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ABSTRACT

Nowadays researches interested to prepare superopfidbic of cotton fabrics without using flour deatives
compound which are harmful to both humans and enwiients. This research aimed to prepare super Ipjaroic
cotton surface with dual effect for antibacteriatti@ity through two main processes. First, prepaat of
(beeswax/chitosan, nano chitosan) emulsion andiegpb cotton fabrics Then treated cotton was cdatéh the
prepared Nano silica, which is prepared. Severalapzeters were studied such as concentration of Bess
concentration of chitosan and concentration of nahitosan. The treated fabrics are characterizedbBylR, SEM,
EDX, TGA, some physical properties such as watemeability, air permeability, tensile strength, ghness,
whiteness and contact angle and antibacterial test

INTRODUCTION
Superhydrophobic materials with water repellenpprties receive great attention in the textile stdu[1].

Superhydrophobicity is defined as a surface wijhér contact angle more than 150° to water which draat
industrial and scientific interest due to theirerglnce in water repellency, friction reduction,f-sédaning and
antifouling [2, 3], the superhydrophobic fabricsv@dow durability to wash and poor abrasion fastrds.

Cotton have a great number of -OH groups on a cerfahich cable of forming hydrogen bonds with wate
molecules enabling water to spread all over théasarand lead to absorption on it, so it considagtygroscopic
and hydrophilic material by nature which have watentact angle changing between 17° and 47° [5C6tton
fabrics allow water to spray and absorption onghdace due to the high Roughness of the cottoncapdiary
action between cotton fibers [7]

The fabrications of super hydrophobic cotton sw@fdepend on increasing the roughening of the lovase energy
surface or decreasing surface energy by chemicdifivation [8, 9].

Due to the presence of -OH groups in cellulosectire, the surface energy of cellulose decreasa@dution of it
with different materials through esterification vidn anhydride or acid chemicals such as fluorarabsilicones,
and some organic and inorganic materials. Silicgh@s11] and organic materials [12-14] are the npagpular low
surface energy materials. Although fluorocarbormastthe lowest surface energy known but they arelydound
in the organic materials in nature.
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Waxes are considered to be the most hydrophobisalaubstances due to a high content in tri- dhonoesters of
long-chain fatty alcohols and acids, aldehydesprkes, di-ketones, sterols, triterpenols and trieip acids [15],
Long-chain carbon molecules containing one or twdrbixyl groups, Their chemical compositions rely their
sources such as vegetal, animal or mineral origin.

Cotton fabrics were treated with droplets of panafind beeswax, Paraffin waxes has exhibited lmoatact angles
and a low thickness than beeswax on the coatedrcdétbrics [16], in another study cotton fabrice aéreated
different natural substance such as bee’s waxpsdnit, propolis high to get antibacterial activiaimst both gram-
positive bacteria Staphylococcus aureus and Steptoisf haemolytic, and gram-negative bacteria Escherichia
coli and Pseudomonas aeruginosin to be used incalefields. This treatment also improved fabric éorn
properties, became less air permissive and morebggpic after the treatment [17].

We now turn our attention to methods to produceoriRaughness which can be created through sol-gekgsing,
layer-by-layer, colloidal assembly, and electrocluain reaction, and deposition, electrospinning grtthse
separation.

A new way for the preparation of superhydrophobicfexes in the textile industry are dependent om th
functionalization of SiQ nanoparticles with fluorosilicates [1&r non-fluorinated alkylsilane§19-21] these
functionalized Si@ nanoparticles has an interesting approach for iitimga cotton and polyester fabrics high
hydrophobicity property [18].

