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Abstract: The aim of this research is to investigate shield effect properties of the fabrics with inox yarns included in the
construction, which are used for special professional garments and should protect from electromagnetic microwave
irradiation. The investigation was done prior to and after the professional care procedures of dry and wet cleaning in ten
cleaning cycles. Shield effect measurements were done on the face and on the back of the fabric, weftwise and warpwise,
prior to and after the first, third, fifth, seventh and tenth cycles of dry and wet cleaning, at the frequencies from 0.9 to
2.4 GHz. The results obtained indicated that shield effect of the fabric tested was reduced after professional care procedures,
especially so after 5 cycles. The investigations also revealed that shield effect could be considerably enhanced if the inox
yarns were incorporated into the fabric in the direction of the warp.
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Introduction

The development of new technologies and electronic
devices that send out electromagnetic (EM) waves, which
can be detrimental to health, has resulted in the need to
develop fabrics to protect from this kind of irradiation,
constructing so called shield effect [1-3]. Prolonged usage of
electronic devices can have a harmful effect on human
health and can cause various types of problems such as high
level of stress, heart arrhythmias, increased incidence of
various cancers, atypical changes in behaviour etc., which
were all proved by long-term health investigations [4]. This
is why the possibilities of reducing negative impact of EM
radiation on people, animals and the environment have been
an object of worldwide scientific research for quite some
time. When EM waves interact with an organism, molecules
intensively vibrate and release heat. The same happens when
an EM wave enters human body and normal DNA and RNA
regeneration is prevented [5]. EM interference (EMI) is a
particularly serious problem in case of the various electronic
equipment such as personal computers (a few GHz), mobile
(cell) phones (0.9, 1.8 GHz) and others. The electromagnetic
spectrum was the natural source that was used quite extensively
in the course of previous century, while new technologies
employ higher and higher frequencies. EMI can be regarded
as a kind of environment pollution with considerable impact
on human health. The interaction of the environmental EM
fields and human body cannot be avoided in modern world
where all the people are in this or that way exposed to EM
fields through the use of various electric and electronic
devices (cell phones, radio and TV apparatuses, computers,

electrical devices, etc.). EMI involves unwanted electrical
tensions and currents in the construction of the devices used.
The higher the electrical tension and the stronger the current,
higher is the level of radiated or conducted interferences [6,7].
EM fields are used for various purposes, such as medicine.
EM fields cannot be perceived by human senses. However,
in some cases these radiation can be directly perceived, for
example in very strong magnetic or electrical fields, at low
frequencies (few dozen Hz) it is possible that the exposed
person has some visual sensations (so called magneto- or
electrophosphen), or some audio sensations can be caused
when a person is exposed to impulse microwave fields (so
called Frey effect). All of this means that it is necessary to
introduce some form of preventive protection. Human body
and an EM field impact each other-electric and magnetic
field has an impact on human body while at the same time
human body in an EM field impacts the field it is exposed to.
The vectorial quantity that describes the level of an electrical
field, determined by the force acting upon a stationary
electrical charge, is called electric field (E) and is expressed
in volts per meter (V/m) [8].

Huge expansion of the use of IT communication technologies
based on microwave frequencies has been present for some
time [9-11]. Various methods have been developed to reduce
the impact of these radiation frequencies, one of them being
protection through the use of particular equipment and
protection of people working in the EM polluted environment
[12]. Materials recommended for the protection from EMI
are these that exhibit high electrical conductivity and that let
magnetism pass through them. The ratio between the intensity
of the EM field (E0), measured without the use of the
material tested and the intensity of the EM field (E1) with the
adequate material inserted between the source of radiation*Corresponding author: bosiljka.saravanja@ttf.hr
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and the receiving part is defined as the EM shield effect
[13,14]. All this also indicates a need to minimise the
possibility of interference with radio and wire communications,
by setting up a limit of EM emission for all the electrical and
electronic devices. 

