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Abstract. The influence of the electric-discharge 
treatment on changes in the physical and chemical 
properties of water has been investigated. It is shown that 
the influence of the electrical discharge nonlinear bulk 
cavitation changes the structure of water as well as the 
formation of free radicals and hydrogen peroxide. The 
electric-discharge treatment increases the whiteness of 
wool due to the changes in water properties. 
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1. Introduction 

Currently existing technologies for preparation of 
woolen textiles have large power consumption and often 
result in unwanted damage of the fiber during processing. 
It is possible to improve the quality and reduce the cost of 
production by intensifying the technological processes of 
finishing in several ways: by the influence on the material, 
by changing the properties of the medium in which the 
treatment implements, and in both directions 
simultaneously. 

Analysis of the scientific-technical and patent 
information shows that one of the most effective ways of 
solving problems is increasing of the technological 
process speed and equipment performance, reducing its 
energy and materials, and improving product quality 
through the pulsed power influence on the treated 
materials [1-5]. Such processes include the high-voltage 
electric pulse discharge in a liquid, which is a practical 
application in various industrial processes and was first 
proposed by the Soviet scientist L. Yutkin, who called this 
phenomenon the electro-hydraulic effect [1]. 

The essence of this phenomenon is that while 
placing an especially crafted pulsed electric discharge 
inside the liquid in an open or closed vessel so that around 
the area of its formation ultra-high water pressure occurs, 
which can perform useful mechanical work, and is  
accompanied by a set of physical and chemical 
phenomena [1]. The main effective factor is the effect of 
electrical cavitation. 

Today, ultrasonic and hydrodynamic cavitation is 
studied most of all. However, these methods for generating 
cavitation are not widely used in the finishing industry. In 
our opinion, for the textile industry the application of 
electrical cavitation which has a number of unique features 
is promising [1, 2, 6-9]. Electric-discharge nonlinear bulk 
cavitation (EDNBC) is the most powerful form of the 
cavitation, which has no analogues in building radiation 
power because shock waves are the generator of cavitation, 
interacting with the environment rather than a solid body. 

Electric-discharge processes are often carried out in 
water, as it is proven that in water there is the most 
intensive development of cavitation [9]. 

According to the authors [2, 3, 10, 11] during the 
cavitation treatment of water the changes occur in its 
structure by mechanisms conditioned by the cavitation 
theory and the theory of water structure and the spatial 
distribution of its molecules. However, until now the 
general theory of water structure does not exist. It is 
known that water belongs to the liquids with anomalous 
properties that are different from those of liquids 
consisting of monatomic or polyatomic symmetrical 
spherical molecules. The presence of intermolecular 
hydrogen bonds contributes to the emergence of the 
spatial structure of water. Moreover, its molecules do not 
“stick” close to each other and there are significant voids 
between them. The cause of the void formation is a 
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particular form of water molecules and the spatial 
direction of the hydrogen bonds that hold the molecules 
over large distances and form a loose structure. 

One of the most plausible theories of the water 
structure, which promotes the concept of hydrophobic 
interactions, is the theory of flickering clusters [12-18]. The 
essence of this theory is that the gap and the formation of 
intermolecular bonds between water molecules depend not 
only on the properties of individual molecules, but also on 
the population of molecules, the associate of the polymer 
(cluster), which is formed by weaker hydrogen bonds 
between molecules – the associate members. If a molecule 
of water under the external influence leaves the associate, 
breaking the hydrogen bond, then the further expansion of 
the associate becomes easier. So both the formation and 
destruction of clusters with an ordered structure are 
possible. This phenomenon characterizes water as a 
dynamic two-phase system with associates and free 
molecules between them, which are generally held by Vann 
der Waals forces (Fig. 1) [12]. 

 

 
а)                                                    b) 

 
Fig. 1. The structure of water: two-phase structure of water (a) 

and structured water (b) 
 

It is assumed that it is possible to break 
intermolecular bonds in clusters, i.e. to change the structure 
of water under the influence of an external cavitation field. 

Data from numerous studies that are presented in 
the scientific literature [2-4, 7, 8, 19, 20] indicate that 
during the cavitation treatment of water, the structural 
changes and the chemical transformations accompanied 
by the formation of free radicals and hydrogen peroxide 
are taking place at the same time. Therefore, the assertion 
that the effect of the cavitation field on the water can be 
explained only by cavitational mixing water is not valid. 

The process of free radicals formation and their 
recombination in water under the effect of the cavitation 
process can be represented by the following overall 
reaction [3]: 

22222 OH,HO,H,OH,H,OHOH 2
ooo⇒  

Thus, we can state that the accumulated knowledge 
about the phenomenon of cavitation in fluids, particularly 
water, is enough to be applied in practice. 

However, the widespread adoption of EDNBC 
method in the textile industry is hampered by a lack of 
systematic studies providing a complete picture about the 
patterns of changes in fluid properties and processed 
materials during electric-discharge treatment. 

In connection with the foregoing, the objective of 
this study was to investigate the changes in the properties 
of water during electric-discharge treatment and its effect 
on the whiteness of wool fibers. 

2. Experimental  

Electric-discharge treatment was carried out on a 
laboratory setup (Fig. 2), which was developed by the 
Institute of Pulse Processes and Technologies NAS of 
Ukraine (Nikolayev), together with scientists from 
Kherson National Technical University. 

