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Maxana «icacoln xumusa» 20iciHe CaiKec GIbIHZAH MbIC HAHOOOUIEKmeEpl He2i3in0e aHmMUMUKPOOMObIK,
Kacuemmepi 6ap uennion03a meKCmuib, Mamepuanoapsli azipaeyze apuanzan. 3epmmeyoiy He2i3zi maKcampl — MmaKkma
Mamanapeln y3axK mep3imoi 6akmepusaza Kapcvl acep ememiH IKON0UANBIK Kayinciz adicnen mooudukayusnay.
Kannvina kenmipziwi peminde ackopoun KblWKbLIbL, a1 MYPAKMAHOBIPbIWL pPEeminde JHCeIamun MeH 2I0K03a
Kon0anslnovl. Mynoaii manoay moic HAHOOOIWEKMEPIHIH, MYPAKMbL KOTTOUOMBIK, JHCyilenepin my3yze Hcone 0aapovly
ManwblKmol KEpulivimoa OipKenki mapanyblna MYMKIHOIK 0epodi. HanobGenuwekmepoi Oekimyodi Kywieumy yuiin
KOCbIMUIA MempaImoKCUCUNIAH eH2I3iNin, KpemHuil Ouokcudi mampuyacel my3indi. Kymeicma maxkma mamanapvln
cunmesoey mMen moouuxkayuanay adicmemeci cunammanvin, maHoaI2an MYPAKMAHOBIPLIUWIMAPObIY Kacuemmepi
manoanowvl. Ckanupaeyuii 31eKmpoHObIK MUKPOCKORUSA HAHODOIUEKmMEDP MOPPOI10ZUACBIHOAZbL ATILIPMAULBLTLIKIADPObL
pacmaovl: dcenamun KoNOAHBLIZAH JHcazoauoa ycak api Oipmexmi Oonwexkmep (30-74 um) my3since, 2nioxosa ipi
azpezammapowiyy (56-143 um) mysinyine axenoi. byn depexmep MukpooOuo102uAnbIK ColHAK Hamucenepimen caiikec
Kenedi: onoenzen ynzinep E. coli ecyin meaceiimin aiimaxkmot 0,4 mm-2e Oeiiin kopcemmi. 3epmmeyoin HPAKMUKATIBIK
MAaHbI3bl AHMUMUKPOOMBIK JHCOHE KOP2AHBIWMOBIK Kacuemmepi 0ap (QYyHKUUOHAN0bl MAKmMa Mamaiapvli OHOIipyoe
Koa10anyza 6onamouli 20icmi a3ipaeyoe sHcamolp, 071 HeeHil OHEPKICIn NeH MeOUUUHA CAlACLIHOA CYPAHbICKA Ue.

Herisri cesgep: memwIoa03a TeKCTHIb MaTepHaJIapbl, MoAH(GHUKANMA, KaCbLl XHUMHA, MBIC
HAHOOO/IIIEeKTePi, AHTHMUKPOOTBIK KacuerTep.
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Cmampa noceauiena papadomke uento103HbIX MeKCMUIbHBIX MAMEPUATI08 C AHMUMUKPOOHBIMU CEOICIEAMU
Ha OCHOGe HAHOUACMUY Melu, NHOIAYYEHHLIX NO NPUHUURAM (3eNéHOU Xumuuy. OCHO6HAA Yenb UCCAe006aAHUA
3aKI0UANACc, 8 CO30AHUU IKOJ102UYeCKU 0e30naAcH020 CnOocoba Moouukayuu Xa0NYAMOOYMANCHLIX mMKaAHell,
obecneuuearouiezo ycmouuugplii anmuodaxmepuanvHulii IPppexm. B Kauecmee eoccmanoeumens npUMeHANACH
acKkopouHosasn KUciomd, CmaduIu3amopamu Cydcuiu ycenamun u 2nokosa. Takoii 6vioop nozeonun chopmuposams
cmadunbHble KOJJI0UOHbBIE CUCHEMbl HAHOYACMUY, MeOU U 000UMbCA UX PAGHOMEPHO20 PAChpedeneHUs 6 60J10KHUCMOU
cmpykmype. /lna ycuieHusa 3aKpenienus HAHOYACMUY OOROTHUMENbHO UCHOJIb308ANCA MEMPAIMOKCUCUTIAH,
obpasyrowjuii  OKCuUOOKpemMHUegylo mampuyy. B pabome onucana memoouxka cunmesa u Moouguxayuu
XJIORYAMOOYMANHCHBIX MKAHETl, A MAKMCe NPOAHATUSUPOBAHBL CE0IICIEA 8bIOPAHHBIX cmabunuzamopos. CKkanupyouan
INEKMPOHHAA MUKDOCKORUA ROOMEEPOUNa PA3iudus 6 mMop@onozuu HAHOUACMUY: NPU UCHONbIOGAHUU HCEIAMUHA
dopmupoeanucev 6onee menkue u 00nopoonvie uacmuuvt (30-74 Hm), mozoa Kax 2n10K03a NPUBOOUNA K 0OPA308AHUIO
azpezamog yeenuuennozo pamepa (56—143 um). Imu oanuvie coznacyomca ¢ pe3yibmMamamu MUKpooOUo1ozuuecKux
ucnolmanuii: oopadomannsvle o6pazuvl nokazanu 3ony uunzuéuposeanua pocma E. coli oo 0,4 mm. IIpakmuueckan
UEHHOCMb UCCNIe008AHUA 3AKIIOUAEMCA 8 PA3DAOOnKe Memood, KOMopblil Moycem 0blmb UCNOJIb308AH ONA CO30AHUA
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DYHKYUOHATBHBIX XTONYAMOOYMAINCHBIX MKAHEU ¢ GHMUMUKDOOHOIMU U 3AUWUMHBIMU  XAPAKMEPUCHMUKAMU,
60CMPEDOBAHNHBIMU 6 N1ECKOU U MEOUUUHCKOU NPOMBIUIIEHHOCTU.
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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. involve the development of environmentally friendly