We committed to develop a simple procedure anddost-method to prepare the superhydrophobic catioface
with antimicrobial effect. This study aimed for fadation of super hydrophobic surface which treatgth an
emulsion of bee’s wax and chitosan followed by manmtured surface of silicon. The treated fabrice
characterized by FT-IR, SEM, EDX, TGA, some phylm@perties such as water permeability, air pebiligg,

tensile strength, Roughness, whiteness and caatgtt and antibacterial test

MATERIALS AND METHODS

2.1. Materials

Bee’'s wax (Merck), Chitosan (Alfa Aesar Company,dilen molecular weight, viscosity 1860 cps, the degof
deacetylation 79.0%), penta sodium tripolyphospl{@eP). Sodium hydroxide (Modern Lab chemicals, f#py
Methyl alcohol, ethyl alcohol and acetic acid (8iftesearch Laboratories, India), tetra ethyl osilicate (Merck),
ammonia solution (Alfa Aesar Company) and all otbleemicals used are analytical grade and were wibdut
further purification. Two bacterial strains frometlbacterial lab, botany department, the facultyvofmen for art,
science & Education, Ain shams university, Cairgyji were employed. They include Staphylococcug@sS.
aureuy as Gram-positiveG +ve) bacteria and Escherichia cok.(col) as Gram-negative -ve bacteria. S.
aureus and E. coli were selected as test cellaubedhey are the most frequent bacteria in the danfiection and
represent Gram positive and Gram negative bact&spectively fresh inoculants for antibacterialessment were
prepared in nutrient broth at 37°C for 24 hours.

2.2. Methods
2.2.1 Preparation of chitosan nanoparticles
Chitosan nanoparticles were prepared based on thetkationed elsewhere [22].

2.2.2. Preparation of silica nanoparticle
Silica nanopatrticles prepared by alkaline hydraysf the tetraethyl orthosilicate followed by thehgidration,
condensation reaction [23].

2.2.3 Preparations of bee’s wax/chitosan and nanditosan emulsion

Bee’s wax-chitosan emulsion was prepared by mikieg's wax solution with chitosan solution at @D briefly,
Chitosan was dissolved in 1% (v/v) acetic acid @ading it under stirring for 24 h. and bee’s waasndissolved in
methyl alcohol, then add the chitosan solution lmte’s wax solution, the mixture solution was hoerdged using
a high-shear probe mixer for 5 min at 10,000 rpitil acompletion of homogenization [8, 9]

2.2.4 Treatment of fabrics with bee’s wax/ chitosaemulsion/silica nanoparticle

The washed and dried cotton fabrics padded withranlsion of bee’s wax/ chitosan with different centration of
chitosan, Nano chitosan and bee’s wax. All samplesimmersed in solutions for 1 min. squeezed @4 Qvet
pickup then padded with the second layer of siNeaoparticle, all samples dried for 5 min. at 1@ahd curried
for 3 min. at 160 °C.
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2.3. Characterization

e The prepared samples were performed by a JASCORFAED0 Fourier transform infrared spectrophotometer
using the KBr pellet disk method for transmittameeasurements.

» Shape and size of chitosan Nanoparticle was irgegstil using JEOL, TEM-Speciments for TEM measurésnen

» Contact angle of the treated fabrics samples wasrmdaed by Compact video microscope (CVM) that is
manufactured by SDL-UK, contact angle measureddsizbntal plate camera perpendicular to liquid debplane.

» The tensile strength of Fabric samples was deteunby the ASTM, Test Method D5035. AQ-Test1/5 tlensi
tester was used.

» Water air permeability was measured by the Toyosgigan by standard method ASTMD-583.

» Water air permeability was measured by the Toyogapan by standard method ASTMD-737.

e The surface Roughness was measured by surfacodea.l7

e Thermogravimetric analysis was carried out in teetl laboratories national center. By using stemdous
thermal gravimetric analyzer (Perkin Elmer therrmavgmetric analyzer, TGA7, the heating rate is Tniin.,
USA)

» SEM of the treated fabrics was studied using arsogrelectron probe micro analyzer (type JXA 84QFgpan.
Surface morphologies were imaged at different nfagtions, using 30kVaccelerating voltage.

