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Мақала «жасыл химия» әдісіне сәйкес алынған мыс нанобөлшектері негізінде антимикробтық 
қасиеттері бар целлюлоза текстиль материалдарын әзірлеуге арналған. Зерттеудің негізгі мақсаты – мақта 
маталарын ұзақ мерзімді бактерияға қарсы әсер ететін экологиялық қауіпсіз әдіспен модификациялау. 
Қалпына келтіргіш ретінде аскорбин қышқылы, ал тұрақтандырғыш ретінде желатин мен глюкоза 
қолданылды. Мұндай таңдау мыс нанобөлшектерінің тұрақты коллоидтық жүйелерін түзуге және олардың 
талшықты құрылымда біркелкі таралуына мүмкіндік берді. Нанобөлшектерді бекітуді күшейту үшін 
қосымша тетраэтоксисилан енгізіліп, кремний диоксиді матрицасы түзілді. Жұмыста мақта маталарын 
синтездеу мен модификациялау әдістемесі сипатталып, таңдалған тұрақтандырғыштардың қасиеттері 
талданды. Сканирлеуші электрондық микроскопия нанобөлшектер морфологиясындағы айырмашылықтарды 
растады: желатин қолданылған жағдайда ұсақ әрі біртекті бөлшектер (30-74 нм) түзілсе, глюкоза ірі 
агрегаттардың (56-143 нм) түзілуіне әкелді. Бұл деректер микробиологиялық сынақ нәтижелерімен сәйкес 
келеді: өңделген үлгілер E. coli өсуін тежейтін аймақты 0,4 мм-ге дейін көрсетті. Зерттеудің практикалық 
маңызы антимикробтық және қорғаныштық қасиеттері бар функционалды мақта маталарын өндіруде 
қолдануға болатын әдісті әзірлеуде жатыр, ол жеңіл өнеркәсіп пен медицина саласында сұранысқа ие. 

 
Негізгі сөздер: целлюлоза текстиль материалдары, модификация, жасыл химия, мыс 

нанобөлшектері, антимикробтық қасиеттер. 
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Статья посвящена разработке целлюлозных текстильных материалов с антимикробными свойствами 

на основе наночастиц меди, полученных по принципам «зелёной химии». Основная цель исследования 
заключалась в создании экологически безопасного способа модификации хлопчатобумажных тканей, 
обеспечивающего устойчивый антибактериальный эффект. В качестве восстановителя применялась 
аскорбиновая кислота, стабилизаторами служили желатин и глюкоза. Такой выбор позволил сформировать 
стабильные коллоидные системы наночастиц меди и добиться их равномерного распределения в волокнистой 
структуре. Для усиления закрепления наночастиц дополнительно использовался тетраэтоксисилан, 
образующий оксидокремниевую матрицу. В работе описана методика синтеза и модификации 
хлопчатобумажных тканей, а также проанализированы свойства выбранных стабилизаторов. Сканирующая 
электронная микроскопия подтвердила различия в морфологии наночастиц: при использовании желатина 
формировались более мелкие и однородные частицы (30–74 нм), тогда как глюкоза приводила к образованию 
агрегатов увеличенного размера (56–143 нм). Эти данные согласуются с результатами микробиологических 
испытаний: обработанные образцы показали зону ингибирования роста E. coli до 0,4 мм. Практическая 
ценность исследования заключается в разработке метода, который может быть использован для создания 
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функциональных хлопчатобумажных тканей с антимикробными и защитными характеристиками, 
востребованными в лёгкой и медицинской промышленности. 

 
Ключевые слова: целлюлозные текстильные материалы, модификация, зеленая химия, 

наночастицы меди, антибактериальные свойства. 
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This article is dedicated to the development of antimicrobial cellulose textile materials based on copper nanoparticles, 

obtained following the principles of «green chemistry». The main goal of the research was to create an environmentally friendly 
method for modifying cotton fabrics, ensuring a stable antibacterial effect. Ascorbic acid was used as a reducing agent, while gelatin 
and glucose served as stabilizers. This choice allowed for the formation of stable colloidal systems of copper nanoparticles and their 
uniform distribution within the fibrous structure. To enhance the fixation of the nanoparticles, tetraethoxysilane was additionally 
used to form a silicon oxide matrix. The paper describes the synthesis and modification methods for cotton fabrics and analyzes the 
properties of the selected stabilizers. Scanning electron microscopy confirmed the differences in nanoparticle morphology: using 
gelatin resulted in smaller and more uniform particles (30–74 nm), whereas glucose led to the formation of larger aggregates (56–
143 nm). These data are consistent with the results of microbiological tests: the treated samples showed a zone of inhibition of E. 
coli growth up to 0.4 mm. The practical value of the research lies in the development of a method that can be used to create functional 
cotton fabrics with antimicrobial and protective properties, which are in demand in the light and medical industries. 

