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Abstraet
The applicability of chitosan, trimethy! chitosan chloride and nano chitosan for removal of Cu(IDions from

_water used in textile wet processing was studied. The liquor before and after treatment was analysed
iodometrically for knowing the presence of Cu(ll} ions and FTIR spectroscopy was employed for the
characterization of Chitosan-Cu(Il) complex. Study included the effect of molecular weight of chitosan,
particle size of chitosan and the degree of quaternization of trimethyl chitosan chloride, pH of medium etc on
the sorption of Cu (II) ions. The influence of molecular weight of chitosan was found to be an important
criteria so far on rate of sorption of Cu(I) ions. Reduction in particle size of chitosan enhanced both the rate
and amount of scavenging of metal ions.
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Introduction

Plentiful supply of good quality water is indispensable for textile wet processing industry. Water is not only a
vehicle to carry or fix the chemicals and dyes, but it is the medium for processing [1]. The water employed
for various wet processing operations is now-a-days largely obtained from underground source which is
accompanied with various heavy metal ions, The recycled water from effluent discharge also contributes to
these impurities due to the inefficiency of conventional effluent treatment plants to remove such traces of
metal ions. The presence of these ions, even in ppm level, can have detrimental effects on processes like
enzymatic desizing, hydrogen peroxide stability and its bleaching action, shade of dyes etc {2, 3].

Among various metal ions, Cu (II) ion has gained attention due to its both beneficial and as well as
adverse effects. Use of copper compounds such as copper sulphate in certain dyeings, direct dyeing in
particular, has found to improve the fastness to washing and light. However, presence of copper in water can
seriously affect the performance of various unit operations of textile processing such as desizing, scouring,
bleaching, dyeing etc. Hence it is advised to avoid copper/brass fittings especially in bleaching plants. Copper
is found to be adsorbed by enzyme molecules to form complexes and inactivate the enzymatic action. Copper
exhibits a catalytic action on hydrogen peroxide decomposition. Presence of copper is reported to cause
instability in peroxide bleaching baths and damage the cotton during bleaching. Copper is readily absorbed on
wool and therefore causes damage during peroxide bleaching. Presence of copper ions causes deleterious
effect on the shades of various dyes used for cellulose, nylon and protein fibres; nevertheless it enbances the
wash and light fastness properties {2, 4].The deleterious effect of Cu(Il) ions observed on hydrogen peroxide
bleaching of scoured cotton fabric and various direct and reactive dyeing of cotton is presented in Tabiel
and Figurel. Copper content in textile and allied industries effluent was found to be approximately 77 mg/L
[3] as against the WHO norms 0.05 mg/L[5]. Traces of copper (5-45 ug/L) in underground water and about
110 mg/kg of soil in and around Surat (India) have been detected [6].

Table 1Effect Cu(II) ions on hydrogen peroxide bleaching of cotton fabric
| CuSO, contentin | Whiteness | VYellowness | Brightness |




bleach bath, mg/L index index index

Control 88.40 133 78.08
100 85.98 4.29 73.02
200 85.06 4.69 71.17
500 84.14 5.58 69.32

Scoured sample: W.I. = 78.07. Y.I. = 17.02 and B.l. =56.91

CuS04 content in C.1.Direct Red C.l. Direct C.l. Re.Red 152 C.1.Re.Blue 25
dye bath, 81 Yellow 44
ntg/L

Control
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Figure 1 Effect of Cu (Il) ions in dye bath on the shades of direct and reactive dyeing on cotton fabric

The adverse effect of such metal ions can be controlled either by using chelating agents like ethylene
diamine tetra acetic acid (EDTA), diethylene triamine penta acetic acid (DTPA), nitrilo triacetic acid (NTA)
etc [7] or metal ions can be chemically precipitated or coagulated as salts or reduced to metallic form. They
can be separated out from the liquid phase by fdtration, settling, centrifuging or electro deposition [1,8,9].
Various natural products such as wood bark and clay [10], rice hull, cotton fibres, bamboo pulp, peanut skin
etc and chitosan have been found to remove metal cations from the streams [11-14]. The detrimental effects
on environment still persist when water is treated through first route due to the existence of metal ions in
discharged water, while metal ions are removed from discharged water by second route is safer.

Chitosan is a natural based product derived from alkaline deacetylation of a biopolymer, chitin. It is

second most abundant biopolymer after cellulose. The amount of presence of primary amino groups present
on chitosan molecule is characterized by degree of deacetylation (DAC) [15]. The application potential of
chitosan and its derivatives for the recovery of valuable metals or the treatment of contaminated effluents is
well documented [16, 17]. Our earlier report [18] has shown the scavenging property of chitosan for calcium
ions. Karthikeyan et al. [19] studied the dynamics and equilibrium sorption of Zn (I1) on to chitosan. They
observed maximum of six minutes were required for complete sorption of Zn ions by chitosan obeying the
Freundlich and Langmuir isotherms. Nomanbhay and Palanisamy [20] used chitosan coated oil palm shell
charcoal successfully for the adsorption of chromium ions from water. Bioconversion of highly toxic Cr(VI)



into Cr(IlI) was also observed, which is essential in human nutrition especially in glucose metabolism.
Chang and Chen [21] isolated Au (III) ions from water on chitosan coated Fe;O, nanoparticles. They found
that the gold ions could be fast and efficiently adsorbed. E.Guibal et al.[22] synthesized thiourea derivative of
chitosan for platinum and mercury recovery owing to the chelating affinity of sulphur ligands. Abdel Mohdy
et al. [23] introduced diethyl amino ethyl methacrylate (DEAEMA) groups onto chitosan backbone through
radiation grafting and studied the chelation property of grafted derivative on copper, zinc and cobalt ions.
They reported that the extent metal ions uptake by chitosan-DEAEMA derivative was preferentially higher
for copper ions followed by zinc and cobalt jons. The present investigation was aimed at understanding the
chelation property of chitosan and its derivatives towards Cu(Il) ions. Chitosan of different molecular weight,
nano chitosan of varying particle size and trimethyl chitosan derivative of different degree of quaternization
were taken for the study. The test sample before and after treatment was analysed icdometrically for knowing
the presence of Cu(Il) ions and FTIR spectroscopy was employed for the characterization of Chitosan-Cu(I)
complex.

Materials and Methods
Materials: 100% cotton fabric (warp and weft 40s, endsfinch142, picks/inch 72 and g/m’ 125), at ready for
dyeing stage, was procured from Mafatlal Industries Ltd, Nadiad, Gujarat State,India. Chitosan of different
molecular weights were obtained from Marine Chemicals, Kerala State, India (CHT-MC) and Mahtani
Chitosan Pvt. Ltd., Gujarat State, India (CHT). A low molecular weight chitosan (CHT-D) was synthesized
from CHT by depolymerization with nitrous acid as described earlier [25]. The specifications of different
grades of chitosan are given in Table 2. Various direct and reactive dyes namely C.I.Direct Red 81, C.L
Direct Yellow 44, C.I. Reactive Red 152 and C.I. Reactive Blue 25 were kindly supplied by Colourtex
Industries Ltd, Gujarat State, India. Anionic detergent (Ezee, Godrej, India) employed was of commercial
grade.

Other reagents like Acetic acid, Acetone, Methyl alcohol, Methyl Jodide, EDTA, Sodium
thiosulphate, Potassium iodide, Sodium iodide, Sodium hydroxide, Soda Ash, Sodium sulphate, Copper
sulphate, N-methyl-2-pyrrolidone (NMP) etc used were of analytical grade.

Synthesis of trimethyl chitosan chloride

Trimethyl chitosan chloride (TMCHT) was synthesized as follows: purified chitosan (CHT) (1g) was treated
with required amount methyl iodide (5 g and 15g for two different levels of degree of quaternization} in
presence of sodium iodide 2.4g and sodium hydroxide (2g) dispersed in N-methyl-2-pyrrolidone (NMP)(40
mL) in a stainless steel reaction vessel at 50°C for 24h. Trimethy! chitosan iodide was recovered from using
acetone then subjected to ion exchange by treatment with sodium chloride (10%, 50 mL) for 1h. TMCHT
was then recovered from acetone with repeated washings and oven dried at 55°C.

Synthesis of Nano chitosan dispersions

The method for synthesis of nano chitosan dispersions was followed same as discussed elsewhere [18]. The
prepared nano-chitosan (CHIN) from the starting material CHT was stored in refrigerator. The particle size
and size distribution of the chitosan were analyzed on the particle size analyzer (Zetasizer Nano ZS90,
Malvern Instruments Ltd, UK).

Hydrogen peroxide bleaching of cotton fabric

Scoured cotton fabric was treated with solution containing hydrogen peroxide (30%, 10 g/L), soda ash (10
/L) sodium silicate (10 g/L), and detergent (1 g/L) at about 85 °C for 60 minutes. The material- to- liquor
ratio was maintained at 1:30. After bleaching was over, the fabric was washed at 80 °C for 20 minutes and
then rinsed.

Dyeing with Direct Dyes

The cotton fabric was dyed with direct dye (1% o.w.m.) in presence of Glauber’s salt (20% o.w.m.) and soda
ash (5% o.w.m.) at temperature 90 °C for 60 minutes. The material- to- liquor ratio was maintained at 1:40.
The dyed sample was then rinsed with cold water 3 times, air dried and hot pressed. The dyed



samples were evaluated for colour strength in terms of K/S values on computer colour matching system
(Spectroscan 5100A, Premier Colorscan, India).

FTIR Analysis
FTIR of CHT and TMCHT derivatives were taken on a Thermo Nicolet i810 Smart ITR
spectrophotometer (Thermo Fisher Scientific, USA) in the wavenumber between 4000—500 cm™.

Treatment of Cu(ll) ions containing water with chitosan derivatives )
Required quantity of chitosan or chitosan derivative (e.g.1g/L) was treated with copper sulphate solution
corresponding to Cu(lI) ions concentration of 394.32 mg/L. in presence of acetic acid (0.7 mL/L for pH
5.5 and 1.5 mL/L for pH 3.5) with occasional stirring. Afier the prescribed reaction time is over,
chitosan was precipitated out by the addition of few drops of sodium hydroxide (10%) solution. The
solution was then filtered, the filtrate was analysed for Cu(Il) ions content iodometrically and the
residue was analysed for FTIR spectroscopy.

Iodometric method for determination of Cu(II) ions

100 mL aliquot (sample solution) was taken in a conical flask and mixed with 10 mL of 10% liquor
ammonia to obtain a dark blue colour. The solution was then neutralized with acetic acid; a slight excess
acid was added, followed by 2 g of potassium iodide. The flask was placed in dark for about 15 minutes
for complete liberation of free iodine and then titrated against 0.IN sodium thiosulphate using starch as
indicator. Ammonium thiocyanate (2 g in 10 mL water) was then added and titration continued. The
amount of Cu(Il) present in the given solution was calculated following equation [25].

Ax6.36x1000

A%
Where, ‘A’ is the amount (mL) of 0.1N Na,S,0; taken in burrette and “V’ is thevolume (mL} of aliquot
taken for titration (100 mL}) ’

Cu(1l) ions content, mg/L =

Io “IF

M

Chelation efficiency in terms of sorption of Cu(Il) ions by chitosan (mg/g) =

Chelation efficiency in terms of copper ions removal from water (mg/L) = I, ~ 1

Where, I is the initial concentration (mg/L) of Cu(Il) ions and Iy is the concentration(mg/L) of Cu(Il)
ions in treated water. M is the mass (g) of chitosan.

Results and Discussion )

Characterization and mechanism of chelation of copper (II) ions on chitosan

The important ligands on chitosan macromolecule that form complex with metal ions are oxygen
pertaining to primary and secondary hydroxy! groups and nitrogen belonging to amino and acetamido
groups. The structural changes in chitosan occurred due to chelation with Cu(ll) ions can be
conveniently studied using FTIR spectra analysis. The FTIR spectra of CHT and CHT-Cu complex are
presented in Figure 2 and Figure 3.
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Figure 3 FTIR spectrum of CHT-Cu complex residue

The broad bands at wave numbers 3355, 3284cm™ of the FTIR spectrum of chitosan (Figure 2) may
be attributed to O-H, NH and NH, stretching. The absorption band at 1651 cm™ was due to C=O (carbonyl)
stretching of secondary (amide I) amide bond, a characteristic of N-acety! group and the medium peak at
1585 cm™ appeared due to bending vibrations of N-H of amide H bond (N-acetyl residue) and the primary
amine. Another medium absorption peak at 1374 cm™ was attributed to the N-H linkage of amide IIL A
strong absorption peak at 1025 cm™ was due to primary hydroxyl group, characteristic peak of -CH,OH in
primary alcohols, arised from C-H stretching [26, 27]. The structural changes in chitosan arised due to
complex formation with copper ions were observed in the spectrum as shown in Figure 3. The broadening of
the peak at 3355 cm™ and progressive reduction of peak at wave number at 1025cm™ indicated the
involvements of amino and hydroxyl groups in the scavenging of the Cu(II) ions. Formation of a new peak at
1392 cm™ and modifications in peaks due to various amide groups characterized interaction of these groups
with Cu(II) ions [28]. The complex formation of chitosan with copper ions may be explained with the help of
its electronic configuration of copper ions. Copper, though not strictly termed as transition metals as their d
orbitals are complete, still they form a number of complexes when their ions have incomplete d orbitals e.g.
in the case of Cu(Il) ions having the coordination numbers usually 2,4,and 6 facilitate coordinate bond
formation [29]. The possible ways of Cu(Il) ions bound to chitosan is illustrated in Figure 4.
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Figure 4 Chelation of Cu (I1) ions by chitosan

In order to understand the chelation property, chitosans in various forms and grades were
employed as listed in Table 2 and the performance were compared with tetra sodium salt of ethylene
diamine tetra acetic acid (Na+EDTA).

Table 2 Chitosan derivatives employed for chelation study

Sample Chemical Name Properties
code DAC, Molecular Particle size  DQ,
% weight nm %
CHT-MC Chitosan 89.03 654,127 A }
CHT Chitosan 90 135,839 4014 )
CHT-D Chitosan 90 38,733 i )
CHTN1 Nano-chitosan ) i 408.73 )
CHTN2 Nano-chitosan B ) 534.2 }
TMCHT1 Trimethyl chitosan chloride i i i 1341
TMCHT2 Trimethyl chitosan chloride ) } ) 50.92

DAC: Degree ofdeacetylation, DQ: Degree ofquaternization

Effect of structural modification of chitosan on chelation of Cu (l1) ions

The extent of copper ions binding of chitosan is believed to be dependant on the availability of number
of electron donating ligands such as O and N. The state ofthese ligands on chitosan macromolecules is
anticipated to be altered due to chemical modifications such as quaternization. The Cu(ll) ions sorption
by various chitosan derivatives at pH 5.5 is shown graphically in Figure 5.
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Concentration of chelating agent 1g/L, Initial concentration of Cu(ll) ions 394.32 mg/L, pH 5.5
Figure 5 Chelation behaviour of chitosan derivatives for Cu(Il) ions

Figure 5 illustrates that EDTA attained the equilibrium rapidly for the copper ions binding and the
chelation capacity was maximum. The prolong treatment showed little improvement in chelation efficiency
after initial 15 minutes treatment. The chelation behaviour of chitosan was comparatively slower. The
molecular weight of chitosan was found to have a little effect on its chelation behaviour. At the onset and
during the first hour of treatment, the rate of chelation was slightly higher for low molecular weight chitosan.
When the treatment was continued for longer time the copper ion sorption was levelled off for different
molecular weight chitosans. With increase in molecular weight of chitosan (CHT-MC), the rate of sorption of
copper ions was slowed down but the absolute adsorption after prolong treatment (>3h) was higher. Thus, the
influence of molecular weight of chitosan, in first hour of treatment, seemed to be more pronounced on the
rate of sorption rather than on absolute sorption of copper ions. Medification of chitosan by quaternization
process was found to reduce its metal binding capacity. The chelation capability of trimethy! chitosan
(TMCHT) was decreased with increase in degree of quaternization.

A substantially higher chelation power of EDTA may be attributed to the combined effect of ionic
linkages of Cu(ll) cations with anionic carboxylate groups and the coordinate bonds with amino groups. The
electrostatic attraction between EDTA and metal cations may be the driving force for the attachments.
Chitosan, on the other hand, is a polymeric material having rigid conformation. When dissolved in water in
presence of acid, most of the amino groups are protonated and therefore are incapable of bonding with copper
cations. The only possible route of interaction is through unprotonated amino groups, hydroxyl groups and/or
N-acetyl groups. Further, these polycationic macromolecules in solutions are mostly swollen entangled
bunches exposing very small surface area and hence provide less ligands for interaction with metal ions. The
chitosan molecules, therefore, are siower in chelation compared with EDTA. The latter inactivates metal ions
but does not remove them. On the other hand, Chitosan, a biodegradable chelating agent, removes metal ions
even when present in traces. The process can be made faster by using nano chitosans, chemical modifications
of parent chitosan etc. It is a better choice for medical usage. Being polycationic polymeric material, chitosan
can easily undergo sedimentation due to nucleation and can be removed simply by decantation or by sand
filtration. On account to this unique property, chitosan can be used to minimize the turbidity in water
treatment. Since the treatment is done prior to final filtration, no additional filtration is required.

