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Abstract. Modern advances in nanotechnology open up new opportunities 
for the development of fundamentally new technological processes for obtaining 
nanoscale antibacterial materials.  The main promising direction of expanding the 
range and improving the properties of textile materials of different composition is 
the modification of existing fibers and finished textile materials in order to give 
them new properties. This article presents data on the development of cellulose 
textile materials with antimicrobial properties using copper nanoparticles. The 
synthesis of copper nanoparticles was carried out by reducing copper sulfate in 
aqueous medium in the presence of ascorbic acid reducing agent, the optimal 
conditions for the synthesis were selected. The effect of copper concentration, 
reducing agent, stabilizer on the synthesis of copper nanoparticles was investigated. 
The resulting nanoparticles are stable, spherical in shape, 20-65nm in diameter, not 
subject to sedimentation and do not change color for up to 3-4 weeks. Electron 
microscopic images confirm the appearance of a thin polymer film on the surface 
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of cellulose fibers and indicate a change in the morphological surface of treated 
samples compared with untreated samples. The physicochemical and antibacterial 
properties of cellulose materials modified with copper nanoparticles were studied. 
To find out the effectiveness of antimicrobial treatment for textile products, 
microbiological studies to the effects of microorganisms were carried out.  With 
increasing concentration of nanoparticles in the treated samples, the zone of 
inhibition by microorganisms increases. Cellulose materials modified with copper 
nanoparticles were shown to have antibacterial activity. 

Keywords: cellulose textile materials, modification, copper nanoparticles, 
ascorbic acid, polyethylene glycol, antimicrobial properties 
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Аннотация.  Нанотехнология саласындағы заманауи жетістіктер 
наноөлшемді бактерияға қарсы материалдарды алудың принципті жаңа 
технологиялық процестерін дамыту үшін жаңа мүмкіндіктер ашады. Құрамы 
əртүрлі тоқыма материалдарының ассортиментін кеңейтудің жəне 
қасиеттерін жақсартудың негізгі даму бағыты қолданыстағы талшықтар мен 
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дайын тоқыма материалдарына жаңа қасиеттер беру үшін модификациялау 
болып табылады. Мақалада мыс нанобөлшектерін пайдалана отырып, 
микробқа қарсы қасиеттері бар целлюлозды тоқыма материалдарын жасау 
туралы деректер берілген. Мыс нанобөлшектерінің синтезі аскорбин 
қышқылын тотықсыздандыратын заттың қатысуымен сулы ортада мыс 
сульфатын тотықсыздандыру арқылы жүзеге асырылды, синтездің оңтайлы 
шарттары таңдалды. Мыстың, тотықсыздандырғыштың жəне 
тұрақтандырғыштың концентрациясының мыс нанобөлшектерінің синтезіне 
əсері зерттелді. Алынған нанобөлшектер тұрақты, сфералық пішінді, 
диаметрі 20–65 нм, тұнбаға ұшырамайды жəне 3–4 аптаға дейін түсін 
өзгертпейді. Электрондық микроскопиялық суреттер целлюлоза 
талшығының бетінде жұқа полимерлі қабықтың пайда болуын растайды жəне 
өңделмеген үлгілермен салыстырғанда өңделген үлгілердің морфологиялық 
бетінің өзгеруін көрсетеді. Мыстың нанобөлшектерімен модификацияланған 
целлюлоза материалдарының физика-химиялық жəне бактерияға қарсы 
қасиеттері зерттелді. Тоқыма бұйымдарының микробқа қарсы емдеудің 
тиімділігін анықтау үшін микроорганизмдердің əсеріне микробиологиялық 
зерттеулер жүргізілді. Өңделген үлгілердегі нанобөлшектердің 
концентрациясының жоғарылауымен микроорганизмдердің тежелу аймағы 
ұлғаяды. Мыс нанобөлшектерімен модификацияланған целлюлозды 
материалдардың бактерияға қарсы белсенділігі бар екені дəлелденді. 