 
Keywords: cellulose textile materials, modification, green chemistry, copper nanoparticles, antibacterial 

properties. 
 
Introduction.  
In recent years, against the backdrop of the rapid 

development of nanotechnology, there has been growing 
interest in creating textile materials modified with metal 
nanoparticles. Metal nanoparticles possess unique 
properties that differ from the properties of the bulk metal 
from which they are derived [1]. Such nanocomposite 
textile systems combine the physicochemical 
characteristics of the fibrous structure with the functional 
properties of the nanoparticles, ensuring their durability 
and stability within the fabric matrix. 

Particular attention is given to copper 
nanoparticles, which exhibit pronounced biological and 
antimicrobial activity [2]. As microorganisms develop 
resistance to traditional antibiotics, the development of 
alternative antibacterial solutions based on metal 
nanoparticles is becoming especially relevant. 
Nanoparticles of copper and copper oxide demonstrate a 
broad spectrum of action and can complement traditional 
antimicrobial agents [3, 4]. Modern research increasingly 
relies on the principles of «green chemistry», which 

involve the development of environmentally friendly 
methods for synthesizing functional nanomaterials [5]. 
The use of «green» approaches in organic chemistry 
laboratory practice helps reduce the use of hazardous 
reagents and lessen the environmental impact. 

The implementation of such methods in the textile 
industry, particularly in the modification of cotton 
materials, is becoming especially relevant. Cotton was 
used as the base due to its widespread use and valuable 
performance properties such as hygroscopicity, softness, 
and biodegradability. However, it also provides a 
favorable environment for the growth of pathogenic 
microorganisms, including bacteria, fungi, and viruses 
[6]. Therefore, the creation of hygienic antimicrobial 
fabrics based on cotton is important for preventing the 
spread of infections. 

The proposed method is based on the synthesis of 
copper nanoparticles using natural stabilizers (gelatin 
and glucose) and ascorbic acid as a reducing agent. The 
additional introduction of tetraethoxysilane ensures the 
formation of a silicon oxide matrix, which contributes to 
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a stronger fixation of the nanoparticles in the fiber 
structure and increases the durability of the antimicrobial 
effect. The novelty of this work lies in combining the 
green synthesis of copper nanoparticles with the creation 
of a silicate matrix on the surface of cotton fabrics. 

The aim of the study is to develop an 
environmentally safe method of modification of cotton 
fabrics with copper nanoparticles for the formation of 
stable antimicrobial properties, the objectives include the 
synthesis of copper nanoparticles using ascorbic acid as 
a reducing agent and natural stabilisers (gelatin and 
glucose), the study of the influence of the selected 
stabilisers on the morphology of particles, the 
modification of cotton fabrics with the formation of 
silicate matrix, the assessment of their antibacterial 
activity, as well as a comparative study of the 
antibacterial effect of the modified fabrics. The 
hypothesis of the study is that the use of natural 
stabilisers will allow to obtain stable copper 
nanoparticles distributed in the structure of fibres, which 
will provide long-term antibacterial effect of modified 
fabrics. 

A brief literature review on the development of 
antibacterial textile materials modified with copper-
based nanoparticles. Savelieva Y.I. et al. investigated 
antibacterial polyurethane composites containing silver 
and copper nanoparticles, noting their high antimicrobial 
efficacy and potential application in functional materials 
[7]. Sheikh A., Nambi R., and Sayeda M.A. (2022) 
demonstrated that green-synthesized copper 
nanoparticles from Cocculus hirsutus possess 
pronounced antioxidant, antibacterial, and antidiabetic 
properties, highlighting the biomedical significance of 
copper-based nanomaterials [8]. Emrini M.L. and 
Valiani V. (2021) provided a comprehensive review of 
copper-containing nanoagents, emphasizing the unique 
antimicrobial potential of copper and its oxides [9]. Their 
work traces a growing interest in copper nanostructures, 
which researchers often characterize as a kind of «copper 
stage» in the development of antimicrobial 
nanotechnology. 

Recent studies have identified environmentally 
friendly methods for imparting antibacterial properties to 
cotton fabrics using copper-based nanoparticles. For 
example, Mehrabani B. et al. (2022) developed an eco-
friendly in situ synthesis of copper nanoparticles on 
polyester fabrics using chitosan and ascorbic acid, 
demonstrating effective antimicrobial properties and 
suitability for use in textiles [10]. Pérez-Álvarez et al. 
(2022) reported a simple and inexpensive method for 
synthesizing copper nanoparticles directly from cotton 

fibers, avoiding the use of toxic reducing agents and 
yielding materials with promising antimicrobial 
properties [11]. 

