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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 materials is 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, microorganisms, microbiological investigation. 
 

РАЗРАБОТКА СПОСОБА ОТДЕЛКИ НЕТКАНОГО МАТЕРИАЛА 
НАНОЧАСТИЦАМИ МЕДИ 
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Проведены исследования процесса получения наночастиц меди путем восстановления экологи-

чески безопасными препаратами с целью придания биоцидных свойств нетканому материалу. Целью 
исследования является модификация нетканого материала с применением наночастиц серебра для 

придания ей биоцидных свойств. Разработанный для биоцидной отделки текстильных материалов 

эффективный композиционный препарат сравнительно недорог, экологически и токсикологически 
безопасен. Его применение открывает перспективы изготовления широкого ассортимента конкурен-

тоспособных, экологически чистых, биоустойчивых текстильных материалов различного назначения. 
Условия процесса антибактериальной отделки текстильного материала были следующими: водный 

раствор с наночастицами меди наносили методом распыления на поверхность нетканого материала, 

потом осуществляли сушку и термообработку при 180 °С на термопрессе. Для изучения биоцидной 

активности обработанного материала были проведены микробиологические исследования. Нетканый 
материал, обработанный на основе нанчастиц меди, обладает выраженной противогрибковой ак-

тивностью в отношении исследуемых C.albicansATCC 2091 и C.albicansATCC 10231 тест-штаммов. 
Также испытания на токсическое и кожнораздражающее действия нетканого материала, обрабо-

танного предлагаемым способом показали его безопасность для здоровья человека. Разработанное 

средство на основе наночастиц серебра обеспечивает высокие показатели биостойкости текстиль-

ного материала и отвечает экологическим требованиям, предъявляемым к текстильно-вспомо-
гательным веществам. На производстве нетканых материалов обработку данным составом можно 
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совмещать с эмульсированием смеси волокон, либо проводить после формирования холста с последу-

ющей термообработкой и каландрированием. 
 
Ключевые слова: текстильный материал, биоцидное вещество, микроорганизмы, 

микробиологическое исследование. 
 

БЕЙМАТАНЫ МЫС НАНОБӨЛШЕКТЕРІМЕН ӨҢДЕУ ӘДІСТЕРІН ТАЛДАУ 
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Бейматаға биоцидтік қасиеттер беру үшін экологиялық таза препараттармен тотық-

сыздандыру арқылы мыс нанобөлшектерін алу процесі бойынша зерттеулер жүргізілді. Зерттеудің 

мақсаты - биоцидтік қасиет беру мақсатында күміс нанобөлшектерін қолдана отырып, бейматаны 

модификациялау. Тоқыма материалдарына  биоцидтік касиет беруге арналған тиімді композициялық 

препарат салыстырмалы түрде арзан, экологиялық және токсикологиялық қауіпсіз. Оны қолдану 

әртүрлі мақсаттағы бәсекеге қабілетті, экологиялық таза, биотұрақты тоқыма материалдарының 

кең ассортиментін шығаруға мүмкіндік ашады. Тоқыма материалын антибактериалды өңдеу 

процесінің шарттары келесідей болды: мыс нанобөлшектері бар сулы ерітінді бейматаның бетіне 

бүрку арқылы қолданылды, содан кейін кептіру және термопрессте 180° C термиялық өңдеу жүргі-
зілді. Өңделген материалдың биоцидтік белсенділігін зерттеу үшін микробиологиялық зерттеу 

жүргізілді. Мыс нанобөлшектері негізінде өңделген беймата зерттелген C.albicansATCC 2091 және 

C.albicansATCC 10231 сынақ штаммдарына қарсы айқын зеңге қарсы белсенділікке ие. Сондай-ақ 

ұсынылған әдіспен өңделген беймата улы және тері тітіркендіргіш әсеріне жүргізілген сынақтар 

оның адам денсаулығына қауіпсіздігін көрсетті. Күміс нанобөлшектері негізіндегі құрам текстиль 

материалдарына жоғары биоцидтік қасиет береді, сонымен қатар текстиль-көмекші заттарға 

қойылатын экологиялық талаптарды қанағаттандырады. Өндірісте бейматаны ұсынылған құрам-
мен бүркіп өңдеу процесін талшықтар қоспасын эмульсиялау кезінде немесе жайғақ қалыптас-
тырылғаннан соң жүргізуге болады, одан кейін термоөңдеу және каландрлеу процестері өтеді. 

 
Негізгі сөздер: тоқыма материалы, биоцидті зат, микроағзалар, микробиологиялық 

зерттеу. 
 

Introduction 
Rationale for the choosing the topic, 

aims and objectives 
Nowadays nanotechnologies are being ac-

tively introduced into the technology for creating 
biocidal textile materials, making it possible to 
obtain materials with antibacterial properties that 
are safe for human health. The use of nanotech-
nology allows to significantly decrease costs at the 
main stage of production where the consumption 
of raw and other materials is important. One of the 
sharply developing areas of modern nanotechnol-
ogy is the creating and using of nano-sized parti-
cles (NPs) of various metals. 

