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Abstract—A review article, containing information on the options, possibilities, and prospects for the develop-
ment of antibacterial finishing of textile materials, is presented. A wide range of products designed to impart an-
tibacterial, antimicrobial, and antiviral properties to textile materials is considered. The main factors determining 
the appropriate decision on the technological and functional choice of the protective composition are presented, 
including the nature of the fiber-forming polymer, the tasks that the resulting material is designed to solve, and its 
application options. Compositions providing the required effect of destruction of the pathogenic flora and their ap-
plication technologies are described. Special attention is paid to antimicrobial agents based on silver nanoparticles. 
Nanoparticles of this metal have a detrimental effect on antibiotic-resistant strains of bacteria; their effectiveness 
is higher as compared to a number of well-known antibiotics, for example, penicillin and its analogues. Silver 
nanoparticles are harmless to the human body. Acting as an inhibitor, they limit the activity of the enzyme respon-
sible for oxygen consumption by single-cell bacteria, viruses, and fungi. In this case, silver ions bind to the outer 
and inner proteins of the bacterial cell membranes, blocking cellular respiration and reproduction. Various options 
to apply microencapsulation methods for the implementation of antibacterial finishing are considered, including: 
phase separation, suspension crosslinking, simple and complex coacervation, spray drying, crystallization from the 
melt, evaporation of the solvent, co-extrusion, layering, fluidized bed spraying, deposition, emulsion and interphase 
polymerization, layer-by-layer electrostatic self-assembly etc. All presented technologies are at various develop-
ment stages—from the laboratory stage to production tests, they all have certain advantages and disadvantages. 
The accelerated development and implementation of the described methods in production of textile materials is 
relevant and is related to the existing complex epidemiological situation in the world.
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The Current Situation and Development Prospects  
for Antibacterial Finishing of Textile Materials 

Textile materials with an ability to resist malignant 
and putrefactive bacteria, providing protection against 
viruses and microorganisms have long gained a strong 
position in the global market. At the same time, there are 
two interrelated, but fundamentally different development 
directions in the fight against microorganisms: the 
first is to protect the materials themselves from their 
destructive action and the second is to protect humans 
from the pathogenic microflora [1]. The second direction 
is gaining particular importance in connection with the 

global pandemic caused by the SARS-CoV-2 coronavirus. 
There is a necessity to create brand new antibacterial 
and antifungal fibrous materials and products, necessary 
not only for application in everyday life, but also for 
medical purposes. This article presents data on the 
options, possibilities, and prospects for the development 
of antibacterial finishing of textile materials.

Fibrous materials of any chemical nature, both 
chemical and natural, are susceptible to the action of 
microorganisms. They can both be used by bacteria 
and fungi for nutrition—this phenomenon is called 
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assimilation—and be damaged (destructured) by the 
action of the metabolites of microorganisms.

At the same time, due to their hydrophilicity, natural 
fibers are less resistant to the action of microorganisms 
[2]. The fibrillar structure, the amorphous-crystalline 
structure, and the presence of hydrated moisture in 
amorphous regions contribute to the spread of microbes, 
whose enzymes cause the hydrolysis of polymer bonds 
in fiber-forming polymers. In this regard, products made 
of wool and cotton fibers are the most vulnerable to the 
attacks of putrefactive bacteria. Due to their peculiar 
structure and the presence of impurities, silk, linen, jute, 
and kenaf are to some extent more stable; however, 
their protective properties cannot be compared with 
the security of the synthetic fiber. The development of 
the vital activity of organisms on fibers, formed from 
chemical raw materials, is hindered by the density and 
orientation of polymer components, the high degree of 
the fiber crystallinity, and the absence of hydrated and 
capillary-bound moisture. As a result, the growth of 
microbes on synthetic materials sharply slows down [3].

The manifestation of bio-damage on fibrous substrates 
is accompanied by a number of changes, the majority of 
which are easily noted visually and organoleptically. Such 
changes include the presence of multicolored spots, the 
coloristic parameters of which will depend on the type 
and color of the fungi-produced pigment, and a specific 
smell. Apparent destruction of the fiber is possible, which 
is especially characteristic of woolen materials. Changes 
in strength characteristics can be recorded instrumentally, 
including: reduced tensile strength, tensile elongation, and 
abrasion resistance. In some cases, there is a mass change.

