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Abstract

Introduction. The prospect of treating shungite in various ways 
to increase its absorption properties and increase the efficiency of 
water treatment during beverage production is shown.

Materials and methods. Drinking water was prepared using 
shungite activated, activated and modified by nanosilver, activated, 
steam treated and modified by nanosilver. Photometric, 
spectrometric, chemical and potentiometric methods of analysis, 
theoretical generalization and comparison, a systematic approach 
were used in the work.

Results and discussion. The parameters of aggregation of 
nanoparticles in water-glycerol medium, adsorption and sorption- 
catalytic properties of shungite activated and nanomodified in 
various ways are investigated.

Additional treatment of activated shungite with steam and 
nanosilver allows to increase its adsorption activity for iodine and 
for adsorption of acetic acid, alkalinity of water infusion up to 1.2 
times and to provide stabilization of the redox potential of the 
prepared water at the level of + 90-100 mV.

Steam treatment enhances part of the pores before diffusion and 
molecular sorption, and increases the adsorption activity of humic 
and fulvic acids by 40% by activated steam and silver nanoparticles 
by 40%.

Waste water costs during the preparation of activated steam and 
nanosilver shungite do not exceed 20 relative volumes of wash 
water per volume of material, allowing the transparency of the 
prepared water is at least 99%.

Pre-treatment shungite of steam before its activation with silver 
nanoparticles due to improving the wetting of the surface makes it 
possible to increase the duration of the filter cycle and the 
possibility of deepening the sorption of harmful water impurities: 
iron, manganese, nitrogen and organic compounds by 10-12%.

Conclusions The use of shungite activated steam treated and 
modified by nanosilver provides increased efficiency of cleaning of 
harmful impurities and stabilization of the redox potential of the 
prepared water.
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Introduction

The production of beverages involves the use of high quality prepared water, which has 
additional requirements that are related to the peculiarities of the technology of preparation, 
shelf life and finished product destination [1]. The use of silver instead of the harmful 
chemicals (fluorine, chlorine and chlorine-containing compounds) makes water not only safe 
(it has been proved [2] that silver ions kill the vast majority of harmful microorganisms) but 
also beneficial as in absence of harmful microorganisms the color, smell and taste of water 
is much better [3].

Nowadays considerable scientific and applied interests are the possibility of using 
effective natural adsorbents in water purification processes [4]. One of the most promising 
materials is shungitis [5]. Shungite is a natural material-a rock that has the composition 
similar to anthracite and graphite [6]. The use of shungite in water treatment as a filter 
material is due to its high adsorption capacity [7], corrosion resistance [8], catalytic activity 
[9], low cost [10], ecological purity and safety [11]. The main properties of shungite are 
described in [12-15]. Mosin O. [6,8,16], Mel’nyk L. [7], Mukhin V. [17], Wang S. [18], and 
other researchers have shown the prospect of using shungite as a filter material in water 
treatment for the food industry [19,20], in different types of soft drinks production [21,22] 
and established the efficiency of purification from mineral impurities [7].

During the vodka preparation it was proposed to use a method of purifying water by 
sequential filtration through shungite and zeolite, followed by passing through a column of 
shungite. According to the authors, "the presence of shungite in the charge of the zeolite leads 
to a decrease in the alkalinity of water and the transition of pH to the neutral acid part", which 
increases the tasting evaluation of finished products [8].

Recently, more and more attention is being paid to water treatment methods that would 
help stabilize the water oxidation-reduction potential [24].

The method of metal cathode dispersing by the localized glow discharge in vacuum has 
developed an innovative one-stage combined "wet-dry" technology for the production of 
concentrated colloidal solutions of nano metals in liquid media of different physical and 
chemical nature, which allowed to create ready-to-use nanosilver suspension in food 
glycerol. The undeniable advantages of high-purity nanosilver, physically implanted into 
food glycerol and stabilized in it without additional chemical reagents, are exceptionally low 
toxicity to humans and animals along with high bactericidal properties, the method 
demonstrate high industrial productivity and a competitive price in comparison to European 
and world analogs [26].

The studies aimed at the simultaneous regulation the water oxidation-reduction 
potential and the harmful impurities removal are especially important [27]. Thus, research 
aimed at using natural shungite modified by nanosilver for water treatment technologies is 
necessary and relevant.

The provided studies were concentrated of water oxidation-reduction potential change 
true nature and the quantitative characteristics of the water preparation during its sorption 
purification using shungite treated in various ways: activation; treatment with nanosilver, 
without it and with steam pre-treatment. The main tasks of the research were: determination 
of the adsorption and sorption-catalytic properties of the shungite treated in various ways to 
stabilize the of water oxidation-reduction potential, the efficiency of its purification from 
high- and low-molecular organic compounds and toxic substances, compliance with the 
requirements of current regulatory standards for soft beverages.
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Materials and methods

Materials under study

1. Drinking water of the Kyiv Artesian well and treated water,
2. Naturally activated specimens of shungite of the Zagozhin deposit (1.0 mm fraction).

