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ABSTRACT

The antifungal activity from cotton fabric textileas studied by using TiBiO)/Chitosan, with CTABr (Cetyl
Trimetyl Ammonium Bromide) template as nano patatispension disperser in the surface of cottoridabxtile.
The difference of dip-spin coating time was cotedaby the perfection of TBIO,/Chitosan coating and
indicated by the gain of textile mass, stable ®wrashing and the ability of textile to inhibit tAspergilus niger
growth. Result showed that in the 24 h and 90 rhuigespin coating, there was 14 mm of A. nigetibitton zone,
compared with cotton fabric textile without treatthend was larger inhibition zone than cotton fabtextile
treated by ketokonazol as a positive control. Thentical change occurred in the textile fiber affeiO,-
SiO,/Chitosan coating was analyzed by FT-IR and SEM-EDX
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INTRODUCTION

Textile is primary need and must be provided inlydaictivity. The need of high quality textile is esed by
consumer. In order to choose the quality of textileits use, consumers have to know the basic lkedye about
textile fiber to make it easier to identify the higuality textile for daily need [1]. Based on tlgpe of fiber, textile
can be classified as cotton, wool and silk [2].t@otis a popular textile product, made from cotfirer with
cellulose as primer component. Cotton has uniqupesties such as soft and light fiber, numb andy éas
maintenance. Cotton fiber has porous so it absenlesat easily. This property gives the opportunityrhicrobe to
grow in textile fiber [3].

The microbial growth is stimulated by the structafdiber and environment [4,5]. The presence afroties in the
fiber can cause cross infection, color degradadiot bad odor to textile [4]. The need of clean gidrye textile is
urgent due to the raise of infection caused byqagthic microbe. Several techniques have been apialipush the
growth of microorganism by using chemical compouandphysical interaction such as the polymerizatdérN-
halamin monomer to textile fiber, the addition ofhdlamin toelectro spinning enzyme immobilization eter
crosslinked, the placement of ammonium salt to fiber textibalently [6].

The application of nanotechnology to small indestthy the coating of nanomaterial compounds (needalke) is to
modify the function of textile fiber. Nanotechnologan increase the quality of textile to be thetifuriction textile
product with complex properties (anti microbial, Uvotection, and anti odor). The success of nahoigogy
application in textile industry has several advgatasuch as durability, multifunction without detgathe basic
properties such as process ability, flexibility ammbnomic.
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TiO,-SiO,/Chitosan nanoparticle is a semiconductor, inest-toxic and photo catalytic material [7]. It @lkas
anti fungal property because in UV radiation, thereedox reaction in band gap (valence a condudigmd) which
causes the release of radical hydroxyl eesittive oxygen speci¢éROS) [8,9]. The radical of hydroxyl can activate
microbe by oxidizing phospolipid in membrane caelhere OH radical has ability to oxidize 1.000 —QDQ times
more effective than the inhibition ability of dig&ttant in market such as chlorine, ozone and ttdatioxide [10].
The application of Ti@SiO,/Chitosan as anti fungal are safe for consumery éasapply in textile industry,
economical value, compatible with other finishingeats and environmentally friendly. Rilda et al13(11] has
synthesized Ti@SiO,/Chitosan nanoparticle by modification with chitosahich can increase the photocatalytic
activity and has good anti microbial property if pga with CTABr surfactant. Chitosan has non toxic,
biocompability, biodegradability, anti fungal adtivand chemical reactivity properties [12,13].

Fungi is a microbial species which can survive ightmoisture textile. The growth of fungi can océutboth new
and stored textile. The growth of textile is diffitto handle. Some chemical compounds which haenhused to
inhibit fungal growth can’t work effectively becaughe difficulty to degrade fungal cell. The use T6D,-
SiO,/Chitosan is an alternative solution to overcomeftoblem in textile because its effectivenessnipkands of
bacteria (positive and negative gram) [11,14,158F @imed of this research is to modify the functd textile fiber
by TiO,-SiO,/Chitosan coating in preparation of anti fungakitex

MATERIALS AND METHODS

Materials

Materials used were cotton textile (64 gfgnchloride acid (HCI), Acetic acid (JEOOH), diethanol amine
(C4H11NOy), isopropanol (gHgO), tetraetoxyortho silicate §H,00,Si), Salicylic acid (CHCHCOOH), Cationic
surfactant (GHs3N(CHz)sBr) Merck, aquadest, titanium isopropoxide; 48>60,Ti) (Aldrich 97%), commercial
chitosan (GH11NO,), (85% de-acetylated).