The antimicrobial properties of brass NPs 
have long been known that are able to be used in 
different industries. The main advantage of brass 
NPs, unlike silver NPs, is their lower price and 
rapid degradation under environmental conditions, 
which reduces the burden on the ecosystem. 

One of the most common methods for ob-
taining brass nanoparticles is the chemical 
method of reduction from solutions of their 
salts. Brass nanoparticles are obtained by reduc-
tion from solutions of their salts with reducing 
agents such as hydrazine hydrate and sodium 
borohydride, which are toxic substances, in the 
presence of stabilizers of various nature. In re-
cent years, interest has increased in environmen-
tally friendly methods for the synthesis of metal 
nanoparticles using non-toxic and environmen-
tally friendly substances [1]. 

Based on the analysis of literature review, 
it was decided to investigate a method for ob-
taining brass nanoparticles by reduction with 
benzoic acid and glucose, which are environ-
mentally friendly substances, and use guanidine 
hydrochloride as a stabilizer. 

Non-woven materials with biocidal 
properties are used in construction as insulation 
materials. Greater practical 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, especially 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. Bacterial 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 
pharmaceutical 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 materials, 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 

 

№ 
Name of the testing instrument and meas-

uring devices 
Characteristics 

1 Thermostat incubator BD – 115 from +4 to +100 ºC d± 1 ºC 

2 Densitometer DEN-1 0-15 McF 

3 Variable volume pipette EppendorfResearch 1-10 ml, d = 0,02 ml 
4 Variable volume pipette EppendorfResearch 0,1-1 ml, d=1,0 mcl 
5 Variable volume pipette EppendorfResearch 20-200 mcl; d=0,1mcl 
6 Laminar box BioIIA/G flow rate 1100 m3h 

7 Hygrometer VIT-1 from 20 % to 90 %, 
d = ± 0,2 ºС, ± 7% operating limit 

from + 15 °С to + 40 °С 
8 Nutrient agar рН (by 25 °С) 7,4±0,2 
9 Sodium chloride hc 
10 Ethanol 96 % 

 
Testing conditions: air temperature 24 °С, 

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 is test culture 
for testing fungicides. Test culture is taken from 
American Type Culture collections (АТСС) [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 

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 antibacterial finishing 
of textile materials were the followings: an aque-
ous 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.  

Based on a preliminary experiment to ob-
tain metal nanoparticles, the concentration of 
brass sulfate varied within 3–6 g/l, guanidine 
hypochloride – 5–10 g/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 
 

№ Concentrations 
Guanidine hypochloride, g/l Brass sulfate, 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 biocidal 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 
bio damage at I ≥ 80%.

 

 
а б 

 
а) sample of untreated material; 

б) sample of the material treated with brass nanoparticles 
Figure 1 – Samples of non-woven materials after bio damage 

 
The original 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-
crease in 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 antimicrobial fin-
ish was carried out at a concentration of guani-
dine hydrochloride 5 g/l, benzoic acid 3 g/l, 
copper sulfate 6 g/l. This indicator of the un-
treated material sample was 65%. 

Moreover, to investigate the biocidal ac-
tiveness of the treated materials, a microbiologi-
cal study was carried out according to GOST 
9.048-89 [4]. 

As a result of the study, it was found that 
the test sample has fungicidal activeness against 
the test strains under the investigation. 

Samples of biocidal and original 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 material 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 all control samples (Figure 2). At 
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the same time, the growth of fungi 
C.albicansATCC 2091 was pointed by 4 points 
(the development of fungi is clearly visible with 
the naked eye, the fouling of the edge of the sam-
ple by microorganisms), and С.albicansATCC 
10231 in control samples was rated at 5 points (the 

development of fungi is clearly visible to the na-
ked eye, the destruction of the surface of the sam-
ple material), and no growth of the tested fungi 
was observed on the surface of the material treated 
with brass nanoparticles [5–8].

 

  
C. albicansATCC 10231 

(control sample) 
C. albicansATCC 10231 

(test sample) 

  
test strain C. albicansATCC 2091 

(control sample) 
test strain C. albicansATCC 2091 

(test sample) 
 

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

 
To study the surface morphology of fibers of textile materials, a JSM-6490LA field emission 

scanning electron microscope (Japan) was used. 
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а b 

  
c d 

a, b) untreated samples    c, 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. 

The breathability indices of the studied 
samples of non-woven material were also de-
termined. As is known, the formation of a pol-
ymer wraps on the surface of a material 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/m2×sec., of the untreated sample of 

the material - 589.6 dm3/m2×sec. 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 
 

№ Concentration Indicator of air perme-

ability, dm
3
/(m

2
*sec.) Guanidine hy-

pochloride, g/l 
Brass sulfate, g/l Benzoic 

acid, g/l 
1 5 3 3 548,2 
2 5 6 3 533,9 
3 10 3 3 422,4 
4 5 3 6 450,7 
5 5 6 6 435,8 
6 10 3 6 425,7 

Untreated non-
woven material 

- - - 589,6 

 
Additionally, the experiments for toxic and 

skin-irritating effects of non-woven material pro-
cessed by the proposed method showed its safety 
for human health. 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 material pro-
cessed by the proposed method showed its safe-
ty for human health. 
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