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ABSTRACT

Natural resources were used in synthesis of innovative hybrid nanocomposites for cotton multifinishing. The
innovation is based on interaction of natural nanoclay and a biopolymer under the name montmorillonite (MMT)
and chitosan (CTS) respectively.  Thus aqueous slurry was prepared containing (MMT) and (CTS) along with
citric acid and sodium hypophosphite. The slurry was sonicated to yield MMT/CTS hybrid nanocomposite. Different
nanocomposites could be achieved through variation of concentration of both MMT and CTS as well duration of
sonication. The as prepared MMT/CTS hybrid nanocomposites were completely homogeneous and remained stable
for more than a month provided that the sonication is performed for at least 90 min. The hybrid nanocomposites
were characterized using SEM, FTIR, TGA, X-ray diffraction and TEM analysis. To this end, the hybrid was applied
to cotton fabric as per the pad-dry-cure method. Interaction of the nemly synthesized MMT/CTS hybrid
nanocomposites with cotton cellulose (Fabric) brought about, therein, inclusions of the nanohybrid. The impact of
this was to impart to cotton fabric antimicrobial activity, easy care characteristics, thermal stability and reduced
inflammability. Meanwhile, such inclusions increase substantially the tensile strength and elongation at break of the
fabric. Dependence of the add-on and nitrogen content as a measure of the magnitude of the nanohybrid inclusions
in thefabricis also reported.

INTRODUCTION

Chitosan (CTS) is the N-deacetylated derivativecltin, Nevertheless this N-deacetylation is negemplete.

chitosan possess plenty of accessible amino grmmmering it polycationic polysaccharide. Indeled extent of

deacetylation, determines the grade of chitosahPfévious reports [2] disclosed that chitosaraisdisclosed
biocompatible, biodegradable, nontoxic, linear dgper polysaccharide. It consists of b@tij1-4)-linked 2-

amino-2-deoxy-D-glucose (D-glucosamine) and 2-an@&ta-2-deoxy-D-glucose (N-acetyl-D-glucosamine)tsini
Chitosan acquires structural similarity to celldoshich is (made up @& (1-4)-linked D-glucose units. BY virtue
of its gel-Forming property, CTS is used in desigrof drug delivery system.

On the other hand, Montmorillonite (MMT) is one thfesmectite groups, composed of silica tetraheshakts
layered between alumina octahedral sheets. Therfegtien of the crystal lattice and the isomorphsubstitution
induce a net negative charge that leads to therptitso of alkaline earth metal ions in the intedagpace. Such
imperfection is responsible for the activity anctleange reactions with organic compounds. MMT alsotains
dangling hydroxyl end groups on the surfaces. MMiB large specific surface area and exhibits gosdraton
ability, cation exchange capacity, standout adleeahility, and drug-carrying capability. Thus, MNiEf'a common
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ingredient as both the excipient and active sulogtan pharmaceutical products [3]. The intercatatid organic
species into layered inorganic solids provides efulsand convenient route to prepare organic-inaigaybrids
that bear the properties of both the inorganic hastorganic guest in a single material [4]

Current work is under taken with the following otjee:

-To establish conditions for synthesis of Montmniorilte /chitosan hybrid nanocomposite

-To characterize the as prepared hybrid nanocongosi

-To set up formaulatios/conditions for applicatafrthe hybrid to cotton fabric;.

-To examine the properties conferred on cottoni¢alia inclusion of the hybrid nanocomposite unisestigation
in the macromolecular structure of cotton and;

-To use the state-of-the —art facilities to underdt the ultrafine structure of the hybrid and ispact on
multifinishing of cotton.

MATERIALS AND METHODS

2.1. Materials.

Desized, scoured, and bleached plain weave codtmnicf(230 g/rf) was kindly supplied by Misr/ Co. for Spinning
and Weaving, MehallaElKubra (Egypt). Chitosan, medimolecular weight, Brookfield viscosity 80,0006scvas
purchased fro Aldrich Chemical (Germany). Citriddaand sodium hypophosphite were also purchaseah fr
Aldrich Chemical (Germany). Montmorillonite K10 (MM was the natural montmorillonite clay purchageun
the local market; it was mainly Bentonite, aciddleed powder; having molecular weight 274-324-8, auolar
formula HAI, (Si0s),-mH,O . All chemicals used were of laboratory grade.

