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ABSTRACT

The aim of this work was to investigate the volume electrical resistivity of three plain single jersey weft-knitted
fabrics produced from the same flax yarn but with different structural characteristics. The influence of structural
characteristics of knitted fabrics (number of courses, mass per unit area, and thickness), atmospheric conditions
(relative air humidity and temperature), as well as pilling caused by abrading knitted fabrics with the same
knitted fabric, on the volume electrical resistivity of knitted fabrics, were examined in the scope of this
investigation. The study showed that the increase in structural characteristics leads to a decrease in the volume
resistivity of knitted fabrics. A decrease in air humidity causes an increase in the volume resistivity of
investigated knitted fabrics. An increase in temperature causes a decrease in volume resistivity in all examined
knitted fabrics. Furthermore, a decrease in the volume resistivity for all knitted fabrics after pilling was
registered.

Key words: flax weft-knitted fabric, volume electrical resistivity, structure, atmospheric conditions, pilling
INTRODUCTION

Textile materials can be in contact with machine parts in the production process, in mutual contact,
and with the user's body during exploitation. As textile materials are typical dielectrics (insulators),
with very high electrical resistance, contacts and/or friction of textile materials with non-fibrous and
fibrous materials cause the appearance of static electricity (Gonzalez J.A., 2005). Generated static
electricity on the surface of textile materials can cause serious problems during their manufacturing
(fire in the process of production of textile materials, disruption of fiber orientation in spinning
products, increase in interruptions during weaving, etc.), and in their commercial use (increased dirt,
cleaning problems, sticking textile materials for the consumer bodies or other textile materials,
increased pilling, as well as the appearance of fatigue, headaches, and other physiological
disturbances) (Morton W.E., and Hearle J.W.S. 2008, Asanovic K.A. et al., 2007, Kramar A. et al.,
2014). The generation and difficult dissipation of static electricity from textile materials is connected
to the high electrical resistance of materials. The electrical resistance is often determined as an
indicator of static electricity dissipation from the textile surface, because the intensity and speed of
dissipation of the generated static electricity from the textile material are inversely proportional to its
electrical resistance (Asanovi¢ K. et al., 2010, Kramar A. et al., 2014).

The electrical resistance of textile materials depends on several factors: raw material composition
(Morton W.E., and Hearle J.W.S. 2008, Chen Q. et al., 2021, Asanovic K.A. et al., 2021), moisture
content in fibers (Morton W.E., and Hearle JW.S. 2008, Asanovic K.A. et al., 2021), electrolyte
content (Morton W.E., and Hearle J.WS. 2008), air humidity (Morton W.E., and Hearle J.W.S. 2008,
Asanovic K.A. et al., 2021, Ivanovska A. et al., 2020, Ivanovska A. et al., 2022), temperature
(Morton W.E., and Hearle J.W.S. 2008), and polarization effect (Morton W.E., and Hearle J.W.S.
2008). Furthermore, alkali modification and oxidation of fabrics (lvanovska A. et al., 2020),
washing/drying cycles (Tunakova V. et al., 2017), softening (Ivanovska A. et al., 2022), coatings with
different substances (Gan Lu. et al., 2015, lvanovska A. et al., 2022), thermal fixation of woven
interlining on the woven fabrics (Asanovi¢ K. et al., 2020), as well as abrasion of textile materials
change their electrical resistance (Asanovic K.A. et al., 2021, Varnaité S., and Katunskis J. 2009).
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As already mentioned, the electrical resistance of textile materials depends on several factors, but also
on changes in some characteristics of textile materials created as a consequence of washing, cleaning,
wearing, or coating. Furthermore, in the available literature, no attention has been paid to the
influence of pilling on the electrical resistance of knitted fabrics.

Pilling is a phenomenon that occurs when loose fibers are pull out of the fabric construction and roll
into small spherical bundles (pills) on the surface, which usually happens during abrasion and wear
(Binjie X., and Hu J., 2008). Pilling, as a fabric surface defect, causes an unattractive appearance and
an uncomfortable fabric handle (Binjie X., and Hu J., 2008), as well as changes in some properties of
knitted fabrics such as compression, comfort, and strength (Asanovic K.A. et al., 2022a). Therefore,
the aim of this study was to evaluate the influence of structural characteristics of knitted fabrics
(number of courses, mass per unit area, and thickness), atmospheric conditions (relative air humidity
and temperature), and pilling on the volume electrical resistivity of knitted fabrics.

