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R. D. Kale* and Chet Ram M eena

Department of Fibres and Textile processing Technology, ICT, Mumbai 400019, India

ABSTRACT

Nanotechnology is all about making products from very small constituents, components or subsystems to gain
greatly enhanced material properties and functionality. In this work, Titanium dioxide (TiO,) nanoparticles were
produced using two different reacting mediums by Sol-gel method which were subsequently applied by layer by
layer (LBL) technique on Nylon 6,6 fabric for imparting antimicrobial activity. The effectiveness of the treatment
was assessed after washing treatment to check its durability. Transmission eectron microscopy (TEM), scanning
electron microscopy (SEM) and X-ray diffraction (XRD) were used to characterize the nanoparticles, their shape
and size.

Keywords. TiO, Nanoparticles, Nylon 66, Layer-by-Layer TechniquéL), Polyelectrolytes, Polyelectrolytes
Multilayers (PEM), Antimicrobial Activity.

INTRODUCTION

In the last two decades different means of modificaof synthetic fibores have been thoroughly exgib The
increasing expectancy for smart materials in défly has of late sharply influenced research in #rea of
modification. Technologies that involve engineertogconvert inexpensive materials into valuablésfied goods
have become more important in the present scefidrio

Functionalisation  of textile polymers has been f{cad by different techniques to
confer new properties on to the fibre so as to kendieir application in fields other than textiledustry. The
functionalities of fibres like anti-static, anti-dtarial, anti-odour, soil-resistance, biocompaitipietc. are function
of fiber surface properties independent of chargsttes of the fiber bulk. Development of procesgmsimparting
these functionalities to the textile substratesf igrime importance [2].

Nanotechnology can provide high durability for fiabr because Nano particles have a large surfasetarvolume
ratio and high surface energy, thus presentingbeffinity for fabrics and leading to an increaseurability of the
function. In addition, a coating of Nano particies fabrics will not affect their breathability oraihd feel. It is
concerned with materials whose structures exhilghiicantly novel and improved physical, chemicahd
biological properties and functionality due to the@noscale size [3].

There are two approaches to the synthesis of naeoisla and the fabrication of nanostructures tap-down
(attrition and milling) and bottom-up (sol-gel aptecipitation) [4].The intrinsic properties of metal nanoparticles
are mainly determined by size, shape, compositinystallinity and morphology. Nano finishing is @amned with
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positive control and processing technologies insihie nano meter ranffg. Coating is a common technique used to
apply nano-particles onto textiles. The coating positions that can modify the surface of textiles asually
composed of nano-particles, a surfactant, ingrésliand a carrier mediuff]. Several methods can apply coating
onto fabrics, including spraying, transfer printingashing, rinsing and padding, of which paddinghe most
commonly used [7].

Comfort and protection are two very important aspe€ textiles today. Basically, with a view to frot the wearer
and the textile substrate itself, antimicrobiaidnis applied to textile materials. Antibactegabtection (additives)
inhibits the growth of bacteria and allergens [8].

Today many research groups in physics, chemistiybémlogy are working on fabricating multicomposiilens by
LBL assembly that may lead to prototypes of devitks in optics, bio-sensing, separation membraaed
technical textile applications [9] ana@ntimicrobial activity{10]. Polymer thin film can be deposited directiyto
textile fabrics by following LBL deposition technigq to produce PENL1]. The PEM method has opened the way
for easy preparation of truly nano-composite testicontaining a wide range of molecules and natiojes
allowing the preparation of new technical fibgr2].

MATERIALSAND METHODS

Substrate
Nylon 66 knitted fabrics was supplied by Piyushdiing, Mumbai, India.

Chemicals

Tetraisopropyl orthotitanate (TIPT) was purchasedifMerck, Germany. Methanol, Ethanol Absolute AR.0%),
Hydrogen Peroxide, n-hexane of AR grade were pweathdrom SD-fine Chemicals Ltd, Mumbai. Polyethgen
Imine (PEI) of molecular weight 5430gm was supplisd BASF, Mumbai and Polyacrylic acid (PAA) having
molecular weight 10154gm was sourced from Nixonr@ials, Taloja, Navi Mumbai, India.

Nutrient Broth M 002, Nutrient agar M 001 and Agayar Type 1(all microbiology grades) were purchaseoh
Himedia Lab. Ltd., Mumbai. Saphylococcus aureus (NCTC 3750 grade) anHscherichia coli (AATCC-10148
grade) were obtained from Haffkins Research InstjtiParel, Mumbai. All the cultures were maintained
nutrient’s agar medium by periodic sub culturing.

Scouring of Knitted Nylon Fabric
Scouring of the nylon was carried out wagm/lit non-ionic detergent, Auxipon NP at boil #% min to remove the
spinning oil and dirt. After scouring, fabric wagashed with water and dried in air.

Synthesis and Char acterisation of Nano Titanium dioxide (TiO,)
Synthesis of Ti@nano particle was done by Sol-Gel technique bpfdhg two different methods.