In recent years, against the backdrop of the rapid methods for synthesizing functional nanomaterials [5].
development of nanotechnology, there has been growing The use of «green» approaches in organic chemistry
interest in creating textile materials modified with metal laboratory practice helps reduce the use of hazardous
nanoparticles. Metal nanoparticles possess unique reagents and lessen the environmental impact.
properties that differ from the properties of the bulk metal The implementation of such methods in the textile
from which they are derived [1]. Such nanocomposite industry, particularly in the modification of cotton
textile systems combine the physicochemical materials, is becoming especially relevant. Cotton was
characteristics of the fibrous structure with the functional used as the base due to its widespread use and valuable
properties of the nanoparticles, ensuring their durability performance properties such as hygroscopicity, softness,
and stability within the fabric matrix. and biodegradability. However, it also provides a

Particular attention is given to copper favorable environment for the growth of pathogenic
nanoparticles, which exhibit pronounced biological and microorganisms, including bacteria, fungi, and viruses
antimicrobial activity [2]. As microorganisms develop [6]. Therefore, the creation of hygienic antimicrobial
resistance to traditional antibiotics, the development of fabrics based on cotton is important for preventing the
alternative antibacterial solutions based on metal spread of infections.
nanoparticles is becoming especially relevant. The proposed method is based on the synthesis of
Nanoparticles of copper and copper oxide demonstrate a copper nanoparticles using natural stabilizers (gelatin
broad spectrum of action and can complement traditional and glucose) and ascorbic acid as a reducing agent. The
antimicrobial agents [3, 4]. Modern research increasingly additional introduction of tetraethoxysilane ensures the
relies on the principles of «green chemistry», which 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-Alvarez et al.
(2022) reported a simple and inexpensive method for
synthesizing copper nanoparticles directly from cotton
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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
CUO 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 20x20 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/lcm3. 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 (C6H806) A white, crystalline
powder with a sour taste, easily soluble in water and
alcohol.

Glucose (C6 H12 06) —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 (1) sulfate pentahydrate (CuSO.-5H-0) was the
source of copper ions.

Synthesis with Gelatin:

An aqueous solution of CuSOa4:5H20 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 Cu?" 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

Table 1. Concentrations of Starting Components

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:

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

o 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).

Sample Concentration, g/mol

number CuS045 H,0 CsHsOs Gelatin
1 0,006 0,05 0,01
2 0,0125 0,1 0,01
3 0,0175 0,4 0,01
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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,

Table 2. Concentrations of initial components

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).

Sample number Concentration, g/mol
CUSO4 5 Hzo CngO Glucose
6
0.006 0.03 0,005
0,0125 0.03 0,011
0,0175 0.03 0,016

HFW

4.97 um

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

a)
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(ll) 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.

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

10 ym

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 t°-~50°C

CuS04 5 H20 0,006 0,0125 0,0175
Cs Hg Os 0,03 0,03 0,03
Gelatin 0,01 0,01 0,01
Glucose 0,005 0,011 0,016
Tetraethylorthosilicate 0,03 0,03 0,03

(TEOS)

274




AJIMATBI TEXHOJIOTHSUIBIK YHUBePCUTETiHIH Xadapuibichl. 2025. Ne3.

a) 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

posed methd

X100  100pum

10 59 SEI

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