REFERENCES

Bassi, R., Prasher, . 0. and Simpson, BK. (2000). Removal of selected
metal ions from agueous solutions using chitosan flakes. Separation
Science and Technology, 35(4), 547-560.

David, N., Hon, . (1996). Chitin and chitosan: medical applications. In
Dumitriu, . (Ed.). Polysaccharides in Medical Applications. New
York: Marcel Dekker.

Fuiiji, ., Kumagai, H., Noda, M. (1980). Carbohydrate Research, 83, 389.

Grant, ., Blair, H.S., Mckay, G. (1989). Structural studies on chitosan and
other chitin derivatives. Makromolecular Chemistry, 190, 2279-2286.

Grant, ., Blair, H.S., Mckay, G. (1990). Polymer Commun., 31, 267.

Kaifil, K., Nishi, N. and Komai, T. (1981). Preparation of hexanoyl, decanoyl
and dodecanoyl chitin.  Journal of Polymer Science: Polymer
Chemistry Edition, 19, 2361-2363.

Kurita, K., Sannan, T., Iwakaru, Y. (1979). Studies on chitin. VI. binding of
metal cations. Journal of Applied Polymer Science, 23, 511.

Kurita, K., Koyama, Y., Taniguchi, A (1986). Studies on chitin. IX
crosslinking of water-soluble chitin and evaluation of the products as
adsorbents for cupric ion. Journal of Applied Polymer Science, 3,
1169-1176.

Kurita, K., Yoshino, H, Yokota, K., Ando, M, Inong, ., Ishii, ., and
Nishimura, .l (1992). Preparation of tosylchitins as precursors for
facile chemical modification of chitin. - Macromolecules, 25, 3786-
3190.

Lee, V. (1978). University Microfilm Ann Arbor 74/29, 446,

Li, Q., Dunn, ET., Grandmaison, E.w. (1992). Applications and properties
of chitosan. In Goosen, MFA.  (Ed.). Applications of Chitin and
Chitosan. Lancaster: Technomic.



49

Onsoyen, E-, Skaugrud, O. (1990). Metal recovery using chitosan. Journal of
Chemistry Technology and Biotechnology, 49, 395-404.

Maruca, R., Suder, B.J., Wightman, J.p. (1982). Interaction of heavy metals
with chitin and chitosan. Ill. Chromium. Journal of Applied Polymer
Science, 27, 4827-4831.

Muzzarelli, RAA.  (1982).  N-(O-Carboxybenzyl) chitosan, N-
carboxymethyl chitosan and dithiocarbamate chitosan: new chelating
derivatives of chitosan. Pure and Applied Chemistry, 54(11), 2141-
2150.

Muzzarelli, R.AA. (1997). Chitin. Oxford: Pergamon Press.

Nishi, N. and Tokura, . Preparation procedures of chitin derivatives,
Hokkaido University, Japan.

Nishimura, ., Kohgo, O. Kurita, K. and Kuzuhara, H.  (1991).
Chemospecific manipulations of a rigid polysaccharide: syntheses of
novel chitosan derivatives with excellent solubility in common organic
solvents by regioselective chemical modifications. Macromolecules,
24, 4745-4748,

Ren, L., Miura, Y., Nishi, N., and Tokura, . (1993). Modification of chitin
by ceric salt-initiated graft polymerisation - preparation of poly(methyl
methacrylate)- grafted chitin derivatives that swell in organic solvents.
Carhbohydrate Polymers, 21, 23-27.

Samuels, RJ. (1981). Journal of Polymer Science: Polymer Physic Edition,
19, 1081,

Sashiwa, H. and Shigemasa, Y. (1999). Chemical modification of chitin and
chitosan 2: preparation and water soluble property of N-acylated or N-
alkylated partially deacetylated chitins. ~Carbohydrate Polymers, 39,
127-138.



50

Sugimoto, M., Morimoto, M., Sashiwa, H., Saimoto, H., and Shigemasa, Y.
(1998). Preparation and characterization of water-soluble chitin and
chitosan derivatives. Carbohydrate Polymers, 36, 49-59.

Tokura, ., Nishi, N., Tsutsumi, A. and Somorin, 0. (1983). Studies on chitin
VIII. some properties of water soluble chitin derivatives.  Polymer
Journal, 15(6), 485-489.

Tokura, ., Uraki, Y., Ohmiya, K. (1990). Preparation of alcohol-soluble
derivatives and radical induction by photo-irradiation. Carbohydrate
Polymers, 13, 363-374.

Xu, J., McCarthy, s.p. and Gross, R.A. (1996). Chitosan film acylation and
effects on biodegradability. Macromolecules. 29, 3436-3440.