The interaction of pathogenic bacteria with fiber-
forming polymers proceeds in several stages:

1. Attachment of the microorganism to the fiber;
2. The microorganism’s growth and reproduction; and
3. The fiber damage.
At some point, the second stage triggers the third, and 

they take place simultaneously. 
The efficiency of microorganisms’ fixation on the 

fiber and their reproduction rate depends on the nature 
of the fiber-forming substrate, its chemical composition, 
physicochemical and structural characteristics, hydro- 
phobicity, and external factors such as the atmospheric 
humidity, temperature, and the time of the pathogen’s 
contact with the fiber.

This leads to the conclusion that textile materials are 
not only a nutrient medium for microorganisms, but they 
can be active carriers of viruses and bacteria as well. 
There are data that pathogenic organisms persist on bed 
linen, clothing, bandages, and personal belongings for 
up to 24 hours. Moreover, for all the insusceptibility of 
synthetic fibers to reproduction of microorganisms, they 
persist longer on synthetics than on cotton, linen, or wool. 
After washing of textile materials in cold water, viruses 
retain their activity and are found practically intact in 
rinse waters. Conventional surfactants wash them off 
the fabric, but do not destroy them. Cold washing does 
not ensure complete removal of the pathogen from the 
fiber; in addition, there is a possibility to transfer it 
to an uninfected material. Cross exchange of viruses 
and bacteria is possible when washing bed linen in 
hospitals, sanatoriums, and nursing homes and can lead 
to nosocomial epidemics and other negative processes [4].

One of the side effects of bacterial reproduction that 
are the easiest for humans to notice is the appearance 
of an unpleasant odor. This phenomenon is caused by 
the release of such specifically smelling substances 
as the carboxylic acid, various amines, and aldehydes 
during processing of skin impurities and sweat by the 
bacteria. An example is the gram-positive Staphylococcus 
aureus, which produces 3-methyl-2-hexanoic acid during 
reproduction, causing a characteristic body odor.

The specific smell of baby diapers appears when the 
gram-negative Proteusvulgaris bacteria interacts with 
urea, which results in the formation of ammonia.

The negative effect can be eliminated by using 
appropriate preparations that can slow down or 
completely stop the growth of the bacteria. The 
effectiveness of such products depends on a great number 
of factors, and primarily on their effect on the external 
cell wall of microorganisms: microbes, bacteria, or fungi. 
Antimicrobial and antiviral drugs are divided into two 
classes according to their effect on the microbial cells 
integrity: 

—bactericidal, destroying microorganisms;
—bacteriostatic, inhibiting the growth of micro- 

organisms’ cells [5, 6]. 
Regardless of its action option, antimicrobial finishing 

of textile materials should not reduce their strength 
characteristics and shape stability, degrade the handle of 
the fabric; it should maintain its effectiveness for a long 
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time during operation and should be environmentally 
safe [7]. 

The methods of imparting antiviral, antimicrobial, and 
antibacterial properties to fibrous materials are divided 
into physical, physicochemical, and chemical. At the 
same time, the chemical methods are conventionally more 
frequently applied and are considered the most effective. 

It is commonly believed that the greatest protection 
against pathogenic flora is provided by antimicrobial 
preparations, fixed to the fiber by rather weak bonds: 
ionic, coordination, or labile covalent. If the bond is 
stronger (covalent), the antimicrobial effect decreases or 
disappears altogether [8]. 

One of the conventional options to create materials 
with the protection against viruses and bacteria is the 
introduction of an active substance into the structure of 
the fiber-forming polymer at the fiber formation stage. 
The undoubted advantage of this method is the resistance 
of the resulting effect to external influences. The main 
disadvantage is the complexity and the high production 
cost of such fiber, as well as the impossibility to apply 
this method to fabrics made of natural fibers [9]. 