» Elements percentages in the adsorbent surface cseefd@med by using energy dispersive X-ray photoiet:
spectroscopy (EDX) from OXFORD model (INCAX Siglathd supplied with Scanning Electron Microscope JEOL
JXA- 840 Electron PROBE micro analyzer microscope

2.4. Assessment of Antibacterial Activity in vitro:
The antibacterial spectrum of antibiotic-loadedta$an nanoparticle-treated fabrics and antibiataded fabrics
were determined against the test bacteria by dffikstbn method on an agar plate [24, 25]. Brieflyem diameter
blended film samples were cut and put into 10 miwfient agar, to which 10ml of microbe culturesviaoculated
after the solidification. The plates were incubas¢®7 °C for 24 hrs. After which the diameter whiibition zone
was measured and recorded.

RESULTS AND DISCUSSION

Under the acidic condition, chitosan was consideécede a good emulsifier to prepare stable chitbbar’s wax
emulsion, because of the interaction between pegjticharged chitosan with negatively-charged besiges [26,
27].

There are many factors affecting on the Roughnesksthe contact angle of the cotton surface whichtaub
chitosan/ bee’s wax with emulsio&rfulsion films basically consist of waxes molecutéstributed in a chitosan
solution) suchas the concentration of chitosan, nano-chitosash cancentration of bee’s wax.

3.1Bee’s wax concentration

3.1.1. Effect of bee’s concentration on the roughse and the contact angle

The effect of concentration bee’s wax was evaluditgdneasuring the contact angle and the roughnesthe
treated cotton fabrics at a constant concentratfaitosan (0.5%), nano-chitosan (0.2%).

The cotton fabrics treated with an emulsionbee’s wax (0.5-2%), 0.5% chitosan and 0.2% nano-chitassn
described before. As shown from the table (1).
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Table (1): Effect of concentration of bee’s wax afhitosan/ bee’s wax emulsion on the contact angledroughness of treated fabrics

. , . Nano Chitosan/ bee’s wax
Chitosan/ bee’s wax emulsion emulsion
Bee's wax Concentration Roughness Contact angle Roughness Contact angle
Value Value
blank 22.06 Zero 22.06 Zero
0.5 18.84 16.55
1 18.11 15.82
R e sy
As A3 8044 AVERAGE = 1435 °
145
15 17.06 15.42
' y
2 16.21 | 13.98
- b P
In=m“‘n=m°wmg=m"]
2+nano silica 16
| B N
! [ a1, 0-omveRmaGE= 151" |

*Fabrics were dried at 80 °C for 5 min. followed fiyation at 160°C for 3 min.

From table (1) it is obvious that 2B&e’swax gave the highest contact angle and roughredes due to forming a
thin layer at the cotton surface which improve Hyelrophobicity of it; the contact angle slightlycieases with
increasingbee’swax concentration. Also the contact angle incrégsadding nano silica layer t as an addition the
cotton fabrics from 14 to 151,14 to 12 for each chitosan/ bee’'s wax, nano-chitoda@é’'s wax emulsions
respectively which increase the surface energhetbtton fabrics.
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3.1.2 Effect of bee’s wax on antibacterial activity
The Antibacterial properties of cotton coated wéthitosan/ bee’s wax, nano-chitosan/ bee’s wax eongsare

measured against Staphylococcus aur@isa(reuy as gram-positive bacteria and Escherichia dglcdgli as
gram-negative bacteria

Table (2) also shows the antibacterial propertiesotton coated with chitosan (0.5%)/ bee’s waxpaxahitosan
(0.2%)/ bee’s wax emulsions at different bee’s wamcentration.

It is clear that when increasing the concentratibee’s wax from 0.5 to 2% the antibacterial agtiwf cotton
coated with chitosan/ bee’s wax, nano-chitosan/sb&ax emulsions are increased with increasing ddezbdose
for both Gram-positive and Gram-negative bacterilitne inhibition zone of gram positive and gram riegafor
cotton coated with chitosan/ bee’s wax, nano-chitdisee’s wax emulsions increased with increasing th
concentration of bee’s wax from 0.5-2 %.

