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STUDY OF THE INFLUENCE OF SOL-GEL COMPOSITIONS ON THE
PHYSICO-MECHANICAL PROPERTIES OF TEXTILE MATERIALS

Abstract. In this article the possibility of combination of technology of dyeing and
final finishing of cotton textile material with application method sol-gel is considered.

The new method sol - technology gel in finishing of cotton textile material is offered.
The developed combined technology of dyeing and antimicrobic finishing of cotton textile
material with application sol — method gel, allows to receive strong adhesive fixing of
particles of the antimicrobic agent and dye on fibrous substrate.

The properties of the cellulose textile material processed by offering sol - technology
gel by application of physicomechanical, physical and chemical and biological methods of
a research were investigated. Processed on the offered combined technology textile mate-
rial keeps operational and hygienic indicators, esthetic, resistance of coloring to friction,
also improvements of functional and protective properties of textile material.

Optimum parameters are revealed, influences of temperature of processing, concen-
tration of acetate of zinc and liquid glass are investigated. The main advantage new sol-
method gel: reduction of time of processing and technological process, exception of use of
expensive medicines and exception of harmful components.

Key words: sol-gel method, coloring, combined method, final finishing, antimicro-
bial, sodium silicate.

Introduction. Today it is paid to the technologies providing superficial mo-
dification by polymers much attention. Drawing on the surface of fabric of the
polymeric medicine allowing to improve as coloristic characteristics of textile
materials, and to give different types of final finishing. Receiving gel of dioxide
of silicon and with inclusion in it of functional filler as which can act both dyes,
and particles of oxides of metals for giving of water repellency, fire resistance,
biocidal and other special properties [1].

In this regard, studying of coloristic, antimicrobic and physicomechanical
properties of the fabrics modified by polymers for the purpose of development of
new technologies, including, and the combined ways of a kolorirovaniye and final
finishing, are a relevant task [2].

Using the appropriate synthesis conditions and careful selection of the dye
and antimicrobial reagent, a large number of molecules can be incorporated inside
the silicon dioxide matrix, so that the molecule particles are "protected” from
exposure to oxygen and sunlight, which helps to avoid photodestruction, as well
as its gradual removal from the fiber surface [3].

Modification is applied to providing a necessary complex of properties of
textile materials for various products. Now there are various methods of modifi-
cation of textile materials: physicomechanical, physical and chemical, chemical,
biochemical. Modification of properties of materials is carried out generally at
two stages: in the course of production and in the course of the subsequent fini-
shing.
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Physico-chemical modification allows you to adjust the hydrophilicity of
natural materials, but the increase in strength, heat resistance, wettability reduc-
tion is always accompanied by a decrease in hydrophilicity [4]. Depending on the
reagents used, abrasion resistance may be increased. Regulation of the properties
of textile materials and expansion of their performance properties is possible by
modifying their polymerization-capable monomers, followed by polymerization
of the latter. Natural materials increases the strength, abrasion resistance, oilopho-
bicity, resistance to washing [1].

Chemical technologies are widely used practically at all stages of production
of textile materials. Polymeric compositions allow to provide or improve pro-
perties of materials in considerable limits. They are important in the course of
finishing of textile materials: purifications of textile materials of pollution,
kolorirovaniye and final finishing [3].

The choice of a method of modification of textile materials is influenced,
mainly, by the following factors: fiber nature; physical properties of fibers, ability
to bulk up, resist attrition both in damp, and in a dry state under various tempe-
rature conditions; susceptibility of fibers to chemical influences.

EXPERIMENTAL PART

Materials. As an object of a research the cotton bleached fabric of the article
1030 is chosen as 100%. For dressing of samples the following reactants were
used: zinc acetate - acetic salt of zinc with a density 1.735g/cm3, sodium silica-
te — sodium salt of metasilicon acid, citric acid of 100% in the form of powder,
direct dyes, the distilled water.

