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ABSTRACT
Measurement of electrical resistance of textile materials, fiber and fabrics included, remains always an engaging 
task due to sensitivities to interference of multiple factors. Difficulty stands on both finding a method of 
measurements that fits the requirements of samples to be tested and the most appropriate indicator describing 
this property. Numerous methods and indicators are used for different sample content and shape (fibers, roving, 
yarn or fabric, etc.), even when the material tested is the same. Different methods usually use indicators that 
produce results difficult to compare or to interpret, or do not express intrinsic qualities of their constituent 
materials. The situation is the same for leather materials. In this paper, we propose a new method, multiple steps 
method, and a new indicator, electrical resistivity, which takes into consideration compressional properties of 
leather sample and produce results independent from the amount and form of the sample. Electrical resistivity 
of conductive leather, as defined below, is shown to be an inherent indicator of bulk conductivity of leather 
assembly and is not influenced by sample form or the way it is placed within the measuring cell. The method is 
used for the first time to evaluate changes in electrical resistivity of leather after various chemical processes to 
make it electro-conductive. The data provide important information about the evolution of electro-conductive 
properties of leather at different stages of processing, as well as the influence of environmental conditions.
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INTRODUCTION

A touch screen display is a primary input device of a smart phone, a tablet computer, etc. While there are 
many tough technologies in existence, resistive and capacitive technologies are dominant and leading the 
touch-screen panel industry. Moreover, a capacitive touch screen panel widely used in smart phones is 
coated with a material that stores electrical charges. In the cold climate or other specific conditions when 
the use of gloves is necessary, gloves with electro-conducting leather are a tool to operate a touch panel 
screen. Therefore, electrically conductive materials can be applied to the surface of leather to be used as a 
touching operator for capacitive touch screen panel. Consequently, the treated leather samples show elec-
trical conductivity and reasonable working performance. [1-3].
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Investigation of conductivity of textile materials and leather is a very challenging field because of its 
complexity. Difficulties arise from a multitude of shapes (fibers, roving, yarn, fabric, sheet, foil, etc.), struc-
tures, fiber content, etc., of textile assembly and leather. Various methods and standards have been devised 
to measure the electrical resistance of different kinds and forms of textile assemblies, leading to a situa-
tion where indicators used for evaluation of the conductivity of a specimen, even where composed by the 
same material, are unmatchable and not easy to compare. 
Moreover, measuring surface resistance of flat shape textile samples is difficult because of current flowing 
into the shape cannot be isolated only in the surface, but a part of it can penetrate through the volume. 
Numerous methods and standards can be found in literature [4-20]. For example, two and four probe elec-
trical resistance measurement methods, where the most accurate and widely used methods are four probe 
placements. Initially proposed by van der Pauw [21], surface resistance of any arbitrary shape was deter-
mined by the ratio of applied voltage over two electrodes to the current flowing on the two other oppo-
site electrodes placed around sample circumference. Likewise, Tokarska [15-16] has used Van der Pauw 
method for surface resistance measurement and anisotropy evaluation of conductive textile samples. 
Another approach for measuring surface resistance is applied by Yang and Wang [22], where they develop 
a novel circular probe.
The abovementioned methods crucially focus on measurement of textile samples resistance by considering 
them thin films, but taking into account their drawbacks, we have proposed a new method for measuring 
the electrical resistivity of textile assemblies [9-10] that tends to eliminate many of the problems associ-
ated with current methods. It is a multiple-step method based on a new definition of electrical resistivity of 
textile assemblies and takes into consideration their compressional properties. The new parameter seems 
to be an inherent property of fiber composition not influenced by the form of the sample and the geom-
etry of the measuring set-up. This method was successfully used, for the first time, to check the effect of 
the spinning process on the electrical resistivity of fiber assemblies and to use the result for different prac-
tical evaluations of the process itself. In this paper, we are trying to expand the use of this method in testing 
electrical resistance of conductive leather.
 