Textile industries around the world are trying to produce
such woven, nonwoven and knitted fabrics as well as
composite structures for protective applications [15-18]. The
analysis of EM field by special fabricated woven protective
structures based on application of hybrid fancy yarns and
their functional components in weft direction showed that
electric field shielding properties of these fabrics allowed
them to be used to limit exposure to electric field [15].
Construction parameters of protective woven fabrics such as
warp and weft density, wires diameter and lay-up angle also
had significant effect on shielding effectiveness [17]. Knitted
structures produced from a proper ferromagnetic material
can also be appropriate for protection purposes against EM
radiation [17]. EM shield effectiveness of the metal composite
fabrics could be tailored by modification of metal grid size
as well as geometry [18].

Textiles are thus produced of electrically conductive
metals or wire net materials for various protection properties
in the electrical and electronic industry. These fabrics are
flexible and of rather favourable prices [19-21]. 

The work presented here investigated shield effect (SE) of
a fabric manufactured from cotton blended with modacrylic
with inox fibres woven weftwise, prior and after dry and wet
cleaning, to be used for workwear at gas stations, electrical
transmission lines, gas installations and other energy facilities,
where protection is needed because of the presence of high-
intensity electromagnetic fields. 

Experimental

Material and Methodology

The fabric with inox yarns, Alan Inox 240 Royal (commercial
name of the fabric) supplied by Čateks company, Croatia,
from 54 % MAC, 44 % cotton and 2 % inox, surface mass of
258 g/m2, thickness of 0.47 mm, woven in satin weave 1/4
(2) (Figure 1(a)). The yarn density warpwise and weftwise is
320/230 yarns/10 cm, while the warp and weft yarn fineness
is 40 tex and 36 tex, respectively. It is a thread like yarn
(consisting of two yarns) with S twist direction and 550
twists. Each yarn in the thread like yarn has Z twist direction
with 820 twists. The inox yarn (consisting of two yarns) is a
thread like yarn with S twist direction and 570 twists. Each
yarn in the thread like yarn has Z twist direction with 840
twists. This fabric is manufactured on an air-jet loom Picanol,
type OMNI+800, working width 190 cm and weaving speed
(weaving efficiency of 750-900 picks/min-1). Inox yarns are
interwoven at the distance of 1 cm inbetween in the direction
of the weft (Figure 1(b)-(d)).

The intensity of electromagnetic field passing through the

shield of the fabric with inox yarns was measured prior to
and after first, third, fifth, seventh and tenth cycles of dry
and wet cleaning.

Shield effect properties of the fabric with inox yarns were
tested for the frequencies of: 0.9 GHz; 1.8 GHz; 2.1 GHz
and 2.4 GHz. The shielding effectiveness of the protection
shield (shield effect SE (dB)) of the protective fabric with
inox yarn is calculated as follows:

(1)

where E0 is the level of received electric field without a
shield and E1 is the received level of electric field with a
shield.

The measurements were done in the Microwave laboratory
of the Department of Wireless Communications, Faculty of
Electrical Engineering and Computing, University of Zagreb.
The testing included electromagnetic shielding effectiveness
regarding protective fabrics with inox yarn on the face and
reverse side and in the direction of the warp and of the weft.
Both directions were selected in order to compare shield
properties, as the inox yarns were woven into the fabric in
the direction of the weft only. Inox yarns were visible on the
face of the fabric only and this is why the SE values were
compared on the face and reverse side of the fabric. Measuring
was done in accordance with the recommendations in the
international standards IEE-STD 299-97, MIL STD 285 and
ASTM D-4935-89 [22-24].

The custom made measurement setup consisted of a signal
generator, horn antenna as well as dipole antenna, the fabric

SE 20log
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Figure 1. Woven inox yarn protective fabric; (a) fabric’s satin

weave, SEM image of the inox yarn fabric under different

magnification; (b) 42×, (c) 75×, and (d) 100×.
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placed as a shield, and the measuring instrument NARDA
SRM 3000 (Figure 2). The photo of the measurement setup
can be seen in Figure 3. 