Preparation of samples. Processing of fabric took place as follows:

1. Preparation of solution of acetic zinc (5¢/l) and citric acid (5¢/1) in the
distilled water;

2. Addition of direct dye (3g/l) in solution;

3. Addition in sodium silicate solution (liquid glass) (40, 60, 80 g/I);

4. Impregnation of fabric in solution within 1-2 minutes at the room tempe-
rature;

5. An extraction and drying of samples before full drying;

6. Heat treat mental temperature sol 100-150 °C;

Preparation time of sol of 20 minutes, temperature 40 °C.

Research methods. Assessment of the color stability of textile materials
to dry and wet friction is carried out in accordance with GOST 9733.27-83 on PT
- 4 devices; physical and mechanical-using AUTOGRAPH AG-I, AR-360SM
("Nisshinbo", Japan), to determine the strength characteristics and breathability of
the treated cotton fabric is carried out in accordance with GOST 3813-72 “Textile
Materials. Fabrics and piece products. Methods of determination of tensile
properties”; GOST 12088-77 «Textile Materials and articles thereof. Method for
determination of air permeability»; determination of tissue stiffness is carried out
according to GOST 10550-93 "Textile Materials. Canvases. Methods of determi-
nation of stiffness in bending "on the device MT-367; Assessment of color and
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coloristic indicators of images of cotton fabrics, using a spectrophotometer "Mi-
nolta", a specialized technique. The study to determine the antimicrobial activity
of textile materials was conducted in accordance with the standard "methods of
laboratory tests for resistance to microbiological destruction GOST 9.060-75"[1].
RESULTS AND DISCUSSION

In comparison with other methods the developed sol-gel the method
possesses a humber of premushchestvo and possesses the simplified technological
scheme of synthesis. Indicators of stability of coloring of textile materials for dry
and wet friction, to explosive loadings it is shown in table 1.

Table 1 — Indicators of stability of coloring of textile materials
for dry and wet friction, to explosive loadings

Concentration | Temperature of Heat treat Stability of coloring Breaking

Ne Silicate of heat treatment, menttime, to a frictions, (point) load F, (N)
sodium, ml/L °C Sec. dry wet warp | weft
1 40 100 120 5/4/4 3/4/3 276 | 237
2 60 100 120 5/4/5 4/4/4 240 | 233
3 80 100 120 5/5/4 4/4/4 238 | 211
4 40 150 120 4/3/4 4/413 257 226
5 60 150 120 5/5/4 4/4/4 275 | 244
6 80 150 120 5/5/5 4/4/4 281 | 247
7 0" 150 120 4/3/3 2/3/2 264 | 200
*0 — the material is dyed according to the traditional method, the breaking load of the

original fabric is 264 N.

According to the received results of resistance of coloring to friction, it is
possible to draw a conclusion that application method sol-gel when coloring
cotton textile materials, does not reduce resistance of coloring to friction, in com-
parison with a traditional way of coloring.

Follows from the analysis of the received results that processing by com-
posite structure positively affects mechanical properties of the finished fabric,
explosive loading depending on the applied finish coat increases up to 281 N in
comparison with initial tissue 264 N.This indicates that the modification of
cellulose materials using the Sol-gel method does not worsen, and in some cases
improves the strength characteristics of the processed textile materials.

Table 2 — Indicators of air permeability and rigidity of textile materials

Concentration | Temperature of Heat Air Rigidity | Elasticity

No Silicate of heat treatment, treatment | permeability, of G, v,
sodium, ml/I °C time, sec. | (cm®cm?.c) cH %

1 Rawmaterial 109 0,9 241

2 40 100 120 94 1,3 67

3 60 100 120 95 1,5 23

4 80 100 120 104 2,4 35

5 40 150 120 99 1,7 40

6 60 150 120 102 1,2 54

7 80 150 120 105 2,4 35
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According to the results obtained, it is shown that the treatment of cellulose
materials by the Sol-gel method developed on the basis of liquid glass does not
lead to a violation of air and steam exchange, does not prevent the transport of
moisture vapor from the surface of the human skin to the outer surface of the
materials, which ensures the maintenance of normal functions of thermoregula-
tion of the human body. The stiffness coefficient depending on the applied sodium
silicate concentration increases in comparison with the original tissue. This is due
to both the formation of the most durable and dense silica coating on the fiber.

