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Thin Coatings on the Raw Cotton Textile Depositec
by the Sol-Gel Method
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Abstract —In this research, pure raw cotton textile has been
modified by the sol-gel method to implement zinc ade coating
on the fabric surface. Scanning electron microscopySEM) has
been used to examine the nature of the surface mdidation after
application of coating. Curing is an important stepin the sol-gel
coating process. Therefore, the present paper exan@s the
application of different curing temperatures to thepreparation of
textile samples, as well as evaluates their suitdity for the
samples made of raw cotton textile.

Keywords- raw cotton textile, sol-gel method, zinc oxidehtn-
coating finishing.

|.INTRODUCTION

A. Textilesand UV-Protection

Since the appearance of the hole in the ozone Eyéidue
to continuous decrease in the thickness of the @ayer the
ultraviolet (UV) intensity of solar radiation hascreased [1-
3]. The ultraviolet radiation (UVR) is composed tifree

types: UV-A (315-400nm), UV-B (290-315nm), and UV-C

(100-290nm). The UV-C radiation is absorbed by tzene
layer; however, the UV-A and UV-B reach the eantinface

and cause serious health problems such as skineganc One of
sunburn and photo-aging [1, 3-9]. The UV-B radiatio

penetrates the upper skin layers (epidermis), whiieUV-A
radiation reaches the deeper areas (dermis) f,,6,10].

Therefore, special attention has been focused tlgcen
the UV transmission of textile because of the grmgndemand
in the marketplace for light-weight apparel thatfecd
protection against UVR, while fostering comfort [21].
Textiles are assembled to protect against enviroiahe
influence at all times. Textile garments will pratagainst the
hazardous effects of the UV radiation to a certitent, but
light and light-shaded clothing textiles providesufficient
protection. When direct light shines onto a textgart of the
radiation is reflected. The material will absorb cartain
amount, but the remainder can reach the skin [3TH4¢ fabric
UV protective capacity varies significantly deperglion
many elements such as: fibre type, additives, ¢astmiucture
(weave construction, yarn number, weight, thicknelssead
count, cover factor, etc.), colour and dyeing istBn presence
of optical brightening agents, pigments and fimighproducts
(different UV absorbers), laundering and washingditions,
fabric extensibility, wetness, etc. [12]

The absorption spectra of a semiconductor, suchiras
oxide, show strong absorption in the UV region lod tight
spectrum but only very slight or no absorption ihle light
[2, 3, 13, and 14]. In comparison with the orgaalsorbers
conventionally used in the textile industry, inangamaterials

show no significant degradation and are, therefexéremely
stable, and the oxides are classified as non-tmsterials [2,
3, 10-16]. Zinc oxide is harmless, that is whystused in
cosmetics, for example, suncreams. For the aboveioned
reasons, zinc oxide seems to be ideal for the paépa of
highly UV-absorbing, nanosol-based coatings [2, 3].

Besides, textile materials have intrinsic propertleat make
them extremely valuable — they are flexible, ligheight,
strong, soft, etc. As a result, they are excellgnects for
imparting additional functionalities.

The present paper describes the deposition of axide
thin coatings by the sol-gel method on the rawarotextile
substrate.

B. Sol-Gd Method

The modification of textile materials is of majonportance
and an essential component in textile processingnfparting
of additional properties. New materials can be t®ed, and
new properties can be added to the existing mégeloia the
use of special-treated fibres, coatings [17]. Tioees besides
all new functions, the trend towards even thiniferef creates
a need for thin nano-scaled or nano-structuregting [18].

modification methods of textile materials — andtaiety not
only of textile materials — is the sol-gel methedhich offers
far-reaching possibilities for creating new surfgmeperties
(1].

The sol-gel method has become an important tool for

producing nanopatrticles or for the preparation application
of thin layers or coatings based on either inorganaterials
or inorganic-organic hybrids; it can be employedr fo
modification of many textile materials and allowsedo tailor
certain properties and to combine different prdapsrin a
single coating step [2]. Nowadays sol-gel scientmva the
preparation and stabilization of a huge number efainoxide
sols [2].

Moreover, the sol-gel dip process is almost excklgi
applied for the fabrication of transparent laygmsmarily for
the deposition of oxide films on float glass asransparent
substrate with a high degree of planarity and serfquality
[19].