As the fabric selected has been used for workwear only,
and is thus cleaned only professionally, we investigated
protection properties of the fabric with inox yarns through a

number of dry and wet cleaning cycles. Wet cleaning applied
was a gentle procedure, environmentally much more friendly
than dry cleaning. However, it was performed in a water
medium and, theoretically at least, it could have a more
prominent effect on SE than the solvent used, perchloroethylene
(PERC). SE properties of fabric with inox yarns were
measured after the first, third, fifth, seventh and tenth dry
and wet cleaning cycles according to professional care
standards [25,26]. 

Results and Discussion

The SE of the inox yarn fabric prior and after dry and wet
cleaning cycles were investigated as follows. Figures 4-7
show the impact of dry and wet cleaning processes at
particular frequencies (0.9 GHz to 2.4 GHz) on the SE of the
fabric with inox yarns, on the face and reverse side, in the
direction of the weft. 

Figure 4(a) shows that the value of SE on the face of the
untreated fabric with inox yarns, in the direction of the weft,
at the frequency of 0.9 GHz, was 12.6 dB. With the increased
number of dry and wet cleaning SE values were reduced.
Ten dry cleaning cycles reduced this value to 5.0 dB, while it
was somewhat higher after ten cycles of wet cleaning
6.5 dB. Figure 4(a) confirms the thesis that dry cleaning was
more favourable than wet cleaning up to the fifth cleaning
cycle. Wet cleaning had more significant impact on the drop
of SE of the fabric until the third cleaning cycle, after which
the shield properties of the inox fabric were stabilised,
Figure 4(a).

Figure 2. Measurement setup.

Figure 3. Photo of measurement setup.

Figure 4. The impact of DC and WC cycles on SE of the fabric in weft direction, frequency 0.9 GHz; (a) fabric face and (b) reverse side.

Figure 5. The impact of DC and WC on SE of the fabric in weft direction, frequency 1.8 GHz; (a) fabric face and (b) reverse side.
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Figure 4(b) shows the impact of professional care on the
SE of the reverse side of the fabric with inox yarns, in the
direction of the weft, again at the frequency of 0.9 GHz. The
initial SE of the fabric was 12.4 dB, while after fifth cycles
of dry and wet cleaning these values were reduced to
approximately the same level of 7.4 dB (DC) and 7 dB
(WC). Dry cleaning was more favourable in this respect than
wet cleaning, up to the fifth cleaning cycle.

The SE investigations described here were performed in a
range of frequencies, and the following measured one was
the frequency of 1.8 GHz. The results can be seen in Figure 5.

SE for the initial fabric was 17.7 dB. Only slight changes
of SE occurred after dry and wet cleaning cycles, meaning
that the fabric had good and stable shield properties in the
direction of the weft. After tenth cycles of dry-cleaning SE
of the fabric was 8.5 dB, while tenth wet cleaning cycles
resulted in SE value of 11.9 dB, Figure 5(a). These results
showed that for the particular situation wet cleaning is more
advantageous than dry cleaning. 

Figure 5(b) shows SE for the reverse side of the fabric
with inox yarns, in the direction of the weft, at the frequency
of 1.8 GHz. Shield effect for the initial fabric at this frequency
was 17 dB. Until the third cycle of cleaning, SE was almost
identical for dry and wet cleaning. SE was reduced after the
third cycle of dry cleaning. The property was not changed in
wet cleaning, showing that wet cleaning is more effective for
the given fabric and frequency than dry process.

Further investigations at the frequency of 2.1 GHz can be
seen in Figure 6.