Table (2): Effect of bee’s wax concentration on aittacterial activity of the cotton treated with chitosan/ bee’s wax, nano chitosan/ bee’s
wax emulsions

Bee's wax Chitosan/ bee’s wax emulsion] Nano chitosan/ bee’'saw
concei;)tranon Ve Ve Ve Ve
0.5 0.5 0.5 9 7
1 5.5 4 12 9.5
1.5 15 15 15 13
2 20.5 18 19 18
2+nano silica 22.5 19 20 19

3.1.3 Effect of concentration of bee's wax of chigan/ bee’'s wax emulsion on physical and mechanical
properties
The changes in some physical and mechanical piepast the cotton fabric treated by chitosan/ beegx, Nano

chitosan/ bee’s wax emulsions were evaluated byitowamy the tensile strength, water permeabilitpd aair
permeability.

Table (3, 4) show the tensile strength, water pabili¢y and air permeability of cotton fabrics tted with
chitosan/ bee’s wax, Nano chitosan/ bee’s wax gongswith different bee’s wax concentrations. Frtahle (3)
the tensile strength and water permeability weneeiased with increasing concentration of bee’s waxe than
blank due to The viscoelastic bee’s wax emulsimegyhigh luster, deeper, high tensile strengthedasticity [28],
but the air permeability decrease with increaseb®s wax concentration due to closing of the freres in the
geometry of cotton fabrics [17]

Table (3): Effect of concentration of bee’s wax ofhitosan/bee’swax emulsion on the tensile strength, water, andrgpermeability
treated fabrics

Bee’s wax EE:oncentration Tensile strength | Elongation Water permeability | Air p%rmezability
% (sec.) (cm’/cnm’.sec)
Blank 60 15 0.1 95
0.5 61 14 0.148 84.5
1 62 10 0.192 73.66
15 63 13 0.249 71.5
2 65 15 0.246 70.5
2+nano silica 65 15 0.255 69

treated fabrics

Table (4): Effect of concentration of bee’s wax afiano-chitosan/bee’swax emulsion on the tensile strength, water, andrgpermeability

Bee’s wax ((;ooncentratlon Tensile strength | Elongation Water r(;se;rggzablhty A(Icr:r?ﬂ%r/?rig.bs”el:tg)
Blank 60 15 0.1 95
0.5 63 15 0.192 78.5
1 64 13 0.282 72.8
1.5 64 12 0.310 72.4
2 65 14 0.428 69
2+nano silica 66 13 0.525 62.9
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3.2 Effect of chitosan concentration

3.2.1Effect of chitosan concentration on the rougtess and the contact angle

The effect of chitosan concentration solution and\ano chitosan were evaluated by measuring theacbangle
and the roughness on the treated cotton fabricos$tant of the concentration bée’s wax 2%, the data are
presented in the tablé)(

Table (5): Effect of concentration of chitosan in chitosan, nao chitoasn/bee’swax emulsions on the contact angle and roughnest o
treated fabrics

Chitosan Concentration | Roughness Nano
value Contact angle chitosan Concentration Roughness value Contact angle
138
0.5 20.50 0.1 19.25
1 19.25 0.15 18.13
15 18.13 0.2 17.96
2 17.96 0.2+ nano silica 17.4
2+ nano silica 17.5
N |

*Fabrics were dried at 80 °C for 5 min. followed fiyation at 160°C for 3 min.

From table %), it is obvious that2% concentration of chitosagave the highest contact angle 151 and roughness
value; the contact angle increase with increasigdoncentration of chitosan in chitoséee’s wax emulsion.
Also, the contact angle increase by adding namcadihyer to the treated cotton from 151 to 158ldfosan/bee’s

wax emulsion due to lowering the energy surface fouighness value decrease with increasing the sanito
concentration and the same for nano-chitosan.

62



H. M. Ibrahim et al Der Pharma Chemica, 2016, 8 (19):57-69

3.2.2 Effect of chitosan concentration on antibact@l activity

The Antibacterial properties of cotton coated wéthitosan/ bee’s wax, nano-chitosan/ bee’s wax eongsare
measured against Staphylococcus aur&usa(ireus as Gram-positive bacteria and Escherichia dlcdl) as
gram-negative bacteria

Table (6,7) show the antibacterial properties dfaocoated withchitosan/bee’s wax, nano-chitosan/ bee’s wax
emulsions at different chitosan concentration duedtteated with a layer of prepared nano silica.

