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Abstract. Investigation that Elevated levels of static electricity build-up 
on the surfaces of work clothes, different technological structures, and 
polymeric materials can cause disruptions to the techno-bio system, 
resulting in adverse physiological effects in humans, accidents caused by 
humans, and environmental disasters.  Under conditions of low 
temperatures, electrostatic charge on polymeric materials is intensively 
generated. Synthetic materials have an increased ability to electrify. The 
processes were studied the mechanisms of the occurrence of a electricity an 
polymer materials of clothing in winter. The logical structure of the model 
of the formation of an electrostatic field on the surface of polymer 
materials of objects in environmental conditions during a snowstorm has 
been developed. A set of materials for experimental thermal protective 
clothing was investigated.  The findings from the investigation into the 
process of electrification in the layers of materials used to make thermally 
protective clothing are gathered and given. As follows from the graphs, the 
limiting value of the electrostatic field strength can occur already with an 
external field of 15000 V/m. The formation of charges is facilitated by the 
physical conditions of the snowstorm electrification in the system of 
polymer structures. 

1 Introduction 
High levels of static electricity buildup on the surfaces of work clothes, different 
technological structures, and polymeric materials disrupt the techno-bio-system's overall 
function and cause adverse physiological effects in people as well as man-made and 
environmental disasters (e.g., spark-caused explosions at industrial facilities with high 
concentrations of combustible gases) [1]. 
Electrostatic charge occurs on a variety of technological equipment due to snowdrift 
transfer. Moreover, electrostatic charge is strongly created on polymeric materials at low 
temperatures [2, 3]. 
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The clothing is made of several polymer materials. Many polymers make up the variety of 
textile fabrics available today [4]. Clothing made of combined fibers (natural and synthetic) 
is widely used in production conditions [5]. Cold and additional weather conditions lead to 
the accumulation of electrostatic charge on polymer fibers and textile materials. Synthetic 
materials have an increased ability to electrify [6]. 
The aim of the paper is to investigate the potential of the electrostatic field on the surface of 
clothing. 

2 Topicality, Scientific Relevancy 
In [7], issues pertaining to the bulk density of electrostatic charge in the snow mass were 
examined. It was found that the electric field in the salting layer had a tension of +30 kV/m 
at a height of 4 cm above the snow surface. [8].  
In additional investigations, the researchers determined the specific density of electric 
charge in the volumetric mass of snow within the range of +72 to -208 μC/kg, in agreement 
with the information provided in [8].  
The Coulomb forces of contact between charged particles and the force of gravity can be 
correlated along the surface thanks to this facts.  
Table 1 displays the ratio of a particle's size to the threshold charge-to-mass ratio based on 
the estimate in [9]. 

Table 1. The snow particle size to mass ratio at the threshold charge-to-mass. 

Threshold charge to-mass, 
q/m [μC/kg] 

Size of a snow 
particle, μm 

Threshold charge to-
mass, q/m [μC/kg] 

Size of a snow 
particle, μm 

120,42 145,23 219,02 202,79 
133,50 153,87 236,02 211,22 
148,26 163,53 249,95 218,62 

160,23 170,31 264,73 225,82 
170,26 176,89 280,06 232,60 
185,86 185,32 297,91 240,41 
202,85 194,57 - - 

 
According to the estimate in [10], the ratio of the Coulomb force to the force of gravity 
acting on a separate snowflake is up to 0.2.  
These data show the level of energy, which allows to estimate the maximum possible value 
of the transferred electrostatic charge. This is important for studying and predicting the 
charge on the surface of clothing in winter [11]. 
At the present time, it is necessary to thoroughly study the mechanisms of the occurrence of 
a electricity an polymer materials of clothing in winter. 

3 Theoretical part 
The acceleration of the "a" force acting on a particle with a charge Q in an electrostatic 
field with a strength E is as follows, according Coulomb's law [12]: 

 
                              а = - QE/m,                                                           (1) 

 
  where m is the particle's mass in kg; 
          Q - particle charge, Cl; 
          E is the electrostatic field's intensity (V/m). 