Түйін сөздер: целлюлоза тоқыма материалдары, модификациясы, мыс 
нанобөлшектері, аскорбин қышқылы, полиэтиленгликоль, микробқа қарсы 
қасиеттері 
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Aннотация. Современные достижения в области нанотехнологии 
открывают новые возможности для разработки принципиально новых 
технологических процессов получения наноразмерных антибактериальных 
материалов. Основным перспективным направлением расширения 
ассортимента и улучшения свойств текстильных материалов различного 
состава является модификация уже существующих волокон и готовых 
текстильных материалов с целью придания им новых свойств. В статье 
представлены данные по разработке целлюлозных текстильных материалов с 
антимикробными свойствами с применением наночастиц меди. Синтез 
наночастиц меди осуществляли путем восстановления сульфата меди в 
водной среде в присутствии восстановителя   аскорбиновой кислоты, 
подобраны оптимальные условия синтеза. Исследовано влияние 
концентрации меди, восстановителя, стабилизатора на синтез наночастиц 
меди. Образующиеся наночастицы стабильны, имеют сферическую форму, 
диаметром 20-65нм, не подвержены седиментации и не меняют цвет до 3–4 
недель. Электронно-микроскопические изображения подтверждают 
появление тонкой полимерной пленки на поверхности целлюлозного волокна 
и указывают на изменение морфологической поверхности обработанных 
образцов по сравнению с необработанными образцами. Были изучены 
физико-химические и антибактериальные свойства целлюлозных материалов, 
модифицированных наночастицами меди. Для выяснения эффективности 
антимикробной обработки для текстильных изделий были проведены 
микробиологические исследования к воздействию микроорганизмов.  C 
увеличением концентрации наночастиц в обработанных образцах зона 
ингибирования микроорганизмами возрастает. Показано, что целлюлозные 
материалы, модифицированные наночастицами меди, обладают 
антибактериальной активностью. 

Kлючевые слова: целлюлозные текстильные материалы, 
модификация, наночастицы меди, аскорбиновая кислота, полиэтиленгликоль, 
антимикробные свойства 

Introduction 
Textiles are one of the most widely used materials in industry and 

households. Recently, much attention has been paid to surface modification of 
textiles to give a wide range of new high-quality materials with specified properties. 
One of the leading positions in this direction is taken by antimicrobial finishing of 
textile materials (Agrawal, 2020; Wasim, 2020; Gulati, 2021). Consumer demand 
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for clothing and textile products with improved hygienic properties increases every 
year. Textile materials with antimicrobial properties are used to make clothing, 
linen, dressings, sanitary and hygienic products, and are effective as protective 
agents against infections. When developing new antimicrobial agents it is necessary 
to consider a number of criteria: the drug should be effective against a wide range 
of bacteria and fungi, and at the same time be non-toxic to the body, not to cause 
allergies or irritation. Copper nanoparticles are currently of considerable interest 
and can replace more expensive noble metals in nanoform. This is because these 
particles have a unique set of valuable properties. One of them is a pronounced 
biological antimicrobial activity due to which copper nanoparticles can be used in 
ecological and medical purposes, in food packing and textile material production 
(Vincent, 2017; Review Article Copper, 2015; Nieto-Maldonado, 2022; Burkitbay, 
2014). The unique properties of medical textiles and a huge number of potential 
applications encourage many scientists, research groups and centers around the 
world to focus their work on more efficient and safe ways to produce textile 
materials and products modified with copper nanoparticles. Cellulose textile 
materials with antibacterial properties modified with copper nanoparticles have 
been developed (Tausarova, 2017; Таусарова, 2018; Román, 2020; Turakhia, 
2020; Hassabo, 2019). 

Modification of textile materials with environmentally safe compounds 
such as copper nanoparticles to give them effective biocidal properties for medical 
and sanitary-hygienic products, dressings, fabrics and textiles, various types of 
packaging materials and containers, is a relevant area.   

          Purpose of work: synthesis of copper nanoparticles in the presence 
of polyethylene glycol, determination of optimal synthesis conditions, imparting 
antibacterial properties to cellulose materials due to fixation of copper NFs on the 
surface of fibers. 

Experimental part 
Synthesis of copper nanoparticles was performed by recovering an aqueous 

solution of copper sulfate. As a stabilizer, ascorbic acid and polyethylene glycol 
were used as stabilizers. The structure and size of the product largely depend on the 
reaction conditions of the copper sulfate concentration. 

Research facilities: JSC "Almaty Cotton Plant" fabric and chemical 
compounds producer, copper sulfate, ascorbic acid, polyethylene glycol (PEG). 

Copper (II) sulphate ― colorless, very hygroscopic in the form of 
anhydrous substance. Crystalloglyphates are hygroscopic non-transparent crystals 
of blue color with a bitter taste. Copper (II) sulfate is easily soluble in water, 
disinfectant, antiseptic, has viscosity, density 3,64 g / cm3. It is used in medicine, 
plant growing as an antiseptic, fungicide or copper-sulfur fertilizer. 