Table (6): Effect of chitosan concentration on cotin treated with chitosan/bee’swax emulsionon antibacterial activity

Chitosan concentration | Chitosan/ bee’s wax emulsion|
% +Ve -Ve
0.5 16.5 14.5
1 18 16.5
1.5 19 17
2 20 19.5
2+nano silica 21 20

Table (7): Effect of chitosan concentration on cotin treated with nanochitosan/bee’swax emulsionon antibacterial activity

Chitosan concentration | Nano chitosan/ bee’s wa
% +Ve -Ve
0.1 9.5 7
0.15 18 12.5
0.2 18 12.5
0.2+nano silica 19 12.5

Table (6,7) show that when increasing the conctatraf chitosan from 0.5 till 2%, 0.1 till 0.2 thentibacterial
activity of cotton coated with chitosan/bee’s waano-chitosan/bee’s wax emulsions are increasddingreasing
absorbed dose for both gram-positive and gram-naghacterium. The inhibition zone of gram positased gram
negative for cotton coated with chitosan/bee’s waao-chitosan/bee’s wax emulsions increased witheasing
the concentration of bee’s wax from 0.5-2 %. Theaebayer of nano silica also gives increasingamstant in zone
inhibition in gram +ve and gram —ve as shown fromtable (6, 7).

3.2.3 Effect of chitosan concentration of chitosardee’s wax, nano-chitosan/ bee’s wax emulsion on ysdical
and mechanical properties

The tensile strength, water absorbance, and aimmgedility are considered physical properties thiowiong
discussion clear how the concentration chitosannama-chitosan effect on them.

Table (8, 9) show the effect of chitosan and namitesan in bee’s wax emulsion, in table (8) wheitosan
concentration increasing from (0.1-0.2%) the tensttength increase due to crosslink between ber fnolecule
by various forces between amino (-NHydroxyl (-OH) groups of chitosan and hydroxylogp of cellulose
molecule [17, 29]. For nano-chitosan samples, thmallsparticles of nano-chitosan penetrated insite fiber
molecules and causes more increase in tensileg#irefihe air permeability and water absorbancetiersample
treated with different concentration of chitosard athitosan nanoparticle decrease due to the parbdiabrics
closed by the thin film of chitosan and nano-chatusbee’s wax emulsion. All these physical progsrtivere
improved by adding a final layer of nano silicacksar from the table (8, 9).

Table (8): Effect of chitosan concentration of nanehitosan/ bee’s wax emulsion on the tensile streting water, and air permeability
treated fabrics

Concentration Tensile strength Water permeability | Air permeability
of nano chitosan | Tensile strength | Elongation (sec.) (cm3/cm2.sec)
Blank 60 15 0.1 90
0.1 45 38 0.211 76.6
0.15 50 32 0.222 75.34
0.2 58 12 0.429 70.6
0.2+ nano silica 60 12 0.532 69.3
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Table (9): Effect of chitosan concentration of chitsan/ bee’s wax emulsion on the tensile strengthater, and air permeability treated

fabrics
. . Tensile strength Water permeabili Air permeabilit
Chitosan Concentration Tensile strength Iglongation FZSec.) v (cFr)n3/cmz.sec§/
Blank 60 15 0.1 90
0.5 49 35 0.161 93.05
1 54 12 0.273 80.4
1.5 64 10 0.309 76.6
2 63 11 0.343 73.24
2+ nano silica 65 15 0.425 70

3.3 Characterization of Nano silica

During the sol-gel process, TEOS was first hydretl/zo silicic acid as shown in figure (1). Thenndensation
reactions lead to the formation of Si-O-Si bondd eolloidal silica nanoparticles would appear

Si (OC,Hs) + Hy O 22 Si(OH), + 4C,Hs OH

28i(OH), — 2 (Si- O-8i) + 4H,0
Figure (1): Sol-gel process of silicic acid

3.3.1 TEM of silica Nanoparticle

The TEM picture of silica nanoparticle is shownfigure (2),the average diameter of the nanocomposite silica
solution was estimated in range 44 nm to 76 nm. @drticles size of the nanocomposite was underntf0The

silica nanoparticles are almost in a spherical shapd smooth. However, some particles seem torgerlan size
and possess different shapes due to agglomeradiemomenon [30-32].