This method is based on the preparation of colloida
from appropriately selecte

suspensions nanosols
precursors, mostly metal oxides or organometadiimpounds,
such as metal or semimetal silicon-containing akes.
These compounds, which are subjected to hydrolysian
acidic medium, are converted into correspondingréwides
that are unstable and susceptible to further cosatém
processes. Nanosols prepared in this way are degosen
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fibres/fabrics and dried at an elevated temperatusmndense
them into cross-linked lyogels containing a consbée

content of liquid phase. During further drying, thiguid phase
is removed and a porous layer (xerogel) is formedhe fibre

surface [2, 20].

One of the advantages of this method is the pdigiloif
preparing thin layers on various materials, as aslkthe sol-
gel layers can cover all fibres with high enoughexion [21].
Major advantage of the method is the high degree
uniformity of obtained coatings; also, the advastagthat the
size of substrate is not limited [19]. The thicknex the
coatings applied to the fiber surface is mainlytha range of
several nanometers to micrometres; besides, tkibifiey of a
coating is directly related to its thickness [2huE, the use of
sol-gel coating for the preparation of protectiveatings
seems to be appropriate. Also, nanosols can beedpiol the
textile surface by conventional coating techniqused in the
textile industry. The application can be carried lopa simple
dipping process, spraying and padding [3].

Il. MATERIALS AND METHODS

A. Materials

Solution A was added slowly into solution B stirrfed 30
minutes and after mixed with 2.5% of zinc acetatezioc
sulphate with continuous stirring for 10 minutebeTobtained
nanosol was clear and homogeneous.

The cotton textile samples were dipped into thepared
nanosols, soaked for 10 minutes, then dried at 80tCLO
minutes, cured at 100°C, 125°C and 150°C for 5 min.

of Ill. RESULTS ANDDISCUSSION

A. Thermal Post-Treatment Influence on the Cotton Textile
Sanplesafter the Sol-Ga Method Modification

The nanosol process has to be adapted for theneeatof
textiles because of textile low heat resistanciieamal post-
treatment at higher temperatures should be avdioledduce
degradation and deformation of the textile matsriahd has
to be adapted with regard to the type of textilated and to
the applied nanosol. Curing is an important stefhinsol-gel
coating process and curing temperatures of betvi®€i -
170°C and different curing durations from 1 to 3utes as
reported in the literature [1, 25-28]. In the presesearch, the
cotton textile samples have been cured at 100°6:Q2and
150°C for 5 minutes [3,5].

Raw woven plain weave 100% cotton fabric with the After thermal post-treatment at 150°C, the yellossmef

surface density of 147.36 gfnfrom yarns of linear density
33.6 Tex has been used in the experiment. Thertbgkof the
fabric is ~ 0.36 mm; the measurement was takeméyextile
thickness tester “TH-25".

Cotton is a cellulosic fibre with a high ratio ofdroxyl
groups that make it hydrophilic and that are awdédor polar
interaction or potential surface reactions. In tddj cotton is
unique in its features, such as biodegradabilityatew
absorbency, comfort and thermostatic capacity [22].

B. Material Pre-Treatment

To provide good interfacial contact between fibueface
and deposited coating, the surface of cotton fegaioples has

the samples coated by two different nanosol satstio
(prepared using zinc acetate and zinc sulphateledsed,
whereas the samples coated by nanosol (prepared msic
sulphate) also lost their strength, the textilerd# were
damaged, and easily broke up in hands.

In order to explain the increase in yellowness, am
made of untreated pure cotton textile were prepareticured
at the same temperature as the samples treateghbgal. The
experiment showed that the yellowness of the utdcea
samples also increased. Thus, it can be concludad the
duration of curing being 5 minutes at a temperatfr&50°C
is too long for the samples made of pure cottotileex-or the
next experiments it is necessary to reduce th@guturation.

without optical brighteners; nevertheless, durihg washing
procedure the oil has not been removed. Thereftre,

zinc sulphate), decrease in strength and destructiccotton
textile can be explained by possible silicic aci@jination on

samples were immersed in 80% acetone solution @M ro tye fapric surface during the chemical reaction tedthermal

temperature for 5 minutes [23, 24], and then wasiéde
with distilled water. The drying step was carriedt ®n a
horizontal surface.

C. Chemicals

Tetraethoxysilane (TEOS, ¢8,,0,Si), alcohol (GHsOH),
hydrofluoric acid (HF), deionized water, zinc adeta
(Zn(CH,COO)-2H,0) and zinc sulphate (ZngDhave been
used for nanosol preparation.