2.2. Methods.

2.2.1 Synthesis of CTS/ MMT hybrid nanocomposite

CTS, MMT, citric acid and sodium hypophosphite BJHvere thoroughly mixed in water to form a slurry.
Chitosan and montmorillonite concentrations (w/ahged from 0.25-1% and 0.025- 0.1% respectivelyradse
citric acid was used at a concentration of 5% ahllP &t 4%. The slurry was subjected to sonicatindeu
conditions given in the text. Sonication resulte®MT/CTS hybrid nanocomposite possibly througtencalation/
exfoliation of CTS into the layered MMT. The ul@te nano-product was in the form of stable nanosiormul

2.2.2 Application to cotton fabric

The synthesized hybrid nanocomposite (stable naalséon) was applied to cotton fabric as per the-gadcure
method. Thus the fabric was padded in the emulsiortaining CTS,MMT,Citric acid and SHP in two digasd two
nips to a wet pickup or 100% followed by drying8&fC for 5 min then cured at 15D for 3 min. To this end, the
fabric was submitted to 10 home laundering andngygiycles.

2.2.3 In Situ formation of MMT/CTS hybrid nanocomposite

Synthesis of MMT/CTS hybrid nanocomposite in conoatant with inclusion of the hybrid nanoparticles the
molecular structure of cotton could also be achdev&he fabric sample was introduced in the MMT/CSI&rry
containing citric acid and SHP before sonicati@nce this was the case, the slurry ingredients wereed within
the cotton structure. Sonication would induce fation of the hybrid composite nanopatrticles wittfie structure
of the cotton fabric. However, for convenience dmdter fabric performance the synthesis and agipbic were
carried out in two separate steps as describedeab

2.3. Testing and analysis

2.3.1.Fourier Transform Infrared spectroscopy (FTIR)

FTIR Spectroscopy was measured using FT-IR-FT-Ramaalel: Nexus 670 (Nicollet-Madison-WI-USA). Catto
fabric was cut into very small pieces; these pieeee mixed with KBr. The spectral range was 408G60 crit

2.3.2. X-ray diffraction

X-ray diffraction patterns of samples were recordach STOE STADI P transmission X-ray powder diffcameter
system by monitoring the diffraction angle fromd8&5 (2h) using monochromatized Cu Ka (k = 1.54881)
radiation.

260



A. Hebeishet al Der Pharma Chemica, 2016,8 (20):259-271

2.3.3. Scanning electron microscopy (SEM) measurems

Microscopic investigations of fabric samples weeeried out using a Philips XL30 scanning electroisroscope
(SEM) equipped with a LaB6 electron gun and a PsilEDAX/DX4 energy-dispersive spectroscope (ED@pdes
were taken at different magnifications (from 1568t 0009), using secondary electrons (SE) in aezsare with the
clarity of the images. Fabric samples were fixethwearbon glue and metalized by gold vapor depwsitd record
images.

2.3.4. Transmission Electron Microscopy (TEM)

Shape and size were practically determined usingl;JEOL-JEM-1200. Specimens for TEM measurementewer
prepared by placing a drop of colloidal solution450 mesh copper grid coated by an amorphous cdilboand
evaporating the solvent in air at room temperature.

2.3.5.Antibacterial tests

All antibacterial activity tests were done in tigalte to ensure reproducibility. The antibactedefivity of fabric
samples was evaluated agaistcherichia Coli and staphylococcus aureus,(ATCC 1533) bacteria using disk
diffusion method. A mixture of nutrient broth andtrient agar in 1 L distilled water at pH 7.2 adlves the empty
Petri plates were autoclaved. The agar medium tvas tast into the Petri plates and cooled in laméidlow.
Approximately 105 colony-forming units of E. colatteria were inoculated on plates, and then 292adneach
fabric samples was planted onto the agar platdshAlplates were incubated at°G7for 24 h and examined if a
zone of inhibition was produced around samples.

2.3.6. Fabric performance evaluation
The treated samples were evaluated for breakieggtin and elongation at break in accordance witiM®5035.
The conditioned wrinkle recovery angles (WRA) wewaluated according to AATCC Test Method 66.

