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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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AnHoramus. HaHoTexHONOTHS canachiHIAFbl 3aMaHayHW JKETICTIKTEp
HaHOOJIIEMAl OakTepusFa Kapchl MarepuaapAbl aIyAbIH NPHHIMITI KaHa
TEXHOJIOTUSITBIK MTPOIECTEPiH AAMBITY YIIiH )KaHA MYMKIHJIKTEp amraasl. Kypamsr
OpTYpii  TOKbIMAa MaTepHANAAPBIHBIH ~ aCCOPTUMEHTIH KCHEWTYHIH JKOHE
KaCHETTEPIiH JKaKCapTyIdbIH HETI3T1 JaMy OarbIThl KOJIAHBICTAFbl TANIIBIKTap MEH

181


mailto:birtausarova@mail.ru
mailto:birtausarova@mail.ru
mailto:birtausarova@mail.ru
mailto:zh.shaikhova@mail.ru
mailto:sandy_ao@mail.ru
mailto:salamat.egeubaeva@mail.ru.

ISSN 2224-5227 2. 2023

JMaWbIH TOKBIMa MaTepHAIaphIHA JKaHa KacHeTTep Oepy yImiH Momudukarusiay
Oonpim TaOBIIAABI. Makamama MbIC HaHOOOINIIEKTEpiH TaimanaHa OTBIPHII,
MHUKpOOKa Kapchl KacHeTTepi Oap HeJUIIoNo3Abl TOKbIMAa MaTepualliapbiH Kacay
Typalbl nepekTep OepinreH. MpIc HaHOOOIICKTEPiHIH CHHTE31 acKOpOWH
KBIIIKBUIBIH TOTBIKCHI3AHBIPATEIH 3aTTHIH KATBICYBIMEH CYIBl OpTaga MbIC
Cynb(aThlH TOTHIKCHI3AAHIBIPY apKbUIBI KY3€re achIPbULABI, CUHTE3IIH OHTAMIIbI
HIapTTaphbl TaHJAJJIbL. MBEICTBIH, TOTBIKCHI3IaHIBIPFBILITHIH JKOHE
TYPaKTaHJIBIPFBIIITHIH KOHIIEHTPAIMSCHIHBIH MbIC HAHOOOJIIIEKTEPiHIH CHHTE31He
ocepi 3eprrTenai. AJBIHFaH HaHOOOINIIEKTEp TYPAaKThl, cepaiblK MiiHl,
muaMeTpi 20-65 HM, TyHOara ymslpaMaiinel skoHe 3—4 amnrara AediH TYCiH
e3repTheli.  DNEeKTPOHABIK  MHUKPOCKOIMSUIBIK — CypeTTep  LeJUTrI03a
TaJIIBIFBIHBIH OCTIH/IE )KYKa OTUMEPITi KaOBIKTHIH Iaii1a 00TyBIH pacTai bl JKoHe
OHJCIIMETEeH YJTIJIEPMEH CalbICTBIPFaHa OHICITEH YIrUIepaiH MOPQOIOTUsIBIK
OeTiHiH e3repyiH kepcerei. MBICTBIH HAaHOOOIIEKTepiMEeH Mo UKAIHsIIaHFaH
HEJUTI0NI03a  MaTepUaNJIapbIHBIH  (U3UKA-XUMUSUIBIK JKOHE OaKTepusiFa Kapchl
KacuerTepi 3eprrengi. TokpIMa OYHBIMIAPBIHBIH MHUKpPOOKA Kapchl eMACyAiH
TUIMJIUTITIH aHBIKTAy YIIIH MHKPOOPTaHU3MIEPIiH SCEpiHe MHKPOOHOIIOTHSIIBIK
3epTTeyJep  JKYpri3ijiii. Ownjenren  yirijgepaeri HAHOOOJIIIEKTEeP IIH
KOHIEHTPAIUSACHIHBIH JKOFapblIaybIMEH MHUKPOOPTaHU3MICP/IH TEXKeNy alMarbl
yrFasael.  Mpic  HaHOOeuIeKkTepiMeH MoAu(UKaIMsUIaHFaH — IeIUTIONO3IbI
MarepuaiapAbH OaKTepusiFa Kapchl OeJICeH T Oap eKeHi ToNeeH/Il.

