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This article presents data on the development of cellulose textile materials with antimicrobial properties using 

zinc acetate and alkyldimethylbenzylammonium chloride. Cellulose textile materials are promising carriers of 

antimicrobial agents. These fabrics have good absorbability, which facilitates their treatment with antimicrobial agents 

and ensures easy passage and retention of flow and wound compartments. The aim of this work is to obtain cellulose 

textile materials with antimicrobial properties. Studies on the effect of the proposed compositions on the coefficient of 

resistance to microbiological destruction of cellulose textile materials have been carried out. The effect of various 

antimicrobial preparations on the microbiological resistance of textiles has been studied. The properties and structure 

of the objects of research, as well as the mechanism of interaction of the applied components have been studied. The 

studies have shown that the modified cellulose textile materials acquire antimicrobial properties and are not destroyed 

by microorganisms under operating conditions while maintaining optimal physical and mechanical properties, 

hygienic properties, stable antimicrobial effect, ensuring safety of use, as well as protection from the impact of 

pathogenic microflora. The advantage of the developed compositions is the availability of the materials used and a 

simple technological process for the production of biostable cellulose textile materials of different weave and different 

surface density. 
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В статье представлены данные по разработке целлюлозных текстильных материалов с 

антимикробными свойствами с применением ацетата цинка и алкилдиметилбензиламмония хлорида. 

Целлюлозные текстильные материалы являются перспективными носителями антимикробных препаратов. 

Данные полотна обладают хорошей впитываемостью, что позволяет облегчить процесс их обработки 

антимикробными препаратами, обеспечить легкость прохождения и удерживания пото- и раневых отделений. 

Целью данной работы является получение целлюлозных текстильных материалов с антимикробными 

свойствами. Выполнены исследования по влиянию предлагаемых композиций на коэффициент устойчивости к 

микробиологическому разрушению целлюлозных текстильных материалов. Исследовано воздействие 

различных антимикробных препаратов на микробиологическую стойкость тканей. Изучены свойства и 

структура объектов исследования, а также механизм взаимодействия применяемых компонентов. 

Проведенные исследования показали, что модифицированные целлюлозные текстильные материалы 

приобретают антимикробные свойства и не разрушаются микроорганизмами в условиях эксплуатации с 

сохранением оптимальных физико-механических свойств, гигиеничностью, устойчивым антимикробным 

эффектом, обеспечивающих безопасность использования, а также защиту от воздействия патогенной 

микрофлоры. Преимуществом разработанных композиций является доступность используемых материалов и 

простой технологический процесс для изготовления биоустойчивых целлюлозных текстильных материалов 

различного переплетения и поверхностной плотности. 

 

Ключевые слова: антимикробность, аппретирование, текстильный материал, микробио- 

логическое разрушение, антимикробная обработка, заключительная отделка. 

mailto:d.kulmairam@mail.ru
mailto:d.kulmairam@mail.ru
https://orcid.org/0000-0001-5674-7603


Алматы технологиялық университетінің хабаршысы. 2023. №4. 

32 
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ТЕКСТИЛЬ МАТЕРИАЛДАРЫН АЛУ 

К.Ж. ДЮСЕНБИЕВА* 
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Ғылыми жұмыста мырыш ацетаты мен алкилдиметилбензиламмоний хлоридін қолдана отырып, 

микробқа қарсы қасиеттері бар целлюлозалық тоқыма материалдарын жасау туралы мәліметтер 

ұсынылған. Целлюлоза тоқыма материалдары микробқа қарсы препараттардың перспективалы 

тасымалдаушылары болып табылады. Өңделген текстиль жаймасы жақсы сіңіргіштікке ие, бұл оларды 

микробқа қарсы препараттармен өңдеу процесін жеңілдетуге, тер мен жараның өтуін және сақталуын 

жеңіл өтуіне мүмкіндік береді. Аталған жұмыстың мақсаты целлюлозды текстиль материалдарына 

антимикробтық қасиет беру болып табылады. Ұсынылып отырған композицияның целлюлозалық 

текстиль материалдарының микробиологиялық тұрақтылық коэффициентіне әсері зерттелді. Әртүрлі 

антимикробтық препараттардың матаның микробиологиялық тұрақтылығына әсерлері де анықталды. 

