CHAPTER 4

Results and Discussion

crosslinker concentration.. & selinke as “the 16 olar =CH-(CH;);-CH=link
' e thickness of crosslinked
chitosan films was calcu 3 he fvalue as lown in equation 2.5, or measured

between chitosan chai

with a micrometer. The f yaluedvaé ob Y substraction of the IR spectrum of
uncrosslinked chitosan film g e Computer > thickne of the crosslinked chitosan

films were shown in Table™.1

Table 4.1 The factor and thickne

Glutaraldehyde Thickness (cm.)
Conc. (%ow/w)
0.02 0.00529
0.02 ¢a 40 083359 0.00424
0.04 . 0.00501
0.04 ﬂ H ’%m ﬂﬂﬁﬁgﬂ ﬂ‘j 0.00377
.00489
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The absorbance of imine groups was measured in each crosslinking condition:
0.02%, 0.04%, 0.06% w/w glutaraldehyde concentration for 20 and 40 minutes of
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crosslinking time by substraction of the IR spectrum of uncrosslinked chitosan film. The
IR spectrum of uncrosslinked chitosan film was shown in Figure 4.1. The spectral
substractions of crosslinked chitosan films were shown in Figure. 4.2-4.7. The imine
concentration and crosslinker concentration could be calculated from equation 2.6 and

2.7 sequentially as shown in Table 4.2.

Table 4.2 Determination the imine
chitosan films. '

‘ Wncentration of the crosslinked

Glutaraldehyde Absorbance | [C=N] [[crosslinker]

conc. \

(Y%w/w) (equiv/L)

0 0

0.02 0.77924
0.02 2.04318
0.04 1.15952
0.04 2.166275
0.06 1.43205
0.06 40 | g 3.8424
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Figure 4.2 The spectral substraction of 0.02% crosslinked chitosan film,
20 minutes by IR spectrum of uncrosslinked chitosan film.
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Figure 4.4 The spectral substraction of 0.04% crosslinked chitosan film, 20 minutes by
IR spectrum of uncrosslinked chitosan film
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Figure 4.6 The spectral substraction of 0.06% crosslinked chitosan film, 20 minutes by
IR spectrum of uncrosslinked chitosan film
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In Figure 4.8 and 4.9, glute .«.'f'. concentration and
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crosslinking time resulted in }ngher imine and crosshnker concentratlons An increase of
hydrophobic co : tween non-polar
solvent and metﬂnmmm neation rate and affinity
for non-polar solvent
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The second method for the measurement of the film thickness was by the

ar](equiv./L.)

e

e
s -

micrometer and a second series of membrane was analyzed on this measurement. The

results were shown in Table 4.3. The trends were similar to the first calculated by factor
shown in Table 4.2.
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Table 4.3 Determination the imine and crosslinker concentration of the crosslinked

chitosan films
Glutaraldehyde |Crosslinking | Thickness | Absorbance| [C=N] |[crosslinker]

conc. Time at

(Y%ew/w) (min.) (equiv/L)| (equiv/L)

0 0

0.02 0.7369
0.04 0.8475
0.06 1.09812

4.2. Swelling in Water.

The swelling in
films. The percentage of swelling i water of
0.04%, 0.06% w/w glutaraldehyd e cone entrati

compared to uncrosslinked

Table 4.4 The percentag@f swelling in water o
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chitosan films. ‘e
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ee of crosslinking in chitosan
linked chitosan films with 0.02%,

minutes of crosslinking time was

crosslinked and crosslinked

fl 173
% Glutaraldehyde | Dry Weight (g.) Wet Weight (g.) % Swelling in
Cone, ( ¢ — g q a‘h’ ﬂater
0 .0 1896 ' 1T UT 195 46
0.02 0.0598 0.1121 87.45
0.04 0.0640 0.1151 79.84
0.06 0.0332 0.0590 77.71
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Figure 4.10 Effect of ghugaralde ’fe : ratio b ercentage of swelling
in water of crgsslinked Chitosan film
From Figure 4.10, the percestage of swelling inwater decreased with increasing

glutaraldehyde concentration. [S—fesu it concluded that an increase of

glutaraldehyde concentrati XQM 2% dirophobic in films. The more
hydrophobic part wa “""J"'-'-'——-'=-”W£?“,.f??”m'ﬂ""“f#u chains that meant the
ydrop p ? Y]