Comparative analysis showed that depending on concentration of silicate of
sodium the received color slightly changes. At identical concentration of dye in
solution, the general color distinction decreases. Variation of concentration of sili-
cate of sodium of 40-80 g/l, leads to reduction of lightness of the painted samples.
The coefficient of resistance to microbiological destruction at the processed
textile materials in all cases made higher than 80%.

Conclusion.

1. Researches showed on resistance of coloring to dry friction 4 points, to
wet 3 points.

2. By results of researches of physicomechanical indicators it is established
that sol-gel a method positively affects mechanical properties of the finished
fabric, durability increases in comparison with initial fabric.

3. The rigidity coefficient depending on the applied concentration of silicate
of sodium increases up to 2.4 cH in comparison with initial fabric 0.9 cH.

4. Researches showed that depending on concentration of silicate of sodium
the received color slightly changes.

5. The coefficient of resistance to microbiological destruction at the proces-
sed textile materials in all cases made higher than 80%.
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Pe3iome
M. M. I3bepeenosa, A. K. Kymacanosa, K. K. [rocenbuesa

NCCJIEAOBAHME BJIMAHUAA 30J1b-I'EJIb KOMITO3MLINN
HA ®U3NKO-MEXAHUYECKHNUE CBOMCTBA TEKCTUJIbHBIX MATEPUAJIOB

B cratne paccMaTpruBaACTCA BO3MOKHOCTb COBMCIHICHUA TEXHOJIOI'MU KPAICHUA U 3a-
KJIIOYHTEIIBHOMN OTACIKH xnonano6yMa>1<H0r0 TCKCTUJIILHOI'O MaT€puajia ¢ IpUMCHCHUEM
30JIb-I'CJIb M€TOA.
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IpemioskeH HOBBIM METOM 30Jb-T'elIb TEXHOJOTHH B OTICIKE XJIOMUATOOYMaKHOTO
TEKCTHWJILHOTO Matepuaia. Pa3paboTaHHas COBMEICHHAS TCXHOJIOTHS KPAIICHUS M aHTH-
MHUKPOOHOH OTAENKH XJIOMYaTOOYMaKHOTO TEKCTHIBFHOTO Marepuaia ¢ IMpUMCHEHHEM
30JIb-T€TThb METOJIa, TO3BOJIICT MOJMYYHTH MPOYHOE aAre3MOHHOE 3aKPCIUICHUE YaCTHI]
aHTUMHKPOOHOTO areHTa U KpacuTess Ha BOJOKHUCTOM cyOcTpare.

B pabore ObUIM HCCIEOBaHBI CBOWCTBA IEIUTFOJIIO3HOTO TEKCTHIHFHOTO MaTepHaa,
00paboTaHHOTO O MPEATIOKEHHOH 30J1b-TeIh TEXHOJIOTHH C IPUMEHEHHEM (PHU3UKO-MeXa-
HUYECKUX, (PU3NKO-XUMHUYECKIX M OMOJOTHICCKUX METONOB mccienoBanms. O6padoTan-
HBII IO MPEJIOKEHHON COBMELIEHHON TEXHOJIOTMU TEKCTUJIbHBIA MaTepuan COXpaHseT
SKCIUTYaTallMOHHO-TUTHEHUYECKHEe TTOKA3aTeIH, ICTEeTHIECKNE, YCTOHIMBOCTh OKPACKH K
TPEHUIO, TAKKE YIIYUIIeHNs! (YHKIIMOHAIBHBIX U 3alIUTHBIX CBOHCTB TEKCTHIHLHOTO Mate-
puaia.

B])IHBJ'ICHI)I OIITUMAJIBHBIC napaMeprI, HCCJICOOBAHbI BIIMAHUA TeMnepaTypbl o6pa-
0OOTKH, KOHIICHTPAIIKs alleTaTa I[MHKA U XKUJKOTO CTeKia. [ JJaBHOE TOCTOMHCTBO HOBOTO
30J1b-T€TTb METOZA: YMCHBIIICHHE BPEMEHH O0pa0OTKH M TEXHOJIOTHYECKOTO IpoIecca,
HCKJTFOUCHUE TPUMECHEHUS JOPOTOCTOSIIUX TPEnapaToB W UCKIIOUYCHUE BPETHBIX KOMII-
OHEHTOB.