Зерттеу нысандарының қасиеттері мен құрылымы, сондай-ақ ұсынылған компоненттердің өзара 

әрекеттесу механизмі зерттелді. Зерттеулер көрсеткендей, модификацияланған целлюлозды текстиль 

материалдары тұрақты биоцидтік қасиеттерге ие болады және тұтыным кезінде оңтайлы физика- 

механикалық, гигиеналық қасиеттерін сақтай отырып микроорганизмдердің әсерінен бұзылысқа түспейді, 

сондай-ақ қолдануда қауіпсіз, патогендік микрофлораның әсеріне тұрақты. Әзірленген композициялардың 

артықшылығы-қолданылатын материалдардың қол жетімділігі және әртүрлі текстиль материалдарына, 

әртүрлі беттік тығыздықтағы биотұрақты целлюлоза тоқыма материалдарын өндірудің қарапайым 

технологиялық процесі болып табылады. 

Негізгі сөздер: анмикробтық, аппреттеу,текстиль материалы, микробиологиялық бұзылу, 

антимикробтық өңдеу, соңғы өңдеу. 
 

Introduction 

In recent years, the need to create completely 

new antibacterial and antifungal fiber materials, as 

well as products made of them, necessary not only 
for use in the home, but also for medical 

applications, has arisen. A healthy body is one of 

the basic human requirements, but the growth of 
harmful pathogens has challenged researchers to 

create antimicrobial textile materials. However, 

textiles serve not only as a substrate for the growth 
of microorganisms, but can also be an active carrier 

of microbes. Infection of textile materials results 

from the adhesion of microorganisms on the 

surface, and it is one of the vital clinical 
complications that causes a high mortality rate. The 

challenge of finding new ways to protect materials, 

including by treating them with biocides, is 
important. Treatment of materials with 

antimicrobial agents will make it possible to create 

materials with preplanned antimicrobial properties. 

In this regard, the work on protection of textile 
materials from the action of microorganisms is 

very relevant [1,2]. 

The main areas of application of 
antimicrobial textile material can be driven by 

consumer requirements of health, comfort, easy 

care and washability. At the same time, giving 
textile materials made of natural fibers resistance 

to bio-damage increases the service life of textile 

products, which allows for additional economic 
effects. Such multiple properties can be achieved 

by developing innovative techniques using various 

finishing agents. 

Antimicrobial activity is one of the most 

important functional properties of cellulose fibers, 
since these fibers are very easily attacked by both 

bacteria and fungi [3]. Excessive microbial growth 

on fibers can cause health and hygiene problems 
for the textile owner, on the one hand, and reduce 

the value of the textile product in use, on the other 

hand. Antimicrobial treatment of textile materials 

should ensure the resistance of this type of finish to 
washing, dry cleaning, not to reduce the physical 

and mechanical properties of the fabric and 

softness of the grip, as well as be environmentally 
safe [4,5]. 

Biodegradation of textile materials caused 

by microorganisms and their products is expressed 

in the appearance of stains of different colors 
depending on the color of the pigment produced by 

fungi, as well as the appearance of musty odor. 

Strength properties are changed, there is a loss of 
mechanical strength, loss of mass and disruption of 

bonds in fibrous materials [6]. 

Natural fibers are the easiest target for 

microbial attack because of their ability to retain 
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moisture. In general, most cellulose and protein 

fibers are attacked by microbes whose enzymes are 

capable of hydrolyzing the polymer bonds in fiber 

materials. Cotton, wool, silk, jute, and linen are the 
most susceptible to microbial attack. Microbial 

growth on synthetic fibers is slower compared to 

their natural counterparts because the polymeric 
backbone does not retain much water [7,8,9]. 

However, a greater risk in the manufacture 

of antimicrobial cellulose fibers is that the 

inclusion of an antimicrobial agent can destroy the 

fiber's biodegradability, which is an important 
characteristic and a significant advantage of 

cellulose fibers from an environmental perspective 

[10,11]. Namely, cellulose fibers are known as 

environmentally friendly fibers because they are 
easily degraded by soil microorganisms [12,13]. 

Therefore, creating antimicrobial activity 

while maintaining fiber biodegradability remains an 
important task that requires careful selection of an 

antimicrobial agent and its concentration. The use of 

antimicrobials to prevent the formation of odor- 

causing compounds by inhibiting bacterial growth 
will serve as a solution to this problem [14,15]. 

Мaterials and research methods 

Before the experimental work, the bleached, 

uncoated cotton fabric was washed in distilled 

water. After drying, the fabric was kept in a 

desiccator to determine the exact sample weight. 
The fabric was processed as follows, according to 

the two formulations: 

Preparation of the composition according to 
1 recipe: rockal 20 % 5-15 g/l; 

Preparation of the composition according to 

2 recipes: zinc acetate 5-15 g/l, urotropin 10 g/l, 

ammonia 10 % 5 g/l. A sample of cotton fabric with 

a size of 200 × 200 mm after determining the exact 
mass on the analytical balances was impregnated 

with the composition on a laboratory two-shaft plus 

with 90% pressing, and drying and heat treatment 

was carried out on needle frames in a drying 
cabinet with a thermostat. After drying and heat 

treatment, the sample was washed in distilled water 

and dried at room temperature. 