The availability of accessible interactive ligands for chelation is determined by the physical state of
macromolecules in solvent which in turn is determined by its molecular size and hence the molecular weight.
Low molecular weight chitosans (CHT-D) in solution are comparatively more extended and mobile due to
less intra and intermolecular forces and thus provide more surface area for chelation reactions and therefore
shows enhanced rate of sorption. Conversely, high molecular weight chitosan (CHT-MC) molecules in
solution are more entangled and compact with lesser accessibility of ligands which led to lower rate of
sorption of Cu(Il} ions. On prolong treatment, large sized chitosan molecules slowly under goes
depolymerization due to hydrolysis, which results in fall in viscosity as was observed earlier[18] leading to
opening of sites and continued chelation. The chelation property of trimethyl chitosan chloride (TMCHT),
however, was reduced as some of the amino groups were engaged in forming bonds with methy! groups
which consume the lone pair of electrons of nitrogen and also the presence of bulkier methyl groups restricts
the diffusion of metal ions. For unmodified chitosans, recycling of the used product would be difficult as the
attachment of metal ions to chitosan is accomplished by the coordinate linkages. But chemical modification
of chitosan by introducing anionic groups like carboxyl, sulphonate etc can impart ion exchange property.
The treatment of chitosan is effective in removing traces of metal ions and hence can be beneficial in isolation
of precious metals

Effect of pH on chelation of Cu (II) ions

An important parameter that alters the state of ligands on chitosan and its derivatives is the pH of medium.
Acidic pH is required for dissolution of chitosan in aqueous medium; however, it leads to protonation of
amino groups. In order to understand the effect of pH on chelation behaviour of CHT and its quaternized



derivative of maximum degree of quatemization i.e. TMCHT2, two different pH were selected namely
pH 3.5 and pH 5.5. Higher pH (pH ~7) was avoided due to the formation of hydroxides of copper
causing precipitation [30], The sorption of Cu(ll) ions by CHT and TMCHT2 as a function of pH is
presented in Figure 6. CHT was found to be more efficient in complex formation with C'u(ll) ions at pH
5.5. Similar results were observed in case of TMCHT2 though found to be less efficient compared with
CHT. It is known that the attachment of Cu(ll) ions with chitosan is possible through co-ordinate bonds
by the donation of lone pair of electrons of amino, acetamido and hydroxyl groups. In highly acidic
medium i.e. at pH 3.5 most of the amino groups are protonated and therefore they do not remain
available for coordinate bond formation. In that case the scavenging of Cu(ll) ions would be assigned to
hydroxyl and N-acetyl groups. At slightly higher pH (pH 5.5), some of amino groups remain
unprotonated or free. The free amino groups, due to the presence of lone pair of electrons, are capable of
forming coordinate linkages with copper ions and hence an improvement in chelation was observed at pH
5.5. TMCHT exerts ionic repulsion to copper cations and in addition the bulkier side methyl groups act
as a barrier and leads to the reduction in chelation efficacy of trimethyl chitosan.

350

Chelation efficiency, mgl/g

pit 3.5 (CHT Treated) 1pH 5.5 (CUT Treated)
pH 3.5 (TMCHT2 Treated) pH 5.5 (TMCHT2 Treated)

Concentration ofchelating agent Ig/L, Initial concentration of Cu(ll) ions 394.32 mg/L
Figure 6 Effect of pH of the medium on the chelation behaviour of chitosan derivatives at different time

intervals

Effect of concentration of chitosan derivatives on chelation of Cu(ll) ions

An important parameter that influences the sorption of metal ions is the concentration of chelating agent.
The aqueous behaviour of chitosan was found to be governed by the storage time and the behaviour of
chitosan in solution may affect the chelation capacity [20]. Thus, in order to understand the chelation
behaviour, the effect of different concentration and molecular weights of chitosan on the removal of
copper ions from water for two different durations of treatment, namely, short (Ih) and long (24h)
treatment time respectively was studied. The results are shown in Figure 7 and Figure 8.
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Figure7 Effect of concentration and molecular weight of chitosan on chelation efficiency for Ih treatment
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Figure 8 Effect of concentration and molecular weight of chitosan on chelation
efficiency for 24h treatment

It is observed from Figure7 and Figure 8 that the sorption curves for EDTA followed linearity with
respect to concentration and almost same level of chelation efficacy observed for both the durations of
treatment. The amount of Cu(ll) ions removed from treated liquor was found to be increased with increase in
concentration of chitosan derivatives. The sorption curve for low molecular weight chitosan (CHT-D), when
treated for short time (Ih), was found to be linear within chosen concentration range while high molecular
weight chitosans showed some deviations at higher concentrations (Figure 7).The chelation efficiency of
different forms of chitosan was found to follow the following trend C'HT-D>CHT>CHT-MC. On prolong
treatment i.e. when the treatment was extended to 24 h (Figure 8), the chelation behaviour of chitosan was
altered particularly for high molecular weight chitosans. The chelation behaviour of low molecular weight
chitosan (CHT-D) was not much influenced. The chelation efficiency of chitosans was, however, reversed as
against short duration of treatment i.e. CHT-MC>CHT>CHT-D. The linearity observed for low molecular
weight chitosan (CHT-D) can be ascribed to the presence of their molecules in solutions in comparatively free



and more extended form due to less intra and intermolecular forces. These molecules provide, in chosen
concentration range, uniform number of sites proportional to the concentration of chitosan. During short
treatment time, high molecular weight chitosan (e.g. CHT-MC) molecules in solution still remain
entangled due to overlapping of macromolecules as revealed by the viscosity measurement reported
elsewhere [18]. Therefore they provide fewer sites for the interaction with Cu(ll) ions resulting in to
decreased chelation. On prolong treatment, high molecular weight chitosans may undergo
depolymerization due to hydrolysis and may also display more opened conformation due to
disentanglement leading to opening up of more sites for chelation, which is more prominent at higher
concentration [30,31]. Thus it is the depolymerization leading to opening up of molecular conformation
comparatively more prominently in high molecular weight chitosan than in low molecular weight chitosan
on prolong treatment and what we virtually see is the reversal in chelation efficiency on prolong treatment.

Effect of particle size of chitosan on chelation of Cu(ll) ions

The reduction in particle size of chitosan macromolecule to nano level can furnish increased surface area
and hence more number of reactive sites (ligands) for metal scavenging. The particle size of chitosan was
reduced by ionotropic gelation with sodium tripolyphosphate (TPP) as described earlier [32], The
varying levels of particle size of nano chitosan, for a given molecular weight chitosan, were obtained by
varying the concentration of chitosan. Two different nano chitosans of average particle sizes 408 nm and
534 nm were obtained from CHT from initial concentrations of 1.5 g/L and 2 g/L. These stocks solutions
were employed for chelation study of copper ions at concentration Ig/L, obtained by dilution. The effect
of particle size on the chelation efficiency of chitosan is shown graphically in Figure 9. The results
revealed that the rate of chelation enhanced by the reduction in particle size of chitosan indicating faster
establishment of equilibrium with higher equilibrium chelation efficiency. Besides the increased surface
area due reduction in particle size, the presence of TPP can also act as a ligands for scavenging the
copper ions [29],

chclation efficiency, mg/g

«CHT(40l4nm) -CHTNI (408 nm) -CHTN2 (534 nm)

Concentration ofchelating agent Ig/L, Initial concentration ofCu(ll) ions 394.32 mg/L, pH 5.5

Figure 9 Effect of particle size on chelation efficiency of CFFT for Cu(ll) ions
Conclusion
The presence of excessive copper ions adversely affect the bleaching efficiency and dyeing results.
Chitosan of different molecular weights and quaternized derivatives of varying degree of quatemization
were employed in the present experiment. The effect of particle size of chitosan on scavenging efficiency
was also studied.

The binding of copper ions to chitosan was confirmed by FTIR. The chelation efficiency of
trimethyl chitosan (TMCFFT) was reduced with increase in the degree of quatemization. Highly acidic pH
was not found to be suitable for chelation of metal ions. A milder acidic condition (pH 5.5) showed better
results. The sorption of copper ions was increased with increase in the concentration of chitosan/chitosan
derivatives. The extent of chelation was found to be high for low molecular weight chitosan when treated



for shorter time and decreased with increase in the molecular weight whereas for higher sorption time a
reverse trend was noticed. Reduction in particle size of chitosan enhanced both the rate and amount of
scavenging metal jons.
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In thas paper. the study on symthesis. characenization and application of nano-chilosan on coton fabr has been reponad
The nano-chiicean wreassd fahncs ane then eaad for appeanance. kensike. absorbency. suliness. dwing behaviour. wrinkk:
ranen and antihactenal properies. Low molevubar weight chitosans are prepared iy mitrous acad hwdnotyss methad: the
mokecuke wotgins ane dewerminad  vescomatnaily. Nano-chitosans ane symthesizad by jcoiv @elain of  pentasodium
tnpohpbophae and detosan. and then charaoenand by partick s Jewermunatica The abne samphes are pretvaked with
noemal and mano-chetosan solubioes by pad-dn-cure wchmque. The surface: morphology of treakd conon fabie has haen
stnbrd v SEM asatyas. The avasd labees kave also boen dyed and their whateness, wellowmess and brghtness indices are
evalomad Rt ois Found that the partcke s and polydispersity of chitosan in sofuton ane afiecsed by the vanation i mokevcular
woight The e upaks and wash fstmexs of nano-chitesan treascd labnes are found to e impeos ad. An enhanand antibaceenal
property o anerved wth the sedoction of mamo-cietosan particks amd when coupled with mane abver adiowd

Reymords: Amitactend propeny. Clatosan. Cotton. Dyeing behaviour. Nano-chitosan. Wninkk novoeery

1 Introduction

Varmus wet processing operations of wextzkes from
imtial prepunion provesses o inal finshed clothes
are v Jocusad Tor zreen tochoboy. Several
comentonal  oon-ccolrendhy chemals are being
replaood by etursl fased paducts that are e 10
enaronnmem and  bealth dunine ounufaciunns and
v, Applcutions of ey 10 prepuratony and in
bro-pedisdung. nutural dves for oohovation. baspaody mens
«nd theic deruines i fibre production and Nineshing
Froaveses, o wre ome of theme One soh beopoly iy
of zrest mlerest i ravent dcars s chitoman derived
From atbatine deoety lation of chitin

The pravurae chitin v 3 e containing
peb secchurvde. whah o woernd et sbundunt
brepoly mwer after collulone: Jistabused 10 the <belis of
atstuocans sl as crabs shoomges aod kingers as
wctl us o the evoskeleton of axrnine zoo-plankton.
wtudiag coral. elh fish amd squid peas. It s totally
acofricndy and reoew abke ™,

Cheaniculiv. chitonan v o hocur ¢4 hinkod
22 nuno-2do-B- - zlucar e, - J-gheamanunes

‘Corasporaiinr s

E-coaui: dipctratoas onad coen

Prexcw addrese: Facdn o Teauke Provcssaes.  Sanagasi
C:lege A Enpme e & Tocthaodazy . Suran 395 0810 e

having the stmwcture very pawch close e that of
cellulose except the hydroal zroup in C 2 of
cellulose i being replined by anipo zroup in chitosan,
Indead. it s a copolvmer of Nowety Felteosanune and
cluconanine units. Bemne o ponan abiphatne anuee,
chitoman van be protonated by ot sk~

By vinue of several vaheable inherent properties
sach as antiboctenial. antiiunzul. antovecal. antacnd
pon-tovie, Wal biodesreduble, biocompeubke with
sl and plamt tissues as well o Blm foramtsn,
fibre formsion and hydrogel Toraation propertics,
chiteman hax prospectine applications i nany fields
sich as biomedical. waske Waler et me Rl cosnwtiv,
dentifrces. food. senvubtune, pulp X paper. amd
wxtile industrics

In texnikes. the spplwation potential of chetosan 15
revicned  comprebemivehy T Imesigations have
shown that it can ulwo be used as o dye Tane azent.
for shade and nap~ corveraze, o improve the fastess
of dyed faboes, as o binder (0 prenemt pnin. as «
thickener i printnz. By sintae of ity bucternia
unpeding property. chitonan caxo preven zurnxents o
doclop bad odourt *' A impesad wnokke
receneny of vaolten fubeee o repaited on funishing
cotton with viine wend solulion in presence of citiman
with mininum fo~e o tensthe renth due e dtrwe
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avid teeatment'”, Tt is found that complete inhibition of
Escherichia coli amd Hay bacillus bacteria is possible
by weatment of  cotton wath 0.5gpl chitosan
concentration'. Tiwari and Gharia’ atiempted 10 use
chitosan as o thickener in printing paste. Performance
of the prints with respect to K/, wash fastaess. crock
tastoess and hand are obsened to be unsatisfactory.
Our earlier investigations™ have shown improved
dyeability tomards direct dves of Chitesan pretreated
cotton fabric and the degree of improvement was foumd
o be a function of nokecular werght and cocentration
of chitosan. The fa<tmess o washing of direct dyes on
chitosan pectreated fubric, bemvever. was onhy <hehth
improved expeveadly for the low nokevcular weight
chitosan applicatrons. Chitesan trested cotton Tabric
abso showed o substantial dycabiliny towards acid dves.
The appearume umd handle of the reuted  fabric,
bowever. was serely atfeciad. The wrinkke rocoven
property was foand 1o be redieed. The bins ininberent
qulities of cotton fibres due 0 chitesan nay be
attrnibuted 1o the rigid film deposition of 1. moth
conlined o surface of fibre only.

Today's noed. bewerer. s e mprose above
propertaes withowt abtering the inherent matural guahtnes
of vattoe [t s ponsibbe by achieving the naxinum
penetrdion of poly s partickes inte fibre structure amd
increasine it offcvtneness ot jowest pensabke
conventratndt. Penctration of chitesan solutws can be
mprovad by lomenng the visaaonmy of it solution,
whrh i obamd by bva erirg the concertrston and've
by oo e paicks sze. Redtion in
concenirutkon of nosmial chitowan 10 sutiog, however.
nu redeae s cliectneness amd farzer char docs
P i ontry e the yareiocliukne samsctuee. The
valy posaibke wad s Lo redeae the panscke seac. which,
e whhiien fe dxTcase i viaewaty. offers greater
surface arcw aod hence ivrease the effectneness of
chitan. The o the basis of tiday's nant popatar
tovheekony ke wochmek sy vonoept

The potentcal applautions of nunv-chitesan are
well demoastratad 0 nxednul fckd pantnubadh
controbiad drez delivens sy genn' ™ Howeser, thew
applrcation an wexiths are e set well imvestizuted.
The prantical applcaton of sch maposchiean 1o
wxtks 2t shop fhwe kevel Jemombs <aabke
lechnodozy dor the prodocteon of - mano-chitosan
dispershons. chansterizatin amd the amabasie of
dabylics of damdens huthe

Therefore. in the present weeks an atiengd hus been
mede 10wt a sumple mcthaodelony o produce mm-
vhiiean by wenpatnpee xhitesn with peptusodiom

tripolyphosphate. Chitosans of  difterent moleculur
weights are obtained by controlled depoly mernisation
of parent chitosan using nitrous acid hydrobysis and
these products are <ubsequently used for the sy nthesis
of nano-chitosan. The study reported here 1< the final
results of many basie experiments after getting the
confirmation  of reproducibility. A representative
concentration of 1gpl. is. therefore. only repawted and
discussed here to make it as briet as possibke and to
anvoid presenting less important data. The effect of
particle size on various properties of nano-chitosan
treated cotton tabric, such as appearawe. stiffpess,
absorbeney . dverng behus iour and wrinkle recovery.,
s discosad. Scanmng electron aucrophotographs of
nano-chitosan treated cotton Labric are also anuhvsed.

2 Materiab and Methods
2.1 Materiak

1O ¢ cotton fabrie icount Hk x 4, EPL 142, PP
T2 oand GSM 1250 ready for dheing stuge. was
procured from jocal process hotse,

Direct  dyves. namel C.LDirat Red Nt and
C.LDirext Blue 71, were obtained from Més Colourtes
Industnies Lid. Guiarut State, [India. Chitosan tCHT 1w,
having degree of deawenylation iDACY 9« amd
viseosity 220Ps wus obtained from M Mahkiam
Chitocan Py Lid. Guanat State. Indie. Dinetin bl
dihvdrony cthy kene urea tDMDHELU was obtined
from kal process house amd other cheniwals sach as
andium wripoby phosphate (TPPL avetic wend, sodinm
mirite,  sodivm o aectate sanhy drosst and - sodism
hyvdnwide used were of anabytval grade.