2.3.7.LOI

Limiting oxygen index (LOI) values of some sampigsre measured according to ASTM D2863-08 standard
method. In this order, 5 specimens of each sampgle \wrepared in 5 cmx15cm and a mixture of oxygeh a
nitrogen is passed up through a cylinder contaitligfabric specimen supported vertically. The munin fraction

of oxygen in a mixture of oxygen and nitrogen iniethone specimen will just sustain burning is deieed and
reported as the LOI value [5]

2.3.8 Thermal analysis

Thermo gravimetric analysis (TGA) and differentiaérmal analysis (DTA) were carried out using akiPeElmer
TG-DTA analyzer, model Pyrisl, operating underagen atmosphere with initial sample weights of 8@gce the
sample has been prepared, it was placed into thfe SE@ple pan and distributed evenly across thebp#tom. The
standard platinum sample pan (0319- 0264) was @isedhis application. The runs were performed owaer
temperature range of 50—660 at a heating rate of 40/min under a continuous,Mow of 100 ml/min

RESULTS AND DISCUSSION

3.1.Characterization of the Chitosan/montmorillonite hybrid nanocomposite

Previous reports [6] stated that organic- inorgdmyiorids that contain the properties of both therganic host and
the organic guest in a single material can be pegpthrough interaction of organic species inteetay inorganic
solids. With this in mind, research is designedyothesize a multifinish for cotton fabric basedintercalation/
exfoliation of CTS nanodispersion into layered naimed MMT in presence of citric acid as crosslinéed SHP as
a catalyst for crossliking. Conversion of MMT a@d'S to nano-sized materials is induced by soninatibtheir

aqueous slurry containing citric acid and SHP. Bheut of this is MMT/CTS hybrid nanocomposite enmuts
containing the crosslinker and its catalyst. Systc investigations into factors affecting majblcacteristics of
the hybrid nanocomposite such as concentrationdMT and CTS as well as duration of sonication aralied.

Accordingly, best formulation/ condition for syntlie of the hybrid nanocomposite (multifinish) coblel achieved.
Application of the as synthesized multifinish tdtoo fabric imparted to cotton a happy combinatd properties,
namely, antibacterial activity, thermal stabilitgsistance to inflammability, case of case charisties, in addition
to increase in fabric weight and improved strengtbperties. Given below are the results obtaindth whe

synthesis of the multifinish along with its chaex@ation and application to cotton fabric.
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3.1 Characterization of MMT/CTS hybrid nhanocomposit

3.1.1 X-ray Diffraction

X-Ray diffraction (XRD)patterns of cotton contaigiMMT/CTS hybrid nanocomposite, pure CTS and puidTv
are shown in Figure 1. It is observed that mixafithe two natural polymeric components, i.e.CT8 BMMT along
with the crosslinker (i.e. citric acid) and its agst (i.e.SHP) causes no changes in the crystgllof either
polymeric components. On the other hand, in sitmédion of the MMT/CTS hybrid nanocomposite in the
molecular structure of cotton by sonification of MKCTS/cotton fabric in the presence of citric acrdsslinker
and SHP catalyst results in a change in the XREepat. Similar situation was encountered whereood@bric was
treated with presynthesized MMT/CTS hybrid nanocosilg in presence of the crosslinker and its cataly

Obviously, as the main peak of MMT appears 6+88%5 (D=0.99 nm) space the cotton fabric containing
MMT/CTS hybrid composite nanoparticles displaysrphgeaks at ® =12° (D= 1.5 nm) and ® =21° (D=1.02
nm). This indicates that MMT/CTS ions are locatedhie interlayer of the super molecular structureatton [7].
This state of affairs implies that MMT clay nandjaes are partially exfoliated by CTS leading tgbhd
composite nanoparticles which are dispersed intontloleclular structure of cotton. By and large éasing the
basal B and C usually confirms the location of Cai®l cotton ions between the layers of MMT clayislt
understandable that by virtue of their greater nemdd hydroxyl sites (OH- groups) cotton cellulassn undergo
interaction with the hydroxyl OH groups on the MMirface. Such interaction is supported by stroirgeractions

of the CTS hydroxyls due to larger molecular volsmé&CTS. This is due to the broaden and interacfdMMT at

