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SAFETY OF TEXTILE MATERIALS TREATED
WITH ANTIMICROBIAL AGENTS

Abstract. The article is devoted about development of cellulose textile materials by
sol-gel method, using safe antimicrobial agents. The influence of the sol-gel composition
on the physical and mechanical properties and safety indices of textile materials were
studied. Comparison obtained burst load data processed materials showed that a gelatin-
based composition have reduced burst load parametersthan liquid glass . According to the
results of the study, titanium dioxide has the lowest antimicrobial activity than zinc chlo-
ride. Optimal technological regimes for the production of antimicrobial cellulose textile
materials have been developed.
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Introduction. The problem of clothing security is most relevant for the
population. In addition, the trend of increasing use of materials from chemical
fibers and threads, as well as their chemical finishes, along with economic advan-
tages, also carries serious risks to human health.

A serious problem for the hygienic assessment of modern textiles is textile-
auxiliary substances, the main component of which is formaldehyde, which
belongs to the second class of danger, has a general toxic, irritant, allergenic, mu-
tagenic, carcinogenic effect, causes damage to the central nervous system, lungs,
liver , kidneys, organs of vision. The concentration of free formaldehyde in tis-
sues exposed to additional final finishes with preparations based on precon-
densates of thermosetting resins is especially great. The allocation of chemical
volatile substances in this case should not exceed the standards specified in TR
TS 017/2011 "On the Safety of Light Industry Products".

The creation of materials with new preset properties is possible on the basis
of chemical, colloidal processes. The technology of obtaining materials with
certain chemical and physico-mechanical properties, including obtaining the sol
and transferring it to the gel. Today's sol-gel technology is a way of obtaining
multicomponent gels of high homogeneity and purity with the subsequent con-
version into gel into: films, fibers, powders, monolithic, porous products [1].

Analysis of the literature showed that the sol-gel method in the final finishing
of textile materials, as well as the safety study of these materials is still at the
study stage.

In this regard, the development of a technology for the production of anti-
microbial cellulosic textile materials and the study of the safety of these materials
treated with antimicrobial preparations using sol-gel technology [2, 3], which

215



XUMUYECKHH XXYPHAJ KABAXCTAHA

simultancously will not only reduce the resource costs, the availability of reagents
and equipment, is topical.

Safety of light industry products is estimated by the following indicators:

— mechanical (breaking load, strength of fastening, flexibility, impact
strength);

— chemical (the maximum permissible release of harmful chemicals into the
air and (or) aquatic environment, the list of which is determined depending on the
chemical composition of the material and (or) the purpose of the product);

— biological (hygroscopicity, air permeability, water resistance, electrostatic
field strength, toxicity index or local irritant effect, color stability).

To obtain antibacterial textile materials, antimicrobials and conditions for the
synthesis must be appropriately selected. Using appropriate synthesis conditions
and careful selection of biocides, a large amount of biocide can be incorporated
inside the silica matrix, so that the biocide becomes effective [4, 5].

MATERIALS AND METHODS

Materials. The object of the study was 100% bleached cotton linen fabric
with article 1030 and a surface density of 147 g / m’.

Preparation of samples. For the sol-gel composition the following
components were chosen: liquid glass concentration 5-10 g /1, gelatin 10-20 g / 1,
titanium dioxide, zinc chloride concentration 5-10 g / 1, water solvent. After stir-
ring the solution for 5-7 minutes, HNO3 3-5 ml / | or sodium carbonate 10-15 g /1
(in portions) was added to the magnetic stirrer at room temperature, to a pH
of 10-11.

Then, impregnation of tissue samples was carried out at room temperature
for 2-4 minutes. After impregnation, the tissue was squeezed to a weight gain of
90-100%. Further, the samples were dried in a oven for 8-10 minutes at 70-90 °C.
The heat treatment was carried out at temperatures of 100, 125, 150 ° C for two
minutes.

Research methods. The tensile strength of the fabric was measured on a
tensile machine RT-250M (Russia) in accordance with GOST 3813-72. "Textile
materials. Fabrics and piece goods. Methods for determining tensile properties of
tensile properties".