2.2 Santhesis and Charackerization of Napo-chitinan

Difterent mokecular warcht grades chitieans were
first obtunad by dkepebynwrizaten of CHTE by
nitrous aoid By droly s method, s hach were enplined
for the propanation of pato-chitosan dispersioms as
described chewhere™. In seaeral. chitean was
dissobved i acetns wcid selution and - optinuzed
Ganins oF TPP was added drop wise with rupsd
stiming sabeur HED rpmie o oblain an opadkeseent
solution. The sanpbe was abhomed 1o vand cvermizid,
Nilerad throush sntered chass fibier of poronaty orade
G and presennad in refnizerukern. The peepared mane
chittan vwas termed oy CHTIND The sy pihesized
mane-chitosan was appied o vntien fabrae wthen
24 hours sioee the stability. of mano-chitesan oots
sherely alfated with tine 2s diwcused curbier —
The spevificatiers oF differemt 2rades of chitvean aed
nano-chatean are given e Tabbe 1 The paniwke swe
atnd «ize disvtmbution oF the chitosan were amalyzad on
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Tabk I—Particke size of nano-chitosan as a function
of mokecular weight

[CHT:TPP: 1:0.15)

Parent chitesan Synihe sized nano-chitosan
Sampk codk . Molecular . Sampke code Panticke size
weipht am
CHTI 13583 CHTINad 4681
CHTINiif 294
CHT2 71676 2N Tle
CHT3 KL AR] CHT3N 231
CHT4 20.69% CHTAN 1952
CHTS 11986 CHT3SN [RTURE!

"Obtancd v dilvtion of CHTIN of 2 gpl. conoentration e 1gpl.
"Synthesized dinectly fm CHTI of | gpl. concentration

the partick swze anmalyzer (Model: Zetasizer Nano
ZS90. Make: Malvern Instrunmwents Lid UK.

2.3 Treatment of Fabric with Namo-chitosan

Nane-chitoan dispersion tleple was applicd onto
fabrx on & padding mangk with wet pak-up of
e by o dip- two nip method. Alter dnving the
fabric was cured 1o vven at 130 "C for 4 min
The wmple was then washed an the following
oguane: ame — alkalt wash isods ash | oopl.
MLR 1350 — hot wash itwweed ¢85 5C 7 20nuny —
cold wash — dny.

2.4 Tess Methwd<
SEM St

Treated and untreated fabrae samiphes were fixed on
varben coated alunumum shects and then were
obwened umder <anring chctron micnwope | Model
ISMBEUMN . veraon LIL Joel Japany in vicioum

FEvaination of Indicer

The ampks were evalusiod on Spoctioecan SHODA
eMake: Premwer Coboesczme for whitencss iodey 110
deg S DeF 5 Hunterlubi sellowness imdex 02 deg 5 €/
ASTM D 19250 righincs indeny 12 dez 7 C - TAPPL
4327180 247,

Fabric Stiffacss. Tewacits and Adsorbeacy

Suffnes in wran oF bending keazth was awasured
v por stamdard ASTM D 1338996 The temacnty amd
clonzatron-at-break of treuted and upircuted  cotton
fibres were measured va Stelometer Make: Eurcka
Preaaon ledrument X Coo Combatore. Indias.
The breaking had kg and clongution-at-brad were
ohtancd diracth from walke. The <amples were then
wolkwted and werzhad. An averaze of 3 readines was
cuhubaad winz folkw ony Toemmek:

Breaking load tkgix 1.5x 10

Sample weight omg)

Tenacity tg/tex) =

Sample length= 1.5 cm

Abrorbeney of treated and untreated cotton fabrics
was evatuated as per AATCC test methud 79-2000,
Fabric Iveing

The fabric sample was immersed in dve bath
naintained  at material-to-liquor ratie: of 14 and
contaiming 140 direct dye. Glauber™s <alt «2F owD
and sod ash 43 ont The samiple was run in the
bath for 15 min at room temperature. Temperature
war then rsed 10 90 °C and dyeing was continued for
60 nun. The dved sampk was then rinsed with cold
water 3 times. air dricd and hot pressed.

In case of mno-chitman pretreated. material the
dycabihty was abo chevked atter muking the dyve bath
shghtly  acidie using 05 zpl acetiv ackl alter
completton of comventional dyeing provess. Preseme
of acid pratonate the amino group which enhamees
further absorption of dyves.

The dved sampler were evaluuted for colour
strength in terms of K5 values on Premier Coliescan
tndiy make computer colour mutchine system
namely Spectroscan SH00A. The wash fastiess of
dyved samples was evaluated sovoeding 0 15O 1

Creave Recovers Argic and Amtimicrobiol Actsr

Creuse mvwveny anghy were nmwasured as per
AATCC st axthod 662003 The untreated  and
treated <ampkes were subected e sl bartal test us
e AATCC Tew Method 30200 Afer e
stipalated permd the ampkes were renxonved. washed
with water and dewd 10 e The unpkes weore then
teled for strensth mcasurenwent on sefometer.

3 Results and Discussion
A1 Santhesic and Charackerization of Napo-chitowan
Chitman his fairly Jong liocur strciure with
azid conformation. The  vharwterisic size of
CHT1 hs drods namie sphere is foumd 1 be 2002 am
Such 2 higher partick sive offers higher viscosany
10 the »olution. It s pesaible, foe o ziven owlecular
size chittwan e reduce the pantnle sve v rame
kevel by Choltomeup’ appeooch™ Chitosan, by
vtwe of  pebicationie mature. underoues oaw
celatiomnith pobhamons ek av pentawddium
rpols phunplote «TPPL athyviene  diumine ety
wotk acid TEDTAL ctc e bwm taee-pamsches.
Suwch  particks are suabilized by clevtostatic
hidrance die o voulombic repulson etsoeen

R _ L™ .
partickes of amke ome charges™" T 0 Oaane o faster
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ionic reactions between chitosan and TI'P.
non-toxic nature of these components” and ease
of operation, we adopted the gel ionization

of nano-chitosan
distribution  of

technique for the synthesis
particles.  The particle size

CHTS5N. having particle size 110.74nm. is given
in Fig.l. Scaling down the particle size of
large polymeric materials to nano level is a

big challengelt is clear from the present stud)
that the molecular weight (Table 1) has a great
role in controlling the particle size and by reducing
the molecular weight we achieved about 110 nm
particle size. It is clear from this investigation
that the particle size can be reduced below 100 mil
by experimenting with parent chitosan of low
molecular weight (lower than 10.000). We believe
that the study would act as a platform for further
work of this kind and would serve basic information
to the future researchers.

.12 Efleet uf Nano-chitosan Xpplication on Surface Morphology
The surface morphology of the treated and

untreated cotton was studied under scanning electron
microscope (Fig. 2). Chitosan exhibits an inherent

Fig. 1—Si/e distribution of nano-chitosan by intensity iCHTSNi

Fig. 2—Scanning electron microphotiwaphs ix2700i of lai couon Fibre icontroli. ibi CHTI treated fibres, (cl CHTI treated and then
prolong boiled anion fibres id CHTINiiii 11)4nm. treated cotton fibres, tei CHT4N. 195 2nm. treated cotton fibres and (ft

CHTS5N. 110 ?4nm. treated cotton tibivs
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gloss on fibre surtace as shown in Fig 2bi. Further.
the film depostion on fibre surface can be contirmed
by prolong boiling of treated sample in distilied water
o that the broken appearance of film can be viewed
under SEM [Fig. 2e01]. Nano-chitosan treated sumples
show all together  different microphotograph
IFigs 2edh — Dl Nano-chitosan film is found to be
more uniform

3.3 Effect of Nano-chitosan on Fabric \ppearunce

The appeal of the fabric is nwanifested by s
appearance amd the teel. Effect of particle size of
mano-chitosan on these properties of cotton tabric is
tlustrated 1in Table 2.

The appearance and the Lubric feel are Guite
<atistactons . It s envisaged tfrom Tuble 2 that the
whitepess i< mmproved with reduction in particle size
and reavhes well pearer 1o that of contre] <anpke.
This nay be aitnbuted to the greater extemt of
penctration of  mne-chittsan  particies 1o fibre
grture and aflowang  the cuticle for exposure.
Depoation of noeakil chitosan, howeser. s conlined
o surfe as a fime which aliers the whiteness o
o extent. Thas Alm iy abo impart suffness to the
fibee,  whereas o mpamo-chnoesan shows o itle
wfleeme. as s vhwened in sanwe table,

2.4 Effect of Nano-chitocan on Temile Propertics

The effact of pano-chiteman treatment on emsile
propertios of cetton fabrs is presented in Tabke 3.

There s g rduction in ctreazth due to comventingal
chieean application. Comentional chittman numthy
foenw 2 Dlat on the wirface of the fabne and veny fess
arntnt o 10 can enter in o thee ister-fibre reziens,
thus cannet tuke part ie had beaning phenomenen.
rather affocts sy maxctrcy) distabution of kad. Namo-
chitosan. oo the ather hand. hecause of s small e
cun castly enter into the imter-fibee regton and to aven
intervellloske cham regions. and work as a crons-

link which bears the load 0 a great extent. The
strength improvement i therefore clearly observed
with the reduction in particle size. The clongation
property is. however, decreitsed to ~ome extent with
the scaling down of particle size. The formation of
in situ three dinensional networks probabiy resists the
adjacent fibre molecules to Alip and  lowers i
elongation-ut-break.

3.5 Effect of Nano-chitosan on Absorbency

The absorbeney. measured by drop penetrution
method, of pano-chitosan treated  cotton fabrie s
<shown in Fig. 3. The results <how that the absrbemy
is decreased with the reduction in particke size. This
may be clucidated by the example of baus feat effect.
Distribution of aano-chitosan particles as a thin kiver
over and bencath the surtace. [Fig. 2 idwatr] nean roll
out the water dropkets. Nevertheless, the abwbemey
of mano-chitosan treated samphes 1~ ~uil withun the
wlerable  hmits  of  comentiomal wWet - pasessing
conditions,
3.6 Ineing Behaviour of Nano-chitnan Treated Cotton Fabric

Since the striwture of chitesan s very awwch aniebar
o cellulose. 1t i antwipated that s treatment b
votton should influence the dyeing. Hemve. the eftect
of pretreatment of pane-chitoman on dwect Jdvemg of
cotton has been studicd. The effacts of chisan amd
mano-chitosan pretreatnent on dve uptake are showan
i Tabke 4. The Jdye uptuke by treuted cotten fabrne. an
comentionsl provess. is ikcreased progressnely with
redwetion in punticle size of CHTN. The resalts are
supenion o comresperdme parent CHT oeated
nusterials. The dye uptake of CHTN treuged sampkes s
found to be sznilivamly increasod. rosuliing i alnewt
vomplete exhaustion of dyve bath. wheon acdifnaten
was Jollowal The increasad dve uplake due e
chitesan treatment may be atirthuted 10 the presemee
of prinny amino roups of chitesan These cations

Table Z—Efl=a N panwke <72 of wameviniosen oo appearane and drffmess of (ccion tabog

Sarmpbe code Partwcie sare Appearam: Bending kazr o
oo Wil Yl BL Wap Wi
Cootrd - 9 s e 846 A ) | &8
CHTy o2 @ o R K138 2 17C
CHY N« E- SN 9t t ie £24 2N 17
CHT { N 94 1N 16 823 2 (i
CHT2N NLe 91 = it LR 22 17
CHT:EN BATAH 91 32 K37 22 17
CHT4N LT L 3 LR} 2 [
CHT3N [NRCRN S 921 2 838 2y [

W —Whmemess indev. ¥ [ — Veliw s mben. B I —Bogames inda
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dissipate the negatine surface charge on cotton and
drives dve mokecules to the fibre. Further. the dyve
uptahe muy wlso been enhanced due toe the dyeability
of chitowan it<elt with direct dyes. The nano-chitosan
due o increused surface area and henee higher
accessibility for dve sites put much added value, The
primany anuipe groups on chitesan get protonated
wuaternized) o acidic medium having  enhanvced
peeitive charge, thus torm sale linkages with anionic
tsulphonater sroups of residual dse in the bath,
Secondly.  the ligher  Jdve uptake  value  after
acdification proves the presence of chitesan

presented in Tuble 30 The tustess o washing s
tmproved with the reduction in particle size. This may
be regarded to the formation of CHTN-dve complex
in situ. The fastness o mubbing s also improvad o
soume extent with the reduction in partick size.

3.7 Effect of Nano-chitosan on Crease Recovery

The pronencss to creasing Jow ngrades the sexthetie
appeal of cotton cloth of garments. This problem of
colton fabric s comventionally  omercome by the
treatment with vanous cross-linking agents based on

25 ;

The wash fastness amd rub fastiess propertios of - 2 X
direvt dved Gibries were abko unalyzed which are E 20 kA '
3 3
~ 3
Tabke 3—Ertect of nano-ctutwan oo temsike properties 5 2 « 2 i
o cuttone fabae § 15 N n :
[Controd oot tabnic: Teaaaty = 2333 gy, Eloegation-a- ; - }
=52% .
bred=5258] £ 10 N
Parent chitivan Napchitxan 2 ~ 3 B :
" o b
Sampk Tenacwy Ehasation Sompde Temwainy  Elaxnon- ; 5|« hd '
ke stey a-beeakl 0 oode oy am-beeck ¢ !
CHTI X2 L8 CHTINy RRISAY 13 =
- o N - o . . : . : .
CHT N~ Il 3 - \‘0\ \\‘\\ \._y‘\ ‘)\\\ \A:.. ~ \; \";
CHT> i 13 CHTIN 236 B o« RO N
CHT: 125 15 CHTIN 5% i *
AL ~3 . g T 3% N o e . .
CHTS 221y 225 CHTIN - cC Fig 3—FEfar X patteke @ oa absvheny o rreatad
CHT: 21\ 25 CHTAN 35 cottan Fabric
Tabke L—Effiect of parucks e 3 awo-cintosan oo dwe upeaks o treatsd aia fabew
Parert chxtovan Nap>-futosan
Sapke [ Y Sampks [ Gy
onde sCom2ctoaal ok
sh bath - C 1 Dirsct Rad 3 C | Direc Bl 7
Comeniioeal e Aadin dwe Comeniad dye Aoxde: dwe ~a
bah (714 bath
CHT St ny CHT LN ve B TZ LR
‘24 62 19 s
CHTiIN-x» 9.5 4 7L $1
24, red A AR
CHT? 1Y) T CHYIN v s T4 2
-7, L [ fa
CHT? e n3 CHTAN LAY ns TT 2
G Hhe . g
CHT4 G no CHT:N s m s 2
2= 16
CHTS [} - CHTSN 9y e T L3
"9 iR PN ~3.

Values 6 Rurenlises ot fer o peosement 1 AdS 1 companad to orapondes coaird faboe sample

C 1 Dimat Rad Si— AN s o cotrdkd aea tare el o ameencsmd v bath os

T T and o wovdh dwe b o> n 3

C I Direxct Bl 71— A Xsaias o cretrNhad cokoe Taoeus dad o ooaveonooed dwe mugh 15 & 1 e in soode dae hagh e £
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Table S—Effect of particke size on fastness properties of direct
dyes (conventional dwe bath)

Sample Particke  C. L Direvt Red 81 C. L Direct Blue 71
oo wm Wah  Rub Wah  Rub
fastoess  fasiness  fastiess  fastoess
Coatrol - 3 23 4 23
CHTI 4014 3 2 4 2
CHT 1IN 1681 iy 23 -5 2
CHTIN it 9 g 34 23 43 23
CHT2N 27e 3 23 43 23
CHT3N 230 4 2-3 45 23
CHT4N 195 2 4 2.3 5 3
CHTSN 1oz 4-5 K s 3

Tabk 6—Eifect of particke aa of nano-chitosan on wnickke
raamen peopeity of cotian fabac

Sampke Pad bath Parucie sixé Crease revaonerny
ke ST nm angk

€ A
Controt - - 181
DMDHEU »n - 180
A a0 - nr

o) - 218
CHT! ! ST 144
CHT!N i i Lo o 183
CHTiN w: RICE] 162
CHT2N ! s N
CHT3N ! a0 H
CHT4N 1952 HA
CHTSN (NI HEY]
anmunoplast s, 2. DMDHEU™. The wrease

O eTy PrpeTty as g fumteon of vhiteman amd mam-
vhilman  tccatments hay boen companed azainsd
DMDHEU Tabke &) The arease reemveny angke of
wolton fabne 1+ oreatfy nedoced by the treatwent of
ooenkl chivman iCHT . Treatment of cotton Tabrie
with chitosan of lower panwk ~swze 1+ found 1o
impnne the crease reoevery of - coten Tabee
tTabke 60 Honavor set it could ot gain the rting of
vomuers alhy ued crms-linking apent DMDHEL.
Conmventrnzal chitenan i believed 10 foem o surface
vauting which kmvers the posaibibiny of crins-linking
and therefure cunmt connbuie W the had shuning
pheponxmon. The  mproned woinkhke  reveven
property o cae of manochitonan treatmem oy be
atnbuted 0 e sreater peoctcateen ante fabeic
Arcte. Thee polvaatome mams-partackes, due 10
better pepcteatkon. iy bound the fiboe moleuubos and
PO CTEUNNG 1D W CXICHT

Tabk 7—Effect of nano-chitosan treatment on resistance towands
microbial attack

Sampk Tenacity. g/lex Change 1n
code Before soil  After sl Strength from
burial burial  uatreaied cotion
fabric*. %
Coontrd RAIRR 18 98 -18 65
Cutton’ 2087 08 2215
«Blank treated)
CHT1 20.438 19.47 -16 8%
Ag nano 2268 R 1 484
CHTI+ Ag nano 2481 20 130
CHT Nt 2507 21 84 -6
CHTINan+Ag nam> 24 21 2204 -1 et
CHTSN BT 22 -107
CHTSN-Ag nano 2567 RRY (R -1

“we sagn indicates the koss in strength
"Catton shlank treated ' Acetic acid 1 15 gpls appliad s pad-dny-
aure method.