MATERIALS AND METHODS

Materials

In this work, the three plain single jersey weft-knitted fabrics, produced from the same flax spun yarn
with a linear density of 27x2 tex, were used as experimental material. Some structural characteristics

of the investigated knitted fabrics are given in Table 1.

Table 1: Structural characteristics of the investigated knitted fabrics

STRUCTURAL SAMPLE
CHARACTERISTICS 1 SAMPLE 2 | SAMPLE 3
Number of wales, cm™* 7.0 7.9 8.0
Number of courses, cm™ 7.2 8.4 10.1
Stitch density, cm ° 50.4 66.4 80.8
Mass per unit area, g-m” 189 211 226
Thickness, mm 0.726 0.769 0.779

Methods

The number of fabric wales, the number of courses, and stitch density were determined according to
standard EN 14971:2006 using Method A. Fabric mass per unit area was not determined by the
standard method. The deviation from the standard refers to the dimension of the samples. Namely, the
samples were in dimensions of 2x5 cm, which is needed to determine the volume electrical resistance.
In this way, it is possible to determine the mass of the samples before and after pilling under the same
conditions, and the obtained results are comparable. The thickness of knitted fabrics was measured at
a pressure of 9.96 kPa using a thickness tester (AMES, type 414-10, USA). The average of ten
measurements for the number of fabric wales, fabric courses, and thickness, as well as five
measurements of mass of each sample, before and after pilling, was considered. All measurements
were realized at 31+1°C and 40% relative air humidity.

Investigated knitted fabrics were subjected to pilling using SDL ATLAS M235 Martindale Abrasion
and Pilling Tester. Pilling was performed at 7000 rubs using the same knitted fabric as abrasive
materials.

The volume electrical resistance of the investigated knitted fabrics was determined in the course
direction using the voltage method (Asanovic K.A. et al., 2010). The measurement was performed
under the decrease of the relative air humidity (in further text humidity) in the chamber (from 60%
down to 40%) at room temperature (31£1°C) for samples before and after pilling, as well as at 40%
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humidity and 23+1°C for samples before pilling. All examined samples consisted of two fabric
specimens connected to electrodes during each measurement. Based on the determined knitted fabric
volume electrical resistance, the volume electrical resistivity of samples (in further text volume
resistivity (p)) was calculated before and after their pilling (Asanovic K.A. et al., 2010).

XIIl International Conference

RESULTS AND DISCUSSION
Influence of structural characteristics on the knitted fabrics’ volume resistivity
The obtained results of volume resistivity of investigated knitted fabrics are presented in Figure 1.

The volume resistivity was determined in the course direction at room temperature of 31+1°C and
50% humidity in the chamber.
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Figure 1: Volume resistivity of the knitted fabrics

The histogram presented in Figure 1 shows that with the increase in values of structural characteristics
(number of courses, mass per unit area, and thickness, Table 1), the volume resistivity of knitted
fabrics decreases. The highest differences in resistivity were between Samples 1 and 3 (p(sample
ylpsampie =2.15), and the lowest differences were between Samples 2 and 3 (psampie 2)/P(sample 3=1.16).
Sample 3 has higher values of all structural characteristics than Sample 1 (number of courses for
28.7%, mass per unit area for 16.4%, and thickness for 6.8%). The higher values of structural
characteristics, primarily the higher number of courses, ensure the easier flow of directional
movement of charge in Sample 3 than in Sample 1 and, thereby, lower volume resistivity value.