Another study in ACS Applied Nano Materials 
(2022) described coatings of copper nanoparticles (both 
CU₂O and metallic Cu, ≈50–150 nm) on fabrics 
commonly used in masks and cleaning wipes. These 
coatings exhibit rapid and stable antibacterial activity, 
killing pathogens such as S. aureus, K. pneumoniae, and 
P. aeruginosa in as little as 45 seconds [12]. 

Textile materials have a wide range of 
applications in the home, industry, transport and as 
special protective equipment [13]. Also, it should be 
noted that the group of cellulose-containing textile 
materials is of the greatest interest, as these fabrics and 
fibres have unique properties [14]. On the other hand, 
natural fibres, polymers and bio-based fillers are fully 
degradable materials [15]. 

Evaluating these achievements, it becomes clear 
that creating durable antimicrobial cotton fabrics requires 
not only powerful bacterial inactivation but also stable 
immobilization of nanoparticles and the preservation of 
fabric integrity. Therefore, key research areas include 
developing reliable fixation methods, ensuring 
environmental safety, and assessing the long-term 
functional stability of modified textiles. 

Materials and methods 
This study focuses on the development and safety 

evaluation of textile materials with antimicrobial 
properties. For this purpose, objects were selected that 
represent both the base material and the modifying 
reagents needed to achieve the desired properties, in 
accordance with current scientific literature. 

Objects of Study:  
Cotton Fabric  - Article 1030. The fabric size used 

in the experiment was 20×20 cm, with a surface density 
of 130 g/m2. The breaking load was 315 mm (warp) and 
346 mm (weft). Cotton fabric was chosen as the main 
substrate because it is widely used in the light and 
medical industries due to its hygienic, mechanical, and 
sorptive properties. However, the natural nature of the 
fiber makes it vulnerable to microbial degradation. 

Copper Sulfate  — An inorganic compound with 
the formula CuSO4. The anhydrous form is a colorless, 
odorless, and highly hygroscopic substance that is 
readily soluble in water. Its molar mass is 159.60 g/mol 
and its density is 3.64 g/cm3. It possesses disinfectant 
and antiseptic properties 

Gelatin — A natural polymer that acts as a 
biocompatible stabilizer in nanoparticle synthesis 
reactions. 
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Ascorbic Acid (С6Н8О6) A white, crystalline 
powder with a sour taste, easily soluble in water and 
alcohol.   

Glucose (С6 Н12 О6) – an organic compound, a 
colorless, odorless crystalline substance that also has 
reducing properties. 

The synthesis of copper nanoparticles was 
performed using a «green chemistry» method, 
incorporating naturally derived reducing agents and 
stabilizers. Two different formulations were used, 
distinguished by the type of stabilizer: gelatin and 
glucose. Ascorbic acid served as the reducing agent, and 
copper (II) sulfate pentahydrate (CuSO₄·5H₂O) was the 
source of copper ions. 

Synthesis with Gelatin:  
An aqueous solution of CuSO₄·5H₂O was mixed 

with a gelatin solution, which acted as a stabilizer to 
prevent nanoparticle agglomeration. A solution of 
ascorbic acid was added to this mixture, which led to the 
reduction of Cu²⁺ ions to metallic copper. To create the 
alkaline environment necessary to activate the reduction 
process, a sodium hydroxide (NaOH) solution was 
introduced into the system. The reaction was carried out 
at a temperature of approximately 50 °C with constant 
stirring for 40-50 minutes until a stable colloid formed. 
A change in the reaction was indicated by a color change 
of the solution: the appearance of an intense dark reddish 
hue signaled the formation of copper nanoparticles. 

Synthesis with Glucose:  
Under similar conditions, a second series of 

reactions was conducted, using glucose as the stabilizer.    
Before starting the second phase of the 

experimental research, a bleached cotton fabric was 
washed in distilled water to remove potential 
contaminants and impurities. After drying the fabric at 
room temperature, the samples were kept in a desiccator 

to stabilize their moisture content, which allowed for a 
more accurate mass measurement on an analytical 
balance.   

Cotton fabric samples, each measuring 200 x 200 
mm, were treated with a solution containing copper 
nanoparticles synthesized using the two different 
formulations:  

• Sample No. 1 was treated with the gelatin-
based formulation; 

• Sample No. 2 was treated with the glucose-
based formulation. 