Figure 6(a) shows the impact of dry and wet cleaning on
the SE of the face of the fabric with inox yarns, in the
direction of the weft, at the frequency of 2.1 GHz. Initial
fabric SE at this frequency was 18 dB. The impact of dry
cleaning on fabric SE was less pronounced than the impact
of wet cleaning. However, after ten cleaning cycles shield
properties were quite well preserved, being in the range
above 10 dB, which proved that shield properties of this
fabric were quite adequate and stable at the frequency of
2.1 GHz.

Figure 6(b) shows the SE of the reverse side of the fabric
prior and after the professional care, at the frequency of
2.1 GHz. The initial SE value of the fabric was 17.7 dB. Dry
cleaning was more favourable in this case than wet cleaning.
The SE for the fabric was reduced after ten cleaning cycles
to 9.1 dB (DC) and 7.3 dB (WC) respectively.

Figure 7 shows the impact of dry and wet cleaning on the
SE of the face of the fabric with inox yarns, in the direction
of the weft, at the frequency of 2.4 GHz. Initial fabric SE at
this frequency was 18.5 dB, while the impact of cumulative
cycles of dry cleaning was milder than the impact of wet
cleaning. The impact of dry cleaning on the fabric SE was
less pronounced than the impact of wet cleaning. However,
after ten cleaning cycles shield properties were almost
equal - 10 dB (DC) and 10.3 dB (WC) respectively, Figure
7(a), which proved that shield properties of this fabric were
quite adequate and stable, even after professional care.

Figure 7(b) shows the fabric SE of the reverse side, in the
direction of the weft, at the frequency of 2.4 GHz. Initial

Figure 6. The impact of DC and WC on SE of the fabric in weft direction, frequency 2.1 GHz; (a) fabric face and (b) reverse side.

Figure 7. The impact of DC and WC on SE of the fabric in weft direction, frequency 2.4 GHz; (a) fabric face and (b) reverse side.



140 Fibers and Polymers 2016, Vol.17, No.1 Bosiljka Šaravanja et al.

fabric SE at this frequency was 16.1 dB. After ten cleaning
cycles SE was reduced to 7.9 dB (DC) and 7.6 dB (WC)
respectively. The impact of dry cleaning on fabric SE was
less pronounced than the impact of wet cleaning after the
first few cleaning cycles. However, further cleaning cycles
(after the seventh) had almost identical effect on the fabric
SE, regardless of the method of cleaning.

Inox yarns were laid in the direction of the fabric weft
only, but we measured shield properties in the direction of
the warp, Figures 8-11.

Figure 8(a) shows that shield properties of the face of the
initial fabric, with inox yarns in the direction of the warp, at
the frequency of 0.9 GHz, were 5.2 dB. After a number of
cleaning cycles, shield properties were reduced, and after ten
cycles of dry or wet cleaning the SE was reduced to 0.7 dB
(WC) and 0.4 dB (DC) respectively.

Figure 8(b) shows the SE of fabric reverse side in the

direction of the warp, again at the frequency of 0.9 GHz.
Initial fabric shield properties were 4.9 dB. After five cycles
of dry and wet cleaning, the properties were more or less
equalised.

Figure 9(a) shows the impact of dry and wet cleaning on
the SE of the fabric face in the direction of the warp, at the
frequency of 1.8 GHz. Initial fabric shield effect was 2.3 dB.
Rather low level of the SE value in initial fabric made the
differences between dry and wet cleaning negligible, particularly
on the reverse side, Figure 9(b).

Figure 10(a) the SE on the face of the fabric with inox
yarns, measured in the direction of the warp, at the frequency of
2.1 GHz. Initial fabric SE at this frequency was 6.7 dB. Ten
cycles of wet cleaning resulted in much more pronounced
reduction in shield properties than was the case with dry
cleaning. The impact of the reverse side on the reduction of
shield properties of the initial and treated fabrics was

Figure 8. The impact of  DC and WC on SE of the fabric in warp direction, frequency 0.9 GHz; (a) fabric face and (b) reverse side.