20 =22°as shown in fig.1
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Figure 1 XRD of pure clay (i.e.MMT),pure chitosan CTS), cotton containing MMT/CTS hybrid nanocomposie

3.1.2 FTIR spectroscopy of chitosan/montmorilloniténybrid nanocomposite and cotton treated thereof:

FTIR spectra of the cotton fiber and cotton treatgth sonnicated chitosan as a control sample asd their
nanoslurry with montmorillonite clay  at diffetemontmorillonite clay  concentration 1,3,5% a&fgown in
figure 2(a,b) from wave number 750-4000 cm-1. Tharacteristic features of the spectrum of the cotti@ due to
as the main constituent [8] . Abroad absorptiondbianthe region of 3600—-3200 cm-1 is characteristibydrogen
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bonded O-H stretching vibration [9] . and is commionall the spectra.The O-H stretching vibratiomrgimess
(intensity) decreases due to thr treatment obadiibers by chitosan/montmorillonite hybrid nanogaosite. . The
C-H stretching vibration of methyl and methylenewgrs associated with crosslinking of is observeal 2902 cm-
1. It decreases due to the surface modificatioretifilose by the presence of montmorillonite ia ttanocomposite
(Fig 2) The band at 1641 cm-1 indicates the absbwimer in crystalline cellulose [10] and this basdlisappears
due to the chemical treatment of fiber using MMTEChybrid nanocomposite . The absorption band 39 t&n-1is
assigned to C-H bending in crosslinked cellulosentaioing the hybrid nanocomposite [11]. After
montmorillonite/chitosan hybrid nanocomposite tmeent, the water is partially removed from cotfirer. As a
result, the bands were shifted to lower value whictiicates that the hydrophilic nature of cottobefis is
considerably reduced [12]. Thus, the interfacidiesion between the fiber and the nanocompositeeflected in
Figs 2 a, b However, the IR spectrum of montmmmile in the nanocomposite , the intensity of peaks
corresponding to O-H and C=0 further decreaseslewthe peaks at 1620 cm-1 appears after involvernént
nanomontmorillonite  (MMT) in the hybrid nanocongite.. These results confirm the interaction of MEIT
nanoparticles with both chitosan and the cottbar§[13]. Indeed , The above statements confirenstuggested
chemical reaction mentioned above in Fig(2 a,b)
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Figure 2 (a,b): FTIR spectra of the cotton fiber aml cotton treated with chitosan/montmorillonite hybrid nanocomposite (a); FTIR spetra
of chitosan/ montmorillonite nanocomposite preparedising different montmorillonite concentration 1,35% (b)

3.1.3 SEM of cotton treated with chitosan/montmoribnite hybrid nanocomposite

Figures 3(a-c) disclose the scanning electron mgirahs of cotton before and after being treatett MIMT/CTS

hybrid nanocomposite. Fig 3a exhibits the SEM oftan before the treatment (blank). The blank goti®
characterized by clear and smooth surface. Figh®ws the formation of a continuous nanocompdiitewith an

even matrix, without any cracks or pores on it§asie. SEM shows that the surface of the fiber beceongh due
to the inclusion of MMT/CTS hybrid composite nandjtdes in the molecular structure of cotton. Thighler the
time of sonnication the higher is the roughnesguié 3c reveals that MMT/CTS hybrid nanoparticles aell

dispersed in their chain film matrix, where theseértainly no or a little agglomeration of nandioées [14].

The presence of MMT/CTS hybrid nanocomposite indbion structure is proved by EDX shown in FigeDX
reveals the presence and the percent of SiO2 donceample treated with the nanocomposite. Theepeiaf SiO2
amounts to 1.4% when MMT was used at a concentrafi®.5% during preparation of the nanocomposite.