The fabrics were impregnated using a laboratory 
two-roll padding machine with a pressing level of 90%. 
This was followed by drying at 110 °C, and then heat 
treatment at 120 °C on pin frames in a thermostated 
drying oven. After this, the samples were additionally 
rinsed with distilled water to remove any unfixed 
residues of the formulation and dried at room 
temperature. 

The antimicrobial properties of the cotton fabric 
were tested using a laboratory method for resistance to 
microbial degradation.  

Research and discussion 
In the course of this study, two methods for the 

synthesis of copper nanoparticles based on «green 
chemistry» principles were developed and 
comparatively evaluated. Gelatin and glucose were 
chosen as stabilizers because both substances have high 
biocompatibility and contribute to the formation of stable 
colloidal systems. 

The synthesis of copper nanoparticles was carried 
out by reducing an aqueous solution of copper sulfate. 
Ascorbic acid was used as the reducing agent, and gelatin 
as the stabilizer. To determine the optimal concentrations 
of the starting components, a series of experiments was 
conducted (Table 1).  

 
 Table 1. Concentrations of Starting Components 

Sample 
number 

Concentration, g/mol 
CuSO4 5 H2O C6H8O6 Gelatin 

1 0,006 0,05 0,01 
2 0,0125 0,1 0,01 
3 0,0175 0,4 0,01 

  



 
Алматы технологиялық университетінің хабаршысы. 2025. №3. 
 
 

 
273 

         
                                 a)                                                              b) 

Figure 1. Photographs of copper nanoparticles from Sample 1 (a), 1 (b) in the presence of a gelatin stabilizer 
 
Analysis of the obtained micrographs using 

scanning electron microscopy (SEM) showed that the 
morphology and size of the nanoparticles are 
significantly dependent on the type of stabilizer. When 
gelatin was used, the formation of particles with sizes 
ranging from 30 to 74 nm was observed, characterized 
by a more uniform shape and distribution. 

In this synthesis, glucose acts as a stabilizer, 

ensuring a uniform distribution of particles and 
preventing excessive clumping in the initial stages. 
However, despite the stabilizing effect, some of the 
nanoparticles tend to form loose aggregates. Such 
clusters do not completely disrupt the nanoscale nature 
but increase the average size of the observed particles. To 
determine the optimal concentrations of the starting 
components, a series of experiments was conducted 
(Table 2).  

 

Table 2. Concentrations of initial components 
 

Sample number Concentration, g/mol 
CuSO4 5 H2O C6H8O

6 
Glucose 

1 0.006 0.03 0,005 
2 0,0125 0.03 0,011 
3 0,0175 0.03 0,016 

 

        
                                    а)                                                                                 b) 

Figure 2. Photographs of copper nanoparticles from Sample 1 (a) and Sample 2 (b) in the presence of a glucose stabilizer 
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The results from the scanning electron 

microscopy (SEM) micrographs showed that when 
glucose was used as a stabilizer, the nanoparticle 

sizes varied in the range of 56 to 143 nm. This 
indicates a lower degree of stabilization and possible 
particle aggregation. 

 

        
                                                  а)                                                                        b) 
Figure 3. Micrographs of copper nanoparticles obtained by scanning electron microscopy (SEM) at various 

magnifications in the presence of a gelatin stabilizer 
 

As a result of the scanning electron microscopy 
(SEM) micrographs obtained, it was shown that when 
glucose was used as a stabilizer, the nanoparticle sizes 
varied in the range of 56 to 143 nm. This indicates a 
lower degree of stabilization and possible particle 
aggregation. 

To prepare the biocidal composition, 
tetraethoxysilane (TEOS) was used as a structure-
forming matrix, with ethyl alcohol as the solvent in a 
water-to-alcohol ratio of 4:1. Then, copper(II) sulfate 
pentahydrate and ascorbic acid as a reducing agent were 
added. Gelatin was used as the stabilizer in the first 
formulation, and glucose in the second. The preparation 
time was 40–50 minutes at a temperature of 50 °C. 

Testing conducted at the Research Laboratory for 
the Assessment of Food Product Quality and Safety at 
Almaty Technological University JSC established that 
the samples demonstrated a zone of inhibition of E. coli 
growth in the range of 0.2–0.4 mm (when gelatin was 
used as a stabilizer) and 0.2–0.3 mm (when glucose was 
used), which indicates pronounced antimicrobial 
activity. The introduction of TEOS into the impregnation 
solution contributed to the formation of a silicate matrix 
on the fiber surface, ensuring a stronger fixation and 
stabilization of the copper nanoparticles, thereby 
increasing the effectiveness of the antimicrobial action.. 