Influence of atmospheric conditions on the knitted fabrics’ volume resistivity
Atmospheric conditions (humidity and temperature) are also important factors that influence on the
electrical resistance of textile materials (Morton W.E., and Hearle J.W.S. 2008). The values of volume

resistivity of investigated knitted fabrics in the course direction, determined by decreasing the
humidity from 60% down to 40% at 31+1 °C, are shown in Figure 2.
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Figure 2: Volume resistivity of the samples throughout the humidity decrease

Volume resistivity at 40% humidity was higher about 7.0 times for Sample 1, 8.0 times for Sample 2,
and 5.5 times for sample 3 than at 60% humidity (Figure 2). Much lower values of volume resistivity
at 60% than at 40% humidity can be explained by the influence of humidity on partly ionization of
water molecules, which were around the knitted fabrics, and neutralization of electric charges on
knitted surface by these molecules (Ivanovska A. et al., 2020). The presented results confirm the
significant influence of humidity on the volume resistivity of knitted fabrics.

The influence of temperature on the knitted fabric volume resistivity at 40% humidity is presented in
Figure 3.
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Figure 3: Volume resistivity of the samples at different temperatures

An increase in the temperature from 23°C up to 31°C is followed by the decrease in the samples’
volume resistivity values for all knitted fabrics, probably due to increasing the mobility of water
molecules with an increase in temperature. The obtained results are in accordance with the results
presented in the literature (Morton W.E., and Hearle J.W.S. 2008). Presented results show that with
the increase in fabrics’ structural characteristic values (from Sample 1 to Sample 3, Table 1), the
differences between the resistivity of the same sample determined at two temperatures also increase
(Figure 3). The highest difference is in Sample 3, but the lowest is in Sample 1. This phenomenon
appears probably due to a simultaneous increase of values of structural characteristics from Sample 1
to Sample 3, followed by an increase in moisture content of samples (Asanovic K.A. et al., 2022b),
and an increase in mobility of water molecules at a higher temperature. All three mentioned factors
together ensure the easier flow of directional movement of charge through the sample.
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Influence of pilling on the knitted fabrics’ volume resistivity
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The volume resistivity was determined in the course direction at room temperature of 31+1 °C and
40% humidity. Resistivity’s were determined before and after pilling (Figure 4). The effect of pilling
on the knitted fabric volume resistivity after 7000 rubs was considered.
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Figure 4: Influence of pilling on the knitted fabrics’ volume resistivity

The histogram presented in Figure 4 shows that pilling leads to a change in the volume resistivity of
all investigated samples. A decrease in the volume resistivity due to pilling was registered in all
samples (pefore pilling)/Pafter pitlingg TOr Sample 1, Sample 2, and Sample 3 are: 1.9, 1.6, and 1.4,
respectively). The decrease in volume resistivity is not expected, bearing in mind that pilling causes a
reduction of values of all structural characteristics of knitted fabrics (hnumber of courses from 2.4% up
to 4.0%, mass per unit area from 6.9% up to 18.1% and thickness from 13.1% up to 14.4%), thus
decreasing the lot of knitted fabrics which participates in the transport of directional movement of
charge through the sample. The reason for the decrease in the volume resistivity after pilling can be
found in the changes on the fabric surface during the abrasion process that causes a pilling of knitted
fabrics. Surface fuzzing and formed pills are evident on the surface of knitted fabrics after pilling.
Furthermore, fuzz is not present only on the surface of the fabric. Fuzz also fills the space between the
loops, thus contributing to the easier flow of directional movement of charge and decreasing the
volume resistivity in all samples.

CONCLUSION

The presented results showed that the lowest value of volume resistivity has the knitted fabric with the
highest number of courses, mass per unit area, and thickness. The highest values of structural
characteristics ensure the easiest flow of directional movement of charge through the sample which
leads to the decreased volume resistivity. Volume resistivity of knitted fabrics was higher at 40%
humidity than at 60% humidity for about 5.5 times up to 8 times. An increase in the temperature from
23°C up to 31°C is accompanied by the decrease in the knitted fabrics’ volume resistivity due to an
increase in mobility of water molecules with an increase in temperature. The highest decrease in
volume resistivity, with an increase in the temperature, is noticed for knitted fabric with the highest
values of all structural characteristics (Sample 3). Furthermore, it was noticed a decrease in the
volume resistivity after pilling for all knitted fabrics from 1.9 times down to 1.4 times, probably due
to surface fuzzing during pilling. Formed fuzz, which fills the space between the loops, allows the
easier flow of directional movement of charge thus decreasing the volume resistivity of all knitted
fabrics.
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