Fig 3 (a-c) SEM of cotton treated with Chitosan/rantmorillonite hybrid nanocomposite
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Fig 4 EDX of cotton treated with Chitosan/montmorilonite hybrid nanocomposite

3.1.4. TEM of MMT/CTS hybrid nanocomposite

Fig.5a shows that TEM of Chitosan (CTS) nanopaticbbtained through sonication of CTS material unde
condition similar to those used in synthesis of MEITS hybrid nanocomposite. Evidently, the nanopkasi of
Chitosan are spherical in shape and polydispreSdezl average particle size of these Chitosan pestis 17 nm.
On the other hand, fig. 5b and 5c depict the TEMges of Chitosan after its involvement via exfadiatwith
MMT to yield MMT/CTS hybrid nanocomposite. As iel, in contrast with the spherical shape of Chitasnd its
poly disperselity , the hybrid composite nano p#etappear look-like highly stable coating; thehhggabilization is
unequivocally due to interaction of MMT with the& amino group of Chitosan molecules [15]. The TiEMge of
MMT/CTS hybrid nanoparticles exhibit an averagetipbe size of 8 nm.

i

5b,c TEM of MMT/CTS hybrid nhanocomposite

3.2 Evaluation of performance of cotton fabric treded with different MMT/CTS hybrid nanocomposite

Different MMT/CTS hybrid nanocomposites were brougtbout by changing the concentration of chitosan,
concentration of montmorillonite and the sonicattitme during synthesis of the hybrid nanocompositdhe
different hybrid nanocomposites obtained were a&gjpio cotton fabric according to the pad- dry —custhod. The
impact of such application on the fabric performepooperties are examained and represented as uyiekm.
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3.2.1 Chitosan Concentration

Table 1 shows variations of the percent inclusixid¢on) of the hybrid nanocomposite onto the cofédamic with
chitosan concentration used in the synthesis of MBAB hybrid nanocomposite when the latter was adpio
cotton fabric. Effect of these variations on rgieo content and creases recovery angle is alsorsimable 1. The
results indicate that the add-on, nitrogen contergases recovery angle of the treated cottondabcreases by
increasing concentration of Chitosan. This medwas the higher chitosan concentrations act in fadfobetter
interaction of the MMT/CTS hybrid nanocomposite twitotton fabric. The poly disperisity of chitosand its
exfoliation within the layers of MMT along with iteeaction with the latter via amino groups and clocain
attachement to the cotton fabric through citricldmiidges would accelerate for the favorable angbich of chitosan
on the said properties. It is understood thatccécid catalyzed by sodium hypophosphite (SHPuded ease of
care characteristics through formation of crogslinetween adjacent cellulose chains thereby eihgithe crease
recovery [16].

Figure 5A shows the chitosan concentration usedyimhesis of MMT/CTS hybrid nanocomposite versughbo
tensile strength and elongation at break of coidmnic treated with these nanocomposites. It éngbat the tensile
strength increases as the chitosan concentraticnedses upto 0.7% then sharply decreases. Oppomite is
observed with the elongation at break. The lateareases by increasing the chitosan concentragtm0.7% then
increases thereatfter.

It is worthy to report that the tensile strengtbremses from 29 to 44 Kgf, a point which can berpreted in terms
of the larger surfaces area of MMT/CTS hybriche@omposite inclusions in the cotton structure Whact as a
connection link between the nanocomposite inclusiamd the reinforced cotton fibers. This high iay@ment in

tensile strength could be achieved upon using Ghikesan. Higher concentration of chitosan viz @¢8ses the
tensile strength to fall down to 38 KGF. Greatefotiation of MMT at higher concentration of CTS wdicreate a
highly viscous environement which impede mobilifyMMT in MMT/CTS hybrid nanocomposite. Concomitbnt

a relatively firm structure may be formed after thenocomposite inclusion in the cotton structuieieg to a
decrement in the mobility of the CTS chains durstigtching owing to the good dispersion and exfioliieof CTS

chains into MMT platelets. The ultimate effect bfst are restricted segmental movement and rigiditgotton

structure leading to decreased tensile strengtlcohfirmation with this is the opposite trendsugbt about by the
results of the elongation at break as shown inréiggA.

Figure 5B represents a histogram showing the effechitosan concentration used in the synthesBIMIT/CTS
hybrid nanocomposite on the limited oxygen indef(Lfor cotton fabric treated with these nanoconijgosThis
histogram makes it evident that the MMT/CTS hylrahocomposites exerts a positive effect on LOInalgas of
concentration of CTS. That is, the hybrid nanocosite under investigation has the tendency to tresis
inflammability.