13 Effect of Namo-chitocan on \ntibactesial Effect

Couon fibres like other patural fibres  provide
tivowrable  enpvironnemt tor the grewth of
mwroorganisns due toomodure amd warngh, These
arganisnk are aainly responsibke for discolvuration
dovelopment of ramcidbad odour. s and strength
loss of fabre as well as shan alkergies and itectinon
discases 1o human body ™ One of the et populkar
ways of imparting aniimicrobial fessiake s o U
mano-sher collond. Chitane being pelvounone
auterisl. bimds o anomie sortaces oF peonke el
wall and disrupe it leading 0 death of el
Auabuinz o the amtthacterial ard owtal puntick:
relention  properties ol chitman™, the fabin
was treated with chiteean and senochitosun and
then wuh o sibver vollod, Naro-stlver codledd
o concentration 110 MO0 pl und sverax
ponnke s tlinm was peepared o published
chewhere ™

The resistance azains hacterial sttack oF srtreated
amd treated samples of oo was determuned by
mezaunng the kne in streazth due to sowl ol test,
The resolts are prosemted v Tubke 70 I cun e
cevenied that the chitenun can be cophovad as an
eificient antibewctenal agent. The effavt ¢ cobanaed
with the redinteon n particke seze o pune-chitosan
und coupling with auno-sehver.

4 Conclusion
Tonearopre =clattn with peokas Ju
ripeh phosphale i~ emploved By the peeparalxs of
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aane-chitoman dispersion. From the stund
application - of - nano-chttosan to cotton

following conclustons can be drawn.

4.1 The appearance amd  handle of
treated cotton fabric is guite satistactony .
4.2 Nupo-chitosan treatment shows improvement in
fibre strength that invreases with the redwction in
particle size. The elongation-to-break 1~ <hightly
decreased with the scaling down of partwele size.

42 Monrre related property such as abworbeney i
attected: pevertheless @t s 0 acceptable linit of
tokeramce.

44 The dveubihiy of chitesan and ano-chitesan
treated cotton o fibric towards direct ds s is improved
sizpiticantly. The progress is sustained with reduction
in pannk size. The effect s further enhixed atter
acidification of dve buth. Fastness 0 washie s
mmproved  satisfactondy and fastess we rubbing
shehels .

43 Wrinkk rocoveny propety i <lightly improsod
Jid use of soitable cross-linking agent is oxseotizl.

46 Nano-chitman together with namneesifver teeatment
shows cnhaeced untthactenal actn .

polat
tabric,

mano-chitosan
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Abstract

The enhanced performance ofchitosan tCHT! treated coaon fabric is anticipated tohe achieved by scaling down the particle
size offormer to nano levelfor its greater penetration into the fabric structure. Nano-ehuosan iCHTfii nu synthesized by
ionic gelation of CUT and sodium tnpoiyphosphate | TPPi The sample wax characterized by the determination of particle
size and poiydispershy index Ipdit on particle size analyzer. Effect of tarious parameters such as molecular aright and
concentration of CUT. ctmeemraaons of TPP on particle size Here studied Lon molecular Height chitosans mere prepared
by nitrous acid ksdrolysis method and the mokxular »eights acre determined viscometrically. Attempts Here made to
correlate the hsrosrry behasitw ntth particle size of chttosan The storage stability of CHTN dispersions was studied by

periodic evaiuatim ofdter inerrufs

Ketw of<K: Chttosan. UK Himm cbiiacteniaua lucosttv behaviour. storage stability

Introduction

The twfwhnn bused ctthwnc peitsaciondc. chitosan. is
obtauni h alLahae Jeacenhom of cfvior which is ndeb
cfctnhmed in shells of crustacean like Mnanv shrimps crabs
etc Chemically. chitosan is a linear * |-4i baled 2- armno-2-
<iev'\v-J- d- gto.an >lc p- d-ghmanKI having the structure
very much close v that ot cethdos- except the hydroxyl group
in C t2t of celWose is hetrac replaced by amine- pop in
chitosan Indeed. U IS a copohmer ot N-acetyl-gkacosanaac and
ftncuununuc awns’1

The pwcuhal we of dutesja on textiles and "arrows allied fields
has attracted strong interest for the development of ns several
iktnants wI ctdadil (umdes of un< kveT* Thilusheei
anribuned to ns .ala.Hr ahemt properties such at-
antthacteruL ancrwiraf arwvirai. jasacid. non tonic, lota)
bniepaibNe. biccoonpunMe wnh amnui and pint tissues as
cel as film tenuun (ter fonumon. hydrogel lomunott h is
Maly ecu tncndUy and rtctwHe'™ Macrontolevwhr chmosan.
however, cnconmeas several challenges whale its applications to
textiles, m puuufr levectfaci u have shewn that the
inbeertn properties of cotton fabric stuck as appearance and
handle and other esseuoal properties fake fastness of dyes to
v incuts agencies 4k norma! chncwan treatment were fomd lobe
ariectcdl. These determental effects of choc*wan are mairjy
auribiincd n« its bd of pntetiaic imo fabric stneonre catomr
the surface deposition of Aim11,2 One possible way to enhance
tts effectiveness is u rednee the particle sue closer to une
level winch facibones the gleaner penetration of CHT no
fabric structure

Iniircutjrwal soimne < «>*"rrw Xswoctatam

The appficalions of nano chitosan me well Jetnccstmed tn
tnevbcol Acid particularly as controlled drop delivery systems '
1 and water treatment for remov al of heavy metals and highly
poOutanc organic compounds like afcyf phenols * However,
very lew appbeanons nano chitosan n textiles are addressed
Lee et aln obtained chitosan and PVA-Chitosan Mended
subttwcroscupoc fibres by electro spinning rnodusj having die
average diameter of 200-400 ora Nano chnosaa can he kvaled
with met-' ions such as As. Cu. Zn eke to enhance its
antibacterial property, as lepetted In Du ct a!" The practical
appficaliens of nano chitosan to lexAles at shop floor level needs
suitable veclmikigy for its productions- characterization and die
analysts of its stability in standing baths The present wort was.
therefore. Anted at finding oat a sample method of synaeasng
nano datosaa by ionotropic gebnon wmh sudmm
iripAyphosphate iTPPI and w hh the objective lo its appheahons
ko coSun textile> The chancteiuaocc! was done by trv
detenmoaoca of panicle see and pobxhspefswy index >pvhi on
particle sue analyzer Chtosm of cafferent tt»je.ulur weights,
obtained by controlled depohmensacioa of puretm cteowan with
natrons acid hydrohsts. wen- used Air the synthesis of nano
particles. The effects of panicle size on the usomity Wav*>*
and the storage stabihty of their -Ms ate reported.

Maiitri;i] and Methods

Ilamhk Cfenosan iCHT It. having DAC value 9m and
visciDsnv 23HA. was kmdh supplied h Ms Maftat Qntsaa
Pvx Lid.. Guyana Sue. India Other chemicals used such as
swfcrnn tripohphosphate tTPPx acetic acid, sxfcn acetate
tanhydrous). tncthanoL scchtnu hyvhuxide etc were of analytical
grade of reputed brands
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Synthenis of low  mohvular weight chitoon:  Different
molecular weight grades  chitemans  were  obtaned
depoh meazation of CHT 1 by nitreus and hadroly sis method as
described ebsewhere™ In general. a 2 % soluton of chitosan in
acetie actd was prepared. Pradissoh od diluwe soluaon of sedium
ke was then added gradualhy o chitosan solution amd stirred
for two hes at 0'C o get desired viscosity besel The
depohvmeried chitean was then preapitated cut by cansaxe
soluton and washed to neutral pH The peevipitates of chitasan
was then washed thnce with methanol and doed at &YC The
molecular weights of these samples were  determined
viscometnealh —

Synthesis of pape-chitinan and ity characierization: Nano-
chitran digenaons were obtained @ Jescribed chewhere™!
Howesor in gencral chiosan «CHT 1 was dissohed i acetw
and wohooen and opumized quaatin of TPP was added drop
wie with raped suming (ahout S0 pmi o ohaan an opakescemt
solution The sampde was albow od 10 dand overneght and fikered
thevarch sintered class filier of porosity grade G2 and presened
in elfngerngor The preperad sanc-chosasn was nomenslatunsd
as CHTIN

The periwcle swe sd sz deanbuton of the chikcsan were
ah7ed oa the paricie ze anehrer tModet Zetaswrer Nano
759 Mace Mah em Imtrumenns Lad UK

Intermimatovm of shonity: The veewsaty  hehavaows o
chetosan soluooa and nunc-chmosar sols were stiadied wsang
Uhtcbotxde caplun stccemeter (Mo 1A W1C hanvny fow
ume for distzlbed water. T 05 57 sevomds.

Re<ults and discussion

Syntheis and characterization of nam: chitosan: Chroses
has fady boag bncar strocure with nysd coatormanon. These
ey modecuks @ s ~ae are. mesthy. 1m the foom of iy
Vebdad rumdoan cod Indnoadead medecuia oodls are ke me
drcrete and sepuraie bun art msrpenctunng amd cwandiod wak
cach cier b semoca. the sob om rradmilh Biface e tx
podvmer agyersmes rouinny uoao the swellimy of the pob mer
As v clhmy cvatmnoes,. the segmmems of the podymer ane sob saed
i boosemad out i bewches of sotumeied mriecube bnomon s
Eadradvaame sphere oo cibipsood” © The churaclenstc size
of CHTI ndeshmamas sphere on oer oo, an |
secemnion »xs Jacrmenad 1 be W02 am Sech hgtxr
Parocis s oter fnzteer i o b the sodmmon §1 ox possairie,
for 2 erver. mobeomiar Sre Shaveur, - dnoe the particle sare oy
s kel B bhonom-ap speroach w2 ek o 4 <
asscmibiimr oo Toss nkooy provesses me whach the omodeculiss
armume: erne e 1 e onbkersd mare wale structure ctiver by
pvsacd o€ oon e mter- o mramsieculer smerntee” By
Vigtme o privnas ammec cvops. chitosan smder coes Sohutt s
hawe formtoe with  ddemdes swan s ghetanbicinee
oy bddehnds o gnoeg chemoalh cess ket keufimg v 2

Gt doble TRErthe s of mams chitowys T e wncther bkond of

Intermatinnal Sciencr Corgrews Avsociation

Res J. Enginecring Sci.

reaction. chitosan hydrogels are obtained by 1onke gelation
whene nane partickes are tormed by means of electrostatic
meractions with  pohanions  swh  ax pentasodum
npolvpheephate (TPPy. ethvlkene dlamune tetra acetic acud
(EDTAY ctv. Such particles are stabihized b electrostatic
hmdrance due to coulombic repulsion betw cen partickes of same
tonic charges™ ™' Several other methods of synthesis of nana
chitesan swch s  desohanon  method.  emulsion-droplet
cwakescence method. reverse micellar method. self-assembly via
chemical modification.  spray dr,umg” ! and nonagueous
shectrochemical methad™ are descabed in hiwratare. Owing ©
faster bonx ractions between chitesan and TPP. nea towk
nature of these components” and case of operation we adopted
the gel womzanon technique for the svathesis of nane chitcsan
particles The intremekecular cnoss hnking in chitesan molecuke
by gel tonzanon s schematically (llustrated 10 figue 1 The
parucke stz dianbunons of sanous samples of CHTN ane

peesentad in figure
S @
- s

|¢— 014 rm —+] ltllOmvn-.I

CHT Swollen CHT-TPP
molecule nanc matix
Fizure-)
Juenic cros fimkine of chitnan

Effext «f mkcular weixt of chittwan on partick size:
Vanows grudes of bow mokecular chitosan wers sendeced
soatrolied depohvmervzance of ek modscular wergde one.
mamer CHTI Whea chaoan slunoe v treased with metroes
akl prodecad from acnbe soloboe of sodlum s, R
underoaes dezmrimatn reatin with whsegacst cleas age of B-
ghosadx  bakages” The R spectra of chisosum  and
dopohrmentsed  cheosanr  of  drtferemn molecms woaghes
Sctomined 1o corber qudC wer foond tobe abnost ammlar
wicainy ht the preces oF depehmenapca cosed oo
ammficam chemaal changes m therr siratuses These low
moleveir wagde chneas demanes wers copbraed oo the
synthesis of e chitosan despersooes.

The mtToence of apriecular wetghe of chitoeam o purocle sTas o
gossemted i Wb 1 oand the graptecad comslutorn tetweem
IMEIMIC VINCTHIT. 2 TancDon of molacabyr werght. uad punicie
sare of mme chonesam i showm in Soure 2 These duma ollesoraac
g, umder & £ ca comdrion o coaceatrsaces A CHE and TPP.
with decrsese 1= amdecubsr wodw dhe urocic are o
Sareased promessn e and toibow ad 2 cun Yamear redvoos bt
w o GwEmmema © ful the hachae e the masiccutor w2k o e
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larger the molecular size, comparatinely  larger will be the
nanomatny and ‘vise-vers This relation of particle size with
molecular weight 1n a definite conditon of parameters may be
use ful for synthests of nano chitosan of destred particle ize

Tabk-1
Effect of molecular weizht on particle siac
Parent Chitinan Syithesized pano chitinan
Sample Molecular | Sample Code | Particle size
Code Weight. Mp am
CHTI 135839 CHTIN 9.4
CHT2 71676 CHT2N 2716
CHT2} 38,733 CHT3N 231
CHT4 20,6498 CHT4N 1952
CHTS 11.986 CHTSN 11073
CHT.TPP.. 1015
3
= 2.5 A
s 2 S/
) y /
1.5 4
- ///
ﬁ 1 4 -
S
15 - —
! ' ' '
n 100 200 £l 400
Particle size, am
Figwre-2

Partiche size of chitonan s 2 fenction of intrinsc » ooty

Effct of concemration of chitean on partick dzx: Two
methods were capdoned for the ssmthesss o diiferemt
comcemrapons of CHTN despersooms mamch derect preparaoca
octhod ami dilence method In fre 12 dirxt peeparance
method, the duspersoons of meme chwwas o CHTE of
diierem coecentrations sach as 1125 QML 10 ol o were
wwgm&hm‘lmﬂrm herher ccacemranoa mne
chatsae dspersace 1 ] epls mas peepured first 2md then dhaed we
the roqured comcentrane wih raged somumy The offevts of
these twe methods oo partacke suze ase pecsemod e abde 2 h
was absen o that «t hwger comcemmanon. 1 bath the case s the

Res 1 Enewneening Sci.

particke  size of CHTN wian  comparativel  barge  and
progressiveh reduced with the lowening of concentration. The
former method. however, was mose eftective 1n scaling down
the paricke swe. The larger size of CHTN at higher
concentrations may be due o erlapping and ineermokecular cross
linking through TPP bndging resuling iMe aggrecabion of
pohmer molecukes. Intramolecular cross hnkages in polvmer
mokcule due to TPP at low concentrations. on the other hamd.
are hikely tobe favored for lower particke size This table also
manife as that the poh dispersity indioes (pdi 1 of direct prepared
samples were comparativeh  lower and independent whik: in
diluton method the values were higher and seemed e iolhom
the saung maenal  The particle sze ditnbubon cunves. as
uaraied i figure 3. were broader for ugher comcentranon
samples and became narrow for lower concemtruton samples
Further. these buands were comparativeh marow For directh
prepared samples indicating the vnitorm saze disanbution and
are chese agreement with thetr kower pdi values

Effect of TPP concestration on particle six: In ivan gelanan
reacocn. TPP o major ingrediest for cross boking has 2
pronounced cticct on the properties of CHTN despersicon. It was
obsened that with ikrease 1n the concentraarce of TPP the
appearance of the system changed from chear viscons bgud w
opulescent (had and then precipstaied  The efiiecr of TPP
Soncemranon on the particke s3ze v demontrascd in fizure 4 A1
concenmation of TPP below 005 g veny few phosphar oo
were presemt W produce eflectine ow hobaaes with cheresan
amime  groups. heme. the solutroe was ckar As the
concearanon of TPP was invreased gradualh . the solutaon
bevame opalescent indating the formanon of aemae chosesan b
was reveaked from the same fhigere thg with wwreese
concenratien of TPP. the porinke swe of CHTIL-TPP
mnomana decreased. reached o summum at ahous 025 ¢ of
TPP and then increased. Concentranncn of TPP sbhosy 0 N8
resulted peeapwatiion. The previpanos. o saoesaned hagher
coaceaanea of TPP may be anrbared 2 the srore aioa
Stacsan molecskes doe to exncessive anoss helkmy theough TPP
bndpne Simtkar tremd 10 terms of visoosEY wan aotiand when
the relative Yo was piosed arana TPP ccaccatraion,
fewe =

