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Studies have been conducted on the process of obtaining brass nanoparticles by means of reduction with
environmentally friendly preparations in order to give biocidal properties to non-woven fabric. The aim of the
study is to modify a non-woven material using silver nanoparticles to give it biocidal properties. The effective
composite preparation developed for biocidal finishing of textile materialsis relatively inexpensive, environmen-
tally and toxicologically safe. Its application opens up prospects for manufacturing a wide range of competitive,
environmentally friendly, bio-resistant textile materials for various purposes. Process conditions of antibacterial
finishing of textile materials were the followings. an aqueous solution with brass nanoparticles was sprayed onto
the surface of a non-woven fabric, then dried and heat treated at 180 °C on a thermal press. To study the biocid-
al activeness of heat-treated material, a microbiological investigation was carried out. Non-woven fabric pro-
cessed on the basis of brass nanoparticles obtains pronounced antifungal activeness in terms of investigating
C.albicansATCC 2091 and C.albicansATCC 10231 test strains. Also, experiments on toxic and skin-irritating
effects of non-woven material processed by the proposed method showed its safety for human health. The devel-
oped product based on silver nanoparticles provides high indicators of bio-resistance of textile material and
meets the environmental requirements for textile auxiliary substances. In the production of nonwovens, pro-
cessing with this composition can be combined with the emulsification of a mixture of fibers, or carried out after
the formation of the canvas with subsequent heat treatment and calendering.

Keywords. textile material, biocide substance, micr oor ganisms, microbiological investigation.
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Ilposeodensvt uccnedosanusn npoyecca noay4eHUs HAHOUACIMUY MeOU HYMeM 60CCHIAHO08IeHUA IKOI02U-
yecKu 0e30NACHLIMU RPEnapamamu ¢ yeibio RPUOAHUA OUOUUOHBIX C8OliCIE HemKanomy mamepuany. Llenvro
UCCNEe008aAHUA ABIACMCA MOOUPUKAUUA HEMKAHOZ0 MAMEPUANA C NPUMEHEHUEeM HAHOUACmUY cepedpa 0
npuoanus eii OuOUUOHBIX ceolicme. Pazpadomannvlii Ona OUOUUOHOU OMOENKU MEKCHUNbHBIX MAMEPUAINE
Iphekmuenblit KOMROZUUUOHHBLI RPenapam CPAGHUMENbHO HeEO0PO2, IKOIO0ZUYECKU U MOKCUKOLO2UUECKU
oezonacen. E2o npumenenue omkpuvieaem nepcneKmugnl u32omogaeHus WupoKo2o0 accopmumMenma KORKypen-
MOCROCOOHBIX, IKONOUUECKU YUCHBIX, OUOYCHOIYUUBHLIX MEKCIMUIbHBIX MAMEPUAI08 PA3TUYHO20 HA3ZHAYEHUS .
Ycnosusn npouecca anmubakmepuanvnoii omoeaKu meKCmuIbHO20 MAMEPUAIa Ovlau caedyioumumu: 600HbLI
PAcmeop ¢ HAHOYACMUUAMU MeOU HAHOCUNIU MEMOOOM PACNHbLIEHUA HA ROGEPXHOCHb HEMKANO20 MaAmepuand,
nOmMoM ocywiecmenanu cywky u mepmooopavomky npu 180 °C na mepmonpecce. /[na usyuenus ouoyuonoi
aKmugHocmu 00padoOmanno20 mamepuana ovliu npoedervl MUKpooduoaocuueckue ucciedosanus. Hemkanwuii
Mmamepuan, 00padOmManHblil HA OCHOBE HAHYACMUY Medu, 001adaem GvlPANCEHHOU NPOMUBOZPUOKOBON AK-
muenocmeio ¢ omuowenuu ucciredyemsix C.albicansATCC 2097 u C.albicansATCC 10231 mecm-umammos.
Taksice ucnvlmanus Ha MOKCUYECKOE U KOICHOpA3Oparcaiouiee 0elicmeus HemKanozo mamepuana, oopavo-
MAaHH020 NPednazaemviM CROCOHOM ROKA3ANU €20 Ge3onacHocms 014 300poeba uenogexa. Pazpabomannoe
cpeocmeo Ha OCHOGe HAHOUACMUY cepedpa obecneuusaem GblcOKUe NOKA3AMeNU OUOCMOUKOCIU MEKCMUb-
HO20 Mamepuana u omeeuaem IKOAOUUECKUM MPeOOBAHUAM, NPEOBABIAEMbIM K MEKCMUIbHO-6CROMO-
2amenvhvim eeujecmeam. Ha npoussoocmee HemKkanvix mamepuanos 06pabomKy OAGHHBLIM COCHABOM MOMCHO
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coemeuams ¢ IMYIbCUPOSAHUEM CMECU 80JIOKOH, TUHO NPOGOOUMD NOCIEe (OPMUPOSARU X0ICHA ¢ ROCTIENY-
oweil mepmooopadomKoil u KaiaHopuposanuem.