D. Zinc Oxide Nanosol Preparation and Textile Treatment

Nanosol was prepared by a typical controlled hygdiisl
Solution A was prepared by adding TEOS slowly iakohol
with continuous stirring.

Solution B was prepared by mixing deionized wated a
hydrofluoric acid.
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post-treatment. The same level of destruction visewved for
polyamide, polyester and flax fibre samples. Thpeexnent
results showed that flax, polyamide and polyestatiles
treated by nanosol (prepared using zinc acetatejdcbe
cured at a temperature of 150°C for more than Sutam€10
minutes). It can be concluded that for samplestaedy
nanosol (prepared using zinc sulphate) the cuengperature
of 150°C is too high and unsuitable for sample arafion.
Experiment results show that a moderate thermat- pos
treatment at 125°C is appropriate for cotton sampteated by
nanosol (prepared using zinc acetate), but is tre for
samples treated by nanosol (prepared using zimhatd). As
a result of such post-treatment the samples trdatathnosol
(prepared using zinc sulphate) change their caldolack, it
means that deep destruction of cotton fabric oeaut post-
treatment temperature has to be reduced at |€as0@i°C. It
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is considered that zinc sulphate monohydrate iafa Source
of zinc for all animal species and the use of zioptaining
feed additives does not pose a direct concern Far
agricultural soil compartment [29]. At the same dinour
investigations show that some further refinement the
assessment of zinc sulphate-based nanosol appiicatithe
textile treatment needs to be considered, for whidtitional
data would be required.

B. Scanning Electron Microscopy

With respect to the textile structure and since dpplied
coatings are extremely thin, commonly used peeliteggs
appear to be unsuitable. Tests with adhesive tapgs give
certain information,
colourless, a simple visual evaluation will fail;i$ therefore
necessary to employ at least optical or SEM. Ia thsearch,
morphological changes as a result of sol-gel treatnof
cotton textile have been investigated using SEM.

Fig. 1 illustrates SEM micrograph of the uncoatedtan
textile. Fig. 2 and Fig. 3 represent micrographscofton
textile samples treated by two different nanosdutsins —
prepared using zinc acetate with thermal postitieat at
125°C and prepared using zinc sulphate with thenpoest-
treatment at 100°C.

SEM MAG: 5.00 kx Vac: Hivac
SEM HV: 3.00 kV WD: 10.2070 mm
Date(m/d/y): 03/01/12 Det: BSE Detector

20 um MIRA\ TESCAN n’

Riga Technical University

Fig. 1. Uncoated cotton textile

but since the coatings are thpos

500kx  Vac: Hivac
SEM 3.00 kv WD: 10.1490 mm
Date(m/dfy): 03/01/12 Det: BSE Detector

20 ym MIRA\ TESCAN n’

Riga Technical University

Fig. 3. Coated cotton textile by nanosol preparsthgi zinc sulphate,
thermal post-treatment temperature of 100°C.

Figure 2 indicates that samples treated by nar{psepared
using zinc acetate) have sufficiently even coati&EM
micrograph in Fig. 3 shows that the cotton sampilested by
nanosol (prepared using zinc sulphate) have seffiti even
coating, without visible defects; though, in somacps one
can notice the presence of silica particles (Takdad Fig. 4).

TABLE |
ENERGY DISPERSIVEX-RAY (EDX) ANALYSIS — ELEMENTAL WEIGHT IN %
Spectrum C (©] F Si Zn
1 67.47 20.64 6.02 - 5.86
2 62.40 23.82 5.58 - 8.19
3 74.70 17.08 5.65 - 4.57
4 47.19 23.35 4.54 13.45 11.47
5 33.03 17.60 - 49.37 -

Fig. 4. EDX analysis spectra of sample treated dyosol prepared with zinc
sulphate concentration of 2.5%, thermal post-treattemperature of 100°C

SEM MAG: 5.00 kx
SEM HV: 3.00 kv
Date(m/d/y): 03/01/12 Det: BSE Detector

Vac: Hivac
WD: 10.3740 mm

EDX analysis is an analytical technique commonlgdutor
the analysis of chemical compositions. EDX has been
performed, using SEM. Figure 4 illustrates, whére surface
chemical composition of treated cotton is measuBsta in
Table 1 confirms that zinc oxide coating is formad the

20 pm MIRA\ TESCAN n"

Riga Technical University

Fig. 2. Coated cotton textile by nanosol prepargdgizinc acetate, thermal
post-treatment temperature of 125°C.
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cotton textile surface, and confirms the presentesilica
particles (spectrum 4 and spectrum 5).