Results and their discussion 

Determination of antimicrobial activity of 

samples treated with the proposed compositions 

was carried out in accordance with GOST 9.060– 
75. The results are presented in tables 1,2 and 

figure 1,2. 

Table 1 – Coefficient of resistance to microbiological destruction of modified cotton materials (10 days, 1-recipe) 
 

№ Concentration Breaking load 
(before and after biodestruction), kgf Rockal 20%, 

g/l 10 days 

base % Weft % 

1 5 11,986/10,004 83,46 15,596/10,581 67,84 

2 10 12,979/9,853 75,91 15,640/11,937 76,32 

3 15 13,566/11,743 86,56 13,075/10,699 81,82 

raw material 10,475/7,153 68,28 10,083/6,556 65,02 
 

Figure 1 – Cotton fabric processed according to technology 1, after 10 days of microbiological destruction 

Table 2 – Coefficient of resistance to microbiological destruction of modified cotton materials (10 days, 2-recipe) 
 

№ Concentration Breaking load 
(before and after biodestruction), kgf 

Zinc ace- 
tate g/l 

Urotro- 
pin, g/ l 

Am- 
monia 10% g/l 

10 days 

base % weft % 

1 5  
10 

 
5 

15,132/12,311 80,35 17,447/12,654 72,52 

2 10 14,391/13,261 92,14 15,120/12,897 85,29 

3 15 14,409/13,292 92,24 17,184/13,961 81,24 

raw material 10,475/7,153 68,28 10,083/6,556 65,02 
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Figure 2 – Cotton fabric processed according to technology 2, after 10 days of microbiological destruction 
 

The results obtained indicate that the 

coefficient of resistance to microbiological dest- 

ruction of tissue samples treated with composition 

1 was 86.56% after 10 days of the strips in contact 
with the ground. After modification with 

composition 2, the coefficient of resistance to 

microbiological destruction is 92.24% after 10 
days. For control samples, the coefficient of 

resistance to microbiological destruction is 65.02% 

after 10 days. Of the proposed compositions, a high 
result of the antimicrobial effect is observed in the 

composition 2. The antimicrobial effect of two 

compositions is achieved at an average 

concentration of 10 g/l of rockal preparations of 

20% and zinc acetate, more than 80%. 
According to GOST, a tissue is considered 

resistant to microbiological destruction if the 

coefficient is 80+/-5%. To determine the 

discontinuous characteristics, the RT-250M GOST 
3813-72 bursting machine was used. The results 

are presented in table 3. 

 

Table 3 – Indicators of absolute breaking load of modified samples, kgf 

 

№ Breaking load, kgf Breaking load, kgf 

1-recipe 1-recipe 

base weft base weft 

F (kgf) L(mm) F (kgf) L(mm) F (kgf) L(mm) F (kgf) L(mm) 

1 11,986 43,77 15,596 53,11 15,132 49,57 17,447 57,38 

2 12,979 46,62 15,640 51,40 14,391 42,93 15,120 51,67 

3 13,566 51,17 13,075 48,46 14, 409 39,75 17,184 52,04 

4 10,475 55,34 10,083 46,40 10,475 55,34 10,083 46,40 
 

According to the data obtained, it was shown 

that the breaking load of the treated tissue 

according to the first technology with a 

concentration of 15 g/l of the drug Rokal 20% was 

13.566 kgf, the load of untreated tissue was 10.475 
kgf, there is an increase in breaking characteristics. 

According to the second developed technology, the 

breaking characteristics increase significantly, the 
breaking load of the appretized sample was 15.132 

kgf on the basis, on the duck 17.447 kgf with a zinc 

acetate concentration of 5 g/l, in the untreated base 

10.475 kgf, ducks 10.083 kgf. 
The determination of the low crumpledness 

of modified samples was estimated by the total 

angle of disclosure of folds on the base and duck, 

carried out in accordance with GOST 19204-73 on 
the SMT device. The results of the indicators of 

low crunchability are shown in table 4. 
 

Table 4 – The effect of the concentration of the components of the composition on the indicators of low crumpled cotton 

fabric 

 

№ Concentration Total angle 

of disclosure 
of folds, deg. 

Concentration Total angle 

of disclosure 
of folds, deg. 