Figure 9. The impact of DC and WC on SE of the fabric in warp direction, frequency 1.8 GHz; (a) fabric face and (b) reverse side.

Figure 10. The impact of DC and WC on the SE of the fabric in warp direction, frequency 2.1 GHz: (a) fabric face and (b) reverse side.
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confirmed with this frequency as well, Figure 10(b).
Figure 11(a) and Figure 11(b) show again that shield

properties for this fabric were considerably lower in the
direction of the warp than in the direction of the weft, Figure
7, at the frequency of 2.4 GH. SE for the face of the initial
fabric at this frequency was 9.8 dB, while the reverse side
exhibited the value of 8.9 dB. 

SE were, after all the cycles of dry and wet cleaning,
approximately the same. A considerable drop in SE values
could be seen again after three cycles of professional care.

Figure 12(a) and 12(b) show shield properties for this
fabric in the direction of the weft after ten cycles dry
cleaning and ten cycles wet cleaning.

Remark

The SE for the face of the fabric in the direction of the
weft, at the frequency of 0.9 GHz are more stable after dry
cleaning than after the wet one. The SE for the face of the
fabric with inox yarns, at the frequency of 0.9 GHz are
reduced with the increased number of cleaning cycles and
after ten cycles of dry or wet cleaning reach the value below
1 dB, while on the reverse side they approximate 0 dB. 

Up to five cleaning cycles at the frequency of 1.8 GHz dry
cleaning is a preferred procedure for the face of the fabric,
while wet cleaning gives better results after seven and ten
cleaning cycles. At the same time, reverse side of the fabric

is more stable when cleaning employed dry cleaning
process. For the frequency of 1.8 GHz, shield effect is higher
after ten cycles of wet cleaning, both on the face and reverse
side of the fabric with inox yarns in the direction of the weft.

Dry cleaning is to be preferred at the frequency of
2.1 GHz, for both face and reverse side of the fabric, in the
direction of the warp, after ten cycles of professional care.
Shield properties of the fabric face in the direction of the
weft and after ten cycles of cleaning are more stable when
wet cleaning process is used.

Dry cleaning is also to be preferred at the frequency of
2.4 GHz, for both face and reverse side in the directions of
the warp and the weft, after ten cycles of professional care.

Conclusion

As designed fabric with inox yarns, woven at distance of
1 cm in between, in the direction of the weft have a profound
impact on its shield properties, both prior and after professional
care in the processes of dry and wet cleaning. The results
presented indicate that the values of SE properties are
reduced with increased number of dry and wet cleaning
cycles at all frequencies tested. The intensity of the changes
depends upon: direction of the yarns, frequency, as well as
fabrics face of reverse side measured. Shield properties of
the fabric after ten dry and wet cleaning cycles were reduced
but retained. After ten cycles of dry cleaning the highest SE

Figure 11. The impact of DC and WC on the SE of the fabric in warp direction, frequency 2.4 GHz; (a) fabric face and (b) reverse side.

Figure 12. The impact of DC and WC on the SE of the fabric in weft direction at all frequencies; (a) DC - face and (b) WC - face.
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was retained at the frequency of 2.1 GHz, given by the value
of 10.39 dB. The highest reduction of the protective effect of
the inox yarn fabric in the weft direction was after ten cycles
of wet cleaning at the frequency of 2.4 GHz (face side,
8.21 dB) and (reverse side, 7.89 dB). The SE of the inox
yarn fabric in the warp direction (both face and reverse side)
before and after dry and wet cleaning was weak due to the
presence of the inox yarn in the weft direction only. 

Finally, the type of cleaning treatment is a critical factor
for the as designed fabric, since the wet cleaning was
advantageous in the retention of the fabric protective properties.
Thus, an eco-friendly gentle wet cleaning process can be
selected as an alternative to a dry cleaning process as well.
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