Preparation of prototypes

Activation of natural shungite was carried out at a temperature of 150-180 °C during 2 
hours. Further 100 g of the appropriate sample of shungite was loaded into a glass column, 
washed with distilled water to achieve the filtrate transparency at least 98% [15].

The modification of shungite by nanosilver was carried out by adsorption from solutions 
after sieving without pre-washing with distilled water and after pretreatment with the 
appropriate steam sample. The silver nanosuspension produced using ion-plasma technology 
at a pilot plant was used to modify the shungite. A detailed description of the methodology 
and installation for silver nanosuspension manufacturing is given in article [25].

To study the state and parameters of nanoparticle aggregation in aqueous-glycerol 
medium, the resulting suspension was irradiated with a helium-neon laser with X = 633 nm, 
scattered light which was recorded at an angle of 173° [28]. The absorption spectra were 
measured in a cuvette (1 cm) before and after ultrasound. Distribution of silver nanoparticles 
in solution before and after treatment and in triplicate repetition with different nanoparticle 
concentration was defined by laser photon correlation spectroscopy [28] on Zeta Sizer Nano 
S instrument (Malvern, UK) at 25 °C. The kinematic viscosity of the suspensions required to 
calculate the nanoparticle size distribution was measured on a Malvern SV-10 (Japan) 
vibration viscometer [28].

To evaluate the stability of the formed silver agglomerates in glycerol, the distribution 
of silver nanoparticles in solution before and after ultrasonic treatment and in three-fold 
repeatability with different nanoparticle concentrations was investigated [28]. Marking of the 
samples was as follows: 1.0-initial suspension of silver nanoparticles in glycerol, 1.1-diluted 
suspension in 2 times, 1.2-diluted suspension in 10 times.

Procedure of research conducting

Water filtration was carried out at temperatures from 18 to 22 °C in dynamic mode for 
three glass filters with a diameter of 50 mm. Each filter was filled up with a corresponding 
sample of shungite layer with a height of 500 mm each.

The process of sorption purification of water included the preparation of the material 
for operation, such as pre-washing before the filter cycle and the basic filter cycle.

Preparation of the material for work, the main filtering cycle through an appropriate 
sample of shungite was carried out by gravity from top to bottom of the filter at a speed of 
10-12 m/h. Organoleptic and physic-chemical parameters of the prepared water were 
determined after every 500 cm3 of the filtrate.

Description of methods

During the research, the adsorption characteristics of the shungite samples were 
determined by the methods used during the incoming control in the hard liquors distillery: 
total pore volume for water [29], adsorption activity for: iodine [29], alkalinity of water
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infusion and adsorption of acetic acid [29], acid-base properties of water infusion and humic 
and fulvic acids [29].

Studies of water quality before and after its purification with a suitable sample of 
shungite were performed:
-  Colorimetric method using the photoelectric colorimeter KFK-2 in determining the mass 

concentration of iron, manganese, nitrogen-containing substances [29],
-  Spectrophotometric method (spectrophotometer Specord UV) in determining 

transparency [29, 30];
-  Permanganometric method for determining permanganate oxidation [29],
-  Potentiometric (pH-meter + ORP-meter pH-099 and pH-150 MI) when determining the 

redox potential [31, 32].
Determination of water purification efficiency by a suitable sample of shungite was 

carried out by spectrophotometric method in the ultraviolet region of the spectrum at a 
wavelength of 200-350 nm and a cuvette of length S = 50 mm [29].

Processing of research results

Experimental, mathematical and statistical methods were used in the work-planning and 
processing of experimental results. The research results were systematized and processed 
using mathematical and statistical methods on the basis of modern software [29-31].

------Processes and Equipment------

Results and discussion

Aggregation parameters of nanoparticles in aqueous-glycerol medium

Absorption spectra of solutions of silver nanoparticles in glycerol before and after 
ultrasonic treatment during 10 min. is given in Figure 1. As shown on Figure 1, the data 
shows that the solution absorption spectra retain their shape during the dilution, ie dilution 
of the solution with water does not lead to structural changes in the sample.

Figure 1. Absorption spectra of silver nanoparticles solutions in glycerol before (a) and after (b)
ultrasonic treatment.
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The distribution of silver nanoparticles before and after ultrasonic treatment is presented 
in Figure 2. As can be seen from Figure 2, the distribution of silver nanoparticles by size after 
ultrasonic treatment changes in the direction of a significant reduction in the size of 
agglomerates formed in solution (from almost 200 to 60 nm), that is, ultrasonic treatment of 
nanosilver solutions actively destroys agglomerates. This is the result we obtained earlier in 
article [26].
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Figure 2. Distribution of silver nanoparticles in solution before (a) and after (b) ultrasonic
treatment.