Synthesis and Preparation of Cotton Textile Coatindpy TiO,-SiO,/Chitosan

TiO; sol suspension consists of the mixture of TIPpiepanol and DEA as additive substance from TIRdlydis.
SiO, as dispersion agent consists of the mixture of $ES8opropanol and HCI. The addition of chitosaet@cacid

at 5:1. Sol mixture was made by varying 7iOSiO, molar composition (1:1 and 2:1) with the additidnGYAB
surfactant as a template of particle distributdre el incubation was done at 21Dfor 15 h. Gel was calcinated at
500 C for 3 h to get Ti@SiO./chitosan powder. Ti@SiO,/Chitosan powder suspension was coated at 8x8osize
cotton textile which has been dipped in to acrgliad solution. The dipping time variation were &, dnd 24 h.
TiO,-SiO,/Chitosan coating (1:1 and 2:1) was donedijy-spin coatingmethod with 60, 90, 120 and 150 min of
time setting with CTABr as dispersion agent. Thecgess was continued by the drying of cotton teil8C C for
10 min. The characterization of cotton textile vamme by FT-IR, SEM and EDX analysis and non-coatatbn
textile was used as a control.

Anti Fungal Textile Measurement

The suspension of. nigerwhich has been grown for 48 h in PDA medium was entayl 10” of dilution method.
The suspension then inoculated into Petri dish R medium and a piece of cotton textile (d= 10)neoated by
TiO,-SiO.. Incubation was done for 48-72 h af &in laminar flow with UV radiation.

RESULTS AND DISCUSSION

The Gain of Textile’'s Mass Analysis

The analysis of the gain of textile mass is ideita&s a description that the coating of 8 x 8 crtileewith TiO.,.
SiO,/chitosan reached the perfection. Based on theidaraf dipping time in acrylic acid binder for 62 and 24 h,
it was correlated to synergize the function of &crgicid binder in TiQ.SiO./chitosan coating to the textile fiber.
Figure 1 describes the perfection of coating iatesl with the duration of dipping time in acrylicid The result
showed that the dipping for 24 h has the highest ghtextile’s mass, which is indicated by the maf TiO,.
SiOy/chitosan powder coating. The covalent bonccfss-linlester with hydroxyl group of cellulose formed in
cotton fiber is relevant with the length of dippipgcess in acrylic acid and TiSiO.)/chitosan nanoparticle [16].
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Fig 1. The mass amount of cotton textile after coatl with TiO,.SiO2/chitosan with time variation of dipping in acrylic acid

Figure 2 shows that there was a gain in textileassnafter being coated by TiSiO,/chitosan with 60 to 90 min
dipped with acrylic acid. Meanwhile, after dippegdxrylic acid for 24 h, there was a higher gaiteixtile’s mass.
There was no significant gain in textile’s masgmftipped by acrylic aid for 120 — 150 min. It ieg@icted that there
was a spreading of TE®BiO,/chitosan suspension to the wall inside spin-cgaitistrument. The optimum time of
TiO,.SiO,/chitosan coating to the surface of cotton texibler is 90 min.
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Fig 2. The amount of textile cotton’s mass after bieg coated by TiG.SiO,/chitosan 1 % withTi:Si molar composition 1:1 and 21 with 24
h dipped in acrylic acid

FT-IR Analysis
FT-IR analysis can provide information that thefpetion of textile fiber coating process with LiSiO,/chitosan is

indicated by the formation of chemical interactiogtween hydroxyl group from cellulose with carbaxygroup
from acrylic acid agross inkagent. This interaction happened was indicatechbychange of the intensity of C=0
stretchingfunctional group at 1700 chwave number [17].
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Fig 3. FTIR pattern of textile cotton fiber to the time duration of dipping in acrylic acid

(@) 6h; (b) 12 h and (c) 24 h.
Figure 4 shows that the intensity of ester covalatdgraction which happened at 6 -24 h of dippimgcpss in
acrylic acid was at 1427, 1160, 1109, 1054 and 1081 of wave number are the indication of celluloseugro
comes from the fiber (Nasr, H.E, et al., 2009). Mehile, at 3 (c) spectrum, there is absorbanceéd@03&nd 1000
cmi* which show C=0 reside comes from £ measurement time [18]. The intensity of C=Otshiag group at
1700 cmt" will be higher depends on the length of dippingetiin acrylic acid binder which show the perfectidn
covalent interaction of ester. This also indicdkesperfection of TiQSiO./chitosan coating in the textile fiber.
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Fig 4. FT-IR pattern of textile cotton fiber with TiO,.SiOJ/chitosan (1:1) coating time
(a) 60 min; (b) 90 min; (c) 120 min and (d) 150 mintiw24 h dipped in acrylic acid.