Tablke-2
EXkect of preparation method and comentration of chitesan on partick size
Dircct preparstion metivod Dilastion methwod
CHT Particke sire Poby dispersity imdey CHTIN Partix ke ~ire Pohy dinperity imdey
.g + A vjpdii « renl am- » pis
o2 04 D421 [ M7 0 46s
[ 38 441 03] 3829 4Tl
[KLG 294 N4> 1.0 $6% 1 R
E S RT3 w441 .50 643 a3s
2o S 2 [ORT - - R
CHT? TPP . Fes {54
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ntm-4
1JTtrl of TIM* toiHvniration on particle << of< HTI

TPP coiirtntratMft <g g of CHT1)

nrurt-5
Rrtatkrv KnnRi < HTI iki»> «4mm »> a function of TPP
caactaiiaiiM

\ Kositf bein'iiHif of runn chitosan: The viscosity of
(nhncr solan, at the molecular level b a dtrecl measure of
the hydrvxhnamv volume of the pohner nvkaile> »hck in
on k f»»emed b> the nalKibr sire a the chain leaah and
hence the nalecalu »eieh* Relative sisersns as a funroon of
panicle sire and the extent to which a parent chitosan scales
<l<«i to \\/ level at a gl'cu o«e*rano of CUT ami TPP
one presented jnfhcals in fijne 6 and figure 1 respectively
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Ft”iire-7
limp in shcwsils Tront parent tCHTI to nano chitosan
tf'HTNI solution as a function of molesular weiuht

It was rescaled from figure 6 that the viscosity of CHTN
dispersion decreased with reduction in particle sire However,
the effect was more significant for larger particles thar. the
smaller one Obviously. the larger the particle sire the higher
will he the resistance ottered for the flow of liquid and hence
the higher will he the viscosity and vise versa. Comparatively
slower fall in viscosity for small CHTN particles may he
attributed to the low molecular weights of parent chttosan It is
demonstrated in figure 7 that the percentage drop in viscosity
from molecular tCHT) solution to corresponding nano chitcsan
(CHTNI dispersion follows a straight bne It means higher
molecular weight ctiiiosan scales down to name sire to greater
extent than the lewer molecular weight siutosare This can he
exptaned as follows large sac chttosan molecules in solution
accommodate comparatively more mini of solvent and
occupy large 'byditchnanus volume These swollen molecules
compress to greater extent by ionotropic intramolecular cross
linking with TPP by displacing the solvent, as demonstrated in
figure 1. On the other hand, the extent of swelling of low
molecular weight chitosan is coanparetneh bss™ and hence

lesser will he ns tendency to compress

Stability of nano chitosan dispersion: The biodegradabihty of
chttosan r> amxipateJ to he influenced by ns patx-k sue
Therefore the stability behaviour of standing hithis of nano
chttosan dispersion should he taken into consaderaooa during ns
afpbcatkns particularly ic textile fabrics The stabihtv of nano
chttosan dbpersaons for 24 Ins were analysed by viscosity
measnrements as shown ut table X The dtxa ilBuscraie that the
stability in terms of change in viscosity of piren chitosan
tCHTI setaokm is governed by its molecular weight, which is
improved vrJi decrease in mcfecubr weight The stabtbty
Mttvvu of nano dnlosan iCHTNI dispersion. on die other
hard, was found to be different from that of parent chttosan
solutions Nano ctntosan Aspersions obtained from fatghe'
mefeewfar weight chiovans are fonnd tofv more stable than the
corresponding parent chitosan safaBan Where as the nano
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dispersions obtained from lew molecular weight chitosans are
seen tohe more susceptible to degradation. Complete
biodegradation of nano chitosan dispersion, in general was
resulted in 2-4 days showing the formation of while globules as
shown in figure 8. Therefore, utilization of nano chitosan
disfvrsions in textile applications within the 24 hrs is advisable
Viscosity analysis and visual observations may be the useful
tools for stability inspections

Tahh-.t
stability of nan<i chitosan solution as a function of particle
size
Parent chitosan CHTt sobmm Nan,, <flilos.ui
, Ispl solution,! 11TSI
flail .
Sample  Molecular t hanse  Sample PadW < hjftr
tide Code ryrc in
Mv viemih mm tKrtrsift
il il ¥
after 24 affcrM
hrs hr*
am 135.839 -10-27 CHTIN 3194 -3NS
CHT2 71.676 -4.1 CHT2N 2716 -1.05
CHT- 38.733 2.6 CHT3N  231.01 -1.1S
CHT4 20.698 -115 CHT4N 195.2 -3.6
CHT5 11.986 -1.7* CHT5N  1107J
risure-*

subtlitv study: w kite aMuilar residue formed by mkrobial
attack nr | HTIN

Conclusion

kacutytc geUncrs metres) lor the prepvrei>« of mm chaosan
dsprnim nsareg 1if* is fairer. cenvenom amid rm time The
coacearabca of ctmosan in the Irwnwlanert hjth has due
mjifeeiBce -on the parade size Parade size rabets with decrease
in concentration Direct prepuraticn meihrxi gives much reduced
$sze tfom that of dilation methsd With decrease m umnosic

International Science («n«revv Association
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viscosity and hence the molecular weight, the particle size also
decreases progressively and shows a curvilinear dependence on
particle size. This relation may be useful in preparation nano
chitosan dispersion of desired size TPP concentration
determines the particle size. With increase in concentration of
TPP. the particle size reduces, reaches to minimum and again
increase. Excessive TPP in system leads to precipitation By
reducing the particle size to nano level, the viscosity of chitosan
solution is lowered significantly, but the storage stability was
affected adversely Use of freshly prepared nano-chitosan
dispersions prior to applications may K- the remedy.
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Aqueous Behaviour of Chitosan
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1. Introduction
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inear -4 linkes 2-amino-2-deony-p-d-glucan e Peo-
glucvam ae. a the nar 3 cortormuner. Frgure 0. The
cructaee of dintosin dosely resertbues that of el
exept an kadroxl groap 31 U2 poster 10 celwose being
repuced twoiripe zeur nocmtosan. Iedead. it w2
copoher o7 glucosammine and N-acent glocosamine writs.
Caitesan exbins seversl valuanke mberent properties such
as anthacter.al, in tvical. artaod. aontaxic tatal
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reported in the aterature The presens reseanch work. there-
rere. M2V ahed ar investezating the agueous behaviour of
Sutosen with respect to s motecular werght. concentration
and pertiche $z¢ on viosey and stabiliny of tts so.ution The

etect of eflectrolytes such as sodium acetate s aiso reported.
The wark s 20 extendad te stdy the chelation Hehuvaour
« chitwan

2. Materials and Methods

S Maersk Conosan sampbes of different moleculsr
wergits were purchased troem M's Mznine chemacais. Kerata
sze. India CHTL. 2oc Mos Mamans Chitosan Pat. Lid.,
\rsarae Mate, Indsa CHT 3. The moberubar wetghts of these
semiples were Jeter runed viscomernczity. The spacficiresns
o6 duterent chitesans are govem i Tabde [

irber chemocals <ach a5 acempe acd. sodicm acenate.
i veronsde.  crisodrner ;\\I\"hnsphne TPP.
MTEiMA. AN retcd sodium salt of ethvlene dwamire tetra
woeti sowd NacEDTA and used were of anahmica! grace oe
repeled Jomiranes.
So Semthews o Lom Bbeecadar Btechr Grumosen Low
roouecisar wensnt chatasans were santhesizad by contzled
mraneasge of Cuitosan weng mitrowns sod as depoh mentsng
agent. A 2V wliear of dhitesen 1n acetsd aosd was prepaced.
Pracisoved cilare sovatne of sedizm ttite was then
sdvas zracially o chitesan sobution 20d @irras For Two ars
& N ta get gesired visaowiny bevel. The desonvmierized
It wis then pracipaatac out by Gausti seittior and

International Journal of Polymer Science

i oF Jhitesan

washed 1o neutral pH. The precipitates of chitosan was then
washed ¥ te 4 trmes with nwthanol and dowed at o C. The
product obtained from CHT: 1s termed a8 CHTZ whereas
the products obtaimed from CHT2 are termed as CHTE S
CHTA.

5. Desermimanion of Makvwlar Wesghi and
moks.uthr werght and viscosity behaviour of \hcmssr was
Jdetermined wsing Ubbelohde capib.ary viscometer - Na 1A
ar 3¢ C having fow nume tor dostilled water. 7. - {357
seconds. Chutosan sotutions of different conventratwns i
925 M acerw acid and .23 M sodium acenate were prepared
Duning preperation. all the so.utions were magnenically
stured bor 1 hour to ensure proper disso ution of chitosan
ard were filtered using Whatman fifter paper 0o £ The fow
tmes of chetosar solutyons and solvent were revorded i
rriplvace and the average vaine was cakulated. Tre tatrrsic
sty nT was cakcubated graphwally by extrapelanin
the curve of reducad VisCoIY Versas ConeniriTion i 7ero
voncentrson. The mobecular werght was ther: czhuiated by
using Mark-Houwick equation 11 (191

24 FTIR Amulvses. FUIR spectrz of choosan 26d aepoly-
metised onntosan sampbes were revorded on 2 Thrermo
Nicobet o810 Semart ITR spectropaatometer Thermno Fuster
soperred. USA L equepped with an OMNIC-Sofware, 2
DTGS éemectar. and 2 Ge-an-KBr beamsplitter
ECAFS o2

23 Preparasaen @ Naeochaosar: awd fr: Chana
Chaosar : CHT? - was dissobved in acet and soluwtor and
optimezed quantiny o TPP wae added dropwise with rapad
stiming  aboss 400 rpr o obtzin an opalescent solutron
contaring chaosan Z3mgidl snd TPP 375 Smgdl. The
sammprle was dlowead 1o stane overmght 2nc Sinered tcoagt
sntered ghase alter of porosity grace G and oresenved in
refrageraor. The prevared dhiosar was caonded 23 CHTAN
The partiche swe s sere dustribumion of the chitasar
were anatvzed on the partiche size rabvser Maode: Zetaszer
Naoo-Z53%0, Make: Malvern instramenes Le. UK.
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2.0, Evaluation of Metal fon Chelation Value in Warter, The
amount of Ca* as calcium chloride in water for chelation
study were determined by volumetric analysis of S0mlL
sample against 0.02 M Na:EDTA solution using Eriochrome
black T indicator.

3. Results and Discussion

31 Eftect of Moleculur Weight amd Concentration. Chitosan
15 characterized mainly by two variables, namely. degree
of deacetvlation iDAC value: and the molecular weight.
Degree of deacensfation determines the number of free
amina groups present in the chitosan macromolecule. which
in wn determines the functionality. polanty. and water
solubility of the polvmer. On the other hand. molecular
weight determines the strength of its fiber film and viscosity
of its solution. Differert molecular weight chitosan can be
obtained by controlled depolymenization by methods such
as acd hvdrolvas CHC., HNO:;, etc: tree radicals 1H:Q;.
K:3:Ohc enzvmates. radiatzons UV, y rave: ultrasound.
mucrowave. and thermal treatments *3, 20-241.

When chitosan sofution s treated with ritrous acd.
produced from Kiew sofunar of sodium anere. 1 under-
goes deamination reaction with subsequent cleavage of J-
ghecoddn linkeges. The reaition scheme 2nd FTIR spevtra
are itlustrated 12 brgares 2 and 3. respectively.

[z enviseged fTom Fagure 3 cthat the [R spectra of -
tosan 2nd depoivmensed chitosar are almos: similar which
nckates that the provess of depoivmeriszhon caased no
chemival change 10 the stracture of the polvmer except
reducmien i moleciiar weight which s evident from the
change in viscosTy

The vewosty of ponmer sobutzon. at the mokecuiar
seve. 15 3 direct measure Of the Ivdrodynemx volume of
e poovmer motecubes which inotumn s governed ba the
mobecubar size or ™ chain kength and bemce the motecalar
werttt 23 Therefore. viwout. measured oy capellan
viscomeeter. » wudenn erpphoved to determune e average
mobecular wergh: of a polvomer by cang the ramwoas Mark-
Houwink aguatear - [

v KTMTE L

where M, the iwosty average molecubar werghr of
DOATINT, @ S0 R zre ooastarms a - RR3andk - L [0°
for .25 M acetw aaad zed 253 M osodeam acetate sadvent
sestem. 26| ane e the limuting vescosety numder or
s visconty 2nd <an be determened from £9°

whiere & 13 the soltitoen v scomaty and 7 18 the sohvent viscosmy
20d U B e solution coawertcation. As ndocatec i 2 when
‘w.Cthat b redacad viosiTy g, L5 piotied 2gai0st
(OOCEATINION . [ merdeDdt {ocresponds W mtnns
Vicosy Cx L Much peots for deffenent graces of chriosar ire

Lol

Tasie 2: Intrinsic viscosity and viscosity average mokcular weight
of different gradex of chitisan.

Chitosan  Intrinsic viscosity [n]. dleg Molecular weight, M,
CHT-! 9.40 6%, 127
CHT-Z 472 283,251
CHT-} 55 135,839
CHT-4 1.30 T1.676
CHT-> (IR 20. 698

shown in Figure 4 and the corresponding intrinsic viscosities
and <akculated molecular weights are presented in Table 2.

It can be seen trom Figure 4 that the curves of high
molecular waght chitosan, namely, CHT-1, 2. and 3, do
not stricty foflow the linearity of 2. They show the
inflection at 2 certain critical concentraton  C* 1« and then
after the cunves bend upwards. Further. the value of C*
inkreases with decrease in mozecular weight and ultimately
the curves fatten tor lower molevular weight chitosans. This
can be explained as tollows: whea (hizosan or anv other
polvmer is added o a sobvent. the soivent gradualiv diffuse
tnto the polvmer aggregates resulung o the swelling of
the pobymer. & swelling continues. 1 segments of the
polvmer are solvated and loosenad out. Mipce the mokecules
11 & sold polymer remains entangled with nerghbouring
onev. polvmer molecuies dunng dissolutar difiuse out
as bunches of entangled molecules. Even when 2l chain
segments of 3 polymer molecule (v soluton are unfoided
znd fullv sobvated. the molevules do not zssume the shape
o ar extended straight chain but present in a coil form
These couts or aggregstes ofier msustanve tor the mobility
or fow of molecies andé hence impert vissasy (19, 201
When the mabeqiar size and corventration is ircreased.
as I QLT Jase. U extent of enunglement ks increased. In
oeher ward. the crmcal concertratron €7 s indend, the
“over.zp” concertration. When C - O the cutermolecular
ERMANTSTININS O ZZregation. pradorunite 2vd praciude the
overall mobecular monor of the pofymer. while indnvidual
polvmer molecubes are stztiticadiv separated trom other
mokeaes 21 C < €. Thus. the crinical concentranon - C* &
& meastre of mokecalir size and conformanon of a pohyoes.
The hrgher the mokecular weight and t2e more rigad s the
confermuteor. the lowes the vatae of €. The results are ur
s agreenent winh the cariier repaetts 13028

R of Navwagy T oo Vasoosin of Crziasan Sodusase,
Poovmeric temicabs are peasrally apphec o textdes b
padiding techuque where it s requered te prepare 2 standing
tath. Thus the chemical remains 11 Wniat with water
o a oager period. As bodegradabiden of Cutosan s 2
well-kaowa phenomenon the effet of sorzge tirve o the
statvits of s sobation was stwded (2 Terras of change o
sobizton vesconety. It s sevn frome Fogure > 22t the viscoutr
of chrtiesr selutean 1 ahversely rfected with increxse o
sTArEge T.me.

I: seems ther e tainal medecular weegtt and the
coacentratar of polimer has tre infuwendce »n the staddity
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—-> HNO:-Na*

Fksvrc 1 Depolsmeriaation of chitosan by nitrous arid.

Tabu 3: Cheiarion propertT of chitosan.