V. CONCLUSIONS

After thermal post-treatment at 150°C, the yelloss@f
the samples coated by nanosol (prepared using aretate)
increased, whereas the samples coated by nanasma(ed
using zinc sulphate) also lost their strength aaslly broke up
in hands. Taking into account that both the cofedric and
the fibre structure were damaged, post-treatmenpéeature
has to be reduced at least till 100°C. As zinc lsalp is
considered to be a safe source of zinc for humamgbeand
animals, further refinement in the assessmentraf zulphate-
based nanosol application to the textile treatnmeds to be
considered, for which additional data would be el

7.

8.

11.

12.

13.

Experiment results show that a moderate thermat- pos

treatment at 125°C is appropriate for samples cdodig
nanosol (prepared using zinc acetate), but is &eere for
samples treated by nanosol (prepared using zimhatd). As
a result of such post-treatment, samples treatedampsol
(prepared using zinc sulphate) change their caldlack, it
means that deep destruction of cotton fabric oecut post-
treatment temperature has to be reduced at 1dd<Q@PC.

The sol-gel approach used within the framework tod t
research in order to prepare the coating mategizgdsantees a
simple processing procedure that can be easilsfeaed to
the textile industry, as well as nanosol can beliegpby
conventional coating techniques used in the textitiistry —
the application can be carried out by a simple idiggprocess,
spraying or padding.
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Svetlana Vihodceva, Silvija Kukle. Pinie parklajumi uz kokvilnas jelauduma, izmantojot sol-gla metodi

Rakst apraksta no dafmam iedram iedito danu modific¢Sana, izmantojot soleta metodi, lai pieirtu tekstilmateriliem ultravioleto (UV) starojumu
blokgjoSasipadbas, uznesot phu cinka oksla mrklajumu. Ta ka sol-cgEla metodei ir svaga termisk pecapstide un &s temperatra, raksi tika nowertéta
daZdu termisks apstides temperatu ietekme uz kokvilnaglguduma paraugiem.

Kops & laika, kad ozona &1 paadijies caurums un tiek nérota nefrtraukta ozona 8ha biezuma samazifaras, palieliris af UV starojuma intensite, kas
savulart rada nepiecieSaibu pec UV starojumu blggjoSiem izstddajumiem. Rakst aprakstajos (Etijumos Kk UV starojuma abso#tajs tika izmantots cinka
okgds, jo tam pierm laba UV staru absorbcijas&p. Cinka ok&ls nav kaiigs cilveka vesabai, to plasi pielieto kosstika, piem., saloSaras kemos. Balstoties
uz augsikmingtajiem faktiem, var seciit, ka cinka ok®ls ir piengrota viela UV starojumu absdijosSu @rklajumu izgatavoSanai. Nanokattu &idumu var
uzklat uz dénu un pavedienu virsmas ar tradicitam, tekstila industr§ pielietoeam tehnolgijam. Farklajumu uz tekstilmate&iu virsmas var ietf ar vienkrSu
merceSanu, uzputi@Sanu vai drukSanu.

Paraugu virsmas izmai anaize fEc to farklasanas ar cinka ofdu tika veikta ar skefjosa elektronmikroskopa palzibu. Eksperimentu gaitika konstadts, ka
kokvilnas glauduma paraugu, kas apsfits ar nano koo &idumu, izmantojot cinka acet, optinila termisk pecapstides temperata ir 125°C. Pie
lielakas temperatas kokvilnasglaudums paliek dzeltens. Paraugiem, kas aqiitrar nanokol@do &idumu, izmantojot cinka sulfu, optinala temperaira ir
100°C; pie 125°C tempemats kokvilnasglaudums vietm paliek melns, bet pie 150°C tempéras zaud savu stipibu un viegli safk.

Cget1ana Beixoauesa, CuiabBus Kykiie. ToHKHe NOKPBITHSI He00Pa00TAHHOIO XJI0NKA, HCNOJIb3YS 30J1b-TeJIb METO

B crartbe ONMCAHO HCIONB30BAHNUE 30Jb-T€/Ib TEXHOJOTUH Ul MOAU(UKALMY IIOJOTCH M3 HATYyPAIbHBIX BOJOKOH, YTOOBI NPHUAATH MM 3al[UTHBIC CBOWCTBA,
HPOTHB YNIbTPa(HONETOBOTO M3IYYCHMS, HAHOCS TOHKOE IMOKPHITHE OKCHJAAa IMHKA. Tak Kak B HCIIOJIB30BAaHMM 30Jb-TCNIb METOJA Ba)KHA TeMIEpaTypa
HOCTIeAYIOIIEH TepMUYECKOH 00pabOTKH, B CTaThe OMHMCAHO BO3CHCTBHE Pa3INYHBIX TEMIIEPATyp Ha 00paboTaHHBIE 0OPa3IbL.

