problematic, be-
cause the structure of the material is different.

There is no analogy between the thickness or 
square weight of the produced layer and the functional 
properties of the material.

Differences were also found between labora-
tory-measured values on small samples elastically 
strained in a tight frame and the fi nal product stacked 
into a shape and design usable in ventilating equip-
ment.

Therefore, the fi lter design, classifi cation into the 
fi ltration degree, and the resulting pressure loss, sig-
nifi cantly affecting the performance of the fan and its 
operation costs, are essential.

Filter distribution according to the structural de-
sign:

• Frame – Z-line
•            – Flat
• Pocket
• Compact

Fig. 1. Scheme of electrostatic spinning (principle) [1]

Fig. 2. Photographs of applied nanofi bers [1]

Fig. 3. Standard fi lter G3 195×195 mm (left), nanofi lter 195×195 mm (right)
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Filter distribution according to the frame:
 – Metal frame
 – Plastic frame
 – Tempered paper frame

Filter distribution according to the fabric connec-
tions:

 – Sewn by textile thread
 – Ultrasonic welding

While the classic sewn fi lter has a long history, 
ultrasonically welded fi lters are relatively new in the 

market. Ultrasonic welding takes place using friction 
heat generated by high-frequency mechanical vibra-
tions of about 15–75 kHz. High-frequency of electric 
energy is converted to mechanical one. After that, a 
specially shaped sonotrode is used to bond the ma-
terial by which friction heat is produced. The result 
of this is local melting of the bonded material. When 
the temperature at the interface of bonded materi-
als reaches the melting point, the material melts and 
fl ows. Using the controlled sonotrode pressure at the 
interface of interconnected parts, the material cools 
and a molecular weld is formed [3].

From the design point of view, it is possible to 
produce nanofi lters in any design. The test sample 
measured in the laboratory was made as a pocket de-
sign fi lter in a plastic frame. Both types ultrasonical-
ly welded and sewn joints were tested.

Integration into the fi ltration class. Atmospheric air 
fi lters for separation of particles in normal ventila-
tion are tested and sorted according to the European 
Standard ČSN EN 779.

Fig. 4. Example of different types of mechanical fi lters used in 
ventilation

Fig. 5. Sample of plastic (left) and paper frames (right)

Fig. 6. Example of a pocket fi lter with sewn (left) and ultrasonic welded (right) fi lters
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The fi lters are as follows:
 – G for coarse dust – effective for particles >10 μm 

(G1, G2, G3, G4)
 – F for fi ne dust – effective for particles >1 μm (F5, 

F6, F7, F8, F9).

High effi ciency fi lters that are tested and sorted 
according to EN 1822:

 – H for microparticles – effective for particles 
> 0.01 μm (H10, H11, H12, H13, H14)

 – U for microparticles (U15, U16, U17).

The tested prototype of the functional sample of 
the fi lter is outlined as a fi ne-grain fi lter of F9 type.

Arrestance Aj is measure of the ability of fi lter to re-
move a standard test dust from the air passing through 
it under given operating conditions expressed as a 
weight percentage:

 Aj = [1 – (mj  /Mj  )]·100 [%], 

where mj is the weight of the dust penetrating the fi l-
ter (the weight gain of the end fi lter Δmff and the dust 
weight in the channel behind the fi lter md ) at the dust 
loading phase j, Mj is the mass of the dust supplied 
(dust dose Δ m) during the loading phase j.

The mean separation Am  is the average of fi ve individ-
ual isolation values of Aj :

 Am = (1/M) [M1A1 + M2A2 + … + Mn  An] [%], 

where M = M1 + M2 + … + Mn is the total mass of 
the dust supplied, M1, M2, …, Mn are the masses of 
dust gradually fed into the track until the fi nal pressure 
drop Δ p1, Δ p2, …, Δ pn has been reached.

Pressure loss of the fi lter. The fi lter pressure loss is the 
resistance that occurs when air fl ows through the fi l-
ter, and by the fi lter closure due to it. In their projec-
tion bases, manufacturers present the initial pressure 
loss of the fi lter, the mean pressure drop, and the fi nal 
pressure loss of the fi lter at its full closure. In practice, 
nominal design airfl ows should be given for the mean 
pressure drop of the fi lter. In general, it can be charac-
terized that the pressure drop of the fi lter depends on 
the square of the air fl ow velocity and on the hydrau-
lic resistance of the insulated fi ber Fγ. The fi ber resis-
tance is then equal to the pressure difference in the 
given layer.

The form of the test track of measuring the fi lters 
is shown in Fig. 7. Filter pressure loss is the pressure 
difference between points ps3 and ps4.

3. Results

Arrestance. The measured arrestance of the nanofi ber 
fi lter is shown in Figs 8, 9 and 10. The fi lter sample of 
a four-pocket design in a plastic frame is concerned. 
The nanofi ber fi lter is joined both by sewing joint and 
ultrasonic welding. The sample was placed in the test 
track so that the pockets were in vertical position and 
the surface of the fi lter was not degraded due to its 
own weight.

Fig. 7. The shape of the test track
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Pressure loss of the fi lter. See Fig 11.

4. Discussion

Arrestance. Between the joints in the nanofi ber fi lters 
for a 0.5 μm fraction, there is 4% degradation, with 
improvements occurring in all fractions. The classical 
four-pocket fi lter of polyester fi bers (F9 fi ltration de-
gree) presents only 76% of segregation.

Pressure loss of the fi lter. It can be seen from the graph 
in Fig. 10 that, at the air fl ows of 400 m3/h and above, 
the demand for nanofi lters with sewn connection for 
the transport pressure of a given amount of air is by 

Fig. 8. Measurement of the arrestance of four-pocket fi lters 
made from nanofi bers with an ultrasonic welded seamed joint

Fig. 9. Measurement of the arrestance fi lters from nanofi bers 
with ultrasonic welded joint

Fig. 10. Measurement of the separability of a commonly sold 
four-pocket fi lter – the F9 fi lter degree

Fig. 11. Measurement of pressure loss of four-pocket fi lters of nanofi bers and a classical 
four-pocket fi lter of polyester fi bers of F9 fi ltration degree
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about 60% higher than for a standard F9 poly ester fi b-
er textile fi lter.

Nevertheless, the pressure loss is almost compa-
rable in the ultrasonically welded fi lter, in comparison 
with the standard textile fi lter. It varies with fl ow rates 
above 950 m3/h, if the result does not rise by more 
than 10% of the measured value.

For the results of the pressure loss measurement 
on the same material, the effect of connection is very 
noticeable.

5. Conclusion

In the Czech Republic, the technology of production 
of nanofi brous textiles is very advanced, and it is pos-
sible for us to defi ne the material and the thickness 
of the applied layer in compliance with the frames of 
manufacturing industry.

The advantage of smaller fi laments can be a larg-
er range of density selectivity of the nanotextile fi lter 
material, and thus greater selectivity of particle sepa-
rability by the fi lter material. The standard EN 799 and 
EN 1822 require fulfi lling a certain arrestance of air 
particles (fi ne dust and microparticles) to be achieved 
for the fi lter classifi cation into a degree of fi ltration. 
Due to the high-pressure loss of material compared to 
conventional fi lter inserts, nanofi lters have been un-
usable in technical practice for a long time. From the 
preliminary results of measurements on prototypes of 

basic nanofi lters, it is clear that, by improving used 
technology, the pressure loss can be similar to the 
commonly used products, and the result of the particle 
separation is signifi cantly better.
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