Therefore, under production conditions, a more 
frequently applied method to obtain materials with 
antimicrobial properties is to apply protective agents 
to the fabric or fiber by impregnation. This option can 
be put in practice at various stages of textile finishing 
production, but it is implemented in the most successful 
manner in the final finishing process [10]. This method 
is technologically simple and less expensive than the 
previous technique; however, the stability of such finish 
is quite low. 

Among the physical methods for production of 
antibacterial materials, metallization of the surface of 
textile materials has recently been gaining increasing 
popularity. The advantage of this process is the absence 
of wastewater; however, it is time-consuming and requires 
complex and expensive equipment [11, 12]. 

Preparations Imparting Antibacterial Properties 
 to Textile Materials 

Currently, there is a wide range of products designed 
to impart antibacterial, antimicrobial, and antiviral 
properties to textile materials. The choice of the 
composition is determined by the nature of the fiber-
forming polymer, the tasks that the finished material has 
to solve, and its operation options [13]. 

In this respect, the most important requirements to the 
finishing compositions are as follows: 

—lethal effect of the active substance even in 
minimal concentrations on the majority of pathogenic 
microorganisms; 

—long-term efficiency preservation in the course of 
operation;

—absence of harmful effects on the human body; and
—preservation of the textile material quality indicators 

(strength, hygroscopicity, softness etc.) after finishing 
[14].

Depending on the structure and the chemical nature 
of biocidal agents, it is possible to distinguish the 
mechanisms of their influence on the pathogenic flora. It 
can be the inhibition of the microorganisms’ metabolic 
processes or the termination of the synthesis of nucleic 
acids and proteins, which will not allow them to multiply. 
The effect at the cellular level is also possible, including 
the damage or inhibition of the cell wall synthesis, the 
inhibition of functions of the cell membrane, redistributing 
the intracellular and extracellular flow of substances  
[15, 16]. Alkyltrimethylammonium bromide (quaternary 
ammonium salt), which damages the microorganisms’ cell 
membranes and inhibits the DNA production, is applied 
for bactericidal treatment of materials made of wool, 
cotton, polyester, and nylon. Due to the positive charge 
on the nitrogen cation, the compound is active and gets 
fixed on the negatively charged fiber by ionic bonds [17]. 

To protect a fiber from a number of gram-negative 
and gram-positive bacteria, as well as viruses and some 
fungi, the fiber is treated with linear alkylammonium 
compounds, containing alkyl chains of 12–18 carbon 
atoms. The presence of the perfluorinated group in 
the molecules, the number of ammonium groups, and 
the length of the alkyl chain affect the effectiveness of 
the preparation during operation [18]. As an example, 
such compositions as BioGuard (produced by AEGIS 
Microshield), as well as Sanigard KC and Sanitized 
(released by LN ChemicalIndustries) can be presented. 
The main disadvantage of using these compounds for 
finishing is their low resistance to wet treatments. 

Another group of antimicrobial agents is based on 
2,4,4′-trichloro-2'hydroxydiphenyl ether (metronidozole 
as the trade name). This substance exhibits an antibacterial 
activity against all types of bacteria, as well as some 
viruses and fungi [19, 20]. The mechanism of its 
action is to destructure the cell membranes by blocking 
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biosynthesis of phospholipids, lipopolysaccharides, and 
lipoproteins [21]. 

A number of products (BIOFRESH (USA), Irgaguard 
by BASF etc.) for treatment of synthetic and artificial 
fibers have been released on its basis. The compositions 
are applied both for introduction into the fiber at the fiber-
formation stage and for impregnation of the fabrics [22].

However, in case of metronidazole, there is a number 
of problems, one of which results from its frequent use 
in toothpastes, creams, deodorants, and medicines. Such 
a wide distribution of the substance and the consumers’ 
constant contact with it contributes to the emergence 
of metronidazole-resistant bacterial strains [23]. 
Another important disadvantage of this compound is its 
photochemical transformation in aqueous solutions into 
the toxic 2,8-dichlorodibenzo-n-dioxin [24, 25]. 