4
HNO..H'
Treatmen'! Concentration, gp:
2hrs
Na.HJTA 1 40s
am 1 177
CHT? 1 182

total ccoiewralawfCa’: n sftr = *05peer

n%i

Fksctu Je FT® wan efCHTI (At. am I1Bs. CHTMO. CHT4
(DlalOmtB.

of the solutwit. Initially the a»w shows segments with
an overlap cockeatratkm* (C* 9 at the point of inflection
and then flattens as the storage time is increased, that is.
the critical concentration shifts towards right. It is also
observed that the drop in viscosity an first 24 hrs is much
taster than the latter and is more significant at higher
coeicentrattoo. that is. above C". The toss in viscosity nsas
he .attributed to the baodegradariou of chitosan molecules
and or bnfrolst'is of polyuwi raolecutos. Initially the large
molecules- apecials at hagher concentration, occupy large
Tndrodmurr.ic' oohame. which leads to less mobiiitr indi-
cating hatfher viscosity. The ImhohUc degradation of the
wvrrer leads ro the production ofstauiler molecular entities
which in turn causes a drop in hydrodynamic voluane
of the pohmer andecules resufciag in higher molecular
mobotarv and as a resufe reduces the ttcosar of the scfturaoo
119.27.2*1

Amount ofCa’: ions ippmi chelated after:

24 hrs 48 hrv 72 hrs 96 hrv
426 43s 450 452
2W 232 269 29s
1»7 18s \99 196

-®- Offs » CHira
¢ am - ofts
- tTs

Fictu 4: Intrinsic vuscosiiases «fdtfbreut grades of driDusum.

.U. f|to of Hnrrofyte am Vscnsriy if Ghtajan. Chitosan
is knenen to be a polycatioaic material its solution is
bettered to he influenced by the presence of elearolytes-
Therefore. the effect of sodium acetate concentraftons on two
different grades of dutosan namely. t HT | and CHT 3 was
studied.

h can he seen tnocn Figufe ft that the viscosity «s sharply
reduced in presence ofsodium acetate al< to a concentration
of about 2g?dL. Further increase in concentration has not
influenced the viscosirv much. It is also observed that the
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cmtosan with higher molecular weight (CHT1' is more
atfected compared with its lower molecular counterpart
CHT2i. The decrease in viscosity with increase in electrolyte
concentration can be attributed to the shielding effect of
counter ions ]29[. Due to ion dipole forces, the acetate
ions form a cascade of negative charge over each dutosan
molecules establishing repulsne forces between them. This
oicn low resistance to the flow or noMme- of the pobnver
molecules.

3.4. Effect off fisnicie Srie on Tiftosn ef Outnum. It is
possible, for a giver molecular size dutosan. to scale down
the Kiudrodmatnx xx“ume to junolevd by means of ion-
otropic gelation using suitable cross Unking agent such as
sodium tripolyphosphaie iTPPj, as slustrated in Figure 7.
The particles are stabilized by dectrostatx* hindrance due to
coukxnbftc repulsion between particles of same ionic charges
JG-52Q. We prepared nanodtisosan ICHT3N) ofaxerage size
H i mm from 0J5 gpl CHT3. The particle size distribution
and vtsaKtfT idurjour of this nanosolurion are show in
Figures 8 and 9. respectively.

The partide size of chitosan b found to afreet its
viscosity behax-iour significantly Figure 9|. The vtscosin of
nance hitosan colloid b dropped by about 30% with respect
to normal chitosan sc4utw>n at the same concentration lexel.

Sodium acetate ig'dl i

am

arn
Fioure 6: Rdabve %bcautv of chitosan solution n a function of
electrolyte concentration.

CHjOH

HO »—0

The reduction of size to nandevd has also influenced the
stabiiirx of chitosan sohitkm. There b 10% drop in the
viscosity of normal! chitosan for a storage time of 24 hours,
whereas nano colloids dropped by 17% for the same storage
time. Thus reduction in size reduced the storage stability of
the polymer. The reduction in viscosity of nano chitosan
solution can he attributed to its lesser resistance towards
flow due to its smaller size and enhanced degradation of the
polymer in solution due to higher exposed surface area ofthe
nanopartidesu
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~cun 3: Sze distribution of naasochitotan (QET3N).

Off?

off

«

15 Cwunw Ptvpern of Gfearosa'i  Attributing to the pres
enceoflarge number ofamino groups on chttosao backbone,
this biopohmDer can also be used in water processing engi-
neering. Oirtosan molecules are known to chelate anionic
dies in waste due soiuttion and flocculate them out.

It has alto been found that the chitosan and its deriva-
tives can remove phosphorus, heavy metals, and orb from
water 133-37]- In order to studs' the chelation property
of chhosan. the removal of caldum ions from water by
CHTI and CHT3 was determined and the results were
compared with Si.EPTA. Table 3 shows that chhosan can
remote the calcium ions substantially though its sequestering
power b found to be uifenwe to EDTA_ Further, h is
ofoserved that maximum removal occurred in the hist
2 hours. Higher molecular weight sample. CHT] shows
better chelation power compared with its lower rootecuiar
wight counterpart. CHT.V The former one also shows a
continuation m chetaion effect even after %hrs without
reaching the equtfcherum. whereas the rest of the samples
reached equiilibrinim within 24 has. A snbiUnlia! higher
dnelitioo ot fca.EDTA may he attributed to the combined
effect of both carfSoaiytate and amino groups present in its
molecule and possible higher proximate of each molecule
due to its relative:*- small size. The larger molecular size
of chitosaa provides less surface area and the less amino

International lournal of Polymer Science

groups to form the coordinate linkage with calcium ions. The
prolonged chelation effect of CHTI is found probably due
to gradual disentanglement of the polymer molecules with
respect to time.

4. Conclusions

The viscosity of chitosan is influenced by its molecular
weight. Curves of reduced viscosity verses concentration for
higher molecular weight chitosan show inflection point, that
is. a critical or overlap concentration (C*). The overlap
concentration |C") is a measure of molecular size and
conformation ofa polymer.

The higher the molecular weight and the more rigid
is the conformation and lower is the value of C". The
initial molecular weight and the concentration of chitosan
are found to influence the stability of its solution. The drop
in viscosity in first 24 hrs is found to be very fast, and the
critical/overlap concentration ) C* | point shifts towards right
when the storage time is prolonged.

In presence of electrolyte, the viscosity of chitosan
solution is reduced, which is found to be more pronounced
for high molecular weight chitosan sotutkm.

Bv reducing the particle size to nanolevel, the viscosity
of chitosan solution is lowered significantly, but the storage
stabditv was affected adversely. Use of freshly prepared nano-
chitosan solution prior to applications mav be the remedy

Chitosan exhibits chelation property. This property is
useful in removing metal and dye ions from water.
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Iff FUNCTIONAL FINISHES

Studies on the properties of
chitosan treated cotton fabric

D P Chattopadhyay and M S Inamdar

hitosan is a natural based polymer
obtained by alkaline deacetylation of
chitin. The precursor, chitin. is widely
distributed in shells of crustaceans such as
crabs, shrimps, lobsters etc as well as in the
exoskeleton of marine zoo-plankton, including
coral, jellyfish and squid pens etc with the
abundance ranking next to cellulose and Is
renewable. The structure of chitosan is very
much close to that of cellulose except that the
hydroxyl group in C(2) position of cellulose is
being replaced by amino group in chitosan.lt is

composed of linear (1-4) linked 2- amino-2-
deoxy-p-d-glucan (i.e. p-d-glucosamine) in the
chair ‘Cj conformation. Indeed, it is a
copolymer of N acetyl-glucosamine and

glucosamine units.

C hitosan can be taken as a
valuable wet processing agent,
but faces several challenges
while exploring its applicability.

Chitosan is a
white fibrous

different grades
according to the
degree of
deacetylation and molecular weight. Chitosan,
being a primary aliphatic amine, can be
protonated by vanous acids. It is insoluble in
water, organic solvents and alkalies, but is
soluble in organic acid solutions1*\

Chitosan exhibits several valuable inherent
properbes such as antibactenal. antifungal,
antiviral, antacid, non toxic, total biodegradable
as well as film formation, fibre formation,
hydrogel formation etc. By virtue of these

material produced in

properties, chitosan has prospective applications
in many fields such as biomedical, waste water
treatment, cosmetics, dentifrices, food,
agriculture, pulp and paper, and textile
industries4 5*

Chitosan
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In textiles, it finds applications in
the primary production of fibres (useful
for sutures, wound dressings etc), in
the manufacture of textile auxiliary
chemicals and finishing agents.
Investigations have shown that it can be
used as a dye fixing agent, for shade
and naps coverage, to improve the
fastness of dyed fabrics, as a binder in
pigment printing, as a thickener in
printing etc. By virtue of Its bacteria
impeding property, chitosan can prevent
garments to develop bad odour35-0-u
uijKis jahlawy? studied the effect of
chitosan in the finishing of cotton with
citric acid in presence of sodium
hypophosphite catalyst. He reported a
recovery of losses (due to citric acid
treatment) in dye uptake and tensile
strength, and improved wrinkle recovery
by the addition of chitosan in citric acid
bath. The whiteness index, however,
was deteriorated. In a similar study,
Chung et all7 showed, besides improved
wrinkle recovery and D P rating, a high
antimicrobial property level which
retained through twenty washing and
tumble drying cycles. Zhang et all"
conducted an expenment to study the
effect of concentration, molecular
weight and degree of deacetylation of
chitosan on antibacterial activity to
Escherichia coli and Hay bacillus
bacteria. They reported a complete
inhibition of these bacteria at 0.5 gpl
chitosan concentration. They also
observed the increased reduction rate
of bacteria with increase in molecular
weight and degree of deacetylation.
Tiwan and Ghanal* attempted to use
chitosan as a thickener in pnnting
paste. Performance of the prints with
respect to K/S. wash fastness, crock
fastness and hand were observed to be
unsatisfactory. Similar attempts were
made by Bahmani et aP5 to use
chitosan in pigment printing. They
showed the prints of satisfactory colour
fastness to rubbing, washing and light;
however, the major problems were the
poor colour value and stiffness of the
pnnted fabric These suggest that the
modification of chitosan is desired.
Dutta et aP! and Abdeknohdy et al2:
found chitosan to be useful in effluent
treatment by virtue of its adsorbing
qualities of dyestuffs and various heavy
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metal ions. In a recent work, modified
chitosans' application to cotton made it
possible to dye cotton in absence of
salt with much higher dye exhaustion
compared to the conventional dyeing
using recommended quantities of salt23.
Young Ho Kim et aP* synthesised
quaternary ammonium derivative. N(2
hydroxy)propyf3-trimethyl ammonium
chitosan chloride by using a reaction of
glycidyltrimethylammonium chloride
with chitosan. They were able to obtain
100% bacteria reduction at only 0.025%
of this derivative as against only 30%
bacteria reduction at 1% chitosan.
Pourjavadrl x graft copolymerised
chitosan with polyacrylamide and
methacrylonitrile using ammonium
persulphate initiator in order to impart
desired properties to chitosan such as
superabsorbancy, controlled drug
release etc. Grafting can also be
carried through hydroxyl groups while
protecting the useful amino groups on
chitosan backbone. Gorochovceva
et aP’ successfully grafted polyethylene
glycol at hydroxyl groups through the
cynuric chloride bridging.

In this paper, research findings on

weight of chitosan governs the viscosity
of its solution and hence the extent of
penetration into the fabric structure.
The studies were, therefore, extended
to chitosan of varying molecular
weights

Materials and methods

= Fabric ; 100% cotton fabric (Count:
40 s X 40's. EPI: 142. PPl : 72 and
GSM: 125), ready for dyeing stage, was
procured from local process house. All
preparatory processes such as desizing,
scouring, bleaching, mercerising etc
were given in factory itself
= Dyes : Different acid and direct dyes
were obtained from M/s Colourtex Ind
Ltd. Surat (Gujarat) :

C | Acid Blue 158

C | Direct Red 81

C | Direct Blue 71
« Chitosan : Chitosan samples of
different molecular weights were
purchased from M/s Marine Chemicals,
Cochin (Kerala) and M/s Mahtani
Chitosan Pvt Ltd. Veraval (Gujarat). The
molecular weights of these samples

were determined viscometrically™.

Table 1 : Specification* of different chitosan*

Particulars Properties

Supplier M/s Marine Chemicals. M/s Mahtani Chitosan Pvt Ltd.
Cochin (Kerala) Veraval (Gujarat)

Product Code C1 Cc2

DAC Value {%) 89.03 920

Viscosity (cps) 183 22

Molecular weight 6. 54. 127 1. 35. 839

the effect of applications of chitosan on
the dyeing and finishing properties of
cotton have been reported The chitosan
was used both as a pre- and post
dyeing agents to investigate its effect
on the dyeability and fastness
properties of cotton with various direct
dyes. The effect of chitosan pro
treatment on the dyeability towards acid
dye was also investigated. This
biopolymer was used as a finishing
agent with an intention to incorporate
crease resistant property to cotton. Its
effect was compared with the
commercially available wrinkle resistant
agents and also examined its
compatibility with them. The molecular

The specifications of different
chitosans are given in Table 1. —Vv
DMDHEU (40%) was obtained froti

local process house and other
chemicals such as acetic acid, sodium
acetate (anhydrous), sodium hydroxide,
sodium nitrite, methanol etc used were
of LR grade of reputed brands

Depolymerisation of
chitosan

Depolymerisation of chitosan was
carried out by sodium nitrite. 2 %
solution of chitosan (C2) in acetic acid
was prepared. Predissolved dilute
solution of sodium nitrite was then



added gradually te ¢hitosan solution and
stirred tor two hrs at 30 C to get
des red viscosity level The
depolymensed chitosar was then
precipitated out by caustic solution and
washed t¢ neutral pH. Chitosans of two
differert 1w molecular weights
obtd rred were coded as follows
Product coue Molecular weight
DC1 71676
DCe 38.733

Fabric treatment with chitosan

Requirea amount of chwtosan was
dissoived o sowhor containing acetic
acid 15 gp and sodium acetate 10 gpl,
and apphed 1o tabric on a padding
margie with wet pich up of 70% by two
dip two rin method  After drying, the
tabr:c was cured v oven at 150 C for 4
mins The sample was ther washed in
e follown g sequence:

Ho* wash Twice; (85 C 20mins)
Alkah wash {Soda ash 10 gpl. MLR
150, Ho' wash Cold wash Dry

Dyeing with direct dyes

The fabric sample was dyed with
airect Jyes with 1= shade at 90 C for
60 murs using dyebath containing 20%
Glauber's salt and 5% soda ash. The
dved sample was then rinsed with cold
water. au gned and hot pressed

The dyved samples were evaluated
for K S values and strength on
Spectruscar 51004 (Make - Premier
Colorscar  The washing fastness of
dyed Salles was evalualed according
o IS0

Dyeing with acid dye

The fatic sample was dyed with
AU dves with 2+ shade at 90 C for 60
mINs using dyebath contaiming 1 mi, |
acetic ac'¢ The dyed sample was then
nrsed with cold water. arr dned and hot
presse:!

Evaluation of whiteness,
yellowness and brightness

The saniples were evaluated on
Spectroscan 5100A (Make . Premier
Colorscar for whiteness. veliowness
ana brghiness o terms ot the
coresponding Indices
Whiteress nder (Wi 10 deg D65
Huntertab

Yellowness Index Y1) . 2 C/ASTM D
1925

Brightness Index (Bl) : 2 C. TAPPI
452 1S0 2470

Crease recovery angle

Crease recovery angles were
measured as per AATCC Test Method
66-2003.

Stifiness of fabric (Bending
length)

Bending lengths were measured as
per standard ASTM D 1388 1996

Results and discussion

Chitosan i1s characternsed mainly by
two vanables. namely. degree of
deacetylation (DAC value) and the
molecular weight. Degree of
deacetylation determines the number of
free amino groups present in the
chitosan macromolecule which, in turn,
determines the functionality /reactivity,
polarnty and water solubility of the
polymer. On the other hand, molecular
weight determines the strength of its
fibre /film and viscosity of its solution.
The very high molecular weight and
therefore a wgh viscosity of chitosan
solution penetrates less into the fabrnc
structure and hence leads to only
surface deposition and alters the fabnc
feel and appearance. Low molecular
weight chitosan often known as
chitosan oligomers or chito-oligosaccha
rdes, on the other hand. by virtue of its
low viscosity. penetrates to greater
extent into the fabric structure. This
can offer better durability without much
affecting the feel and appearance -** .
Therefore, 1n order to study the chitosan
treated cotton textiles, we prepared two
different iow molecular weight
chitosans by depolymerisation.

Various methods of depolymensation
are reported 1n the literature® ** * " ¥ ¥
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such as acid hydrolysis (HCI, HNO
etc), free radicals (HO . K S 0.
enzymatic, radiations (UV. - rays;.
ultrasound. microwave, thermal
treatments etc. Depolymerisation by
acid hydrolysis using nitrous acid
(HNO .} proceeds through deamination
reaction with subsequent cleavage of
B-glycosidic linkages.

The depolymensation ot chutosan
was conducted by nitrous acud
hydrolysis method.

Effect of concentration of
chitosan on appearance and feel

The viscosity of a polymer solution
1s also governed by its concentration™
The effect of application concentration
of chitosan on various physical
properties were evaluated and
presented in Table 2 and Table 3.