C TOro BpeMeHH, KaK IMOSBIJIACH JbIPa B 030HOBOM CJIOC, TaK M M3-3a HCIPEPHIBHOIO YMCHBIICHHS TOJIIMHEI 030HOBOTO CJIOS, YBEIMYHIACH HHTCHCHBHOCTD
YIBTPa(UOICTOBOTO H3IIYUCHHS, YTO MPUBEIIO K YBEIMUCHHIO HEOOXOAMMOCTH 3alIUThI IPOTUB YIBTPA(HOICTOBOIO H3ITy4CHHS.

B onmcaHHBIX B CTaThe SKCIEPUMEHTAX B Ka4yeCTBE IOIVIOTHUTENS YIbTPAa(UONIETOBOrO M3IyYCHHs OBUI HCIIONBb30BAH OKCHJ ILIMHKA, KOTOPOMY CBOICTBEHHA
XOpoluast MOrIOIAaeMOCTh YIbTpadHOoIeToBOro u3aydeHnst. OKcu [uHKa Oe3Bpe/ICH TS 3M0POBbS JIFOACH, I0ITOMY OH MCIIONIb3YETCsI, HALIPUMEp, B KpeMax [UIs
3arapa. MIcxons U3 BBINIE CKa3aHHOTO, OKCHI LIMHKA Ka)XETCS MACATbHBIM, Y4TOOBI CO3aTh MOKPHITHE, BBEICOKO Moromaiee YB nsny4enue, OCHOBaHHOE Ha
3011b-Telnb MeTozie. HaHopacTBOp MoskeT ObITh HAHECEH Ha MOBEPXHOCTh TEKCTHIIBHBIX MAaTEPUAIIOB MIPH MTOMOIIH TPAJUIIMOHHBIX, HCHOJb3YEMbIX B TEKCTHIIBHOM
HHIYCTPHUHU TexHOJIOruil. [TOKpITHE Ha IIOBEPXHOCTH MAaTEPHAIOB MOXHO HOTYy4UTh IPH ITOMOIH OOBIYHOTO 3aMadMBaHMS, HANIBUICHHUS WIIH HAOUBKH.

Ipy moMOIIM SIEKTPOHHOTO CKaHUPYIOIIEr0 MUKPOCKOIA ObLT MPOM3BEAEH aHAIM3 H3MECHEHNUI TOBEPXHOCTH 00pAas3IoB IOCIE X ITOKPBHITHS OKCHIOM ILIHHKA.
ITyTéM 3KCHEpHMEHTOB KOHCTATHPOBAHO, YTO MOKPHITHE TPH TIOMOIIHU 30JIb-TE/Ib TEXHOJIOIUH Ha TIOBEPXHOCTH HATYPAIBHBIX IOJOTCH MOXHO TONYYUTh TIPH
MOMOIIM OOBIYHOTO 3aMayMBaHMS. A TaK ke MyTéM SKCIHEPHMEHTOB KOHCTaTHPOBAHO, YTO s 00pa3loB 0OpabOTaHHBIX HAHOKOJUIOMIHBIM PacTBOPOM,
MOJy4EeHHBIM HCIONB3YsS ameTaT IMHKA, ONTHMAlIbHOM TeMIepaTypod &I TepMHueckod oOpaborkm sBusercs 125°C, mpu ucmonb3oBaHMH OOMbIICH
TEMIIepaTypbl 00pa3Ibl KENTCIOT, a i1 00pa3loB 00pabOTaHHBIX HAHOKOJUIOMIHBIM PAcTBOPOM, MOJyYEHHBIM, HUCHOJB3Ys Cydb(haT IMHKA, ONTUMAIbHON
TeMIepaTypoii Ui TepMudeckoil 06pabotku sBisiercss 100°C, mpu Temneparype 125°Co0pasiupl MecTaMu YEpHEIOT, a pH Bo3aeicTBHU Temmepatypsl 150°C
TEPSIOT MPOYHOCTH U JIETKO Pa3pyIIAtOTCSL.
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