According to GOST 9.060-75 Unified system of protection against corrosion
and aging. Fabrics. "The method of laboratory tests for resistance to microbiolo-
gical destruction determined the biostability of tissues in laboratory conditions".

In accordance with GOST 12088-77 "Textile materials and products made of
them". The method for determining air permeability was carried out on a machine
MT-160 (Russia).

Determination of low-fissility of the fabric was carried out on a machine
MT-022 (Russia) in accordance with GOST 19204-73 "Textile fabrics. Method
for determination of non-rupture".
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RESULTS AND DISCUSSION

It is known that the finishing or coating of fibers can reduce the resistance of
the tissue to rupture, so studies have been carried out to identify this fact, and the
biostability of tissues in the laboratory has been determined, the results are shown
in table 1.

Table 1 — Parameters of the absolute breaking load of the modified samples,
kgt before and after biodegradation

Concentration - Heat The absolute breaking load, kgf
Ne of components ¢ treatment, ducks the substrate
catalyst oC
F L F L
17.6 43.1 17.3 26.7
100
172 382 16.4 28.1
1 TiOx/ZnC, | Na,SiO; 15 16.3 251 18.7 30.1
Sg/L 3-10 /L 168 | 267 | 184 | 33.1
14.8 42.6 19.4 424
HNO; 150
3-5m/L, 14.1 392 18.3 29.9
NaHCO, 17.8 38.6 18.4 48.4
10-15 g/L. 100
18.1 39.1 174 49.6
2 | TiOy/ZnC, | Kenarmm 125 132 37.8 20.2 56.1
Sg/L 20 /L 128 | 362 | 182 | 49.1
13.1 417 17.8 37.9
150
12.0 402 16.2 587
3 Untreated sample 13.8 45 14.1 39.3

The obtained burst load data in comparison with liquid glass and gelatin
showed that the processed materials with a gelatin-based composition have
reduced burst load parameters, possibly due to an increase in the gelatin
concentration to 20 g / L, a liquid glass concentration of 5-10 g / L, or a different
the structure of precursors affecting textile material.

With increasing heat treatment temperature, the breaking load of the treated
fabric is reduced. This is due to the fact that in the process of polymerization of
the nanoscale solution and the formation of a polymer film on the fiber, the
mutual mobility of macromolecules decreases.

Two antimicrobial agents were used, according to the results of the study,
titanium dioxide has lower antimicrobial activity results than zinc chloride. This
is evidenced by the results of the burst load after biodestruction, the strength
indexes decreased by 3-5%.

Mildewedness was estimated from the total opening angle of fabric folds on
the basis and weft in accordance GOST 19204-73 on the SMT instrument. The
results are represented in table 2.
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Table 2 — Effect the concentration of components of the composition
on indices of low crumeness of cotton fabric

Heat treatment, °C
No Concentration Catalyst
of components 100 125 150
ducks the ducks the ducks| the
TiOy/ZnCl, | Na, $i0; | HNO; substrate substrate substrate
1 5¢/L 5-10 g/L | 3-5ml/L, 125 95 115 90 105 95
llfflfscgofi 220 205 200
TiO,/ZnCl, | Kenamum 120 115 115 105 105 95
2 5¢/L 20 g/l 235 220 200
ducks the substrate
3 Untreated sample 105 95
200

The analysis of the results showed that in the samples treated with the
proposed compositions, compared to non-impregnated tissue, the low-crease
results are increased. With an increase in the concentration from gelatin to 20 g
/L1, the result of low crushing was 235 degrees, with a slightly higher temperature
of heat treatment.

For many textiles, air permeability of the fabric is an important property, and
studies have been carried out in connection with this. The results are shown in
table 3. Based on the results obtained, it has been shown that the treatment of
cellulosic materials using a sol-gel method based on liquid glass and gelatin does
not lead to disruption of air and stecam exchange, does not prevent the transport of
moisture vapors from the surface of the human skin to the outer surface of mate-
rials, which ensures the maintenance of normal functions of thermoregulation of
the human body.