EXPERIMENTAL 

Materials and Methods 

The leather used is white sheep crust leather of Albanian origin, 8 x 8 cm in size and 0.97 ± 0.2 mm thick. 
The leather is chrome tanned and dried but not dyed. The chemicals used were pyrrole, ferric chloride, anth-
raquinone -2- sulfonic acid sodium salt monohydrate of laboratory grade and high purity [23]. The leather 
has good tensile and tear strength characteristics. These good characteristics make leather a unique and 
desirable product to be used in daily life. Moreover, it has good heat insulation which makes itr very useful 
for winter season products.
When considering the electrical resistance of a textile material, the situation complicates due to the influence 
of shape and compression parameters on the I-V (current-voltage) characteristics. All existing methods for 
measurement of the DC resistance of textile are based on data obtained from a single test which excludes 
the possibility of acquiring any information about compressional behavior of the fiber assembly. In order 
to take compressional behavior into consideration, we have proposed a multiple step method which is 
described in literature in details [9-10]. This method consists of measuring the electrical resistance of the 
sample compressed to different volume – fractions within measuring cell. The dependence of the electrical 
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resistances of textile material on its volume-fraction (Vf) within the measuring cell is then approximated 
by a reciprocal power function

R = C • Vf b

- where C and b are constants to be defined experimentally, while Vf is the volume fraction of textile mate-
rial within the measuring cell. Volume-fraction of textile material is defined as the ratio between the volume 
of textile sample V= m/d and apparent volume of the cell V0: 

Vf = V/V0

- where m is the mass of textile sample and d is the density of textile material.
Assuming this relationship holds over the entire range of volume fractions, we can obtain presumed resist-
ance Ro of textile material compressed until it is transformed into a compact homogenous mass by:

Ro = (R) = C 

- the resistivity, ρ in the case of a parallelepiped cell is calculated by:

p = Ro m
d·a2 (3)

(4)p = R * * Vf ‒bm
d·a2[ ]

(1)

(2)

- where a is the length of the sample, i.e., the distance between electrodes of the cell. Equation 1 equation 
3 can be transformed into a more convenient form for calculations: 

The main objective of the current study is to find out if the above testing method can be applied to testing 
conductivity of conductive leather. White sheep crust leathers were treated chemically in order to make 
them conductive. Two different coating methods were used: single in-situ polymerization of pyrrole and 
double in-situ polymerization of pyrrole. 
Single in-situ polymerization method was used for increasing conductivity of white sheep crust leather [1]. 
Leather samples were treated with single in-situ polymerization of pyrrole. For single in-situ polymerization, 
leather (8 x 8 cm) was first treated with a pyrrole/AQSA mixed solution for 1 hour, at room temperature, 
rotating manually at 10 rpm. Then ferric chloride solution, which plays the role of the oxidant, was added to 
the mixture to initiate the polymerization which lasted 2 hours, at 5°C, rotating manually at 10 rpm. Finally, 
the polypyrrole coated leather samples were washed with distilled water and dried at 35 °C. The concen-
tration of monomer (pyrrole), AQSA as a dopant, and FeCl3 as oxidant were varied and optimized in order 
to provide the maximum conductivity of leather. 
For double in-situ polymerization, the leather was initially treated as in the first method, in single in-situ 
polymerization method containing half of the concentration of reactants. The sample was then treated 
again in a second bath containing half of the concentrations of reactants following the same procedure 
to obtain double in-situ polypyrrole coated leather. Finally, the coated leather was washed 4 times with 
distilled water and dried at 35°C. 
It was observed that the color of the sheep leather samples treated with two methods changed into black 
at the end of the experiments. The treated leather samples were cut in square shapes. The electrical resist-
ance of the compressed sample was measured with a Tektronix DMM4050 Multimeter and the voltage 
used was 10 volts DC. The test procedure involved measuring the electrical resistance of samples for at 
least ten different volume-fractions within the cell (Figure 1). The mass of samples varied between 2.8 to 
6 grams according to their dimensions, and thickness was measured for each sample. The density of the 
leather was 0.86 g/cm3. Each sample was first tested in its initial square sheet shape and then cut into thin 
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threads, after which it was again tested for electrical resistance (Figure 2). This procedure eliminates any 
influence of sample differences on measurement results. In each case, samples were randomly placed 
within the measuring cell.