Figure (2): TEM images of nano silica prepared ands nano size range

4.3.3.2 FTIR of silica nanoparticle

The FTIR spectra of the silica nanoparticles aes@nted in the figure (3). The spectra of Figueefdhibited a
number of characteristic spectral bands, such epélaks at 1077 and 454 ¢rdue to the asymmetric stretching
vibration, symmetric stretching vibration and bewmgvibration of Si—O-Si, respectively, which are tpecific
bands of the silica nanoparticles [33-35]. The pee®37 critis ascribed to the stretching vibration of Si—CG38][
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Figure (3): FTIR of silica Nanoparticle

4.3.4 Scanning electron microscope of treated fatws

Figures 4 (a, b, ¢ &d) show the SEM of (a) contotton fiber,(b) cotton coated with 2% bee’s wakbtan
emulsion, (c) cotton coated bee’'s wax/2% chitosamnlsion, (d) cotton coated optimum bee’s wax/chitos
emulsion with nano silica, respectively.

SEM technique was used to investigate the surfampmmology of the untreated and emulsion treateddapFigure
4(a) reflects smoothness of the cotton blank wteefiemre 4(b, c) reflects a rough thin film surfaoethe bee’s
wax/ chitosan emulsion without any contaminatingipkes on their surfaces and closed the fiberagist to each
other. Figure 4(d) also shows a high rough layeiase of the bee’s wax/ chitosan emulsion with saifiea nano
particle, which absorbed and precipitin on thearogurface

Figure (4): Scanning electron micrographs (x3000,000) of (A) control cotton fibre, (B) cotton coatedvith 2% bee’s wax/chitosan
emulsion, (C) cotton coated bee’s wax/ 2% chitosamulsion, (D) cotton coated optimum bee’s wax/chigan emulsion with nano silica

Figures 5 (a ,b ,c &d) show the SEM of (a) contiton fiber, (b) cotton coated with 2% bee’s waxio-chitosan
emulsion, (c) cotton coated bee’s wax/0.2 % nantmsan emulsion, (d) cotton coated optimum bee’s/wano-
chitosan emulsion with nano silica, respectively.

Figure (5): Scanning electron micrographs (x3000,d00) of (A) control cotton fibre, (B) cotton coatedvith 2% bee’s wax/nano-chitosan
emulsion, (C) cotton coated bee’s wax/ 0.2% nano-thsan emulsion, (D) cotton coated optimum 2 % beg'wax/0.2% nano-chitosan
emulsion with nano silica

SEM technique was used to investigate the surfampmology of the untreated and emulsion treateddapFigure
5 (a) reflects smoothness of the cotton blank wdeefegure 5 (b, c) reflects a homogeneous coatfnipe bee’s
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wax/ nano-chitosan emulsion on the entire of cofiioers which closed the fiber distance to eackentkigure 5(d)
also shows completely covered a rough layer oflibe’s wax/ chitosan emulsion with some silica nantgle
which absorbed and precipitin on the cotton surfaitie uniformly distributed small particles.