1t s observed from Table 2 that the
whiteness and the brightness of
chitosan treated fabrics are satisfactory
for high molecular weight chitosans but
shightly reduced with increase n
concentration of chtosan. tn general.
the whiteness of chitosan 1s negatively
affected due to apphcation of chitosan.
The extent of detenoration in whiteness.
however, 1s substantially high n highly
depolymerised chitosan (.e. for DC2 at
high concentrations. It seems, here,
that the excessive depolymerisation by
sodium nitnte produces undesired
impurities containing aldehyde end
groups. which may react with free
amino groups to form -N=C bond
(Schitf's base) resulting in yellowness®.
Additionally, the possible hberation of
nitric oxide gas from NaNO in aciche
medium may also enhance the
yellowness. A thorough purtfication: of
the product may be the remedy.

The fabric stiffness 1s found to be
progressively increased with increase In
the concentration and molecular weight
of chitosan. as seen from Table 3. The

L
\f%n

Chitosan

2 5-Anhydromannito!

NaNO - H —-=> HNO - Na

Ohgomers !

The depolymerisation of chitosan was conducted by
nitrous acid hydrolysis method
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Table 2 : Appearance of chitosan treated fabric as a function of molecular weight and concentration

Cone C1 c2 DC1 DC2
tap') wi Yl Bl Wi Yl BI wi Yl Bl wi YI BI
25 91 4 3.6 82.4 90.9 3.3 81 6 91.5 3.6 83.4 89 9 3.7 79 8
5.0 91.8 3.6 83.2 90.8 34 81.4 91.9 3.6 83 6 89 0 7.4 76.9
7.5 91.4 4.7 82.2 90 4 4.3 80.6 91.5 4.0 82 9 89 2 8.1 76 9
10.0 91.3 4.4 81.9 90 5 4.7 80.6 91.4 4.3 82 6 87 17 9.2 74 2
15.0 90.9 4.9 81.3 90.1 4.5 79.8 91.5 4.7 82 3 86 4 13.5 70.6
20.0 90.2 5.4 79.8 89 2 58 77.9 90.3 5.4 79 9 84.1 16.2 66 1
Control WI « 92 5. Yl - 2 6. Bl 846

Table 3 : Stiffness of chitosan treated fabric as a function of molecular weight and concentration
Cone Bending Length, ems
Igpll Cl c2 DC1 DC2

Warp Weft Warp Weft Warp Weft Warp Weft
2.5 2.61 1.76 2 44 1.70 2.33 185 2 15 1.60
5.0 2.80 2.10 2 98 2.05 2.58 1.85 2.30 1.71
7.5 3.41 2.55 3.23 2.25 2.68 2.01 2 48 1.86
10 0 4.29 3.03 370 2.74 3.05 2.19 2.90 2.00
15 0 4.90 3 23 4.10 3.00 3.39 2.21 3.31 2 38
20.0 5.38 3.53 4.40 3.33 4 06 2.88 3 53 2.68
‘Bonding length of control sample Warp = 2 05 ems and Watt » 1 68 ems!

fabric surface was also found to be
excessively harsher In case of high
molecular weight chitosan. This
increased stiffness and harshness may
be attributed to the formation of
surface coating of stiff film due to very
high viscosity of the solution. This
property is not desirable in pretreated
fabrics but may be beneficial when
applied during finishing process, which
imparts firmness and body to the
fabric The high viscosity solutions,
however, cause difficulties during
application in padding mangle

Absorbency

Rapid and uniform absorbency for
any pretreated fabric is indispensable

for the better penetration of dyes and
chemicals during the subsequent unit
operations like dyeing, printing and
finishingd'. Therefore, the effect of
chitosan applications on the absorbency
was determined, which is shown in
Table 4.

The absorbency (measured by
water drop absorbance time) of
chitosan treated fabric is found to be
satisfactory. From Table 4, it can be
observed that average absorbency of
high molecular weight chitosan treated
fabric decreased slightly with the
increase in its concentration; whereas
the absorbency of low molecular
weight chitosan treated samples is
not much affected The reduction in

Table 4 : Effect of molecular weight and concentration on absorbency

Cone of Absorbency, seconds
chitosan c1 c2 DC! DC2
gpi
25 5 13 4 54 5.03 7.38
50 5.28 4 58 5.03 12.06
7.5 8 44 5.98 6.41 11.43
10 0 12 70 7 20 5 54 9 60
15 0 16 02 7.05 7.05 8 93
20.0 72 28 7 19 7.09 10.13
(Absorbency of control sample : 4.02 secs. |
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absorbency in case of former-maybe
due to the formation of rigid film of
chitosan over the surface, thus acting
as a barrier for the penetration of
water.

Dyeing behaviour

Dyeing with direct dyes : Since
the structure of chitosan is very
much similar to cellulose, it was
thought that its treatment may
influence the dyeing behaviour of
cellulose. In this work, the effect of
pretreatment and after treatment of
chitosan on direct dyeing of cotton is
examined. The washing fastness
properties of these samples are als
analysed. The effects of chitosan
pretreatment on dye uptake, measured
in terms of K/S. are shown in
Table 5 and their washing fastnesses
are presented in Table 6 The effect
of chitosan treatment on the shade of
dyed fabric and the washing fastness
are presented in Tables 7 & 8
respectively. It is observed from Table
5 that the dye uptake (K/S). of both
the dyes, increased substantially with
increase in concentration of chitosan.
The dye uptake is also found to be
affected by the molecular weight of
chitosan.



Table 5 Effect of chitosan

Cone of

chitosan
Igpl) cl
25 9.2
5.0 79
7.5 9.4
10.0 10.3
15.0 12 8
20.0 14.7
25 86
5.0 9.4
7.5 10 6
10.0 13.4
15.0 18 8
20.0 16 6

10oyo % owt. K'S valuei of control sample

Cotton fabric, when introduced in
jye bath, acquires negative surface
charge and repels negatively charged
dye anions, leading to poorer dye
exhaustion as found in case of fabric
dyed in absence of chitosan. The
increased dye uptake due to chitosan
treatment may be attnbuted to the
increased dye affinity towards the
positively charged amino groups. This
charge dissipates the negative surface
charge on cotton and drives dye
molecules to the fibre. Further, the dye
uptake may also have been enhanced
due to the dyeability of chitosan itself
with direct dyes.

Cl Direct Rod 81 - 7 7 ond Cl Duect Blue 71 -

pretreatment on direct dye uptake

KIS

C | Direct Red 81

c2 DC1 DC2
9.4 9.4 9.4
9.3 10.9 99
10.9 10.3 11.3
11.3 10.9 12.1
12.2 11.8 11.4
13.5 13.8 121

C | Direct Blue 71

9.6 9.4 94
11 6 9.8 9.8
10 8 9.8 10.1
12.4 10.6 13.0
15.6 12.2 14.4
16.1 13 8 14.4

7 41

Table 6 shows that the washing
fastness of C | Oirect Red 81 is
marginally improved with the increase in
the concentration of chitosan,
particularly in case of relatively low
molecular weight chitosan treated
samples. On the other hand, for the
samples treated with high molecular
weight chitosan. there is slight
reduction in the wash fastness with
increase in the treatment concentration
of chitosan. However, the effect of
chitosan treatment on washing fastness
of dyes with good washing fastness viz
C | Direct Blue 71. is not altered
appreciably.

FUNCTIONAL FINISHES

It is observed from Table 7 that
the colour value of C | Direct Red 81
is little improved whereas that of
C | Direct Blue 71 is little decreased
due to the chitosan after treatment.
This contradictory result may be
attributed to the differences in the
washing fastness of these dyes.
Easily washable Red dye is migrated
to a greater extent from the fabric to
the chitosan layer during pad
application and further during drying.
The washing fastness of post dyeing
chitosan treated fabrics is improved
ITable 8).

« Dyeing with acid dye : Chitosan
possesses an ammo group in its
glucosamine unit, which forms positive
charge in presence of acid. This
positively charged amino group can
form salt linkage with anions. In order
to verify this kind of interaction of
chitosan, we carried out the dyeing of
chitosan treated cotton fabnc with acid
dyes. The results are presented in
Table 9.

It is observed from the Table 9
that the dyeability towards acid dye is
substantial in all grades of chitosan.
The dye uptake increased with
increase in concentration of chitosan
This kind of dyeability can be purely
attributed to the binding of acid dye
to chitosan by salt linkages. The
untreated (control) sample showed
merely a tinting effect. Thus, the
dyeability toward acid dye can be

Table 6 : Effect of chitosan pretreatment on washing fastness of direct dye

Cone Washing fastness ratings

of C | Oirect Red 81

chitosan Cl Cc2

Igpll Change Staining Change Staining Change
in colour in colour in colour

5.0 23 23 3 23 3

10.0 3 23 34 23 3

15 0 23 23 34 3 34

20.0 2 23 3 33 23

C | Direct Blue 71

5.0 45 3 45 34 45

10.0 4 3 45 34 4

15.0 4 3 45 34 4

20.0 45 3 45 34 45

‘Washing fastness ratings of control samples
Cl Direct Blue 71

ClQueer Rod 81 Change in colour m34 staining
Change m colour B <5 1 Staining «

- J
3-41

DC1 DC2
Staining Change Staining
in colour
23 3 2-3
23 23 3
3 34 3
3 34 3
3-4 4 34
34 45 3
3 45 3
34 45 3
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Tsbl* 7 : Effect of post-dyeing chitosan treatment on colour depth
of direct dyed fabric
Finish Cone KIS
Treatment Igpll C | Direct Red 81 C | Direct Blue 71
Control 6.6 7.3
C1 5 6.8 7.2
10 7.2 7.5
c2 5 7.2 6.8
10 7.5 7.3
DC1 5 69 6.8
10 7.2 7.1
DC2 5 72 6.6
10 6.9 6.6
iConcontrmtion of dyo - 1% ovrm,
Table 8 : Effect of post-dyeing chitosan treatment on washing
fastness of direct dye
Finish Cone C | Direct Red 81 C | Direct Blue 71
Treatment Igpll Change Staining Change in Staining
Control 3 2 4-5 3
Cl 5 3 2-3 4 4
10 34 2-3 45 45
c2 5 34 23 4-5 4
10 34 3 4 4-5
DC! 5 34 3 4-5 4
10 34 3 45 4-5
DC2 5 34 23 45 4-5
10 45 3 4-5 45

Table 9 : Dyeing of chitosan pretreated cotton with acid dye, C | Acid Blue 158

FINISHES

Cone

of chitosan Cl

igpn

25 1.7

5.0 1.6

7.5 2.3

10.0 31

15 0 4 4

200 6.1

‘Shode 2% omif. K'S Of control ismple

Cc2

1.5
2.1
3.0
3.8
49
7.7

0 38311

K/S Value

DC1

1.6
2.3
28
3.7
4.9
6.5

DC2

2.0
2.4
3.5
3.0
55
6.3

Table 10 : Wrinkle recovery property of chitosan treated cotton fabric

Cone
of chitosan

Igpll

Control
25

5.0

7.5
100
15 0
20.0

C1

161
137
143
129
94
96
90

rC8A of control Msmpio * 161°l
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(Crease recovery angle)l

c2

161
140
140
119
125
no
98

DC1

161
140
160
152
138
127
116

DC2

161
176
164
141
128
134
121

taken as one of the characterisation
tests for the retention of chitosan on
cotton fabric.

Wrinkle recovery property

One of the major drawbacks of
cotton textiles is its tendency to
crease. Various cross linking agents
such as UF. DMU, DMEU, DMDHEU
etc resins are employed to overcome

Table 11 : Wrinkle recovery property
of DMDHEU treated cotton fabric

Cone of
DMDHEU (40%) (CRA)°

igpi)

Control 161
20 180
40 207
60 215
80 226
100 233

this problem. The wrinkle recovery
property of chitosan treated fabrics was
compared with DMDHEU. The results of
this experiment are shown in Table 10
and Table 11.

It is seen from Table 10 that the
wrinkle recovery of chitosan treated
cotton fabrics is not satisfactory. Rise
in application concentration of chitosan
has greatly reduced the wnnkle
recovery of cotton. However, low
concentration of lower molecular weight
chitosan application has improved the
crease recovery angle. The high
molecular weight chitosan is believed to
form mostly a surface coating which
lowers the possibility of cross linking
and therefore cannot contribute to the
load shanng phenomenon.

Conclusion

The appearance of cotton fabric, in
terms of whiteness/brightness, is
affected due to the chitosan
application. The stiffness and
harshness of chitosan treated fabric
also increased with increase in the
molecular weight and concentration of
chitosan. Chitosan treatment has not
affected the absorbency of cotton
much. The dyeability of chitosan treated
cotton fabrics towards direct dyes is



improved significantly; it is increased
with increase in molecular weight and
concentration of chitosan. However, the
washing fastness of direct dye on

glucosamine (128930) Fact Sheet . US
Environmental Protection Agency (May
2nd 2006). Retrieved on 2006-07 10

http://www.ftwa dot gov/engineering/

24

25
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Bayer MaterialScience ends reduced working
hours at German sites

Effective November | this year. Bayer MaterialScience (BMS)
will be reverting to the standard collectively agreed work week
of 37.5 hours at its German sites.At the beginning of February,
the company had introduced a reduction in working time and a
corresponding pay reduction of 6.7% to combat the effects of the
financial crisisAn opening clause in the collective agreement was
applied in order to avoid short-time working.With the
reintroduction of normal working hours, the rates of pay for
some 4.100 employees will return to their normal level.

The reason for lifting this special arrangement is the
improvement in orders. Nevertheless the future business

development of our customer industries still remains uncertain.'
said DrTonyVan Osselaer, labour director at Bayer
MaterialScience AG. Short-time working would mainly have
affected employees in production. Thanks to the solidarity of al
our employees, this was prevented.' said Thomas deWin. chairman
ofthe central works council of Bayer AG. Managerial employees of
Bayer MaterialScience were also affected by the cuts, which in
their case included the cancellation of this year's round of pay
increases.

Similar measures were also taken at the international sites,
adapted in each case to their economic situation.
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ECHNICAL ARTICLE

Chitosan and its Versatile applications
in Textile Processing

M. S. Inamdar and D. P. Chattopadhyay®

Foculty of Texlile Processing, Sarvajonik College of Engineering & Technology, Surat - 395 001 and
“Department of Textile Chemistry, Facully of Technology & Engineering, The M. S. University of Borodo,
Vododora - 390 001.

Chitosan, a polysaccharide ohtained by the deacetylation of chitin, is a versatile ogent
used in the primary production of textile fibre, textile auxiliary chemicols and textile
finishing agents. Besides its textile applications, it has got a number of other useful uses.
In medicine, it is used to make artificial skin and blood vessels, surgical suture, anti-
tumour agent, immunity promoter, anti- cholesterol agent elc. In food industry, it can be
used as stobilizer and thickener. In daily use chemical industry, it can be used as hair fixer
and hair conditioner, and mony more. It seems that a number of applications of this
polymer are yet to be discovered. Because of the potentiality of this polymer scientists from
different fields have been attracted to explore its uses in their respective fields. In this

paper, various aspects of chitosan and its textile applications are briefly reviewed.

Key words: Chitin, chitosan, chemistry, properlies, applications.

INTRODUCTION

Embeilishment ol the cloth 1akes place througb various unit
operations of wet processing such as desizing, scouring.
bieaching. dyeing. printing and finishing. To accomplish
these processes. dyes and various chemicals such as acids,
alkalies, oxidizing/reducing agents. electrolytes, organic sol-
vents, surfactants, and polymers elc are used. Some of these
are retained by the fabric and the excess one are dis-
charged in one or more forms of sofid. liquid and gassous.
Many of these dyes and chernicals are toxic and non-biode-
gradable. and hence deleriorate the ecological balance and
the human healih.

Ecological considerations, now days. are becoming impor-
want faciors in the selection of consumer goods. ail over the
worid. The consumers demand not only the right guality
produc, at fight ime, at 8 reasonable price, but also with no
harm o ecology during the manufaciure as well as in the
use. Hence. there has been a consiant urge 1o scientisis and
industaalists 1o explore and adopt the substitules. thal are
non-hazardous and ecolriendly.The use of natural dyes on
lextiles has been one of the consequences o} increased
environmental awareness. Enzymes are commercially avail-
able for The processes ke desizing. scounng. bleaching, and
fimishing. Eyes are. today. focused lowards biopolymers io
minimize the use of hazardous synthetic polymers in lextile
processing. One such promising exampile of this kind is

CHITOSAN {Pronounced as kile-o-san). which is derivad
from naturally occurring polymer CHITIN (Fiie-in).Both chitin
and chiiosan are biopolymers and are biodegradable.
biocompatibie with animal and plant tissues, non loxic. ang
renewable.