Yalpani, M., Hall, L.D. (1984). Some chemical and analytical aspects of
polysaccharide modifications. 3. Formation of branched-chain, soluble
chitosan derivatives, Macromolecules. 17,272-281,

Zong, Z., Kimura, Y., Takahashi, M., yamane, H. (2000). Characterization of
chemical and solid state structures of acylated chitosans, Polymer
Journal, 41, 899-906.



APPENDIX

Table Al Degree of deacetylation of chitosan at various concentration of
NaOH and reaction time (at 110°C).

Time
(min)

10

20

30

40

60

Specimens

1

2

3
average

STD
1

2
3
average

STD
1

2
3
average

STD
1

2
3
average

STD
1

2
3
average
STD

0
33.737

32.069
33.439
33.082

0.890
34.584

33.976
34.408
34.323

0.313
33.733

32.291

33.015

1.015
30.583

31.973
30.068
30.875

0.985
35.864

32.549
32.182
33.532
2.028

10
36.067

33.706
35.207
34.993

1.195
38.951

39.132
317.440
36.374

0.860
36.618

36.506
35.959
36.361

0.353
31117

34.873
37.066
36.552

1.490
32.15

40.96
38.759
37.490
4.250

%NaOH

20
37.891

31.552
36.283
31.242

0.848
39.695

38.579
36.105
36.793

0.816
42.387

43.957
41.107
42.484

1421
43.989

40.575
40.702
41.755

1.935
40.547

43.135
42.122
41.935

1.304

-30
50.045

50.308
49.413
49.922

0.460
50.267

49.682
49.396
49.782

0.444
51.185

48.194
51.634
50.338

1.870
49.366

52.679
53.161
51.735

2.066
53.869

52.525
51.594
52.663

1.144

40 50
64.000 78.868

63.761 78.926
63.571 71.983
63.777 78.592

0215 0.528
65.423 82.162

60.853 82.771
64.327 81.766
65.534 82.233

1.267 0.506
66.349 80.151

67.407 79.236
66.203 79.403
66.653 79.597

0.657 0.487
12442 19.813

73.728 80.296
73.176 80.084
73.115 80.064

0.645 0.242
70.931 81.159

72.446 80.12
70.568 78.747
71.315 80.009
0,996 1.210



Table A2 Elemental analysis results.

Derivatives specimens
H-| chitosan 1
2
average
H-2 chitosan 1
2
3
average
H-3 chitosan 1
2
average
Ph-chitosan 1
2
average
H-Ph-chitosan 1
2
average
H-P chitosan 1
2
average

%c
60.764
60.657
60.711
65.992
65.983
65.939
65.971
66.057
65.992
66.024
54.106
54,022
54.064
64.595
64.507
64.551
49.821
49.872
49.847

%H
8.903
9.086
8.995
9.378
9.435
9.621
9.478
8.173
8.929
8.851
4.146
4.136
4.141
1.070
1.096
1.083
6.830
1.001
6.916

%N
2919
2.823
2.901
2.346
2.319
2.269
2.311
2.249
2.284
2.266
3.083
3.323
3.203
2.540
2.440
2.490
2.408
2432
2420

52



Table A3 Effect of pH of Cu2+ solution on metal adsorption of chitosan at
24 h of immersion.

100

)



Table A4 Cu2tadsorption of chitin film 22 %DD.

Contact time

(h)
0
0.5

1
2
3
6
12
24

48
12

Cu2+ion collected (%)

XI
0
2.60
2.60
2.08
2.60
1.4
1.04
1.56
1.04
0.52

X2
0
1.57
2.09
2.62
1.57
2.09
2.09
1.57
1.05
1.57

X3
0
2.07
3.11
3.62
311
1.55
2.01
2.59
1.55
1.04

Average

0
2.08
2.60
2.18
2.43
1.22
174
191

1.21

1.04

Error
.|.

0
0.52
0.51
0.85
0.68
0.88
0.36
0.68
0.34
0.53

Error

0.51
0.51
0.69
0.86
1.22
0.69
0.35
0.17
0.52



Table A5 Cu2+adsorption of chitosan film 70 %DD,

Contact time

(h)
0
0.5

1
2
3
6
12
24

48
12

Cuz ion collected (%)

XI
0
21.28
33.51
4787
59.04
12.34
16.60
1113
61.38
62.98

X2
0
23.40
36.70
52.66
63.83
76.06
18.72
18.72
61.91
82.45

X3
0
26.74
39.04
55.61
04.71
13.26
75.40
18.94
61.28
61.82

Average

0
23.81
36.42
52.05
62.53
13.89
76.91
18.26
61.53
8241

Error
+

0
2.93
2.62
3.57
2.18
2.18
182
0.67
0.63

0.56

Error

2.53
2.91
418
3.48
1.95
151
113
0.24
0.60

55



Table A6 Cu2tadsorption of chitosan film 85 %DD.