KiaroueBble cjioBa: TEKCTWIbHBII MaTepuaj, OMOIMIHOE BelECTBO, MHKPOOPraHU3MbI,
MHMKPOOHOJIOTHYeCKOe Hecae0BaHme.
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Beimamaza o6uouyuomix Kacuemmep Oepy yuwiH IKOJI0ZUANBLIK MA3A HPenapammapmen HoOMmMblK-
CbI30aHOBIPY APKBLIbLL MbIC HAHOOOIWEKmMEPIH any npoyeci Ooiibinuia 3epmmeynep Hcypei3indi. Iepmmeyoin
Mmakcamol - OUOUUOMIK Kacuem Oepy MaKcamovlHOa KyMic HAHOOOIWIEKmMeEDPIH KOJ10aHA OMbIPbIN, OelmamaHbl
Mmoouuxayuanay. Tokbima mamepuanoapvina ouoUUOmMiK Kacuem oepyze apHan2an Muimoi KOMHOZUYUAIBIK,
npenapam canbiCMLIPMAnsl mypoe ap3aH, IKOTOUANBIK HCIHE MOKCUKONOUANBIK Kayincis. Onsl Konoamny
apmypni maKcammazvl 6acexeze Kadinemmi, IKOJI02UANBIK MA3d, OUOMYPAKIbL MOKbIMA MAMEPUATOAPLIHBLY
KeH accopmumenmin wibieapyea MYMKIHOIK awiadvl. ToKbima mamepuanvli aHmMUOAKMEPUAnIobl OHOey
npoueciniyy wiapmmapuol Kenecioeil 0010bl: MblC HAHOOOIUIEKmMeEPL dap cyavl epimindi Oeiimamanviy Oemine
OYPKY apKbLibl KONOAHBLI0bl, COOAH Kellin Kenmipy ycane mepmonpeccme 180° C mepmuanslx oHoey yucypei-
3in10i. OHOenzen mamepuanovlyy OUOUUOMIK OeliceHONIZIH 3epmmey yuliH MUKPOOUOIOZUANBIK 3epmmey
acypeizinoi. Mvic nanobdonmexkmepi nezizinoe onoenzen oeiumama szepmmenzen C.albicansATCC 2091 scane
C.albicansATCC 10231 coinak wmammoapvlna Kapcbl QiuKblH 3eHze Kapcbl Oeicendinikke ue. Conoaii-ax
YCbIHBLIZAH 20iCNeH OHOeNzeH Oelimama yavl HcaHe mepi MImipKeHOIp2iul dcepiHe HCyp2i3iiceH CbIHAKmMap
OHBIH adam OeHcaynvizblHa Kayincizoicin kepcemmi. Kymic nanobenuwekmepi nezizinoezi Kypam meKcmuiib
MamepuanoapvlHa Hco2apvl OuoUuUOmiK Kacuem 0epedi, COHbIMEH Kamap MeKCMUIb-KOMeKuwi 3ammapza
KOUbLIAMbIH IKOTOUATBIK MAIARMAapObl KAHAZAMMAHObIPAObl. OHOIpicme Oeilimamansl YCbIHbLIZAH KYpam-
MeH OypKin oHOey Rnpouecin MmanuiblKmap KOCHACLIH IMYIbCUANAY Ke3iH0e Hemece Hcal2axK Kalblnmac-
MBIPLIIRAHHAH COH, JCyp2i3yze 001a0bl, 00aH Kellin mepMooHOey dHcane Kananopey npoyecmepi omeoi.

Herisri ce3maep: TOKbIMa MaTepHaJIbl, OUOIMUATI 32T, MUKPOAF3ajaap, MUKPOOHOJIOTHSIBIK
3epTTey.

I ntroduction One of the most common methods for ob-
Rationale for the choosing the topic, taining brass nanoparticles is the chemica
aims and obj ectives method of reduction from solutions of their
Nowadays nanotechnologies are being ac- salts. Brass nanoparticles are obtained by reduc-
tively introduced into the technology for creating tion from solutions of their salts with reducing
biocidal textile materials, making it possible to agents such as hydrazine hydrate and sodium
obtain materials with antibacterid properties that borohydride, which are toxic substances, in the
are safe for human hedth. The use of nanotech- presence of stabilizers of various nature. In re-
nology alows to significantly decrease costs at the cent years, interest has increased in environmen-
main stage of production where the consumption tally friendly methods for the synthesis of metal
of raw and other materialsisimportant. One of the nanoparticles using non-toxic and environmen-
sharply developing areas of modern nanotechnol- tally friendly substances [1].
ogy is the creating and using of nano-sized parti- Based on the analysis of literature review,
cles (NPs) of various metals. it was decided to investigate a method for ob-
The antimicrobia properties of brass NPs taining brass nanoparticles by reduction with
have long been known that are able to be used in benzoic acid and glucose, which are environ-
different industries. The main advantage of brass mentally friendly substances, and use guanidine
NPs, unlike silver NPs, is their lower price and hydrochloride as a stabilizer.
rapid degradation under environmental conditions, Non-woven materials with biocidal
which reduces the burden on the ecosystem. properties are used in construction as insulation