In some cases, polyelectrolytes, both natural and 
synthetic, are applied to impart antibacterial properties to 
textile materials. Most often chitosan and polyguanidine 
are used. Chitosan is a natural polymer, extracted from 
the exoskeleton of the crustaceans by chitin deacetylation. 
Chitosan possesses hydrophilic properties, is nontoxic 
and biocompatible; therefore, it is successfully used in 
finishing of fabrics made of cotton, wool, and polyester 
[26–28]. Positively charged primary amino groups of 
chitosan interact with negative charges on the microbes’ 
surface. In this case, the antibacterial effectiveness 
is determined by the degree of polymerization and 
deacetylation of the polymer, its molecular weight, and 
the medium pH. With an increase in the positive charge 
density in the chitosan polymer chain during complexation 
with the ions of divalent metals—copper, zinc, and iron, 
it is possible to obtain a highly biocidal composition 
for textile finishing [28, 29]. The main disadvantage, 
restraining the use of chitosan in the finishing processes, 
is its exact requirements to the environment and the 
temperature regime, as its viscosity and molecular weight 
can change with an increase in the temperature, and its 
antibacterial effectiveness is preserved in an extremely 
narrow pH range of 6.3–6.5. 

Polyhexamethylene guanidine (PHMG) belongs 
to polycationic amines (polyalkylene guanidines). In 
general, these polyelectrolytes are applied as a biocidal 
disinfectant, mainly, in the form of its salts of phosphoric 
or hydrochloric acids. Their disinfecting effect is based 
on the leakage of cytoplasmic materials during the 
destruction of the microbial cell membranes [30, 31]. 
A number of works by foreign researchers are devoted 

to the development of PHMG-based finishing agents 
[30]. The factor, restraining a wide application of this 
compound, is the selectivity of its action on certain types 
of microorganisms, and its tolerance to other classes of 
pathogens [32]. 

When used for textile materials finishing, n-galamines 
make a biocidal effect on a wide range of microorganisms. 
These substances are heterocyclic organic compounds, 
containing one or two covalent bonds between nitrogen 
and halogen in their composition. The halogen in this 
situation can be chlorine, bromine, or iodine [33, 34]. The 
destruction of microorganisms in this case is associated 
with the interaction of the chlorine cations with the 
microorganisms’ acceptor parts, occurring in an aqueous 
medium during the electrophilic substitution of hydrogen 
atoms for halogen atoms [33, 17]. The disadvantage of 
using these chemicals is a possible decrease in the strength 
characteristics of the treated materials and a sharp smell, 
resulting from the excessive amount of chlorine on the 
fiber [33, 34]. 

Unlike synthetic agents, natural preparations obtained 
from herbs and plants are devoid of such disadvantages. 
They include substances based on terpinoids [35, 36], 
lectins, and polypeptides [37, 38], flavonoids [39–41], 
quinones [42, 43], tannins [44, 45], and coumarins [46–48]. 
They are safe, readily available, non-toxic when used by 
humans, and have no negative impact on the environment. 
Amino acids and peptides can also be referred to as natural 
compounds with protective properties [49, 50]. There is a 
number of theories [46, 49–53], explaining the mechanism 
of action of natural substances as antimicrobial agents; 
however, all of them are currently hypothetical. 

Such substances have been studied as antimicrobial 
peptides, exhibiting a high bacterial activity against gram-
positive microorganisms, as plectazine, [49, 50, 54], or, 
for example, L-cysteine, applied for antibacterial finishing 
of woolen fibrous materials [55].

The biocidal activity of metals: copper, silver, cobalt, 
zinc, their oxides, and salts has been studied. The 
oxidative stress under the influence of metals and their 
compounds causes damage to the cellular proteins, lipids, 
and DNA of pathogenic microorganisms. In addition, 
metal ions can bind to some donor ligands (O, N, and 
S) and replace the source metals in biomolecules, which 
leads to the cell death [56, 57].

Conventionally, silver-based agents are used for 
antibacterial finishing. Textile materials, treated with 
the application of silver-containing compositions, are 
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successfully used to prevent nosocomial infections. 
Silver has specific properties, which positively affect the 
immune defense of the human body. Products with such a 
finish are hypoallergenic and can have a beneficial effect 
on people suffering from skin diseases.