Effect of chitosan concentration used in synthesisf MMT/CTS hybrid nanocomposite on the add-on,
nitrogen content, and resilience of cotton fabricreated thereof

Chitosan Concentration (%) | Addon N CRA
(%) Content | Warp | Weft
(%)
Blank 0 0.01 90 95

0.00 2 0.05 98 102
0.25 10 0.11 126 122
0.5 19 0.12 128 130
0.75 27 0.13 130 135
1.00 34 0.15 132 133

Condition of the MMT/CTS nanocomposite synthesis MIT, 0.5% ;Citric acid, 5%; SHP, 4%; Temp. 50°C;
Sonication time 1 hr.
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Figure 5A Effect of chitosan concentration used isynthesis Figure 5B Effect of chitosan concentration used isynthesis
of MMT /CTS on the tensile strength and elongatiorat of MMT /CTS on the tensile Limited Oxygen Limited d
break of fabric treated with the nanocomposit: fabric treated with the nanocompositt

3.2.2 Montmorillonite concentration

Results of table 2 are concerned with the impacinofeasing MMT concentration during the synthesfs

MMT/CTS hybrid nanocomposite on the add-on, nitrogentent and crease recovery of cotton fabrictétba
thereof. These results display trends very cloghdse of table 1 and, therefore, could be desdrdnd explained
on similar basis. Higher concentrations of MMT mpgeobably favor better exfoliation of CTS in MMayers.

Once this is the case, the MMT/CTS hybrid nanocaitpdormed would expedite its interaction with thatton
fabric.

Figure 6A shows the relationship between MMT comicion used in synthesis of CTS /MMT hybrid
nanocomposite and both the tensile strength antyatmn at break of cotton fabric. Obviously, thasile strength
increases significantly and so does the elongadtooreak by increasing the MMT concentration witttie range
studied. the tensile strength attains a value bafua 48KgF upon using MMT at concentration of 1%ilevh
elongation at break exhibits a value of about 17#den the same condition. This suggests that thaimg recipe

for finishing of cotton fabric (concentration w/VETS,0.75% ; MMT, 0.25%; citric acid, 5%; SHP, 48#np.,56C
; sonication time, 1 hr.

Under such condition inclusion and interaction bé tMMT/CTS hybrid nanocomposite within the molecula
structure of cotton seem to occur smoothly withdigtuption and/or degradation of the cotton striectdnstead,
they provide extra strength through formation efible matrix which is intimately associated vieosyg physical
and chemical bonding with the cotton fabric. Thiemnsity of crosslinks seems also to be moderagvidenced by
the relatively low values of crease recovery. ¢hésatures taken together are behind the happy icatitn of
properties conferred on cotton fabric.

Figure 6B shows, in a histogram form, the effecMdT concentration used in the synthesis of MMT/Ciybrid

nanocomposite on the limited oxygen Index of coffaloric treated with these nanocomposites. It isaagnt that
result of LOI indicates that resistance to flamnigbis higher at higher MMT concentrations. Thigeans that
presence of MMT at a concentration of 1% during sinthesis of MMT/CTS hybrid nanocomposite is asnhe

ensure resistance to inflammability of the cottabric treated with current nanocomposite underdbredition

specified in the aforementioned paragraph.
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Table 2: Effect of MMT concentration used in syntheis MMT/CTS hybrid nanocomposite on the add-on, nibgen content and crease
recovery of cotton treated thereof.

montmorillonite clay Concentration (%) | Addon N CRA
(%) Content | Warp | Weft
(%)

Blank 0 0.01 90 95
0.00 11.9 0.14 120 125
0.25 6.7 0.16 131 140
0.5 10.4 0.18 130 135
0.75 10.1 0.21 125 130
1.00 124 0.26 122 12Q

Condition: CTS Concetration,0.75%; Citric acid, 5%; SHP, 4%; Temp, 50C; Sonication time, 1hr
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Figure 6A Effect of MMT concentration used in syntlesis of Figure 6B Effect of MMT concentration used in syntlesis of
CTS/MMT hybrid nanocomposite on the tensile strendt CTS/MMT hybrid nanocomposite on the limited oxygen
and elongation at break of cotton faric treated therof index of cotton fabric treated thereo

3.2.3 Sonication time:

Table 3 contains the results of add-on, nitrogerterdt and crease recovery of cotton fabrics treaittdthe current
hybrid nanocomposites which were prepared undeetfeet of different sonication times. As is evitleéncreasing
the sonication time from 1 to 3 hr has particulambyeffect on the said properties of the treatbdi¢a. Longer than
1 hour sonication seams meaningless; but from thetipal point of view, it was observed that londaration of at

least (1.5hr) is a prerequisite to ensure highilgtabf the nanocomposite emulsions for more tlamonth duration
[17].