EXPERIMENTAL VERIFICATION OF THE METHOD

In this section, experimental data is presented to show how the new parameter, the electrical resistivity of 
a leather sample as defined above, is influenced by the shape of samples (sheet and stripe), as well as by 
observation of environmental effects on resistance.
Initially, the taken volume fractions varied from 0.16 to 0.46 with a step of 0.01. The data received were 
used to define the power function in equation (1). 
Figure 3 shows a typical dependence of results of measured resistance of the sample on volume fraction 
and its corresponding curve of approximation. The correlation coefficients of approximations vary from 0.9 
to as high as 0.99. This is an indicator of suitability of chosen function of approximation. 
Table 1, shows three typical results of experiments carried out with leather samples made conductive by 
using both methods of chemical treatments: 

Figure 1. Measuring setup. 1-Multimeter, 2-Measuring cell Figure 2. View of two shapes of samples:
1-Square shape [8cm x 8cm], 2-Thin stripes shape

Figure 3.T ypical dependence of results of measured resistance of the sample on its volume fraction and its 
corresponding curve of approximation
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method 1, single in-situ polymerization of pyrrole, and method 2, double in-situ polymerization of pyrrole 
coating. The following conclusions can be drawn from the data:

Table 1. Three typical results of experiments carried out with leather samples made conductive by using both 
methods of chemical treatment

Sample Chemical 
treatment

T
ºC

RH
% T. Test Resistivity of different shapes of leather samples

Ω·m

Sheet Thread

Resistivity Standard 
deviation Resistivity Standard 

deviation

1 Method 1 15.0 61 0.89 0.990 0.42 0.980 0.23

2 Method 1 28.6 54 0.79 0.880 0.43 0.980 0.28

3 Method 2 27.4 43 0.96 0.372 0.06 0.374 0.03

a.  Within experimental error, the change in sample type from sheet to thread does not affect the calculated 
resistivity of conductive leather samples.

b.  Power index b of power functions used for approximation varies with sample type, sample composition, 
and placement of the sample within the cell. The range and magnitude of the variation of power indexes 
is quite wide, from 1.4 to 3.8, but within the margins of standard deviation, this does not affect the 
results of calculated resistivity. 

c.  Standard deviations in case of leather samples treated with the first method are very high, varying from 
19 to 46 %, while in the case of samples treated with second method it varies from 16 to 19 %. These 
are indicators of unevenness of effect of treatment on samples conductivity. It has to be noted that 
samples treated with method 1 show a distinct deference between resistivity of two sides of samples, 
while samples treated with method 2 show no such difference 

In general, electrical properties of textile materials change with air humidity. In this paper, we decided to 
apply the above mentioned method for studying the influence of air humidity on the electrical resistivity of 
conductive leather. To minimize the distribution of data due to unevenness of chemical treatment, as tested 
above, we decided to test a sample treated by the second polymerization method (double in-situ polym-
erization) using leather threads as sample shape. The sample was conditioned for 24 hours in different air 
humidity and almost the same air temperature (Table 2).

Table 2. Measured electrical values in different environmental conditions

Ta °C RH % ρ Ωm

24.9 23 1.36

25.2 31 1.06

25.0 36 1.10

25.5 42 0.93

24.6 44 0.92

25.1 50 0.75

24.8 55 0.66

24.9 57 0.58

25.1 63 0.48
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Mostly interested in effects of humidity, we observed experimentally that the electrical resistivity of conduc-
tive leather changes linearly with air humidity. As the humidity increases, leather electrical resistance 
decreases as shown in Figure.4. 