Tyiiin ce3aep: 1e/UTF0I03a TOKBIMA MaTepUaIapbl, MOTU(DUKALIUSACKHI, MBIC
HaHOOOJIIEKTePi, aCKOPOMH KBIIKBUIBI, ITOJHMITHICHIIINKOIb, MHUKPOOKA KapChl
KacHueTTepi
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Annortanus. CoBpeMeHHbIE JOCTIKCHUS B OOJIACTH HAHOTEXHOJIOTHUH
OTKpBIBAIOT HOBBIE BO3MOKHOCTH Ui pa3pabOTKH NPUHIUIHAIBHO HOBBIX
TEXHOJIOTUYECKUX TPOLECCOB TMONYYCHUsST HAHOPA3MEPHBIX aHTHOAKTEPUATBHBIX
MarepuanioB. OCHOBHBIM  TIEPCIICKTUBHBIM  HANpaBICHHEM  PaCIIUPCHHS
ACCOPTHMEHTa W YIYYIIEHHS CBOWCTB TEKCTWIHHBIX MAaTE€pHalOB Pa3IHMIHOTO
cocTaBa SIBISIETCS MOAM(HKAIMSA YyXKE CYIIECTBYIONIMX BOJIOKOH M TOTOBBIX
TEKCTWJIBHBIX MaTepHaliOB C IEJbI0 NPUIAHWS UM HOBBIX CBOHCTB. B crarhe
MIPEICTABIICHEI TaHHEIE TI0 Pa3pabOTKe MEIITIOIO3HBIX TeKCTHIILHBIX MaTePHUAJIOB C
AHTUMUKPOOHBIMU CBOMCTBAMH ¢ TpUMEHEHHWEM HaHodacTur] memu. CuHTes
HAHOYACTHUI[ MEIU OCYIIECTBISUIM IyTEM BOCCTAHOBIEHHS cynbpara Meau B
BOJAHOU Cpele B MPUCYTCTBUM BOCCTAHOBUTEIS aCKOPOMHOBOW KUCIIOTHI,
momoOpaHbl  ONTHMANbHBIE  YCIIOBHS  CHHTe3a. lcciemoBaHO — BIMSIHHE
KOHIICHTPAIlUA MEIU, BOCCTAHOBUTEIS, CTa0MIIM3aTOpa Ha CHHTE3 HAHOYACTHII
mean. OOpa3yroluecss HAHOYACTUIIBI CTAaOWIIBHBI, UMEIOT cepudueckyo (hopmy,
nuamerpoM 20-65HM, HE TTOABEPKEHBI CEIMMEHTAIIMA U HE MEHSIOT 1BET 10 3—4
HeAeIb.  DJCKTPOHHO-MHKPOCKOIIMYECKUE  M300paKeHUS  MOATBEPIKIAIOT
MOSIBJIEHUE TOHKOW TIOJTMMEPHOH TICHKH Ha TIOBEPXHOCTH IEJITIOIIO3HOTO BOJIOKHA
M yKa3blBAIOT HAa HM3MEHEHHE MOP(OJOTHYECKON MOBEPXHOCTH 00paOOTaHHBIX
o0pa3IoB 1O CpaBHEHHIO C HeoOpaOOTaHHBIMH OO0pa3naMu. bBbUIM H3yYCHBI
(hM3UKO-XUMIYECKHE U aHTHOAKTEPHAIIbHBIE CBOMCTBA IIEJUTFOJIO3HBIX MATEPHUAJIOB,
MOMUGUITMPOBAHHBIX HAaHOYACTHIIaMHd Menu. J[ns BeisicHeHWs 3¢ (deKkTHBHOCTH
AHTUMHUKPOOHON 00pabOTKU JII TEKCTHJIBHBIX W3ICIUN OBLIM TMPOBEICHBI
MHUKpPOOHOJIOTHYECKHE WCCIEOBaHUS K BO3ACWCTBUIO MHUKpoopraHumsmoB. C
yBeNMYEHHUEM KOHIIGHTpPAlMd HAHOYACTHI] B OOpa0OTaHHBIX O0pa3max 30Ha
WHTMOMPOBAaHUS MHUKpPOOpPTraHM3MaMH Bo3pacTaeT. [loka3aHo, 4TO LEITIONO3HbIE
Marepuanbl,  MONU(PHUIMPOBAHHBIC  HAHOYACTUIAMM  MEAHW,  OO0JIaJaroT
aHTHOAKTEpHATHbHON aKTUBHOCTHIO.

KioueBble  cioBa:  IEJUTIONO3HBIE  TEKCTHJIBHBIE — MaTepHabl,
MO UKAIUS, HAHOYACTUIIBI MEJIH, aCKOPOUHOBAsI KUCIIOTA, MOTUITUIICHIJIUKOIb,
AHTUMHKPOOHBIE CBOMCTBA

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; Taycaposa, 2018; Roman, 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 (Il) 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 / cm?. 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.
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Polyethylene glycol — viscous, gel-like synthetic substance obtained by
ethyleneoxide polymerization. Density - 1,1-1,2g / cm?. 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 /1), an equal volume of ascorbic acid (0.1-0.4 mol /1), I added 10 % sodium
hydroxide to a specific pH of 8-11. An additional polyethylene glycol (0.1-0.3 mol
/1) 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.

CuSOs + CsHsOs +2NaOH — Cu + Na,SO4+ CsHgO7+H-0.

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 /1

CuSOq4 PEG Ces HsOs
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.

A
2.0 /5 \
1.5
' di/ \
10 Yo" l\
LK e
0.5 11—, \ai_
“ \
o | | >
350 400 450 500 550 600
Wavelength (nm)

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

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

U3BecTHO, uTO M3MeHeHUe 3HadeHud pH MoxeT KoHTponupoBarh popmy u
pasmep HU. KonndectBo 00pa3yromuxcsi HAHOYACTHI] BO3PACTAET C YBEIMICHUEM
pH (puc. 4).
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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 (C¢HsOs) = 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 pm (Fig. 5b).

HV | det | HFW |
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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 /1; ¢ -
0.3 mol/1;d -0.4 mol / 1;
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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). Kak BHIHO ¢ yBeTHYCHUEM KOHLICHTPALMH HAHOYACTHUI] B 00padOTaHHBIX
oOpasuax 30Ha HWHrUOMpOBaHMS IUIECHEBBIX TpHOKOB Pennicillium brevi
BO3pAaCTacT.

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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