Figure (7A) exhibits variations in tensile strengthd elongation at break of the nanocompositesetieaotton
fabrics with duration of sonication. It is cleaatlboth strength properties increase by prolongiegsonication time
to 1.5 hour, decreases marginally after 2 hour caditin then levels off thereafter. A salient featus the
improvement of the strength properties examinegspective of the sonication time and despite tiatiteatment
took place concurrently with crosslinking. This rether in agreement with the results of Figure 7BAick is

pertaining to MMT concentration study.

Figure (7B) depicts histogramically the impact e time of sonication given for the synthesis of WRATS hybrid
nanocomposites on limited oxygen index (LOI) ofteotfabrics treated with these composites. Reseltsal that
the LOI increases by increasing the sonication tim8.75 hour. Longer sonication time has littlenor effect on
LOI. It is certain, however, that the values of L@litained can be taken to indicate that the treat¢tbn under
investigation acquires resistance towards inflanihtab
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Table 3: Add on, nitrogen content and crease recomgobtained with cotton fabric treated with MMT/CTS hybrid nanocomposites which
were prepared at different sonication time

Sonication time(hr) | Addon N CRA
(%) Content | Warp | Weft
(%)

Blank 0 0.01 90 95
0.00 4.26 0.12 111 115
1 10.1 0.21 125 130
15 10.3 0.22 126 132
2 10.2 0.22 126 133
3 10.2 0.22 127 133

Condition: Chitosan Concetration:0.75%, Montmorillonite clay concentration: 0.25%, citric acid: 5%
SHP, 4%, temp. 56C
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Figure 7 A Effect of sonication time given for syrttesis of
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MMT/CTS hybrid nanocomposite on the tensile strengt Figure 7B Effect of sonication time given for syntksis of
and elongation at break of cotton fabric treated wih MMT/CTS hybrid nanocomposite on the Limited Oxygen
nanocomposite Indeayx nf rattan fahrie treated with nanncromnaneit

3.2.4 Thermogravimetric analysis (TGA)

Cotton fabric treated with CTS /MMT hybrid nanocamsjge in concommitant with citric acid crosslinking
catalyzed by SHP along with untreated cotton weterstted to TGA. Figure 8 shows representative Tebfves.
The weights remaining of the tested samples atcardposition temperature of 4 are also shown in the same
figure.

Results of figure 8 imply that when the temperatues raised from above 3% upto 546C, the untreatead cotton
fabric displayed faster rate of degradation thantthated cotton fabric. As the combustion tempeeadf untreated
cotton is around 35, it would degrade rapidly at temperature above timperature.The treated cotton fabric
exhibited higher percent of the weight remainingt@®C than the untreated cotton fabric. Conclusionvadiat
from temperatures above 600assumed that cotton fabric treated with MMT/CTybrid nanocomposite
contained around 22% (wt/v). The nanocompositeedsgd the rate of degradation as evidenced byethits of
the weights remaining which were higher than thafsentreated cotton as well as those of cottoniéabeated with
low concentration of the nanocomposite ( e.g 0.3f¢jusion of MMT/CTS hybrid nanocomposite in thelecular
structure of cotton increased the thermal stabftigcreased thermal degradation). The ability ghtr amounts of
the hybrid nanocomposite containing silicate layar8IMTcaused further inhibition of the permeatiohoxygen
and restricting the thermal motion, thereby incirggashe thermal stability.

The maximum rate of decomposition patterns of thtoa fabric treated with the said hybrid nanocosifgare

observed at two stages (Fig.8). The first stagebiserved within a temperature range of 275.533%3.and is
attributed to the degradation of tiny nanocelluasnpurities.. The second stage is brought intau$oawithin the
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temperature range of 367.5-380.1 °C indicating dagradation of cellulose and other cellulosictenatfrom the
fiber which lead to the char formation [18], [19jclusion of MMT/CTS hybrid nanocomposite in thelecular
structure of cotton exerts a positive effect orritied degradation of the cotton fabric. This is aaded by higher
thermal stability of cotton fabrics treated witlkesle nanocomposites.