materials. Greater practica importance has
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wrapping and packaging materials with
antimicrobial properties. They provide long-
term preservation of packed items, which can be
of great use in trade, especialy foreign trade.
Antimicrobial cloths are also very beneficial for
technical purposes, in particular, as filter
materials. Filters with antimicrobial properties
can be used for disinfection of fresh water as
preservatives for fruit juices. Bacteria air filters
are required for air conditioning and ventilation
in hospitals, various  microbiological
laboratories. The requirement for the sterility of
process air arises in the production of various
pharmaceuticall and cosmetic preparations,
vitamins, food citric acid [2].

Materials and research Methods

Object of the study: non-woven fabric
from linen and wool fibers, as well as chemical
preparations (brass sulfate, benzoic acid, glu-
cose, guanidine hydrochloride).

While researching a number of complex
research methods were used. To study the sur-
face morphology of fibers of textile materias, a
JSM-6490LA field emission scanning electron
microscope (Japan) was used. The breathability
of the fabric was determined on the device MT-
160. The microbiological investigations were
carried out according to GOST 9.060-75 and
GOST 9.048-89 (table 1).

Table 1 -Testing instruments and measuring devices used in the microbiological research

N Name of thetesti_ng instr_ument and meas- Characteristics
uring devices
1 Thermostat incubator BD — 115 from+4to +100°C d+ 1 °C
2 Densitometer DEN-1 0-15 McF
3 | Variable volume pipette EppendorfResearch 1-10ml, d = 0,02 ml
4 | Variable volume pipette EppendorfResearch 0,2-1 ml, d=1,0 mcl
5 | Variable volume pipette EppendorfResearch 20-200 mcl; d=0,1mcl
6 Laminar box BiolIA/G flow rate 1100 mh
7 Hygrometer VIT-1 from 20 % to 90 %,
d=%0,2 °C, + 7% operating limit
from+ 15 °Cto +40 °C
8 Nutrient agar pH (by 25 °C) 7,4+0,2
9 Sodium chloride hc
10 Ethanol 96 %

Testing conditions; air temperature 24 °C,
60 % relative air humidity in the room.

Test strains of fungi:

- CandidaalbicansATCC 10231 is test cul-
ture for testing fungicides. Test culture is taken
from American Type Culture collections (ATCC).

- CandidaalbicansATCC 2091 istest culture
for teding fungicides. Test culture is taken from
American Type Culture collections (ATCC) [2].

Main part

Results and their discussion

To obtain brass nanoparticles, an aqueous
solution of brass sulfate was prepared in the
presence of a stabilizer, guanidine hydrochlo-
ride. Then it was brought to a boil and a solution
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of benzoic acid and glucose was added. As an
alkaline agent, a concentrated NaOH solution
was added dropwise to pH 9-11. During the
process of the reaction, the solutions changed
color from colorless to deep yellow.

Process conditions of antibacterid finishing
of textile materials were the followings: an ague-
ous solution with brass nanoparticles was sprayed
onto the surface of a non-woven fabric, then dried
and hest treated at 180 °C on a thermal press.

Based on a preliminary experiment to ob-
tain metal nanoparticles, the concentration of
brass sulfate varied within 3-6 g/I, guanidine
hypochloride — 5-10 ¢/l, benzoic acid — 3-6 g/l
and glucose 10 ml (table  2).
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Table 2 — Structure of antimicrobial finishing of nonwoven fabric

Ne Concentrations
Guanidine hypochloride, g/l | Brasssulfate, g/l | Benzoic acid, g/l

1 5 3 3

2 5 6 3

3 10 3 3

4 5 3 6

5 5 6 6

6 10 3 6

The biocida properties of the nonwoven
fabric were tested using a laboratory test method
for resistance to microbiological degradation

(GOST 9.060-75) [3]. According to GOST
9.060-75 the material is considered resistant to
damage at I >

bio 80%.

a) sample of untreated material;
6) sample of the material treated with brass nanoparticles

Figure 1 — Samples of non-woven materials after bio damage

The origina non-woven material after bi-
odegradation was strongly exposed to the effects
of microorganisms. There is a decrease in the
density of the material sample, as well as a de-
creasein its strength characteristics (figure - 1).