4.3.5 Energy-dispersive X-ray spectroscopy

Figures (6, 7) show the Energy-dispersive X-raycepscopy of the cotton treated with bee’s waxtadan/ nano
silica, bee’s wax/ nano-chitosan / nano silica lsion, Energy-dispersive X-ray spectroscopy (EDXAs
employed to establish the chemical identity of thserved particles on treated cotton, It can barlgleseen from
the EDX analysis (Figure 6, 7) that particles gngson the surfaces of the fibers are silica pbatj The presence
of the Si signals indicates the successful incapon of nano-silica in the surface of fibers. Tthentity of silica
adsorbed on the fabric samples was measured itedrezotton with bee’s wax/ chitosan/nano silicag’se
wax/nano-chitosan /nano silica emulsions to be,M4® %, respectively, which agreed with SEM insage

o |9 Element Weight% %
160 CK CK 45.14 5248
140K 0K 5393 4707

SiK 0.92 0.46

020K siK

S
o A
0.00 100 200 300 400 5.00 600 700 800 9.00
Lsec: 3000 Cnts 0.000 keV Det: Octane Pro Det Reso

Figure (6): EDX of the cotton treated with bee’s wa/ chitosan/ nano silica

3.6 FTIR
Figure (8) show the FTIR of cotton fabric treateihw2% bee’s wax/ chitosan emulsion, bee’'s wax/ @dtosan
emulsion, 2% bee’s wax/ 2% chitosan emulsion/ relica as described in preceding method.

Figure (8a) shows the FT-IR spectra of untreatetbno(COT) fabrics show peaks at around 3340, 296@8,
1428 and 1057 cm-1, which are corresponding to@H¢ stretching, -CH stretching, -OH of absorbedeawrditom
cellulose, -CH symmetric bending and -C-O stretching [37]. ThelRTof treated cotton fabrics with bee’s wax/
chitosan/ nano silica emulsions show the combiredlb of COT and chitosan, bees waxes, Nano siéaigpwith
some shifted peaks in position and intensity dusoime physicochemical reactions. In addition, attaréstic main
peaks of the bees wax appear at 2920, 1460, 1380 Which are corresponding to —C&ymmetric vibration
(hydrocarbon), -C=0 stretching vibration (esterd &aity acid), -CH vibration deformation (hydrocarbon) and —CH
bending vibration (ester), where chitosan main pagl8440 Crt corresponding for —OH and —NH stretching
vibration in chitosan molecule, peaks at 2918-2840" for —CH stretching and 2247 Cnfor —CN stretching
whereas peak at 1460, 1626 and 1738 for —CO, -@QdC—&H stretching respectively in cotton fabric.eTeak
which appears at 1057 Chfior Si-O-Si stretching in nano silica particle.

Figure (9) also clear the FTIR of cotton fabricated with 2% bee’s wax/ nano-chitosan emulsion'sbeax/ 0.2 %

nano-chitosan emulsion, 2% bee’s wax/ 0.2 % naitesdn emulsion/ nano silica, the same discussidheopeaks
but the sample treated with nano-chitosan appegr ddsorbance than one treated with chitosan.

66



H. M. lbrahim et al Der Pharma Chemica, 2016, 8 (19):57-69

cotton biank

150
. e cotton treated with 2% beeswad/chitosan emulsion
140 : —_—« =rcotton treated bees wax)/ 2% chitosan
™ £y -—— - cOtton tregted with 2% bees wang/ 2% chitosan/nano sifica
F o =N
120 : D T R
= of R ~ Py
- - s
—
F 8o :
- ]
N if [ [
- “t Ly I""lt, Naoaty A Yy T d:
&0 |7 4 A L T T Fot
_1‘. v J \ i W AN "'"“"Jf:
ey P 0o N U !
- S I R T o TERES N s T :
A0 i ~ i s~ 4 1 " [l r!
[ v [ ] \ ¥ty - y
l;i.‘..‘ ! v c ; LR R 2
w8y H - 7 # -~ -
- CRTACEN- | TN e L ¥ N K
L] & LR,
B
o A00 BOO 1200 1600 2000 2400 2800 3200 3600 A000 4400
wawe fength [Cm-1)
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Figure (8): FTIR of (a) untreated cotton, (b) cotta fabric treated with 2% bee’s wax/ nano chitosan mulsion, (c) cotton fabric treated
with bee’s wax/0.2 % nano chitosan emulsion, and Y&otton fabric treated with 2% bee’s wax/ 0.2% nao chitosan emulsion/ nano silica
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Figure (9): TGA for: (a) Cotton blank, (b) Cotton treated with 2% bee’s wax/chitosan emulsion{c) Cotton treated with bee’s wax/2%
chitosan emulsion; (d) ) Cotton treated with 2% be's wax/2% chitosan/ nano silica emulsion