)

degree of crosslinking inciez
|

4.3 Effect of Glﬁﬁeg %WW gﬁﬁ »1 ?; %h of Films

The chlto films were crosslinked by 0.05%,.0.1%, 0.2%(w/w),glutaraldehyde
o BT B T B PR e o e
This resulf was assumed that the films became so brittle because the glutaraldehyde
concentration was too much, or the crosslinking time was too long. The crosslinking
conditions were changed to 0.02%, 0.04%, 0.06% (w/w) glutaraldehyde solution for 20,
40 minutes of crosslinking time. At 40 minutes of crosslinking time, the dry films were
still brittle, so it was too hard to measure the tensile strength. The crosslinking time might
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be too long that resulted in the brittle films. At 20 minutes of crosslinking time for
0.02%, 0.04%, 0.06%(w/w) glutaraldehyde solution, the crosslinked chitosan films

showed the tensile strength as shown in Table 4.5 and Figure 4.11 compared to
uncrosslinked chitosan film.

Glutaraldehyde Load at
conc.(%w/w) Yield (N)
0 1.03
0.01 0.32
0.02 0.7
0.04 0.89
0.06 0.79
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Figure 4.11 Eff foluta hyde concentra ) e tensile strength

In Figure 4.11, the gensile . ¢ crossli ed chitosan films decreased
with increasing glutaraldehyds .,,__ 0 1. sslinked chitosan with 0.02%w/w
glutaraldehyde concentration sho . ————— highest tensile strength. The crosslinking

_'_-h ,1“0.,.-'

occurred under heterogenea C eaction occurred only within

and \ 5¢ of weaker crosslinked
chitosan than uncrosslini G be by the high chitosan
concentration that made the casting solutions produce high degree of crystallinity and
small amorphom m to each other in an
orderly manner m Hom held together by
hydrogen bonds and Van der Waals fofce to form a niore dense network« Yang and Zall,
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4.4 Solvent Resistance of Uncrosslinked and Crosslinked Chitosan Films.

the amorphous regio

From the results of 4.3, the crosslinked chitosan films with 0.02%w/w
glutaraldehyde concentration and 20 minutes of crosslinking time that showed the highest
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tensile strength were determined the solvent resistance by the tensile measurement

compared to uncrosslinked chitosan films as shown in Table 4.6 and 4.7.

Table 4.6 The tensile strength of the uncrosslinked chitosan films after soaked films in

various solvents

Solvent | Thickness
Type (mm.)
Blank 0.057

Ethyl acetate| 0.057 13,31 0.47

MIBK 0.057 )1 10.27 0.51

Hexane 0.057 4. 46.87 10 . 1.10.04 0.44

Ethanol | 0.057 | 8.1 3503 |\ 627, b, 626 0.46

Load at Load at
Break (N) | Yield (N)
10.91 0.27

Table 4.7 The tensile streng

in various solven

Solvent | Thickness Elonga‘_.' 77 .' %. Load| Load at Load at
Type | (mm)™ ' ) | Yield (N)
Blank | 0.057.§ 147 | 0.81

Ethyl acetate| 0.057 || 1. . m 14.13 0.48

MIBK | 0057 | .18 1823 | 1377 | 13.74 0.6
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Table 4.8 The physical properties of solvents (Smallwood, 1993)

Solvent Type Molecular Hildbrand Solubility | Dielectric Constant
Weight Parameter (3) (e) at 20°C
(g/mole) ( cal/cm®)"?

Hexane 86 192

Ethanol 243

MIBK 2.8

EtOAc i "/ ; — 6.02

)
Table 4.9 Difference (AS) it solib eters of chitosan with various solvents
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films in each solvents, the tensile strength decreased in order: EtOAc> MIBK> hexane>
EtOH in case of both uncrosslinked and crosslinked chitosan films. After uncrosslinked
chitosan films were soaked in EtOAc, the tensile strength was higher. This might be due
to the dielectric constant (¢ = 6.02) that showed the polarity of ethyl acetate. As the

chitosan’s structure was composed of hydroxyl group and primary amine group, therefore
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the polar interaction occurred between chitosan and solvent molecules that resulted in the

higher tensile strength.