Ascorbic acid - white crystals with a sharp sour taste. The melting point of 
ascorbic acid is 192 degrees Celsius (under normal conditions). Ascorbic acid is 
solid. Although this ester does not dissolve in organic solvents such as chloroform 
or benzene, it does not dissolve easily in water or alcohol. It is easily oxidized and 
therefore participates in oxidative-regenerative processes. 

https://www.sciencedirect.com/science/article/abs/pii/S2213343722000033#!
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Polyethylene glycol ― viscous, gel-like synthetic substance obtained by 
ethyleneoxide polymerization. Density - 1,1–1,2g / cm3. The main properties of 
polyethylene glycol are increased solubility of substances. 

Research methods 
Synthesis of copper nanoparticles composites was performed by recovering 

copper sulphate in an aqueous solution in the presence of ascorbic acid. Synthesis 
of copper nanoparticles was performed by recovering an aqueous solution of copper 
sulfate. Ascorbic acid was used as a regenerating agent. The structure and size of 
the product largely depend on the reaction conditions of the copper sulfate 
concentration. Copper nanoparticles of various sizes are obtained by increasing the 
reaction time. 

The nanoparticles were synthesized in accordance with the following 
procedure: equivalent to 100 ml of aqueous solution of copper (II) sulfate (C = 0.1–
0.3 mol / l), an equal volume of ascorbic acid (0.1–0.4 mol / l), I added 10 % sodium 
hydroxide to a specific pH of 8–11. An additional polyethylene glycol (0.1–0.3 mol 
/ l) was added as a stabilizer. 

Spectrophotometric research. The interaction of the composition with the 
macromolecule of the cellulose was studied by the spectrophotometric method 
(JENWAY). 

Microscopic studies were performed using electron scanning microscopy 
(JSM-6510LA). 

Microbiological research. Passed through a bacteriological analyzer 
(BakTrak4300), which automatically tracks the growth of microorganisms. 

 Results and discussion 
The synthesis of copper nanoparticles was performed by reducing an 

aqueous solution of copper sulfate. Ascorbic acid was used as a reducing agent and 
polyethylene glycol as a stabilizer. Ascorbic acid, unlike the most commonly used 
for copper reduction, is safe for humans, and the proposed process corresponds to 
the concept of "green chemistry. 

CuSO4 + С6H8O6 +2NaOH → Cu + Na2SO4+ С6H8O7+H2O. 
Chemical reduction is a multifactorial process and depends on the selection 

of the oxidizer-reductant pair, their concentrations and conditions of the process. 
To determine the optimal concentrations of the initial components a series of 
experiments were carried out (Table 1). 

 Table 1 - Initial concentration 
    No Initial substance concentration, mol /l 

    CuSO4 PEG C6 H8O6 
1 0.3 0.05 0.05 
2 0.3 0.1 0.1 
3 0.3 0.2 0.3 
4 0.05 0.05 0.1 
5 0.1 0.1 0.1 
6 0.3 0.2 0.1 
7 0.1 0.3 0.2 
8 0.3 0.2 0.4 
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When studying the effect of initial CuSO4 solution concentration in the 
range of 0.05–0.3 mol/L, the absorption maximum increases at 525 nm (Fig. 1). 
The color of the solution changes from pale yellow to saturated green. 

Figure 1- Influence of copper sulfate concentration on optical absorption spectra of copper 1 - 
0.05 mol / l; 2 - 0.1 mol / l; 3- 0.3 mol / l 

As can be seen from Fig. 2 with increasing ascorbic acid concentration in the 
range of 0.1÷0.3 mol/l, there is an increase in the intensity in the absorption band 
maximum at 575 nm. The ascorbic acid concentration of 0.3 mol/L was chosen as 
optimal. When using concentrations greater than 0.3mol/l, a brown precipitate falls 
out, which contains metallic particles with an average size of about 470 nm. 
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Figure 2- Influence of copper sulfate concentration on optical absorption spectra of copper. 1 - 0.1 
mol /l; 2 - 0.2 mol /l; 3- 0.3 mol /l 

Figure 3 - Effect of polyethylene glycol concentration on the optical absorption spectra of 
copper: 1–0.1 mol /l; 2–0.2 mol /l; 3–0.3 mol /l 

Известно, что изменение значений рН может контролировать форму и 
размер НЧ. Количество образующихся наночастиц возрастает с увеличением 
pH (рис. 4). 