Method |

In this method, 2.84ml TIPT was dissolved in atonie of 0.5ml methanol and 5ml ethanol with mokio (1: 1 :
10) and refluxed at 60°C for 6 hours. 30 ml ofiliést water was added drop wise into the abovedobition at
60°C under continuous stirring condition. The pp#ate was isolated by filtration and washed 2r8e$ with hot
water. White precipitate formed was dried at 1365C12 hrs in oven. This powder is then subjecteddicinations
at 550°C for 10hrs in muffle furnace. The whitestafline powder of Nano TiOwas obtained at the end of the
proces$13].

Method 11

1.02ml of hydrogen peroxide was taken in a rounckrikask, into which 2.84ml of TIPT under stirringas added
at 5°C for 1 hour. The initial pH of Hydrogen peiae solutions was adjusted to 9 by MNMH. Yellow gel was
observed indicating the formation of peroxide compbf Titanium. To this 10 of ml n-hexane and Oi®5ggar-
agar was added. White precipitate formed was thmefd and washed first by distilled water andntle¢hanol. It
was dried at 50°C for 12 hour in oven and thenicaftt at 550°C for 10 hour in muffle furnace to gs white
crystalline powder of Nano TiJ13].
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Characterization of Nano TiO,

Surface morphology of TiDwas characterized using SEM JEOL JSM 6380LA, JHOLJapan. XRD patterns
were obtained by using XRD machine Miniflex, Rigakkapan. TEM was used to characterize the nanolesrti
shape, size as well as electron diffraction pattsing TEM PHILIPS, Model: CM200S.

PEM Formation

Two polyelectrolyte solutions were prepared. Thetfsolution containing 0.1 % PEI was preparedpveéd by
addition of 1 M HNQ to lower its pH to 7. Second solution containing @% PAA was prepared, by adjusting the
pH to 5 using 1 M HN@[14]. Addition of Nano TiQ to the PEI solution was always done just priothe self-
assembly procedure.

The PEM were obtained by first dipping the nylobrfa strip in a PEI solution having Nano TLifr two minutes
followed by rinsing in distilled water for 2 mingdor rinsing. The fabric is then dipped into th&APsolution for
2minutes and after that dipped into the distilletev for 2 minutes. The cycle is repeated tilltdguired number of
PEM is obtained. Following the deposition of riegd number of PEM, fabric strips were dried in &irthis study
the number of PEM were varied to 1, 5, 11, andT2® concentration of Nano T3@n the PEI was also varied from
0.05, 0.1, and 0.2gpl.

Antimicrobial Testing

The antimicrobial efficacy of a compound will vaag per its presence in solution or on the textilbstrate.
Quantitative assessment of antimicrobial activithibited on knitted nylon 66 was carried out bxTPCC Test
100-2004 (AATCC 2007) and the colony-forming unj@FUs) was enumerated using Lapiz Colony Counter
(Medica Instrument Mfg.Co., Mumbai, India). The atohes were introduced in the 100 ml nutrient broth
inoculated with theSaureus & E.coli microbe and incubated at %7 for 24hour. Microbial inhibition was
determined by the reduction in number of bacter@bnies formed with respect to the untreated cbrgample
using following equations [15].

B
R = ¥ 100
where:
R = percent reduction in bacteria
A = CFU for treated test specimen swatches inahéjcubated for 24h contact period,
B = CFU for untreated control test specimen swatdhehe jar immediately after inoculation (at “@shcontact
time).

Durability
The durability of PEM was assessed by ISO 105-CIH8R method for 15 washing cycles.

RESULTSAND DISCUSSION

Characterization of Nano TiO, Particles

X-Ray Diffraction Analysis

Powder XRD was used for crystal phase identificatiod estimation of the crystallite size of anafasa&se present.
The XRD intensities of anatase (101) peak ander|fill0) were analyzed. The percentage of rutildaégnsamples
can be estimated from the respective integrated XRI2 amorphous anatase and anatase-rutile tamsitiepend
strongly on the method of preparation, the natfitb@ precursor and calcination conditions.

Figure 1 represents the XRD pattern of nano, E¢hthesized by method | and method II. In the finethod Nano
TiO, particles are prepared from the organic precursassmore ability to form a product of high crystétly than
the second method where Tifarticles are generated from mineral precursach a8 titanium peroxidé3].
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Figure 1: XRD peaks of Nano TiO, A) Method I; B) Method |1
TEM Analysis

Figure 2 shows the TEM images of nano J&)nthesized by method | and method Il. In bothrtrethods TiQ
powder appears aggregated and range of the pasiizdeis between 40-60nm for method | and methodhie

electron diffraction of Nano TiQis clearly visible as three diffraction rings. Thaghtest ring is closest to the
centrg13].