If the coating time of TiQSiO./chitosan was varied at 90 — 150 min, there wassigoificant changes in the
intensity of C=0O group. There was only minor shift Ti-O-C interaction at 1260 c¢m[17]. Meanwhile, the
absorbance band at 1105 - 950"cwas identical with the formation of Ti-O-Si intetn (Rilda, et al., 2014). It
was also confirmed that there was O-Ti-O interactb650 cnt and vibration of Si-O-Si at 1080 €nfil9].

Morphology and EDX Analysis

SEM analysis can provide the surface morphologgatfon fiber which have been coated by T8O,/chitosan.
Figure 5 (a) shows the surface morphology of cotéotile after dipped in acrylic acid for 24 h.ckin be seen that
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the cotton fiber was soft and clean. The surfacephmogy of textile cotton which has been coatedTh@.,.
SiOy/chitosan (2:1) is shown at figure 5 (c), (d) ardl With 6, 12 and 24 h of time variation of dippiimgacrylic
acid. It can be seen that textile cotton coated i@y SiO,/chitosan with 24 h of dipping time in acrylic acihs
coated by Ti@SiO,/chitosan particle perfectly with well distributigrarticle by CTABr as dispersion agent.

‘aly

Fig 5. The surface morphology of: (a) non coated xéle cotton; (b) textile cotton dipped by acrylicacid; (c) — (e) textile cotton coated by
TiO,.SiO,/chitosan (2:1) with dipping time in acrylic acid: (c) 6 h; (d) 12 h and (e) 24 h; (f)-(h) textile cédn coated by acrylic acid and
TiO,.SiO /chitosan (1:1) with concentration: (f) 1 %

The molar composition of Ti and Si influence th©75i0O,/chitosan coating process in textile. SEM analghisws
that in Ti:Si (1:1) molar composition, the coatiparticle was distributed well compared with Ti:3i1). TiG,is an
electropositive compound and if the Ti compositiomigher than Si, it will produce more positiveacfie particles
and increase the interaction between textile cditmr with TiO,.SiO,/chitosan nanoparticle [20]. Meanwhile, SiO
is a particle which will forncore shellwith TiO, to enlarge the surface area and porosity of, TadCthe fungal cell
[21]. Therefore, the Ti composition in TiSiO)/chitosan gave the influence in the inhibition #pibf fungi. The
surface morphology of textile cotton coated by J8BD./chitosan with concentration variation (Figure 5H)
showed that the significant difference of the amoaiTiO,.SiO,/chitosan coated in the textile cotton which is
correlated with EDX data.

The stability of TiQ.SiO.J/chitosan coating on the surface of textile fiban e measured by repetition rinse. Table
2 shows that there was the decrease of textile&srater repetition rinse.

Table 2. The Decreasing Percentage of Textile Cotits Mass After Rinsed by Water

Textile Cotton’'s Mass

Mass Decreasing

Repetition of Rinsing Before Rinsing (g) | After Rinsing (g) (%)
1 0.1767 0.1736 1.75
3 0.1767 0.1719 2.72
5 0.1767 0.1714 2.99

Figure 6 shows the effect of rinsing to the stapitif coating on the textile fiber. Karinat al reported that the
rinsing of textile cotton can decrease the masbiOf coated on the cotton fiber [16]. Meanwhile, Yu Kiet al
reported that Ti@nanoparticle is stable on the surface of texiittan with 30 x rinsing by usingross-linkpoly(2-
hydroxyethyl acrylate) (PHEA) [21].
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Fig 6. The surface morphology of textile cotton cded by TiO,.SiO,/chitosan
(a) before rinsing; (b) after 1x rinsing; (c) aft8x rinsing and (d) after 5 x rinsing