KiroueBble cjioBa: 307b-T€lb METOJ, KOJOPHPOBAHUE, COBMEUICHHBIA METOJ, 3a-
KITFOYHUTENBHAS OTAEIKA, aHTAMAKPOOHOCTD, CHITMKAT HATPHS.

Pe3iome
M. M. 3oepeenosa, A. K. Kymacanosa, K. K. [rocenbuesa

30JIb-TEJIb KOMITO3ULACBIHBIH TOKBIMA MATEPUAJIJAPBIHBIH
OUBUKA-MEXAHUKAJIBIK KACUETTEPIHE ©CEPIH 3EPTTEY

Makanaja 30Jib-Telb 9/IiCTI KOJIaHa OTHIPHIN 00y TEXHOJOTHUSACHI MCH MaKTa-MaTa
TOKBIMa MaTEPUAIBIH KOPBITHIH/IbI OHCY MYMKIH/IIr KapaCThIPBLIA b

MakTa - MaTa TOKbIMa MaTEpHUATBIH OHJACYNE 30Jb-TeNIb TEXHOJOTHSCHIHBIH JKaHa
oMici YCBHIHBUIMBL 30Jb-T€lb OMICTI KOJJaHa OTHIPHIN, MaKTa-MaTa TOKGIMAa MaTepHAITBIH
0OSTyIBIH KOHE MHUKPOOKA KapChl OHAEYAIH OipiKTipiIreH TEeXHOIOTUACH aHTUMHUKPOOTHI
areHT JXKOHE OOSFBINI OOJIIEKTEpPiHIH TaJIIBIKTE cyOcTpaTTa Oepik aare3usuiblK OeKiTi-
JyiH alryFa MyMKiHAIK Oeperi.

JKymbicTa (U3MKO-MEXaHUKAJIBIK, (DU3UKA-XUMISUIBIK JKOHE OMOJIOTHSUIBIK 3€pPTTEy
OMIICTEpIH KOJZaHA OTBIPBIN, YCHIHBUIFAH 30JIb-TelIb TEXHOJOTHs OOWBIHIIA ©HJIENTCH
LEJUTI0I03a TOKbIMAa MaTEePHAJIBIHBIH KAaCHETTepl 3epTTeii. ¥ CBHIHBUIFAH OIpIKTIpiAreH
TEXHOJIOTHS OOMBIHINA OHJICIreH TOKbIMA MaTepHal MaiiianaHy-rurieHaIbIK KOPCETKIIII-
TEpiH, ICTCTUKAJBIK, OOSYIbIH YHKETICKEe TYPAKThUIBIFBIH, COHAAaNW-aK TOKbIMA MaTepHa-
JIBIHBIH (YHKIHOHAJIBIK JKOHE KOpFay KaCHEeTTEPiH jKaKCapTOAUp.

OHTalIpl TapaMeTpiiep AaHBIKTAIABL,OHACY TEMICPATYPACBIHBIH dCepPi, MBIPHIII
areTaThl MEH CYHBIK IIBIHBIHBIH KOHIICHTPALMACH! 3epTTeiii. JKaHa 30Jb-Telb OJICTiH
0acThl aPTHIKIIBUIBIFBI. OHJIEY YAKBITBIH JKOHE TEXHOJOTHSCHIH OHTAIaHIbIPy KbIMOAT
JIOpi-IopMeKTepli KOMIaHOay jKoOHE 3USHIBl KOMIIOHEHTTEPACH aphLTy .

Ty#inai ce3gep: 30mb-Tenb ofici, 60sy, OipieckeH 9IIic, KOPBITHIHABI OHJIEY, aHTHU-
MUKpPOOTHIK, HATPUI CHUIIUKATHI.
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