 
 

Fig. 2. Schematic diagram of the laboratory setup: step-up 
transformer (1); diode bridge (2); capacitor (3); electrodes (4); 

reactor vessel (5); zone of discharge (6) and liquid (7) 
 
Equipment performances are presented in Table 1. 

 
Table 1 

Equipment features 
Parameter Value 

Mains current AC, single phase 
Frequency, Hz 50 ± 0.1 
Supply voltage, V 220 ± 22 
Efficiency, at least 0.7 
Operating voltage, kV 15 
Pulse repetition frequency, Hz 1.5 
Capacity of the capacitor battery, uF 0.5 
Power consumption, W 400 

Filtered tap water with varying exposure time from 30 
to 300 s was exposed to the electric-discharge treatment. 

Indirect evidence that structural changes of water 
occur during its electric discharge is micrographs of ice 
crystal structure. The experiment was conducted by the 
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method of the Japanese scientist M. Emoto to confirm the 
structural changes in water under the influence of 
EDNBC. We studied photographs of frozen water to find 
out the change of the ice crystal structure.  

Radical concentration was determined by the 
consumption of oxalic acid, which interacts only with free 
radicals, as follows: 

22 HCOORROOCRCOOHHOOC o +−⇒+−  
Since the oxalic acid is oxidized only by radicals, 

the amount of spent COO– ion can be equated to the 
number of formed radicals [10, 21-23]. 

The concentration of hydrogen peroxide, formed 
under the influence of EDNBC, was determined by 
iodometric titration [10, 21-23].  

Electric-discharge treatment was conducted within 
the time interval from 30 to 300 s to determine the effect of 
EDNBC on the wool fiber. Semi-thin wool in the form of 
brushed belt was treated. Then the whiteness of wool fiber 
was determined using “Spekol-11” spectrophotometer.  

3. Results and Discussion 

Micrographs of the crystalline structure of ice may 
serve as the indirect evidence that structural changes may 
occur during water electric-discharge treatment. 
Micrographs of ice from water before and after the 
electric-discharge treatment are shown in Fig. 4. 

The presented images show that ice of water exposed 
to cavitation has characteristic streaks of regular shape, 
unlike the ice of untreated water, which has the structure of 
irregular polyhedral, confirming the presence of structural 
changes in water under the action of cavitation. 

Considering that the efficiency of the bleaching will 
depend on the amount of free radicals formed and 
hydrogen peroxide in electric-discharge treatment, the 
studies were conducted to determine these parameters. 

Figs. 4 and 5 show the dependence of the free 
radicals concentration change and hydrogen peroxide on 
the time of the electric-discharge treatment. 

The obtained curves shown in Figs. 4 and 5 suggest 
that the concentration of radicals and hydrogen peroxide 
increases with the increase of treatment time. Within 60 s 
of processing their concentration increases linearly but 
with a further increase in the duration the concentration 
raises slightly. 

The process of textile bleaching, including that of the 
wool fiber, is traditionally carried out using hydrogen 
peroxide. It decomposes in a bleaching solution via the 
radical mechanism with the formation of reactive oxygen 
species and radical products that are able to oxidize colored 
substances of fibrous materials, thus increasing their 
whiteness [23]. In the finishing production special attention 
is given to the whiteness index, because from technological 
point of view, the most valuable products are bleached 
textiles because of the possibility of dyeing in any color. 

 

Fig. 3. Micrographs of ice structure: 
under the influence of electric-

discharge treatment (a) and without 
treatment (b) 

  а)   b) 
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Fig. 4. The kinetics of free radicals  
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Fig. 5. Formation kinetics of hydrogen  
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In order to determine the impact formed under 
the influence of EDNBC free radicals and hydrogen 
peroxide on the whiteness of a wool fiber, electric-
discharge treatment was carried out. 
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Fig. 6. The dependence of wool whiteness  
on the electric-discharge treatment time 

Analysis of the data presented in Fig. 6, indicates 
that the most intense bleaching process is performed 
within the first 30 s of electric-discharge treatment. With 
increasing treatment time the rate of whitening decreases 
slightly, as indicated by slight changes in the whiteness 
index. Comparison of whiteness index after 180 and 300 s 
of EDNBC exposure shows that whiteness does not 
change. Thus, we can conclude that in order to increase 
the wool fiber whiteness, its electric-discharge treatment 
over 180 seconds is inappropriate. 

4. Conclusions 

The result of the study has revealed that the 
electric-discharge treatment leads to structural and 
physico-chemical changes in water. The presence of free 
radicals and hydrogen peroxide, generated by cleavage of 
water, contributes to the rise of whiteness of wool fibers. 
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ВПЛИВ ЕЛЕКТРОРОЗРЯДНОЇ НЕЛІНІЙНОЇ 
ОБ’ЄМНОЇ КАВІТАЦІЇ НА СТРУКТУРНІ  
ТА ХІМІЧНІ ЗМІНИ ВОДИ У ПРОЦЕСІ 

ВИБІЛЮВАННЯ ВОВНЯНОГО ВОЛОКНА 
 
Анотація. Досліджено вплив електророзрядного 

оброблення на зміну фізико-хімічних властивостей води. 
Показано, що під впливом електророзрядної нелінійної об’ємної 
кавітації відбувається зміна структури води, а також 
утворення вільних радикалів та пероксиду водню. Встановлено, 
що під впливом електророзрядного оброблення внаслідок зміни 
властивостей води підвищується білизна вовни. 

 
Ключові слова: електророзрядне оброблення, кавітація, 

властивості води, вибілювання.  
 