Table 3 — Indices of air permeability of processed samples

The catalyst Air permeability, dm*/m* s
Ne The concentration Heat treatment, °C
of the components
100 125 150
. . HNO; 3-5 M/

Ti0y/ZnCl, Na, Si05 3 >
1 5 o/l 5-10 /T, NaHCOs 10-15 g/L. 169,9 168,1 162,5
o | TOZnCl | 5 ttin 20 /1, 168.5 167.3 166.8

5S¢/l

3 Untreated sample 166
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Conclusion.

1. Modified cellulose textile materials were taken using safe antimicrobial
preparations with a sol-gel method;

2. When the temperature is raised to 150 © C, a certain decrease in the
strength parameters is observed. The results of the burst load after biodegradation
showed a decrease in strength parameters by 3-5%;

3. Based on the results of the study, titanium dioxide has lower antimicrobial
activity values than zinc chloride;

4. Studies of air permeability showed that with increasing temperature and
concentration of liquid glass and gelatin, a slight decrease in air permeability
occurs from 169.9 at 100 °C to 162.5 at 150 °C;

5. According to the results of the study of low-purity, it has been established
that with an increase in the gelatin concentration to 20 g / L, the indices increase
from 200 degrees to 235 degrees.

REFERENCES

[1] Mahltig B., Audenaert F., Béttcher H. Hydrophobic Silica Sol Coatings on Textiles — the
Influence of Solvent and Sol Concentration // J. Sol-Gel Sci. Technol. 2005. N 34. P. 103-109.

[2] Xing Y., Yang X.J., Dai J.J. Antimicrobial finishing ofcotton textile based on water glass
by sol-gel method // T sol-Gel Sci. Technol. 2007. N 43. P. 187-192.

[3] Liuxue Z., Xiulian W., Peng L. and Zhixing S. Low temperature deposition of TiO, thin
films on polyvinyl alcohol fibers with photocatalytical and antibacterial activities // Appl. Surf. Sci.
2008. N 254. P. 1771-1774.

[4] Xue CH., Chen J., Yin W., Jia ST., Ma JZ. Superhydrophobic conductive textiles with
antibacterial property by coating fibers with silver nanoparticles. Appl Surf Sci. 2012. 258(7).
P. 2468-72.

[5] Naseeb U., Sohail Yasin, Zamir Abro, Lin Liu, Qufu Wei. Mechanically robust and
antimicrobial cotton fibers loaded with silver nanoparticles: synthesized via chinese Holly plant
leaves // International Journal of Textile Science. 2014. N 3(1A). P. 1-5.

Pestome
K 2K Ifiocenbuesa

AHTUMUWKPOBTBIK TTPEITAPATTAPMEH OHIEJITEH
TEKCTHJIb MATEPUAJITAPBIHBIH KAVITICI3/ITT

CraTusaga 30Jb-TCIb OHICIH KOJITAHY apKbLTBI AHTHMHKPOOTHIK IICILTFOIIO3AIIBIK MO-
JU(HUIUPICHICH TEKCTIIIh MATEPHAIAPBIH Ay TACLM »KazpurraH. Kayimcis mpemaparrap
ApKBUTBl LEJUTION03ATBIK MOJU(HIUPICHICH TEKCTHIb MATCPHAIIAPHIH Ay TEXHOJO-
THSCHI KACaNAbl. ¥ CHIHBUIFAH TOCLI MAKTa MaTa YITUIEPIH 307b-T€lb KOMIIO3UIMICHIHA
CIHZIPII, COJAH KEHiH KENTIPy YKOHE TEPMUSUIBIK OHICYACH O6TKI3YICH TYPAIbL