In case of ethanol, the film- solvent polar interaction was too severe because
the dielectric constant of ethanol was very high (¢ = 24.3 ). This result might be caused

by the solvation effect that resulted in the rigidity of chitosan molecule as well as

cellulose acetate in a highly polar solv‘\y”//mde and Saito (1992)

In case of M[BK.M!\ ﬂese e non polar or hydrophobic

solvents because of low t

soaked films in MIBK w2

ngth of chitosan films after

the dielectric constant of

MIBK was higher than ncrosslinked chitosan films after
soaked films in both solvests ﬁmaAS therefore the swelling
of chitosan films increase e tes : for solvent molecules between

chitosan chains. The moré lling of chit ed in a decrease of the tensile
l'f ré =
strength.

These results might be- ngﬁ!ild&rim_tensﬂe strength of chitosan films
depended on the d1e1¢53&1c constant of solvent and‘;éjof solubility parameter

between chitosan and ent.
i)

The crosslinked chitosan films with 0,02% w/w glutaraldehyde solution and 20
s

minutes of cr ﬁ%ﬂﬁ}ﬂﬁ Em% Wx%je than uncrosslinked

chitosan films aked films in various solvents. This result was clearly shown in

case of ﬁ ofc hito by more
msertlozg}f3 mﬁﬁfﬁ lﬂ;ﬁw “ij}um -Ehaezrophobw
of crosslmked chitosan films resulted in the hydrophobic interaction between non-polar
solvent and hydrophobic link of films, therefore the tensile strength was higher than

uncrosslinked chitosan films. In case of EtOAc, the solvent was both polar and non-polar
therefore, the hydrophobic interaction resulted in the higher tensile strength. In case of
ethanol, the crosslinked chitosan films became weaker after soaked in ethanol.
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In case of uncrosslinked compared to crosslinked CTS films after soaked in
each solvents, it showed the same ordering tensile strength in each solvents. This might

be due to a little bit increase of hydrophobic of crosslinked chitosan films.

Since the crosslinked chitosan film was the selective layer of composite

membrane; therefore, the result corresponded to Musale and Kumar (2000b) mentioned

membrane in solvent. The swelling 0! brane polar solvent was less than in

B Max. Load (N)
B Load at Break( N)
OLoad at Yield (N)

Load (N)

Solvent
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Figure 4.13 Solvent resistafice 61 grc :d'ehitosan films with 0.02% w/w
glutaraldehyde 80 ‘. NIDUEES ¢ C10 \‘ ing time.
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4.5 Morphology of Membrane

AT L i :
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Scanning elecfrén—micrographs—of -surf 0SS, sections of 14% w/w

polyacrylonitrile ultrafil : rile/chitosan membranes were

substructure that supported

inat o i e entire membrane
: i mmjﬁﬁmbomm side. After
coating with chitosan, the 14% PAN niembrane cross=section from Figure 4.16 showed
et Y N O b o i
surface aréa. The chémge of poré size on the‘ surface could not be concluded from the
SEM micrographs. The pore size was too small to see the change of pore size by SEM

. Figure 4.15 showed a finger-

shown in Figure 4.14-4.
the membrane wi

cross-section.

micrographs.
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Figure 4.14 Scanning i apﬁ§ at the sut'facf of 14% w/w PAN
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Figure 4.15 Scanning electron microgfaphs of cross-section of 14% w/w

PAN membrane
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_ , errﬂ?ranes showed MWCO
about 600,000 Dalton s?hJown in Figure 4.17. After coatmg‘“fdhe chitosan solution on

14% PAN menﬁmﬁ grgf]j la ﬁTrﬂ e the MWCO of
membrane was P; i)T) tﬁ i ‘ ul ﬁsbe because the
chitosan layer covered the pores at thefsurface, and the pores becamefsmaller. After

s PN QAT D Pen] B b

chitosan fayer might be weaker after crosslinked because the thickness of chitosan

the membrane shows 99% rejection,14% wh

layer was too thin. However the molecular weight cut-off of all membranes was in the

ultrafiltration range.
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