EDX analysis can be correlated with the substaeeposition as an indication of the TiSiO.)/chitosan coating
on the surface of textile cotton. Difactogram pattéom Figure 7 (a) shows the composition of dextotton
without treatment. There was only substances fretiulose identfied such as C and O. Figure 7 (lmwshthe
pattern of composition of textile cotton after dagpin acrylic acid. Acrylic acid is one of carboxyhcid with
C3H,40, of molecular formula. There was increasing of @ &npercentage of textile fiber after treated veaitinylic
acid to the non treated cotton. Figure 7 (c) shthescotton textile coated by Ti@EiO./chitosan (1:1) consits of Ti
and Si and is confirmed that it has been coated@i®y SiO,/chitosan. The capacity of T¥3iO.)/chitosan on the
surface of 8x8 cm textile fiber, by comparing thlitsy of powder suspension at 1 % concentratioaswistributed
well on the fiber surface. The loading capacityhaf textile cotton to the TikBiO/chitosan at 1:1 was higher than
2:1.

0 1 5 0 1 2
Full Scale 14451 cts Cursor: 0.000 Full Scale 14431 cts Cursor: 0.000

Fig 7. EDX analysis: (a) non coated textile cotton(p) textile cotton dipped in acrylic acid; (c) texile cotton coated by acrylic acid and 1
% TiO ,.SiOJ/chitosan (1:1) and (d) textile cotton coated by aglic acid and 3 % TiO,.SiO,/chitosan (1:1)

Antifungal Activity

The antifungal activity of textile was measured rhgasuring the growth inhibition &spergius nigerFigure 8
shows that the textile activity was influenced bg turation of textile dipped into acrylic acid ¢éé&m and coating of
textile cotton by Ti@SiO)/chitosan with different of Ti and Si compositiofihe result shows that the inhibition
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ability of textile to Aspergilus niger'sgrowth was correlated to the amount of F8O,/chitosan coated on the
textile fiber and the gain of textile’s mass.

Fig 8. The inhibition zone of antifungal activity d textile to A. Niger : (a) non treated textile (control -); (b) textiletreated by ketokonazol
(control +); (c) textile coated by TiQ-SiOJ/chitosan (1:1) and (d) textile coated by Ti@SiO./chitosan (2:1)

Figure 9 shows the antifungal activity of TiSiO./chitosan toA. niger with different composition variation of
TiO,-SiO./chitosan. Figure 9 (a) is a negative control whigts non coated textile and it can be seen that thas
no inhibition zone formed. Figure 9 (b) is a pagtcontrol which was textile coated by ketokonaautibiotic and
there was inhibition zone formed. Figure 9 (c) &t)dis textile coated by Ti&SiO./chitosan with each composition
(1:1) and (2:1). It can be seen that the antifuagslity of TiO,-SiO./chitosan with UV irradiation was higher than
ketokonazol. The formed inhibition zones in textigated by TiO2-SiO2/chitosan were 14 mm and 12 imrthe
composition Ti and Si (2:1), where the amount @,lis higher than Sig) the ability of TiQ-SiO,/chitosan to form
free radical hydroxyl (*OH) and superoxide anio®,(y is higher than Ti@SiO./chitosan compound with Ti:Si
(1:1) composition. Free radical hydroxyl (*OH) asuperoxide anion (+£) are strong oxidator which are able to
destroy the membrane cell of fungi which causedytbis that inhibit the fungal growth.

Fig 9. The morphology ofAspergilusniger: (a) before coated by TiQ-SiO,/chitosan (1:1) and (b) after coated by Ti@SiO,/chitosan (2:1)
A niger has the membrane cell which consists of chitincwhs a complex compound and protective spore &o th

contamination. This causés nigeris more difficult for cell lysis by the interactiomith TiO,-SiO,/chitosan. The
morphological structure @&. nigerafter inhibited by Ti@-SiO./chitosan is shown at figure 9.
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CONCLUSION

The effect of the time setting of dipping in accylicid was to allow the synergy among functionalugs in the
formation ofcross-link The optimum time resulted were 24 h and 90 mirIE analysis showed that there was
change in the C=0 stretching intensity which isntiteal with chemical interaction of ester covaldéund. The
surface morphology analysis by SEM-EDX showed Tiéx-SiO,/chitosan (1:1) nanoparticle was distributed well
by CTABr role. Antifungal textile activity showedhdt the textile coated by TBiO,/chitosan (2:1) had higher
inhibition ability which was 14 mm after irradiatedth UV (536 lux) for 48 h. The stability of Ti&BiO,/chitosan
was done by the 5 times repetition of rinsing psscét can be concluded that this study can beieppd small
industries due to the simple treatment.
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