Moau(huImpIeHTCH YATiIACPaiH OCPIKTITIHE KOHE MHKPOOHOIOTHSIBIK TYPAKTBLIBI-
FBIHA TIBIHBI CYHBIKTHIFBI MCH JKCJIATHH KOHIICHTPALICHIHBIH dCepl 3epTTeiai. Ammper-
TEYy YINIH ONTHMAJbJbl KEJICCieH mapaMeTpriep YCHIHBUIIBL: CYHBIK IIBIHBI KOHICHTPA-
mwach 5-10 1/, a30T KBIMIKBLUTEI KOHICHTPALACH 3-5 MJI/JI, MHHK XJIOPHAI KOHIICHTpPA-
OHACHL 5 T/11 skoHE TepMoeHaey Temmeparypacel 125 °C. XKacamsIHFaH TEKCTHIIb Mate-
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pHANIAPBIH 6HACY TEXHOJOTHACH! TCKCTHIb MATCPHANIAPHIHBIH THTHCHAIBIK JKOHE 3KC-
MJIyaTaluoOHABl KACHETTEPIH CAKTaH OTBHIPHIT AHTHMHKPOOTHIK OCICEHTIMIKTI KaMTachI3
eTel.

Tyiiin ce3mep: 301b-TCIb, SKOIOTHAIBIK KAYiNCi3aiK, aHTHMHKPOOTHI OHICY, TCKC-
THJIbMATEPHUANAAPHIH COHFBI OHICY, HATPHUHA METACHIIMKATBI, KCIATHH, IIMHK XJTOPHIL.

Pestome
K 2K Ifiocenbuesa

BE3OITACHOCTDb TEKCTHUJIbHBIX MATEPHUAJIOB,
OBPABOTAHHBIX AHTUMHWKPOBHBIMU TTPETTAPATAMU

Omnmucan crocod TIOTYICHUA aHTI/IMI/IKpO6HI>IX OCJIITKOJIO3HBIX TCKCTHIIBHBIX MATC-
PHAIOB C IPUMCHCHHEM 30JIb-TC)Ib METOAA. Pa3paboTaHa TCXHOIOTHS MOIH(DHIUPOBAHASA
C IpUMCHEHHEM OC30TACHBIX IpenaparoB. [IpeanoKeHHbIH CrOoCO0 COCTOUT B MOCTIEAO0-
BaTCIbHOM MPOMHUTKE OOPa3oB XJIOMIAaTOOYMAKHOH TKAHH B 30JIb-TCIIh KOMITO3HIUH C
MOCTICAYIOIICH CYIIKOH H TCPMHUICCKOH 00Pad0TKOM.

HccnenoBano BIMSIHWE KOHICHTPALMH JKHAKOTO CTEKIA M YKCJIATHHA HA YCTOMIM-
BOCTh K MHKPOOHOJIOTHYECCKOMY Pa3pyLICHUIO M IPOYHOCTHBIC CBOICTBA MOAmM(HIHpPO-
BaHHBIX 00pa3IOB. BELIBICHO, YTO ONTHMAILHBIMH HAPAMETPAMHU UL AIIIPETHPOBAHI
SIBILTFOTCSI: KOHIICHTPANHS >KUAKOTO CTEKIa 5-10 1/1m, KOHLIEHTpanus a30THOH KHCIOTHI
3-5 My/n1, KOHICHTpAHUS XJIOPHAA IIMHKA 5 T/1 U TeMmeparypa tepmoodpadorku 125 °C.
Pa3paboTaHHas TEXHOIOTHMSA OTACIKH TEKCTHJIBHBIX MATEPHANIOB OOCCICUMBACT AHTH-
MI/IKp06HYIO AKTUBHOCTH TCKCTHJIBHOTO MATCpHAIa C COXPAHCHHUCM THTHCHHUCCKUX H
OKCILTY aTAlTHOHHBIX CBOMCTB..

KiroueBbie c10Ba: 307b-T€Nb, SKOJOTHYCCKAsT OC30MACHOCTb, AHTHMHKPOOHAS
AKTUBHOCTD, 3AKTOYUTCIBHAA OTACTIKA TCKCTUIIBHBIX MATCPHAIOB, MCTACUIMKAT HATPUA,
JKCJIATUH, JUOKCHI TUTAHA, XJIOPpHUA HUHKA
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