It is known that the aggregate stability of colloidal solutions (sols) is proportional to the 
charge of the colloidal particle, which is determined by the electrokinetic potential (£■ 
potential). The ^-potential arises on the slip plane of the double electric layer due to the 
separation of its diffuse part from the adsorbed bound fixed part, it determines the charge of 
the diffuse layer and is a measure of the intensity of electrokinetic phenomena in the 
interfacial region. The sign and value of the ^-potential are widely used to characterize the 
electrical properties of a surface when considering adsorption, adhesion, aggregate stability 
of dispersed systems, structure formation in materials and in other processes where 
electrokinetic phenomena exist. The larger the ^-potential of the system, the greater the value 
of the average electric charge of the colloidal particles. The presence of colloidal particles of 
the same charge leads to their mutual repulsion, preventing the possible sticking 
(agglomeration, aggregation) of the particles of the dispersed phase, informing the system of 
the aggregate stability.

The values of the size of silver nanoparticles and ^-potential in the given suspensions 
are presented in Table 1. As can be seen from the data in Table 1, the aggregate stability of 
the original solution and diluted with water is stored at the level of 30-70 mV, ie after 
ultrasonic treatment, these solutions were stable at different dilutions. For theoretical limit of 
colloidal systems stability, the value of 4 -  potential greater than 30 Mv is assumed [32,37].
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Value of the ^-potential (mV) of silver nanoparticles in solutions
Table 1

Sample The value of the ^-potential 
before ultrasonic treatment, 

mV

The value of the ^-potential 
after ultrasonic treatment, 

mV
1.0 -65,2 -74,3
1.1 -11,5 -29,1
1.2 -51,5 -56,9

Sorption capacity of activated and modified nanosilver shungite

High-quality sorption-filtering material that can be used in water purification systems 
from high- and low-molecular-weight organic compounds and toxic substances for the soft 
drinks production should have high adsorption, sorption-catalytic properties, in addition to 
the optimal structure (Table 2).

The data shown in Table 2 proved that the modification of shungite by silver 
nanoparticles makes it possible to increase the total pore volume of water and the total 
volume of basic oxides by 1.2 times, thereby increasing its adsorption activity: iodine and 
acetic acid adsorption by 1.3 times, the alkalinity of the water infusion-2.0 times, which will 
contribute to a longer filter cycle and the possibility of in-depth sorption of harmful water 
impurities.

Table 1
Adsorption and sorption-catalytic properties of shungite treated in various ways

Indicator name Indicator value for shungite sample
Activated Activated and 

modified by 
nanosilver

Activated,
Steam treated and 

modified by nanosilver
Total pore volume by 
water, cm3/g

0,45 0,55 0,6

Total amount of 
oxides, mol/m3:
-  acid 0,3 0,32 0,35
-  basic 0,4 0,5 0,7
Adsorption activity by:
-  iodine,% 45 57 65
-  alkalinity of water 

infusion, cm3
2,5 5,0 5,8

-  adsorption of 
acetic acid, cm3

40 55 62
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Pre-treatment with steam indicates the positivity of its application to the main stage of 
modification of shungite by nanosilver, resulting in an increase: total pore volume by 1.2 
times, total volume of basic oxides by 1.4 times, indicators of adsorption activity for iodine, 
alkalinity of aqueous infusion and adsorption of acetic acid by 1.1—1.2 times. This is proved 
by the studies shown by us in article [7], that is, the adsorption activity of the steam-treated 
shungite increases by improving the wetting of the surface with aqueous solutions.

The presence of humic acids and fulvic acids significantly impairs the organoleptic 
characteristics of prepared water [1], so it was necessary to determine the adsorption activity 
for these substances. Figure 3 presents the adsorption activity of the samples by humic acids 
and fulvic acids. It is confirmed that, compared to activated shungite, the adsorption activity 
of nanosilver-treated shungite is higher by 25%, the adsorption activity of steam-treated and 
nanosilver-treated is higher by 40%.

^  I ^  I “ “

1 2 3

Figure 3. Shungite samples adsorption activity on humic and fulvic acids:
1 -  shungite sample activated and modified by nanosilver;

2 -  shungite sample activated, steam treated and modified by nanosilver;
3 -  shungite sample activated.

This is due to the fact that the adsorption of humic and fulvic acids on shungite is carried 
out on the surface of the pores of the material, the effective diameter of which exceeds the 
size of their molecules contained in the solution. Thus, most of the pores treated with steam 
and treated with nanosilver are available in size for the diffusion of humic acid molecules, 
the absorption of humic and fulvic acids, as well as their salts, which is provided due to 
molecular sorption, as that was confirmed by the data obtained from carbonaceous materials 
[39].