4.3.7 Thermal gravimetric analysis
Thermal Gravimetric analysis (TGA) used to desctiimchange of weight loss with rising temperat(ms.small as
a decrease of few milligram) can be determinechasample is heated from room temperature to ainespecific
temperature. Thermal behavior of untreated andtedeshe cotton fabric with Cotton treated with 2%els
wax/chitosan emulsion; Cotton treated with bee’s/2% chitosan emulsion; Cotton treated with 2% beeax/2%
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chitosan/ nano silica emulsion as shown in figl@® (It is clear that there are three main decoitipasstages. It is
clear that there are three main degradation stafes.first stage represents dehydration, volatilization of few
molecularweight substances. The second stage is the maradipn stagand the third stage is the carbonization
stage.

The first stage is decomposition stage which beB20 'C due to changes of some physical properties and
volatilization of few molecular weight substanc@$ie second stage is the main degradation stagesogtuhe
temperature range 320-380, the weight loss is very fast due to produce wegbe and the third stage is the
carbonization stage at over 4@

Figure (10) illustrates that the first decompositi@mperature of untreated cotton fabric was'G3310C for
Cotton treated with 2% bee’s wax/chitosan emulsi®®) ‘C for Cotton treated with bee’s wax/2% chitosan
emulsion and 29Z for Cotton treated with 2% bee’s wax/2% chitogaano silica which cannot show any thermal
stability as expected. It is clear that treatmehtatton fabric with Cotton treated with 2% bee’sxichitosan
emulsion; Cotton treated with bee’s wax/2% chitosamulsion; Cotton treated with 2% bee’s wax/2% adan/
nano silica emulsion show decreases in the decdtiggoemperature.
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Figure (10): TGA for: (a) Cotton blank, (b) Cotton treated with 2% bee’s wax/nano chitosan emslon; (c) Cotton treated with bee’s
wax/0.2% chitosan emulsion; (d) Cotton treated witl2% bee’s wax/0.2% nano chitosan/ nano silica emuds

Figure (11) illustrates that the first decompositi@mperature of untreated cotton fabric was’G3@00C for
Cotton treated with 2% bee’s wax/nano chitosan simn] 305°C for Cotton treated with bee’s wax/0.2 % nano
chitosan emulsion and 292 for Cotton treated with 2% bee’s wax/0.2% nanitosAn/ nano silica which cannot
be show any thermal stability as expected. It é&ackhat treatment of cotton fabric with Cottoratesl with 2%
bee’s wax/nano chitosan emulsion; Cotton treated bee's wax/0.2% nano chitosan emulsion; Cotteatad with
2% bee’s wax/0.2% nano chitosan/nano silica emuisimw decreases in the decomposition temperature.

CONCLUSION

Development of super hydrophobic of cotton fabrigthout using flour derivatives compound was th@ af this
research. This research aimed to prepare supeopiydlbic cotton surface with dual effect for antitesi@l activity
through two main processes. First, preparatiorbeé$wax/chitosan, nano chitosan) emulsion andexpfmi cotton
fabrics Then treated cotton was coated with theamed silica nanoparticles, which is prepared. dp8mum
treatment conditions were realized when the falbmiese treated with 2% chitosan2% chitosan nanoparticles and
2% beeswax emulsion using pad dry cure techniqdefiaally concentration of nano silica 2% which &pg on
the cotton fabrics as a final layer. The preparadonsilica particles will investigated by TEM arttktaverage
diameter ranging from 44-76nm. Whereas the treatstbn fabrics show the best contact angle (154,) 15
chitosan, nano chitosan/beeswax and silica emusiespectively with improvement in the physicocreahiand
mechanical of treated cotton fabrics.
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