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Figure Al

FTIR spectrum of unmodified low molecular weight chitosan.
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Figure A2 FTIR spectrum of modified low molecular weight chitosan (1:1 ratio).
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Figure A3 FTIR spectrum of modified low molecular weight chitosan (1:1.5 ratio).
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Figure A4 FTIR spectrum of modified low molecular weight chitosan (1:4 ratio).
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Figure A5 FTIR spectrum of unmodified medium molecular weight chitosan.
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Figure A6 FTIR spectrum of modified medium molecular weight chitosan (1:1
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Appendix B '"H-NMR results
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Figure Bl 'H-NMR of unmodified low molecular weight chitosan.



ATAME L e A AT

Bobagss

s

-y .
1. 40 3.3 s.0 Y 2.0 1.5 1.0 s poe
e < fos . -
iy any 1 er e

Figure B2 '"H-NMR of modified low molecular weight chitosan (1:1 ratio).
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Figure B3 '"H-NMR of modified low molecular weight chitosan (1:1.5 ratio).



57

s=gmn
rel=

cuw e
INTST
L |

§5 B8z gray

samzefzag
i

Fa=

1

% 1. npe

Figure B4 'H-NMR of modified low molecular weight chitosan (1:4 ratio).




58

3 w
S il
. oed 1
e ¥
5
0 “i
» e T -
- H
&
i
LT P
" A
W P
by \-.J .
e -
\.__ Sy
-1 1 1.5 = | 25 2.1 1.% prn
4

i

Figure B5S 'H-NMR of unmodified medium molecular weight.



18 ¥ l
)
e Ay
o -1 %
- Lome A ]
stana
"
na
traw Lot
. T e
. iLe
o 145
) [}
- [T
.

(LT

Figure B6 "H-NMR of modified medium molecular weight chitosan (1:1 ratio).

poR

59



(PR L T

4w
-
-t
v
-
ahey v 3
1- -
" - L ) -
e o - |
= Ve B
e PTG
. e
o B e s
B T T
o 4 sate :
(£ .
-~ eI
€ W ey
aticw roe -
* - owied  wmd
pant
e
BT AT
e ‘Ao
- 27
. i
= ]
- A 3
¥ L] =
" e -
Ve "o
ra . e
- » &= )
5 e e ’ -
oo L -
I
o =
i ‘
: i
1
=
4 ¢ ]
.0 1% b .6 2.4 1.5 e 5
at
4
»

Figure B7 'H-NMR of modified medium molecular weight chitosan (1:4 ratio).

60



Appendix C Adsorption of modified chitosan on pulp

Table C1 Adsorption amount of modified chitosan on pulp

61

Amount of chitosan added (mg)| Amount of chitosan adsorb(mg)
MLC

2 0.85

6 0.80

Y 0.82

- 0.88

MMC [ s

2 0.70

: 0.75

T 4 0.98

= 1.15
1,20 p=—— | '

i 1.00
% ® 080
e }
25 oo %
: 2 }
< 0.40 E
L
0.20 ‘
0.00
0 2 4 6 8 o N y :
Amount of chit dded |
L il
|—a—low MW

Figure C1 Adsorption curve of modified chitosan.
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Appendix D Calculation of charge density

D1 Charge density calculation

Charge density = VaxC,
C:x'V,

Where

Charge density = Charge density of sample, meq/g

Vs = Volume of opposite charge solution, ml
Vs = Volume of sample, ml
C. = Concentration of opposite charge solution, mN

Cs = Concentration of sample, g/ml
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Appendix E Mechanical and optical properties of handsheets
Table E1 Mechanical and optical properties of handsheets of blank and CMC samples
Conditions tensile index, N-m/kg | burst index, kPa-m’/g | tear index, N-m*/kg |scattering coefficient, % brighﬁ\ess,% ISO
Blank 11.73 0.65 9.70 37.91 90.66
CMC9 10.85 0.66 9.63 39.00 91.47
CMC25 12.24 0.74 10.32 38.88 90.02

Table E2 Mechanical and optical properties of handsheets vary by % modified low molecular weight chitosan