For bactericidal finishing of cellulose-containing 
fabrics, Russian enterprises most frequently use a “line” 
of products under the Sanitized trademark: Sanitized  
T99-19 based on a quaternary silicon compound, 
Sanitized T25-25 based on silver chloride, and Sanitized 
T96-21 based on triclosan. Sanitized T99-19 possesses 
the best protective properties and has a destructive effect 
on the cellular structure of pathogenic microorganisms. 
This product forms a strong chemical (covalent) bond 
with cellulose molecules, forming a mesh structure that 
prevents the human-hostile microflora from penetration 
on the fiber surface [58].

In addition to Sanitized, under the finishing production 
conditions, compositions by the RUDOLF GROUP 
Company under such tradenames as RUCO-BAC CID, 
RUCO-BAC MED are used. They are based on chemicals 
based on trialzol, silver salts, a mixture of quaternary 
ammonium compounds, and diphenylalkane derivatives.

It should be noted that at present, Russian enterprises 
mainly use products of foreign manufacturers for 
bactericidal finishing. The main disadvantage of such 
agents is their high cost.

Antimicrobial Agents Based on Silver Nanoparticles  
and Their Application Technologies

The current trend in production of textile materials 
with antibacterial finishing is the use of silver hydrosols 
[59, 60]. Nanoparticles of this metal have a detrimental 
effect on antibiotic-resistant strains of bacteria; the 
effectiveness of their application is higher as compared 
to a number of well-known antibiotics, for example, 
penicillin and its analogues [61]. Silver exhibits a 
significant fungicidal effect even at minimal (0.1 mg/L) 
concentrations. Other things being equal, it is superior 
to chemicals based on strong oxidizing agents and, 
first of all, chlorine compounds (lime chloride, sodium 
hypochloride etc.) [62]. Thus, silver nanocomposites 
have major advantages over other antibacterial and 
antimicrobial agents.

In works of Russian and foreign researchers, much 
attention is paid to the creation of nanoscale antimicrobial 
products based on silver nanoparticles (NPAg) and the 

development of technologies for biocidal finishing of 
textile materials with their application [63–67].

At the moment, the effectiveness of nanosilver in 
the fight against pathogenic microorganisms is beyond 
doubt. Silver nanoparticles are harmless to the human 
body. Acting as an inhibitor, they limit the activity of 
the enzyme responsible for oxygen consumption by 
unicellular bacteria, viruses, and fungi. At the same time, 
silver ions bind to the outer and inner proteins of the 
bacterial cell membranes, blocking cellular respiration 
and reproduction [68].

The authors of work [69] have demonstrated a 
possibility of NPAg synthesis through the reduction of its 
salts in bast fiber extracts.

Based on the study of the impact of the quantitative 
yield of impurities in the extract on the efficiency of 
formation of nanoparticles 4–50 nm in size, the Nanotex 
product has been developed.

The synthesized silver sols can be successfully 
applied to impart an antimicrobial activity to materials 
of various types (non-woven and woven) made of both 
natural and synthetic fibers. The antimicrobial activity 
of materials is recorded even at the minimum content 
of nanoparticles in them (0.07 wt %); moreover, the 
resistance to microbiological destruction reaching up 
to 90–96 % is preserved after a prolonged (10–14 days) 
contact of the nanocomposites with soil microflora. 
The developed method includes several stages and is 
environmentally safe.

In production of sets of uniforms and professional 
clothing and footwear made of natural materials 
(leather) for employees of the military-industrial 
and oil and gas complexes, compositions with silver 
nanoparticles stabilized with oleic acid are used as 
a biocidal agent. These preparations exhibit a well-
pronounced microbicidal effect against the colonies of 
the Escherichiacoli and Bacillussubtilis bacteria [70].