Contact time

(h)
0
0.5

1
2
3
6
12
24

48
12

Cu2+ ion collected (%)

X
0
44.85
51.73
13.20
19.38
83.01
84.02
86.60
67.11
86.60

X2
0
44.27
55.20
71.35
18.65
63.33
63.85
65.94
66.46
85.94

X3
0
43.75
56.77
13.44
19.69
83.85
84.38
66.98
87.50
85.42

Average

44.29
56.57
12.66
19.24
83.56
64.08
86.50
61.02
85.98

Error

0.56
1.16
0.77
0.45
0.29
0.29
0.47
0.48
0.61

Error

0.54
1.36
131
1.04
0.23
0.52
0.57
0.57
0.57

56



Table A7 Cu2tadsorption of chitosan film 92 %DD.

Contact time

(h)
0
0.5

1
2
3
6

12
24

48
12

Cu2+ion collected (%)

XI
0
21.13
31.96
55.15
70.10
90.21
93.30
94.33
95.36
95.36

X2
0
21.88
36.98
58.85
10.83
90.10
92.71
93.75
94.79
94.79

X3
0
2447
35.42
58.85
12.40
90.10
93.23
93.75
94.79
95.31

Average

22.50
34.18
51.62
1111
90.21
93.30
94.33
95.36
95.36

Error
+

0
1.98
2.19
1.23
1.29
0.00
0.00
0.00
0.00
0.00

Error

1.36
2.83
241
1.01
0.10

0.59
0.58
0.57
0.57



Table A8 Cu2tadsorption of H-Ichitosan (powder).

Contact time

00
0

05
1
2
3
6
12

24

48
12

“ Cu”ion collected (%)

X
0
10.39
12.92
12.92
13.33
23.45
19.66
22.18
33.84
36.36

X2
0
10.61
8.06
8.06
10.75
14.14
20.93
24.47
21.30
30.83

X3
0
1.92
9.05
10.18
10.61
12.45
13.86
25.32
25.17
39.60

Average

0
9.64
10.01
10.39
11.56
16.68
18.15
23.99
28.17
35.60

Error
+

0
0.97
2.91
2.53
L77
6.77
2.18
133
5.07
4.00

Error

1.72
1.95
2.33
0.96
423
4.29
181
3.59
4.17

58



Table A9 Cu2+adsorption of H-2 chitosan (film).

Contact time

(h)
0
0.5

1
2
3
6
12
24

48
12

Cu2+ion collected (%)

XI
0
3.14
2.62
3.14
2.62
2.09
3.14
2.62
411
4.19

X2
0
2.13
2.13
2.13
1.60
1.06
2.13
213

2.66

4.26

X3
0
3.14
2.62
3.14
2.62
3.14
3.66
3.66
4.19
5.76

Average

0
2.80
2.45
2.80
2.28
2.09
3.14
2.62
411
4.19

Error
+

0
0.34
0.16
0.34
0.34
1.05
0.52
1.05
0.00

1.57

Error

0.68
0.33
0.68
0.68
1.03
1.01
0.49
2.05

0.00



Table A10 Cuz+adsorption of H-3 chitosan (film).

Contact time

(")
0
05

1
2
3
6
12
24

48
12

Cu+ion collected (%)

X

0
0
1.07
0.53
1.07
1.07
1.07
1.60
1.07
1.60

X2
0
1.60
0.53
1.60
0.53
0.53
2.14
1.60
1.60
1.07

X3
0
161
0.54
0.54
1.07
107
161

1.08
161

Average

0
1.07
0.71
0.89
0.89
0.89
161
1.07
1.25
143

Error
+

0
0.54
0.36
0.71
0.18
0.18
0.53
0.53
0.35
0.18

Error

0
1.07
0.18
0.36
0.36
0.36
0.54
1.07
0.18
0.36

60



Table A1l Cu2+adsorption of H-P chitosan (powder).

Contact time ~ Cu2tion collected (%)  Average  Error  Error

0 X X2 X3 t
0 0 0 0 0 0 0

05 378 301 545 421 163 120

257 521 6.60 481 179 224

221 431 540 4.1 139 174

469 707 570 5.82 125 113

1164 512 135 8.04 361 292

12 1074 888 525 8.29 245  3.04

24 817 1204 1050 10.23 181 2.07

48 1027 1069  10.05 1033 035 0.6

12 1557 2047 16,04 17.36 31 L9
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