Figure2: TEM image with Electron diffraction pattern of Nano TiO; by (A) Method | (B) Method 11

Antimicrobial Activity

The functionalisation of textile polymers can béiaged by using LBL technique by adding the actieenponent
such as Nano particles into one of the polyelegteosolution. Nylon being an amphoteric fibre hashbcarboxyl
and amine end groups. PEI and PAA used for thidyshiave amine and acidic group respectively irstitscture, is
capable of forming ionic bonds with Nylon as wedl\aith each other. Because of this reason the Hiis$ built
onto the Nylon is strongly attached to the fibre.

In this study nano TiQparticles which are obtained by different methizdadded into the PEI solution so that it
gets entrapped into the PEM as the number of lageysilt up onto the Nylon Fabric.

Figure 3 and Figure dhows the results of antimicrobial activity of Nglé-abric V/s Number of layers deposited
and concentration of nano TiGsynthesized by Method I.
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Figure 3: Relation between concentration of nano TiO,, synthesized by M ethod | and number of PEM on % reduction in number of
S.Aureus colonies on Nylon fabric
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Figure 4: Relation between concentration of nano TiO,, synthesized by M ethod | and number of PEM on % reduction in number of E.
coli colonies on Nylon fabric

The % reduction in number of colonies ®fAureus for TiO,, synthesized by Method | increases frothPEM to
25" PEM and same trend is observed in cas&.ofli. As the concentration of TiOs increased from 0.05
gram/liter to 0.1 gram/liter and finally to 0.2 gréiter the % reduction in number of colonies irases from 61% to
71% to 95% respectively for the 25th layer. Resaftthe antimicrobial activity for the Nano Tj@ynthesized by
method Il are shown graphically in Figure 5 andulrég6.

Exactly same pattern is observed for 7i®ynthesized by Method Il where the % reductiomdnof colonies of
SAureus and E. coli increases fromSLtPEM and 2% PEM. As the concentration T3Qs increased from 0.05
gram/liter to 0.2 gram/liter, there is an increas® reduction in number of colonies.

Thus if we increase the concentration of nanoiglast in the polyelectrolyte solution the desirdtee can be
obtained at less number of layers thereby savimg tind chemicals. The reason for this antimicroadivity is
because of the presence of nano,Ted@ the fabric which is a very efficient antimicrabcompound. Also as the
number PEM goes on increasing frofiAEM to 28' PEM there is further improvement in antimicrobgativity
because as no of layers are built up, there ipgptionate increase in the concentration of;la6to the fabric.
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Figure5: Relation between concentration of hano TiO,, synthesized by Method 11 and number of PEM on % reduction in number of
S.Aureus colonies on Nylon fabric
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Figure 6: Relation between concentration of hano TiO,, synthesized by M ethod 11 and number of PEM on % reduction in number of E.
coli colonies on Nylon fabric
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Figure 7: Comparison of nanoTiO, (0.2 gram/litre), synthesized by Method |, Method |1 & Fabshield AEM 5700 (0.05gm/litre) and
Number of PEM on % reduction in number of S.aureus colonieson Nylon fabric

In order to compare the efficiency of Nanogitat is synthesized in this laboratory with thédtaeld AEM 5700,
a commercial antimicrobial sample based on silsexi$o tested for comparison, using 0.05 gram#ioercentration
to assess the efficacy of nano Figarticles synthesized by us agaiBstureus The results are shown in Figure 7
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and compared against 0.2 gpl of nano ;J$¢nthesized method | & Il. One can note that theonTiQ synthesized
either by method | or Il has better antibacteriaperty than the commercial products.

The washing durability of nano TiQleposited was also evaluated and the resultsieea @ Figure 8. It can be
noted that there is a negligible drop in antimiablactivity from £' PEM to 28' PEM. This proves that the TiO
particles deposited on the fabric were stronglydsshto the fabric.
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Figure 8: Effect of washing treatment on nano TiO- (0.2 gram/litre), synthesized by Method | after fifteen wash and Number of PEM on
% Reduction in number of S Aureuscolonieson Nylon Fabric

The presence of nano TiQarticles on the fabric can be seen in the SENups of unwashed and washed Nylon
fabric as shown in Figure 9. We can see the presehblano particles on the washed samples anexpigins the
fact that even after washing, nano particles anelyibound to the fabric and hence shows antimiedcrctivity.

~1 L‘h'ﬁ: “--_-I

Figure9: SEM image of nylon surfacetreated with Nano TiO; (A) untreated (B) Method |1 (after washing)
Fromabove discussion it is clear that nano TiO, synthesized either by method | or |1 show more or less same antimicrobial property.

CONCLUSION

Nano TiGQ synthesized by two different methods show morkess same antimicrobial property. The efficiency of
antimicrobial activity increases with increase e tconcentration of nano particles and the numbePEM
deposited on the fibre surface. By taking the &igtoncentration of nano particles number of PEjuired to get
the desired level of antimicrobial property can feeluced. The effectiveness of the antimicrobialvigt is
comparable with that of the commercial antimicrbpi@duct available in market.
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