Another option to stabilize NPAg-based nanocomposites 
are cationic polyelectrolytes, which differ in the 
polymerization degree and the charge density along 
the length of the polymer chain. It is believed that they 
contribute to an increase in the antibacterial activity of 
silver-containing products. In any case, the use of cationic 
polyelectrolytes in a certain concentration [69] increases 
the affinity of the composition to the cellulose fiber, which 
strengthens the antibacterial effect and makes it more 
durable.
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When implementing bactericidal finishing of 
synthetic materials, it is an effective solution to combine 
nanomodification with plasma treatment, due to which the 
fabrics do not only become biocidal, but also hydrophilic, 
which is important for such materials [71].

For cellulose-containing materials, a method to give 
them antibacterial properties using silver hydrosol (C = 
0.0185 %), stabilized with gelatin, has been developed. In 
order to make the finish highly resistant to wet treatments, 
after application of the silver-containing composition, the 
fabric is treated with a solution of quebracho vegetable 
tannins in a concentration of 1.5 %. After such a treatment, 
the ready material retains the required biocidal activity 
after 2 washes and the biostatical characteristics—after 
5 washes [72].

There is a known option to create a dressing material 
in the form of a microfiber matrix with embedded 
aluminum oxyhydroxide particles, on which colloidal 
silver is adsorbed [73]. In this case, the concentration 
of colloidal silver is ~ 0.7 mg/cm2, which ensures high 
antibacterial characteristics of the dressing and its high 
sorption capacity.

The ultrasound can also be successfully applied in the 
practice of medical materials development. The ultrasonic 
treatment of a textile material pre-impregnated with a 
solution containing silver nitrate, ethylene glycol, and 
ammonium hydroxide contributes to the formation of 
nanoscale (80 nm) silver particles [74]. The method is 
quite simple and eco-friendly; however, it creates a well-
pronounced color on the fiber.

All the presented technologies are at various 
development stages, varying from the laboratory stage to 
production tests, and all of them have certain advantages 
and disadvantages. The technology to produce an 
antibacterial composition and apply it to obtain hosiery 
with an antibacterial effect, presented in work [69], has 
been introduced into production.

Microencapsulation as a Promising Method  
to Create Antibacterial Agents

In recent years, the method of encapsulating 
bactericidal agents into a shell and creating the so-called 
micro- or nanocapsules has been increasingly used. The 
microencapsulation technologies make it possible to 
obtain long-acting products, which are safe for humans, 
applying minimal concentrations of active substances 
and constantly monitoring the release of the active agents 
from the capsules [75].

Microencapsulation is used in various industrial 
sectors. Thanks to the application of the innovative 
approach, efficient technologies have been developed 
and unique original products have been manufactured 
to be successfully used in various spheres of the human 
life: from agriculture (microencapsulated insecticides, 
vitamin supplements) to medicine and cosmetology 
(microcapsules with medications, essential and fatty oils, 
probiotics etc.).

Microencapsulation is a process of enclosing the 
functional substance into a shell, protecting it from 
evaporation, contamination, and the effect of other 
environmental impacts and allowing the substance to 
release in a prolonged manner [76, 77].

The intensity of the active material release from the 
microcapsule core depends both on the thickness and the 
material of the shell, and on the external conditions of the 
temperature, pH, biodegradation etc. [78, 79].

The currently applied microencapsulation methods 
can be divided into 3 types (Table 1):

—chemical;
—physical [80]; and
—physicochemical [81, 82]. 

Table 1. Microencapsulation methods according to classifica-
tion proposed in 2011 [80]

Method Application
Suspension polymerization Textile
Emulsion polymerization Pharmaceuticals
Dispersion method Biological sciences
Interphase method Plant protection, catalysis, 

pharmaceuticals
Suspension stitching Pharmaceuticals
Extraction 
Spray drying
Coacervation
Condensation of vapors Pharmaceuticals, food 

industry
Crystallization from melts Food industry
Deposition Food industry
Co - extrusion Biological sciences
Fluidized bed coating Biomedicine
Freezing Biological sciences
Disk rotation Pharmaceuticals
Impregnation method Pharmaceuticals



RUSSIAN  JOURNAL  OF  GENERAL  CHEMISTRY  Vol.  91  No.  12  2021

2764 PETROVA et  al.

In each specific case, the choice of the method is 
determined by a whole number of factors, the main 
of which are the properties of the substance to be 
encapsulated, the material costs of the process, and the 
required characteristics of the final product. 