Analysis of the activation energy is helpful for asaring the thermal stability of the treated cottabric. The
results obtained above is due to the inclusion MTVCTS hybrid nanocomposite in the cotton structwhereby

the interfacial adhesion between treated fabricsiases [20,21]
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Figure 8 TGA of untreated cotton fabric and cottm fabric treated with MMT/CTS hybrid nanocomposite concomitantly with citric
acid crosslinking catalyzed by SHP

3.2.5 Antibacterial Activity

The designed experiments in figure 9 show the réglupercentages of E.coli and S.aureus bactertatbdn fabric

treated with MMT/CTS hybrid nanocomposites. As appd increasing chitosan concentration in the caitgo
decreases the bacteria growth considerably on typ#s of the bacteria. S.aureus exhibits a littrerresistance
than E.coli. The main difference among these twaidsa relates to their cellular wall and peptidigcgn thickness
as it is more for Gram-positive bacteria which shoavrelatively higher resistance against antibedtagents.

Current MMT/CTS hybrid nanocomposites have a dempntary effect and signify a noticeable reduction
E.coli Gram-negative.

T T
Chitosan/Clay
(50/50)

Chitosan/Clay
(75/25)

Chitosan

Fig 9 Reduction percentages of E.coli and S.auretiscteria of cotton fabric treated with only chitosan vis-a-vis fabric treated with
MMT/CTS hybrid nanocomposites using different ratios of MMT:CTS.

269



A. Hebeishet al Der Pharma Chemica, 2016,8 (20):259-271

CONCLUSION

Unique ecofriendly and highly effective multifinisly agents are brought into focus through a thioug
investigation into factors affecting the prepamataf these finishes as well as, their charactédmand application
to cotton fabrics. Preparation of these finishdsased on innovative formulation which comprisesitnrillonite
(MMT) and chitosan (CTS) along with citric acid asddium hypophosphite (SHP). While MMT is a natiyral
occurring nanoclay, CTS stands for a natural bigper. Citric acid is biologically manufactured anded in
current formulation as crosslinker catalyzed by SHP

The aforementioned four materials were mixed inagueous slurry. The slurry was then subjected tication
whereby a homogenous highly poly dispersed aqueauslsion was formed. This homogeneous polydispersio
represents the MMT/CTS hybrid nanocomposite ocogras a result of interaction via intercalationédigtion of
CTS within the MMT platelets (layers). Citric acidtalyzed SHP comes to play essentially duringiegobn of
the hybrid nanocomposite to the cotton fabric whehas dual functions : a) crosslinking adjacesitudose chains
to improve ease of care characteristics of cotidmi¢ and b) support inclusion of the hybrid naraposite in the
molecular structure of the cotton fabric.

Different hybrid nanocomposite were prepared througriation of the concentration of both MMT and¥as well
as time of sonication .The as fabricated MMT/CT®rty nanocomposite remained stable for more thamath
provided that the sonication is performed foreaist 90 min. World —class facilities viz SEM, FTIRGA.XRD and
TEM analysis were employed for characterizationthad hybrid nancomposite. In-situ formation of thgbitid
nanocomposite on the fabric was performed but prafation of the nanocomposite followed by applimatto
cotton fabric using the pad dry cure method wasenpbausible. The most appropriate formulation (étiowl) for
synthesis of the hybrid nanocomposite were: comagohs (w/v) of: MMT 1%; CTS, 0.25; citric acid 59%6HP
4%; Temp. 56C; sonication time 90 min.

It is envisaged that interaction of the newly swsiied MMT/CTS hybrid nanocomposite with cottonludeke
(fabric) occurs through inclusions of this nanocaosite into the molecular structure of cotton fab@cosslinking
of cotton with citric acid catalyzed by SHP woults@a support the intimate association of the nanquusite
inclusions within the cotton structure. Thus thiénuhte outpubf this is a multifinshing of cotton including irease
in fabric weight, ease of care characteristic,tmdierial activity, thermal stability and resistarno inflammability.
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