Figure 4. Relation between electrical resistivity and air humidity

CONCLUSION

Compressional properties of conductive leather play a crucial role in the measurement of their electrical 
resistance. The use of a multiple-step method for measuring electrical resistance of conductive leather, 
together with a new definition of electrical resistivity, takes into consideration the compressional proper-
ties of leather. 
Electrical resistivity of conductive leather, as defined above, unlike the methods and standards used nowa-
days for measuring surface resistance, is shown to be an inherent indicator of bulk conductivity of leather 
assembly and is not influenced by sample form or the way it is placed within the measuring cell. 
Electrical resistivity of conductive leather is a property, which strongly depends on environmental condi-
tions, especially air humidity.
This method is used for the first time to evaluate changes in electrical resistivity of the leather after different 
chemical processing to make it electro-conductive. The data provide important information about evolu-
tion of electro-conductive properties of leather at different stages of processing and how it is influenced 
by environmental conditions.

REFERENCES

[1]  Hylli M, Kazani I, Shabani A, Komici D, Guxho G, Drushku S. Transforming leather properties from 
nonconductive to conductive. In: 1st International Conference: “Engineering and Entrepreneurship”-
ICEE-2017; 17-18 November 2017; Tirana, Albania. 

[2]  Hong KH. Preparation of Conductive Leather Gloves for Operating Capacitive Touch Screen Displays. Fashion 
& Textile Research Journal [Internet]. 2012;14(6):1018-1023. Available from: http://www.koreascience.
or.kr/article/JAKO201205759628105.page doi: https://doi.org/10.5805/KSCI.2012.14.6.1018

[3]  Barrett G, Omote R. Projected-capacitive touch technology. Information Display [Internet]. 2010;26(3):16-
21. Available from: https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2a
hUKEwjmrOjN0pXgAhWC8eAKHQ2VCJYQFjAAegQICRAC&url=http%3A%2F%2Flarge.stanford.edu%2F
courses%2F2012%2Fph250%2Flee2%2Fdocs%2Fart6.pdf&usg=AOvVaw3ohwVW0terTuiGpmCt3FT9



www.textile-leather.com    21

SHABANI A et al. Resistivity behavior of leather after electro-conductive... TEXT LEATH REV 2 (1) 2019 15-22.

[4]  BSI. BS 6524:1984 - Method for Determination of Surface Resistivity of a Textile Fabric [Internet]. 1984 
[01 May 2017]. Available from: https://shop.bsigroup.com/ProductDetail/?pid=000000000000133357

[5]  ASTM. D4238-90 - Standard Test Method for Electrostatic Propensity of Textiles [Internet]. 1990 
Available from: https://standards.globalspec.com/std/514019/astm-d4238

[6]  JSA. JIS L 1094-1980 Methods for Assessment of Electrostatic Behavior

[7]  GOST 6433.2-71 Measurement of Electrical Resistance of Textile Materials, Textile Assemblies, 
Proceedings of the 27 Annual Meeting of ESA, 1999.

[8]  ISO. ISO 10965:2011 - Textile floor coverings -- Determination of electrical resistance [Internet]. 2011 
Available from: https://www.iso.org/standard/46257.html

[9]  Berberi PG. Effect of processing on electrical resistivity of textile fibers Journal of Electrostatics 
[Internet]. 2001;51–52:538-544. Available from: https://www.sciencedirect.com/science/article/abs/
pii/S0304388601001127 doi: https://doi.org/10.1016/S0304-3886(01)00112-7

[10] Berberi P. A Unified Method for Measurement of Electrical Resistivity of Textile Assemblies. In: 
Proceedings 27th Conference of ESA; 1999.