The highest value (Q/m)max ~ 0.2 nCl/mg (for snow particles that come into contact with 
the surface of clothing) is determined by the calculations of [13].  There is proof that the 
advent of corona discharges has caused environmental losses to reach their maximum 
magnitude [10,13, 14]. 
Based on gradient measurements, the electric field strength at very strong snow conditions 
(snow rates > 1mm/hr) was found to be around 2,5·10^4 V/m. [15,16].  
he acceleration is negative and the forces of electrical origin are directed downward rather 
than upward if the charge Q and the strength of the electrostatic field E have the same sign. 
It is thought that the snowfall particle electric charges are positive, with large, heavy 
particles typically having negative electric charges [16]. 
Thus, under the conditions of operation of textile products, electrification of tissues, which 
are dielectric in physical nature, occurs [17, 18]. 
The amount of generated charge depends on the type of materials, the environment and the 
speed of separation of materials.  
Researchers of the phenomenon of electrification [19] distinguish four ways of forming 
electrostatic charges on the surfaces of dielectrics: contact, frictional, inductive and 
capacitive electrification. In the operation of textiles, the first three options are basically 
implemented. 
The mechanism of frictional electrification is the most complex. This is caused both by the 
complexity of the friction process itself and by its multilateral influence on the 
electrification process.  

4 Practical part 
When removing electrified clothing made of highly electrifying materials, a charge remains 
on the body, creating a potential with respect to the ground [2,10].   
Drifted deflation snow at low temperatures is a kind of snow "sand" with well dispersed 
particles. The triboelectric series of materials is shown in Fig.1 [20-22]. 

 
Fig.1. Triboelectric series. 

The process of friction of polymers is accompanied by electron emission [17,18]. 
In order to solve the research problem in a textile polymer system it is necessary to identify 
the relationship between the parameters of the textile material and the electrophysical 
values. 
Fig.2 shows the logical structure of the model of the formation of an electrostatic field on 
the surface of polymer materials of objects in environmental conditions during a 
snowstorm. 
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Fig.2. Logical structure of the model of the formation of an electrostatic field on the surface 
of polymer materials of objects in environmental conditions during a snowstorm. 
 
Theoretical and experimental studies were conducted for heat-protective clothing made of a 
complex set of textile materials. 
A set of materials for experimental thermal protective clothing was investigated. The 
parameters of the experimental clothing materials are presented in Table 2. 

Table 2. The parameters of electrical properties of the experimental clothing materials.  

Number of the 
layer of 

materials 

A layer of materials in heat-
protective clothing 

Dielectric 
constant [ε] 

Specific surface 
resistance, Om  

1 Underwear 
Knitwear 100% cotton 96,2 3,0∙106 

2 Lining 
Calico 100% cotton 7,4 7,5∙107 

3 Insulation 
100% wool batting 3,6 9,5∙108 

4 Windproof fabric 
Dewspoo 100% Polyester 4,5 8,9∙1012 

5 Upper fabric 
"Premier Comfort" 250A 30,0 1,0∙106 

 
Fig. 3 displays the findings of the investigation into the electrification process in the 

layers of materials used to make thermally protective apparel.  
 

 
Fig. 3. The total strength of the electrostatic field near the surface of the protective suit, V/m. 

5 Conclusions 
As follows from the graphs, the limiting value of the electrostatic field strength can occur 
already with an external field of 15000 V/m.  
Electrification processes, contact and frictional electrification, occur in the dynamics when 
large pressures and temperatures develop briefly on the contact areas, significant 
deformations of mutual adhesion occur, the adhesion bond of surfaces is established and 
destroyed, mechanical oscillations are observed in a wide range of frequencies. 
The formation of charges is facilitated by the physical conditions of the snowstorm 
electrification in the system of polymer structures.  
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