The physical microencapsulation techniques include 
methods in which the capsules are formed without any 
chemical interaction: phase separation, suspension 
crosslinking, simple and complex coacervation, spray 
drying, crystallization from the melt, evaporation of the 
solvent, co-extrusion, layering, fluidized-bed spraying, 
deposition etc. [83–85].

Microencapsulation by emulsion or interphase 
polymerization, by the dispersed and interphase methods 
is referred to as a chemical way to produce encapsulated 
preparations [86]. In this case, the shells of the microcapsules 
are formed during polymerization of monomers or during 
intra- and inter-macromolecular reactions of polymers and 
oligomers, whose functional groups participate in chain 
growth or crosslinking reactions.

The formation of polyelectrolyte capsules by the 
electrostatic self-assembly technique, called “layer-by-
layer,” is a chemical method as well. It was developed by 
researchers of the Max Planck Institute in 1998 [87, 88] 
and was first used to create ultrathin monolayer polymer 
films on a macroscopic substrate. In 1966, the authors 
of work [89] proposed to apply alternate adsorption for 
the assembly of films. In 1991, Decher and co-authors 
considered a method to produce polyelectrolyte films, 
involving alternating adsorption of polycations and 
polyanions on a substrate [90]. The method is based on 
the selection of a certain solid micro-core (template), 
which can be represented by polystyrene, silicon dioxide 
[91], calcium carbonate [92], cadmium carbonate particles 
etc., on which the oppositely charged polyelectrolytes 
are sequentially applied, forming a multilayer coating. 
Subsequently, this core is dissolved and removed.

The capsule core is most frequently removed by 
dissolution. The material, forming the micro-core, 
influences such characteristics of the capsule as the 
shape, the shell permeability, the morphology and the 
rate of the core extraction from the capsule. When 
encapsulating medications, it is most convenient to use 
calcium carbonate as the core, as it has a porous structure 
and, as a result, a large sorption capacity, which makes it 
possible to apply it to encapsulate a wide range of drugs. 
In addition, it possesses biocompatibility and a possibility 
to be removed by biodegradation [93]. It should be noted 

that calcium carbonate templates are most frequently 
used in encapsulation processes. The application of 
silicon dioxide is limited by complications associated 
with its dissolution, as the process requires hydrofluoric 
acid. Polystyrene and melamine formaldehyde also have 
difficulties dissolving. 

The capsule shells around the template are formed 
using synthetic (polystyrene sulfonate, polyacrylic 
acid, polydialyl dimethylammonium chloride etc.) and 
biocompatible polyelectrolytes (hyaluronic acid, sodium 
alginate, chitosan, L-lysine etc.). Their formation is 
accompanied by electrostatic interaction, and the presence 
of hydrogen forces and hydrophobic interactions is also 
possible [94–96]. The oppositely charged macromolecules 
of the polyelectrolyte alternately form layers around the 
capsule core and thus a shell of any thickness can be 
formed [97–99].

In case of applying melamine-formaldehyde latex 
particles and tetrahydrofuran as templates [98–100], 
organic solvents are used.

Modifications of microcapsules can be carried out 
in three ways: by synthesis of nanoparticles in the 
polyelectrolyte shell, for example, gold nanoparticles 
[101–104], by incorporation into the core or by adsorption 
of the stabilized nanoparticles in the polyelectrolyte shell 
[105, 106].

A technology to synthesize microcapsules by 
sequential adsorption of chitosan and xanthan gum 
polyelectrolytes on calcium carbonate templates has 
been developed. Silver nanoparticles are included into 
the capsule shell and a biologically active agent is found 
in the core. Immobilization of multilayer microcapsules 
on the fibrous material is provided by the system of 
polyelectrolytes: the positively charged chitosan and the 
negatively charged xanthan gum. The developed method 
makes it possible to impart antibacterial and antimycotic 
properties to textile materials [106].

The described methods of giving antimicrobial 
properties to textile materials are currently rapidly 
developing, which is due to the complex epidemiological 
situation in the world.
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