The effectiveness of shungite samples washing at the stage of preparation for work was 
evaluated by the transparency indicator, which should not be less than 99%, according to the 
requirements of the current regulatory documents [1]. The analysis of the obtained data shows 
(Figure 4) that the consumption of flushing water at the stage of shungite preparation, to 
achieve standardized water transparency of 99% for shungite treated with steam and 
nanosilver is rising to 20 relative volumes of flushing water per volume of material. For 
activated shungite and nanosilver-treated shungite, there is an increase in the cost of flushing 
water, which will negatively affect the resource costs of production and will increase the cost
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of water treatment, which was confirmed by other researchers [1,4]. It is possible to conclude 
from the given data that to reduce the consumption of flushing water at the preparatory stage, 
before further processing of shungite with silver, shungite must be activated and treated with 
steam.

0 5 10 15 20 25 30

Relative volumes of wash water per volume of material

Figure 4. The consumption of flushing water at the stage of shungite preparation:
1 -  shungite sample activated, steam treated and modified by nanosilver;

2 -  shungite sample activated;
3 -  shungite sample activated and modified by nanosilver.

During the production of beverages, a particular attention is paid to the value of 
permanganate oxidation, which characterizes the content of organic compounds in the 
prepared water, as well as the efficiency of water purification from iron, manganese and 
nitrogen-containing compounds (Figure 5) [1]. The effect of water purification from 
impurities of iron, manganese, nitrogen and organic compounds is higher by 10-12% when 
using a sample of shungite, which was activated, treated with steam and nanosilver, which is 
explained and confirmed by its better adsorption properties.

The properties of water are determined by its micro- and macro-component 
composition, as well as by its structure [1]. Prepared water, unlike natural water, has no 
pleasant refreshing effect, fullness of taste, characterized by disordered structure [23].
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Figure 5. Efficiency of water purification using shungite treated in various ways

In modern conditions of production and consumption of different types of beverages 
(alcoholic and nonalcoholic), not only their chemical composition but also the physical 
indicators of beverages, which directly influence the processes of ensuring human life, are of 
particular importance [33]. One such indicator is the water oxidation-reduction potential 
[34]. This indicator of water characterizes the degree of activity of electrons in redox 
reactions indicates the biological activity and antioxidant property of water [35].

Regulatory documents that set requirements for the quality of drinking water and 
prepared value of the water oxidation-reduction potential is not regulated. In natural water, 
without its additional technological treatment, the value of the water oxidation-reduction 
potential varies widely from -  400 mV to +700 mV [33,34]. However, during water treatment 
the water oxidation-reduction potential increases to +200 -  +400 mV [33, 34]. In order to 
achieve a positive technological effect with the maximum preservation of natural properties 
and physicochemical characteristics of water, the influence of shungite treated in various 
ways the water oxidation-reduction potential was investigated (Figure 6).

The results obtained indicate a gradual decrease the water oxidation-reduction potential 
of the prepared water from +250 mV and the achievement value of +70 mV on the 
seventeenth volume of the prepared water to the volume of the shungite treated with 
nanosilver; for steam and nanosilver treated shungite the water oxidation-reduction potential 
reaches + 40 mV. In the further prepared water volume there is an increase of the index of 
the water oxidation-reduction potential and its stabilization at the values of + 150-170 mV 
during the treatment of shungite with nanosilver, +90-100 mV-during the treatment of 
shungite with steam and nanosilver.
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Figure 6. Water oxidation-reduction potential of the prepared water using activated shungite, 
activated and treated by nanosilver shungite, activated, steam and nanosilver treated shungite.

Thus, the use of shungite treated with steam and nanosilver is effective for stabilizing 
the water oxidation-reduction potential, which is confirmed by the acquisition of water 
antioxidant properties [35]. The additional decrease of the water oxidation-reduction 
potential of water prepared by shungite treated with steam and nanosilver from + 70 to + 40 
mV can be explained by the presence of a negative charge of nanoparticles on the surface, as 
evidenced by the value of the 4 potential [25].

Conclusions

The urgency of shungite treated in different ways use for water purification in the 
production of different types of beverages is substantiated. The most effective method to 
increase the adsorption activity of the material, to reduce the consumption of flushing water 
during shungite preparation to the filter cycle, to stabilize the redox potential of the treated 
water is the preliminary preparation of the shungite, which includes activation, steam and 
nanosilver treatment.

The use of nanomodified and steam-treated shungite is effective for stabilizing the 
redox potential of the material, indicating the acquisition of water antioxidant properties.
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