 
Table 3. Preparation of solution based on stabilisers (gelatin/glucose) and tetraethylorthosilicate 
 

Name of reagents Sample No.1 (g/mol) Sample No.2 (g/mol) Sample No.3 (g/mol) 
temperature to – 50 о С 

CuSO4 5 H2O 0,006 0,0125 0,0175 
С6 Н8 О6 0,03 0,03 0,03 
Gelatin 0,01 0,01 0,01 
Glucose 0,005 0,011 0,016 

Tetraethylorthosilicate 
(TEOS) 

0,03 0,03 0,03 
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                                 а) stabiliser gelatine                                   b) stabiliser glucose 
 

Figure 4. Treated samples with the addition of tetraethyl orthosilicate and stabilizers: (a) gelatin, (b) glucose 
 
Thus, the addition of TEOS to the impregnation 

solution allowed for partial antibacterial activity against 
E. coli. This confirms the feasibility of further research 
into the effect of TEOS on nanoparticle stabilization and 
the enhancement of the antimicrobial effect. 

Scanning electron microscopy (JET 6300) 
revealed a change in the morphological surface of the 
treated samples compared to the untreated ones (Fig. 5). 
The presence of a silicon oxide matrix is observed on the 
surface of the treated fabrics. The proposed method 

ensures the fixation of copper sulfate nanoparticles on the 
surface of the cotton fabric. Elemental analysis 
confirmed the presence of substances on the fabric 
surface. It can also be noted from the results of the 
elemental analysis that in the antimicrobial cotton fiber 
of the first sample, where gelatin is the stabilizer (Fig. 6), 
the structure contains 1.9% Si and 0.93% Cu. In the case 
of the second sample (Fig. 7), where glucose is the 
stabilizer, the composition is 1.73% Si and 0.93% Cu. 

  
    

Fig. 5 - Electron scanning microscopy image of an untreated sample 
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a) 
 

    
 

b) 
 

Fig. 6. Electron-scanning microscopy image of treated samples (a- stabiliser glucose; b) stabiliser gelatin).  
 

Based on what has been said, it can be concluded 
that the proposed method of antimicrobial treatment 
based on copper sulfate with the addition of 
tetraethoxysilane provides pronounced antimicrobial 
activity to textile materials. 

The difference in morphological characteristics 
directly impacted how the solutions interacted with the 
cotton fabric. Treating the textile with the solution 
containing gelatin-stabilized particles resulted in a more 
uniform distribution on the fabric surface, which could 
potentially increase the modified material's resistance to 
biological influences. Samples treated with the glucose-
based formulation showed a less homogeneous 
distribution, which is also confirmed by SEM analysis. 

Thus, the choice of stabilizer plays a key role not 
only in the nanoparticle synthesis process but also in the 

effectiveness of the subsequent modification of textile 
materials. 

Conclusion 
An environmentally friendly method for 

synthesizing copper nanoparticles using ascorbic acid as 
a reducing agent and gelatin and glucose as stabilizers 
was successfully developed through experimental 
research. It was established that gelatin promoted the 
formation of smaller, more uniform nanoparticles (30–
74 nm), while glucose resulted in significantly larger 
particles (56–143 nm).  

Treated fabrics using copper sulfate with ascorbic 
acid and a stabilizer (gelatin or glucose), along with the 
addition of tetraethoxysilane (TEOS), formed a silicate 
matrix. This matrix led to better fixation and stabilization 
of the copper nanoparticles on the fibers and achieved a 
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positive antimicrobial effect. The zones of inhibition for 
E. coli growth were 0.2–0.4 mm for samples with gelatin 
and 0.2–0.3 mm for samples with glucose. 

Scanning electron microscopy analysis confirmed 
the effectiveness of the proposed method for modifying 
cotton fabrics. The samples treated with the silicon oxide 
matrix ensured the fixation of copper sulfate 
nanoparticles on the fiber surface, which contributed to 
the formation of antimicrobial properties. It was 
determined that the sample with the gelatin stabilizer had 
a silicon content of 1.9% and a copper content of 0.93%, 
while the sample with the glucose stabilizer had 1.73% 
silicon and 0.93% copper. This shows stable fixation of 
the functional components regardless of the stabilizer 
type. 

In conclusion, the developed TEOS-based 
compositions can be considered promising for creating 
functional textile materials with antimicrobial and 
protective properties. The data presented can be used to 
optimize synthesis parameters and improve the 
effectiveness of nanostructured coatings in the textile 
industry. 
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