Figure 4 - The effect of pH on the optical absorption spectra of copper  
pH 1 = 5-6; pH 2 = 7-8; pH 3 = 8-9. C (CuSO 4) = 0.1 M; C (C6H8O6) = 0.1 M 
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In order to measure the size of nano-particles and study their aggregative 
stability, electron scanning microscopy was carried out. The study of the presented 
samples (Fig. 5a) showed that copper particles ranging in size from 44–97 nm were 
formed, increasing the initial concentration of CuSO4 leads to an increase in the 
size of nanoparticles up to 1.58 µm (Fig. 5b).  
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    a             b 
Figure 5. Copper nanoparticles with electron scanning microscopy (ESM), 

C CuSO4 - 0.05 mol/l (a), C CuSO4 - 0.3 mol/l (b) 

To find out the effectiveness of anti-microbial finishes for textiles, 
microbiological studies to the effects of bacteria and the mold fungus Pennicillium 
brevi were conducted (fig.6). The diameter of the inhibition zone reflects the 
magnitude of microbial susceptibility. 
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Figure 6 - Growth of Pennicillium brevi mushrooms in cotton specimens : unprocessed 
sample (a) sample treated with copper nanoparticles of different concentrations b-0.1 mol / l ; с -

0.3 mol / l; d -0.4 mol / l; 
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These figures how an increase in the microbiological organisms in the 
processed specimens (fig.6,b,c,d) and a decrease in the unprocessed one 
(fig.6,a). Как видно с увеличением концентрации наночастиц в обработанных 
образцах зона ингибирования плесневых грибков Pennicillium brevi 
возрастает. 

Conclusion 
Optimal conditions for the synthesis of copper nanoparticles and cellulose 

processing were developed. A composition based on ascorbic acid and copper 
sulphate for antimicrobial processing of cotton was developed.  

The effect of the concentration of copper, reducing agent, stabilizer on the 
synthesis of copper nanoparticles was investigated. 

It was found that the treatment with the selected composition gives 
antimicrobial properties of the treated fabric, improves the indicators of physical 
and mechanical characteristics. 
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	Введение
	Солёные озера Мойылды и Тузкала располагаются в северной области Казахстана и содержат большие объемы нативной грязи, толщиной слоя около 0.6 м. Они были популярны среди местного населения издревле. Если на базе грязевых запасов озера Мойылды создан е...
	Материалы и методы эксперимента
	Образцы отбирали из района, где добывается грязь, методом точечных проб глубиной до 20 см в одном слое через каждые 5м в радиусе источника и подвергались дальнейшему квартованию согласно ГОСТ 17.1.5.01-80. На рисунке 1 обозначены координаты места отбо...
	Также были определены содержание подвижных форм азота в нитратной форме согласно ГОСТ 26951-86 потенциометрическим методом; фосфора и калия по методу Мачигина согласно ГОСТ 26205-91; серы  фотометрическим методом согласно ГОСТ 26490-85. Были определен...
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	Аннотация. Автомобильный транспорт является одним из источников загрязнения окружающей среды. В настоящее время воздействие транспорта на окружающую среду является наиболее актуальной и актуальной проблемой современного общества. Актуальность исследов...
	Ключевые слова: угарный газ, химические загрязнители воздуха, автомобиль, коэффициент токсичности, выхлопные газы
	The impact of a vehicle on the environment can be divided into positive and negative effects. Each type of positive effect can be matched by one type of negative effect. Chemical pollutants emitted by motor vehicles enter directly into the surface lay...
	Carbon monoxide (CO) is an odourless gas. Its MAC in the working area is 20 mg/m3. At concentrations of 300 to 600 mg/m3 people are easily poisoned, at 1,800 mg/m3 people are severely poisoned. Toxicity of exhaust, combustion and exhaust gases emitted...
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	Исследования проводили   методами:
	ИК - спектрального анализа на приборе ИК-Фурье спектрометр ShimadzuIRPrestige-21 с приставкой нарушенного полного внутреннего отражения (НПВО) Miracle фирмы PikeTechnologie (рис. 1).
	Из результатов испытаний полученных вулканизатов видно, что прочность при растяжении у вулканизатов с ШРС (образец 1) на 2 % выше, а с ШРЖКВС (образец 2) на 1,57 % выше, относительное удлинение образца 1 на 3,48 % выше, а образца 2 на 4,52 % выше по с...
	Вывод
	Нами получен шинный регенерат с использованием отходов масложировой промышленности. Результаты испытании показали, что отходы масложировой промышленности обеспечивают технические характеристики эталонного регенерата при использовании в шинном регенерате.
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