Rockal 20% Zinc ace- 
tate g/l 

Urotro- 
pin, g/ l 

Am- 
monia 10% g/l 

1 5 g/l 148 5 10 5 195 

2 10 g/l 159 10 209 

3 15 g/l 203 15 221 

raw material 163 raw material 163 
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When applying the proposed composition, 

the effect of low crumpleability estimated by the 

sum of the opening angles for the first technology 

is 203° at an antimicrobial concentration of 15 g/l, 
at a concentration of 5,10 g/l of 148, 159 °, the 

result of the untreated sample is 163 °. According 

to the second technology, the total angle of opening 
of the folds at the minimum concentration of zinc 

acetate 5 g/l was 195 °, against 163 ° before tissue 

processing. From the data obtained, that the tissue 

is hardly crumpled after treatment with the second 

impregnating composition, significantly exceeds 

the indicator of the low crumpledness of untreated 

tissue. Thus, it can be concluded about the achieved 
effect of a hardly crumpled finish. 

Breathability is an integral characteristic of 

the porosity of a textile material. The determination 
of air permeability was carried out in accordance 

with GOST 12088-77, the results are presented in 

table 5. 
 

Table 5 – Indicators of air permeability of processed samples by proposed technologies 

 

№ Concentration Breathability, 

dm3/m2*s 

Concentration Breathab 

ility, 

dm3/m2*s 
Rockal 20% Zinc ace- 

tate g/l 
Urotro- 
pin, g/ l 

Am- 
monia 10% g/l 

1 5 g/l 169,2 5 10 5 167,7 

2 10 g/l 170,5 10 172,5 

3 15 g/l 168,3 15 169,1 

raw material 161,9 raw material 161,9 
 

According to the results obtained, it was 

shown that the processing of cellulosic materials 

according to the developed technologies does not lead 
to a violation of air and vapor exchange, does not 

prevent the transport of moisture vapors from the 

surface of the human skin to the outer surface of the 

materials, which ensures the maintenance of normal 
thermoregulation functions of the human body. 

The study of the hardness of cotton textile 

materials was carried out in accordance with GOST 
10550-93. The results are presented in table 6. 

 

Table 6 – Hardness indicators of processed samples by proposed technologies 

 
№ Concent- 

ration 

Stiffness 
G/sN 

Elasti- 
city, 
Y,% 

Concentration Stiffness 
G/sN 

Elasti 
- 

city, 

Y,% 
Rockal 

20% 
Zinc ace- 
tate g/l 

Urotro- 
pin, g/ l 

Am- 
monia 10% g/l 

1 5 g/l G=0,5243 64,1 5 10 5 G=0,3871 54,7 

2 10 g/l G=0,5145 68,3 10 G=0,4361 55,8 

3 15 g/l G=0,5782 69,6 15 G=0,4998 52.9 

raw material G=0,3136 58,9 raw material G=0,3136 58.9 
 

According to the data obtained, it can be 

seen that the processing of cellulosic material leads 

to some stiffness according to the first and second 
technologies, the stiffness of the treated material 

was G = 0.5782, compared with the untreated 

material G = 0.3136. 

Conclusions 

New ways of antimicrobial protection and 
preparations for microbiological resistance of textile 

materials were developed. A comparative 

characterization between the two compositions was 
carried out. All compositions were tested for their 

ability to impart antimicrobial properties to the 

treated fabrics. The results obtained show that the 

coefficient of resistance to microbiological 
destruction of fabric samples treated with 

composition 1 - 86.56%, 2 - 92.24%. 

The comparative microbiological resistance 

of cellulose textile materials was evaluated and it 

was found that microbiological destruction 
depends on the nature and structure of the material, 

as well as the conditions under which exposure 

occurs. The effect of a number of biocides on the 

biostability and antimicrobial properties of textile 
materials has been studied. Methods to protect 

materials from the effects of microorganisms in 

order to preserve their consumer properties have 
been developed. 
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Coarse sheep wool and wastes from the production of woolen yarns are currently considered to be a special 

waste that requires large disposal costs due to low market demand. For this reason, wool has serious consequences for 

the environment. However, this type of raw material is considered a promising insulating natural fiber due to its 

thermal and acoustic properties. Moreover, wool meets the requirements of environmentally friendly materials that 

are used for yurts, insulation of buildings, and acoustic insulation for the automotive industry. Nevertheless, the 

sustainability and energy efficiency of insulation materials are currently evaluated comprehensively. In this context, 

the correctness of the composition of nonwoven fabric, its thickness and strength characteristics, as well as the number 

of layers play an important role. The purpose of this work is to study the relationship between strength characteristics 
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