[11] ASTM. F150-06 - Standard Test Method for Electrical Resistance of Conductive and Static Dissipative 
Resilient Flooring [Internet]. 2018 Available from: https://www.astm.org/Standards/F150.htm

[12] ISO. ISO 2878:2011 - Rubber, vulcanized or thermoplastic Antistatic and conductive products 
Determination of electrical resistance [Internet]. 2011 [revision 06 2017]. Available from: https://
www.iso.org/standard/72778.html

[13] JSA. JIS L 1094:2014 - Testing Methods for Electrostatic Propensity of Woven And Knitted Fabrics 
[Internet]. Available from: https://infostore.saiglobal.com/en-gb/standards/jis-l-1094-2014-625339_
SAIG_JSA_JSA_1435926/

[14] GOST 6433.2-71 - Solid electrical insulating materials. Methods for evaluation of electrical resistance 
at d. c. voltages

[15] Tokarska M. Measuring resistance of textile materials based on Van der Pauw method. Indian Journal 
of Fiber & Textile Research [Internet]. 2013;38:198-201. Available from: https://www.google.com/
url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&ved=2ahUKEwjE5On82ZXgAhWzAGMBHTflD9kQFjA
CegQIBBAC&url=http%3A%2F%2Fnopr.niscair.res.in%2Fbitstream%2F123456789%2F19252%2F1%2F
IJFTR%252038(2)%2520198-201.pdf&usg=AOvVaw1uJI3W_osnxa3JPiYhORfP

[16] Tokarska M, Frydrysiak M, Zieba J. Electrical properties of flat textile material as inhomogeneous and 
anisotropic structure. Journal of Material Science: Materials in Electronics [Internet]. 2013;24:5061–
5068. Available from: https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=
2ahUKEwj7pPfQ2pXgAhVpDWMBHWxhAwMQFjAAegQIBhAC&url=https%3A%2F%2Fcore.ac.uk%2Fd
ownload%2Fpdf%2F81916387.pdf&usg=AOvVaw2HEd-8UKxXhl4BBoV-TLpL doi: 10.1007/s10854-013-
1524-4

[17] DIN 54345-1 - Testing of textiles; electrostatic behaviour; determination of electrical resistance 
[Internet]. 1992 Available from: https://global.ihs.com/doc_detail.cfm?document_name=DIN%20
54345-1&item_s_key=00226558

[18] DIN 54345-6 - Testing of textiles; electrostatic behaviour; determination of the electrical resistance 
of textile floor coverings [Internet]. 1992 Available from: https://www.techstreet.com/standards/
din-54345-6?product_id=1052708

[19] BSI. BS-6654 - Method for determination of the electrical resistivity of textile floor coverings [Internet]. 
1985 Available from: https://shop.bsigroup.com/ProductDetail/?pid=000000000000150591



22    www.textile-leather.com

SHABANI A et al. Resistivity behavior of leather after electro-conductive... TEXT LEATH REV 2 (1) 2019 15-22.

[20] BSI. BS-6524 - Method for determination of the surface resistivity of a textile fabric [Internet]. 1984 
Available from: https://shop.bsigroup.com/ProductDetail/?pid=000000000000133357

[21] Pauw L van der. A method of measuring the resistivity and Hall coefficient on lamellae of arbitrary 
shape. Philips Technical Review [Internet]. 1958;20(8):220-224. 

[22] Yang Z, Wang Q. A simple approach to measure the surface resistivity of insulating materials. In: IECON 
2011 - 37th Annual Conference of the IEEE Industrial Electronics Society [Internet]; 2011 Nov 7-10; 
Melbourne (AU). New Jersey (US): Institute of Electrical and Electronics Engineers; 2011. Available 
from: https://ieeexplore.ieee.org/document/6119630

[23] Hylli M, Shabani A, Kazani I, Beqiraj E, Drushku S, Guxho G. Application of Double In-Situ Polimerization 
for Changing the Leather Properties. In: 8th International Textile Conference; 2018 Oct 18-19; Tirana, 
Albania.