- Conditions tensile index, Nemvkg | burst index, kPa-m’/g | - tear index, N-m/kg |scattering coefficient, %| : bright
MLC 0.2% 3ol 0.71 11.13 42.02 86.83
MLC 0.6% 13.39 0.76 10.93 38.63 84.89
MLC 1.0% 13.30 0.76 10.20 40.19 84.70
MLC 0.2%+CMC9 (1.0) 13.60 0.84 11.72 38.38 88.08
MLC 0.6%+CMC9 (1.0) 15.85 0.92 11.56 38.48 87.07
MLC 1.0%+CMC?9 (1.0) 18.67 1.37 11.45 38.62 86.76
MLC 0,2%+CMC25 (1.0) 15.16 1.02 11.75 37353 88.01
MLC 0.6%+CMC25 (1.0) 20.71 1.34 11.27 38.97 87.24
MLC 1.0%+CMC25 (1.0) 25.49 1.76 9.72 36.36 86.28
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Table E3 Mechanical and optical properties of handsheets vary by % modified medium molecular weight chitosan

Conditions tensile index, N-m/kg | burst index, kPa—mza’g tear index, N-mszg scattering coefficient, %|  brightness, %ISO
MMC 0.2% 12.52 : 0.77 11.45 40.79 86.32
MMC 0.6% 12.48 0.77 10.76 38.48 85.22
MMC 1.0% 13.56 0.77 10.78 38.96 84.85
MMC 0.2%+CMC9 (1.0) 14.53 0.85 11.81 40.38 88.08
MMC 0.6%+CMC9 (1.0) 18.72 1.29 11.57 37.69 86.73
MMC 1.0%+CMC9 (1.0) 20.90 1.53 10.75 38.38 86.06
MMC 0.2%+CMC25 (1.0) 14.87 0.95 11.42 39.88 87.84
MMC 0.6%+CMC25 (1.0) 17.29 1.30 10.94 39.76 86.59
MMC 1.0%+CMC25 (1.0) 20.23 1.54 10.49 39.48 85.54
Table E4 Mechanical and optical properties of handsheets vary by ratio of CMC9
- Congditions burst index, kPa-mlf'g,_ - tear index, N-mszg scatteri ng;oqefﬁclem, %| _brightness, 055, % IS0

MLC 0.2%+CMC9 (0) 0.71 11.13 " 42.02 86.83
MLC 0.2%+CMC?9 (0.5) 15.24 0.96 11.75 37.70 87.24
MLC 0.2%+CMC9 (1.0) 13.60 0.84 11.72 38.38 88.08
MLC 0.2%+CMC9 (1.5) 15.29 0.97 11.70 39.35 88.12
MMC 0.2%+CMC9 (0) 12.52 0.77 11.45 40.79 86.32
MMC 0.2%+CMC9 (0.5) 14.27 0.88 10.79 40.19 86.26
MMC 0.2%+CMC9 (1.0) 14.53 0.85 11.81 40.38 88.08
MMC 0.2%+CMC9 (1.5) 14.81 0.89 12.44 40.43 88.28
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Table E5 Mechanical and optical properties of handsheets vary by ratio of CMC25
Conditions tensile index, N-m/kg | burst index, kPa-m‘/g | tear index, N-m?/kg scattering coefficient, %|  brightness, %ISO

MLC 0.2%+CMC25 (0) 1291 i 0.71 11.13 "42.02 86.83
MLC 0.2%+CMC25 (0.5) 14.93 1.01 11.12 39.08 86.74
MLC 0.2%+CMC25 (1.0) 15.16 1.02 11.75 37.53 87.01
MLC 0.2%+CMC25 (1.5) 15.30 0.99 12.01 38.49 87.96
MMC 0.2%+CMC25 (0) 12.52 0.77 11.45 40.79 86.32
MMC 0.2%+CMC25 (0.5) 14.26 0.91 11.21 40.39 86.44
MMC 0.2%+CMC25 (1.0) 14.87 0.95 11.42 39.88 87.84
MMC 0.2%+CMC25 (1.5) 15.08 1.02 12.03 40.10 88.10

S9
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