The resistance of the treated fabric to mi-
crobiological destruction, compared to the un-
treated fabric, increases by 1.5 times, as evi-
denced by the growth of this indicator up to
96% (GOST 9.060-75). The treatment with the
proposed composition of the antimicrobia fin-
ish was carried out a a concentration of guani-
dine hydrochloride 5 g/l, benzoic acid 3 g/,
copper sulfate 6 g/l. This indicator of the un-
treated material sample was 65%.

Moreover, to investigate the biocida ac-
tiveness of the treated materials, a microbiologi-
cal study was carried out according to GOST
9.048-89 [4].
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As aresult of the study, it was found that
the test sample has fungicidal activeness against
the test strains under the investigation.

Samples of biocidal and origina non-
woven materials were treated with a suspension
of fungi (C. albicansATCC 10231, C. albi-
cansATCC 2091) and placed in Petri dishes,
which were placed in a desiccator with water to
create the required air humidity. Incubation was
carried out at a temperature of 30°C for 28 days.

The results demonstrated that growth of the
fungus C.albicansATCC 10231 was observed on
the untreated controlled sample materia after 5
days. The intensity of germination of the fungus
was 5 points (the development of fungi covering
more than 25% of the test surface is clearly visible
with the naked eye). In another sample, the growth
of the fungus C.albicansATCC 2091 was not no-
ticed. After 28 days, growth of the tested fungi
was observed in al control samples (Figure 2). At
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the same time, the growth of fungi development of fungi is clearly visible to the na

C.albicansATCC 2091 was pointed by 4 points ked eye, the destruction of the surface of the sam-
(the development of fungi is clearly visible with ple materid), and no growth of the tested fungi
the naked eye, the fouling of the edge of the sam- was observed on the surface of the material treated
ple by microorganisms), and C.albicansATCC with brass nanoparticles [5-9].

10231 in control samples wasrated at 5 points (the

C. albicansATCC 10231 C. albicansATCC 10231
(control sample) (test sample)

test strain C. albicansATCC 2091 test strain C. albicansATCC 2091
(control sample) (test sample)

Figure 2 — Growth of test strains: C.albicansATCC 10231 and C.albicansATCC 2091 on samples of the non-woven
meaterial

To study the surface morphology of fibers of textile materids, a JSM-6490LA field emission
scanning electron microscope (Japan) was used.
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a, b) untreated samples ¢, d) treated samples

Figure 3 - Electron microscopic images of textile material

The results of scanning electron
microscopy show a change in the morphological
surface of the treated samples compared to
untreated samples. According to the study data,
it can be seen (Figure 3) that the wrap obtained
on the surface of the fibers of the treated
material contains brass nanoparticles. It is
shown that the surface of the treated fiber has a
smooth morphology and contains brass
nanoparticles evenly distributed over the entire
surface. It follows that the proposed
composition for processing non-woven material
ensures the fixing of metal particles on the
surface of the fibers giving the materials high
bactericidal properties.
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The breathability indices of the studied
samples of non-woven materia were also de-
termined. As is known, the formation of a pol-
ymer wraps on the surface of a materia fiber
can lead to a change in the breathability proper-
ties of the fabric.

The air permeability coefficients of the
samples treated with the composition are 422.4 -
548.2 dm3/m2xsec., of the untreated sample of
the materia - 589.6 dm3/m2xsec. This indicator
of the treated material samples decreased slight-
ly compared to the air permeability coefficient
of the untreated non-woven material (table 3).
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Table 3 - Indices of air permeability (breathability) of non-woven material

Ne Concentration Indicator of air perme-
Guanidine hy- | Brasssulfate, g/l | Benzoic . s 2
pochloride, g/l acid, g/l avility, dm /(m *sec)

1 5 3 3 548,2
2 5 6 3 533,9

3 10 3 3 4224

4 5 3 6 450,7

5 5 6 6 435,8

6 10 3 6 425,7
Untreated non- - - - 589,6
woven material

Additionally, the experiments for toxic and
skin-irritating effects of non-woven materia pro-
cessed by the proposed method showed its safety
for human hedlth. The tests were carried out in
accordance with the requirements of the Technical
Regulations of the Customs Union 017/2011 "On
the safety of light industry products' [2].

Conclusion

Non-woven fabric processed on the basis
of brass nanoparticles obtains a pronounced an-
tifungal activeness in terms of the investigating
C.albicansATCC 2091 and C.albicansATCC
10231 test strains.

Electron microscopic images confirm the
formation of a thin polymer wrap with brass
nanoparticles on the surface of the material.

The experiments for toxic and skin-
irritating effects of non-woven materia pro-
cessed by the proposed method showed its safe-
ty for human health.
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