Chitin, ihe precursor of chiiosan. is e nilrogen conlaining
polysaccharide and s second most abundant biopslymer
alter celiulose. k is widely distibuted in the shells of crusta-
ceans such as crabs, shhimps, lohsiers eic s well as in the
expskeigion of marne zoo-plankion. including coral, effylish
angd squid pens. Aboui 20-40% chinn is present in the ex-
oskelelon of these animals. 1t is also gresent in smaller quan-
uites in insects such as buderiies. Jadybugs. angd the call
walls of yeast, mushrocms and oiher fungi. But since Lthe
crustacean shells [crabs eic) are wasie products [now
byproducis) of lood indusiry, thess are cormmaiciaily em-
ployed for procduction of chittn 2nd chitosan it ¢ balieved that
al least ten gigatons {107 Kgs.} ol chiin are synihesized and
degraded and i i3 also estimated thar over 150000 tons of
chitin is available for commarcial use annuaiy]1.2.3]

BRIEF HISTORY OF CHITIN AND CHITOSAN

Prei. Henni Bracono!l, Direcior of Botamcal Garden n Mancy
{France) in 1811, first ssolaied 2 baction ooy the call wal
of mushroom, which he called FUNGHRIE taier i 1823,
Odlier discoverad that this compound is 2150 one of g maine

S
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constitnent of the exoskeleton ot
CHITIN
Greck) Prot C Rouget in 1859 prepared a compound ftom

rsecte ard then e .

racred as (meamng tun or enwelepe an

it by treatment with concentrated causuc <oluthon  This
Cormpound was then naimed as CHITOSAN by Hopy:e
n 189 Howewer
discovered in 19500 the yeast Phycomyces plakesleeanus

Seriler
the existence O chitosan 1N nature was

Uver pas! decades researchers in worea Japan. Europe and
USA have tested chitn and ctwtosar in biomedica! apphca
Hors I Japare chieosan was iirst used 1o waste water treat
mept o absorb grease ols heavy me’als arct ather poten
nally toxe suhstances Researchers clamn *hat a ‘oot pasie
g de trom crab s shell could cut dentat efections and re-

Ouc e he pumiber of visite e dents's [3004)
CHEMISTRY OF CHITOSAN

Chrosan [{C H ON) )1is a polysacchande composed of a
hnear (1 4) nked 2 amino-2-deoxy-§§- d- glucan (e i~ d-
gtucosamine) n the charr ‘*C conformation 1t s derwved by
deacetylation of chitin e (1-4) linked 2 acetaamido-2-
deoxy |4 d glucan (e N-acetyl- (- d-glucosamine) Indeed
115 a copolymer of N-acetyl-glucosamine and glucosamine
umis The structure of chrosan s very much close to that of
cellulose except the hyaroxy! group in C (2) of cellulose 15
being replaced by aniro group ir chirosan This s evi-
denced by TR (. NMR spectroscopy The average
Mo ecuan weight determined Dy the viscosity measuremen:
methods s of the order of 510

and

The structures of chinn
chitosan and ceiluose are as helow

A How Ch.On e
T —uc ol ' o)
. T o ' \
. ' Cor ' ‘L N
\ B . . . . ’ N B
N e o1 et
Chr Cr.iosar
Ml g O
. , I
i ! . 1
. N
. ] .
s ™
Cetulese

Chiacsan mdathy Covuts o Iwo T orecular contort at ons
aanely (1) as extended 'wo fod helx and (i) as extended
wighv-1e:a hea The eight toid heex conlormation anstor s
NG two-told beds under fugh humidity Ne ordered contorma
ton The

molcuian flextut ty rereases wrrh ingrease e deacelylation

bowever s present o the dagueous adidic sotution

BOreane e ond sttength o e soishionr anda increase
temperature (5 6 7 8 9 10 11 12

PRODUCTION OF CHITOSAN

Cheosar e

Pryc o yoes Liaresleeanus (yeas:) Jygomycelcs el spu

iectly Leosalaled o son e tung: mrart,

FAPE  Man-made Testiles i India @ june 2006

0S5 However the yield s oo low Toodate chigosars. bave
been produced commercialy ty e alkavie Jdeadetyiahcn o

crustaceans chiting

The crustacean <hetts mamly coreas of (bt 00 g0y
pro‘teins (30-40%) Calcwrn Carbonate 030 507 1 s ang
traces of pigment The protens are removed by e e
with @i sodium hydroxide (about 10%) at about 85 o 100
C or digested enzymatically by protedases of i 1o-orgars:
The shelis are then dematenalized o remove calcur: Car
bonate by the treatment with il hydrochione acid (atron!

10°) at room temperature Lipids  are oxtractod by soakrg

in organic solvents such as acetone or ethanol An oed:
blecaching treatment with hydrogern perconde v corf o by

pochionte s also qiven ‘o obram 2 whil P

Sguid pens are ailso the polentdl soutce of chie o ang
chitosar Squid-pens are removed from the
processing and are currently regarded as wasie o cbae 1

aund aarag

WOy GA N

Trus

matenal is cheap Since the sguid pecs an
calcrm. the acid extracion step s 1ot reguired
reduces the cost and acid hydrolysis of it
comparatively cheaper and better quabty crelic can bee e
duced

Filute

Thetetore

Conversion of chitin iNto Chirosar: Invivess hie theacet, a o
process. which 1s a harsh ‘reatment
concentrated soaium hydroxide soluticr

sty petforneg st
CAntre tHakes e
treated n SUSPeNnsionN wih aqueous 300 b e causiic Solu
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PROPERTIES OF CHITOSAN
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ganic acid solutions. In aqueous solutions, above certain
polymer concentration, intermolecular interactions lead to the
formation of associations thus exhibiling properties .The vis-
cous solution shows Newtonian flow,

Under particular conditions, chitosan can give highly hydro-
philic water swellable hydrogels. One of the simplest ways to
prepare chitosan gel is to treal chitosan acetate solution
with carbamide. The gel formation is alse promoted by add-
ing cross linking agents or organic solvents.

Chitosan also possesses film formation property. The fims
are mostly flexible with smooth and shiny surface. The quality
of film depends on the source from which the precursor
‘chitin’ is obtained. The fiims of gquid-pen chitosan are
clearer and rigid than that of crab and cray fish chitosan
[11.12.14.20,21,22).

Chitosan has two hydroxyl lunctional groups at 3° and &6#
carbon atoms and one amino functional group on 2* carbon
atom. The amino funclional group impars strong positive
charge 1o chitosan which allows it to bind negatively charged
surfaces such as skin, hairs. lexites eic.The cationic nature
of chitosan aiso helps to bind cholestero!l and clotting of
R.B.C. Further, this amino group gives usual chemical reac-
tions such as acetylation, quaternization. reactions with alde-
hydes and ketones (1o give Schilt’s base} alkylation, grafting,
chelaton ol metats elc . Chitosan is readily depolymerized
by acidic sodium nilrite o give oligosaccharide. The hy-
droxy! functional groups also give various reactions such as
o-acelylation, H-bonding with polar aloms. grafling etc
{23.24.25.26.27.28.29.301.

Chitosan also exhibils several valuable inheren! propenies
such as anit bacterial, anli tungal, ant viral, anti acid. ani
vlcer, non toxic, non allergenic. 1oial biodegradability eic and
hence finds wide applications in diverse felds such as
waste waier ueatments, food, medical. biciechnology. agnh-
cutfure, cosmetes, pulp & paper, plasic and extile indusires.
Over 250 applications are knrown al presen
[3.31,31.33.34.35].

Some of e applicatons of chiiosans in ihe area of 1exiiles
are discussed m the {ollowing secons.

CHITOSAN FIBRES

Qwing 10 Ihe Enear struciure. chitosan exhibits fibre fomming
property.Chitosan filamenis alse known as crapyon {crab +
rayon) are produced by wet spinming method. Chitosan is
disscived in acetic acid solufion and then exiruded ihirough
she spinnerel Mo a causlic co-agulation bath 1o obiain a
regenerated hibre. However, such fibres have poor wet
strength Lenacny 2.0 gpd) JInvestigations have shown the
irmproved 1enacity of up 1o 4.4 gpd by incorporation of surfac-
@nis ino the coaguiation bath. Such fibres find use in the
production of textiles having antimicrobial, aniithrombogenic.
hemosialic, deodorizing. mosture controling. and non alier-

genic properties which are inturn used as bandages for
wound- dressing. as sutures. as perfume releasing fabrics.

A composite material of chilin/chitosan and cellulose are
produced by mixing powder chitin/chitosan with viscose pulp
and then wet spun.These fibers have high moistwe keeping
property than celiulosic fibres and have dyeability towards
direct and reactive dyes. These fibres are used as textile
materials for under wears, socks. gtc as these keep skin from
drying. At the same time. these give velvet touch and no
irrifation to skin Theretore: clothes made up of these fibres
are excellent lor babies and old aged people who have weak
and sensitive skin [3. 10, 35, 36, 37, 38).

APPLICATIONS OF CHITOSAN IN TEXTILE PRO-
CESSING

DYEING

Cotton and other celulosic fibres, conventionally, are dyed
with direc}, reactive, vat, reactive, azoic elc dyes. which are
anionic in nature. Colton also acquires negative surface
charge when immersed in dye baihs of above dyes leading
to repelling action to them. To dissipate this -ve surlace
charge and to facilitate the dyeing. large amoun: of electro-
lyies such as common sall or Glauber's salt are added inlo
the dye bath. These elecirolyies and unexhausted dyes add
to the pollution load when discharged through efliuents.
Such high sail dissolved water can neither be uselu) for
agriculture purpose nor be recycled lor industnial uses.
Morgover. the available technique of reverse osmosis {R.0.}
10 reduce the T.D.S.s not yet economically viable. Thus ar-
iempis have been made o adopt salt lree and alkali Iree
dyeing by catippization of cotion by reatment with glycidyl
wrimethy! ammonium chloride, N, N-dimethy! azesidinivm
chioride [DMAAC). N-methylol acrylamide [NMA).
chioropropiony! chioride {CPC) elc. However, the question ol
ecological aspects arises here (0o, As a solution, modifica-
tion of fibre with chitosan could be a best option.

The {abrig is prefreaied wiih chitosan by pad-dry-cure
methed using cross Bnking agents such as polycarboxylic
acid (e.g. butane elra carboxyfic acid or citric acid) or N-
methylol compounas {&.9. DMDHEU). Investigations have
shown several valuable resulls such as: increased dyeabifity
ol cotton oward direct and reaclive dyes in absence of sall.
dyeability ioward acid dyes. glimination of coiour dilference
between metured and immatured cotton. coverage of neps
e(c.l: is believed thal, chitosan acts as bun-in calalyst of
reaclive dyes in question with hydroxyl groups of coilon ang
chiiosan. Very recently. it has been revealed ihal a complete
sali-iree dyeing oi cotton with a jo! o] saving in the quanlity
ol tives is possible by simple modification of chiicsan and s
application 10 conon matenal [12,20.28.30.40,41.42].

PRINTING

Chitosan selulion on drying gives a colouriess, vansparent
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and flexible film having smooth surtace. These films are
wash last when fixed on fabric by thermofixation. Further,
chitosan exhibils thickening properties. Thus, by virtue of
these properties, chitosan can be used in pigment printing to
replace the conventional synthetic binders which are based
on styrene-butadiene, styrene-acrylates, or vinyl acetate-
acrylale co-polymers [11,43].

WOOL TREATMENT

Wool, due to its scaly structure, exhibits felling problem as a
result of frictions arising during various wetl processing op-
erations. The penetration of dyes and chemicals through the
fibres/yarns is, thus, hindered. Conventionally, the felt forma-
tion is prevented by descaling process with lreatments such
as chlorine, enzymaes (protease) etc. The chiorine treatment.
however. is not ecofriendly and causes tendering of the
fibres Where as. the second one requires exact control of
parameters and is not enough to fulfill the woolmark require-
ments. Recently. investigalions have shown reduced felting
of wool when treated under plasma. This process, however,
is not economically viable due to prolong treaiment time and
high cosl.

Treatment of wool with chitosan has been jound 1o minimize
this felting problem. The bio-adhesive and cationic nature of
chitosan enables it 1o lorm a strongly adhered film on indi-
vidual fibres and prevent their entanglements. The extent of
adsorption and uniformity of disiribution of ¢hitosan onto the
fibre can be increased by increasing the wettability and
anionic characier of fibre. Alkaline peroxide pre-treatment or
oxidative plasma lreaimen! creales new anionic groups such
as sulphonate and carboxylale, and improves lhe wetiability
ol wool libre and hence the binding power of chitosan.
However, such degradative treatmenis leac to considerable
weighl loss and damage o the fibre. Treatment of wool with
a surfactanl containing anionic groups can lead to higher
pick up of chitosan causing no damage 0 the fibre. A com-
bination of controlied enzymatic treaiment followed by
chitosan realment can also give satisfaciory antifelling effect.
Further. these ireatmentis have aiso shown increased shrink
resistance and dyeability of wool iowards reactive dyes
[11.44.45.46.47].

POLYESTER TREATMENT

Besides severa! useful essential properties, polyester suffers
from one sericus drawback of hydrophobicity and conse-
quently the static charge built-up problem. This static elec-
tricity 18 mostly responsible for dustdint attraction, sticking of
clothes to buman skin, increased fibre contamination during
textile finishing, overlapping of fabric heat setiing on slenter.
malfunclioning of electric devices, sparks and ignition of its
materials elc. To dissipate such siatic charges, the fibre
surface is coaied with an anijstatic agent. ‘which is mostiy
synihatic hydrophitic resins. by simple pad-dry-cure method.
However, the effect is not durable. An ecofriendly and du-
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rable antistatic finish can be oblained by the ireatment of
polyester with ghitosan, Chitosan has the advantage that it
shows high moisture regain even in low relative humidity and
does not swell much in water. The finish is more stable on
polyester that has under gone a caustic reduction treatment.
Here cross linking of chitosan takes place by reacting
chitosan-NH, group with carboxyl end group of polyester that
are generated by caustic reduction process {48.49].

ANTICREASE FINIHING

The creasing problem of cotton is well known, which is at-
tributed to the presence of free hydroxyl groups in the fibre
molecules. The creasing preblem is minimized by cross link-
ing these free hydroxyl groups on adjacent molecules in the
fibre using a suitable cross linking agent such as N-methyiol
compounds (UF, DMDHEU etc resins). However, these finish-
ing agents sufter from one serious drawback o! release of
toxic free formaldehyde. As an alternalive, on formaldehyde
cross linking agents such as citric acid, butane tetra car-
boxylic acids (BTCA) elc are recommended. Among these,
BTCA is most efiective cross linking agent; but the cost is
very high. Citric acid, although cheaper, is less efleclive and
has drawback of yeliowing problem due 1o the formation of
unsaturated polycarboxylic acid (due 1o dehydration of citric
acid). To counteract this yellowness, additives such as
hydroxyethy! amines, borates or polyeihylene glycols to cit-
ric acid bath are recommended. However, the process is siill
less effective.

The crease recovery power of citric acid can be improved
satisfactorily by the incorporation of chitosan in presence of
sodium hypophosphite monohydrate (SHP) to the citric acid
bath. Here. the esterification. reaction not only occurs be-
ween citriic acid and cellulose but also between citric acid
and hydroxyl groups of chitosan and the free carboxylic
groups can also react with amino groups of chitosan by satt
linkages. Low molecular weight chitosan (obtained by con-
wolled oxidative degradation by sodium nitrite) at low con-
centrations have shown improved wrinkle recovery without
deterioration in whiteness and strength of fibre {12,
20,28,35.50.51).

ANTIMICROBIAL FINISHING

The conventional lemporary wound dressing used with an-
timicrobial cream and ointment is time consuming and pa-
tients {eel pain because of the frequent replacement of
wound dressing. Therefore, the method of drug delivery sys-
tem has been accepted for fuli-thickness skin wound care
and the antimicrobial agent impregnated wound dressings
are proven effective in controliing bacterial invasion through
a porous mairix, However, the use of conventional antimicro-
bial agenls such as organo-metallics, phenols. quaternary
ammonium salis, organo sificongs etc are nol desirable due
lo their {oxic nature. In this regard, drug impregnated poly-
electrolyies wound dressings composed ol chitosan and




sodium alginate in sponge form are used. The non loxic,
antifungal, antiviral and antimicrobial nature of chilosan ac-
celerate the wound healing and the sodium alginate provides
the moist wound atmosphere which promotes healing and
epidermal regeneration.

The antimicrobial property of chitosan is attributed to the
primary amino group at C-2 position of glucosamine residue.
The effect is more enhanced when the amino group is pro-
tonated or quaternized. The protonised amino groups block
the protein sequences of micro-organisms, thus inhibiting
further proliferation. Chitosan binds to the anionic surface ol
microbe cell wall and disrupt it and alter its permeabifity. This
results material to leak out of bacterial cells causing in cell
death. Chitosan also binds to DNA inside the cell inhibiting
mANA and hence prolein synthesis.

Also. the antimicrobial treatment of chitosan can be done on
various textiles such as cotton. wool etc for preservation and
antifungal effects. It also helps cdour reduction and perspi-
ration bonding. The antimicrobial finish of chitosan (dissolved
with acetic acid) on cotion fabric can be applied by usual
pad-dry-cure lechnique. Incorporation of ¢ross linking agents
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