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Appendix A Characterization of CM-Chitin
Table Al Viscosity-average molecular weight of CM-chitin

cone.

(/100 ml)
0

0.00625
0.01250
0.02500
0.05000
0.10000

cone.
(/100 ml)
0.00625
0.01250
0.02500
0.05000
0.10000

XI
242.25
25281
264.75
290.13
344 31
47191

e

6.9586
14275
1.9019
8.4267
9.7040

Tim
X2
242.28
252.84
264.78
290.15
344.35
477 44

In( )

5.1177
44708
3.8692
3.3473
2.9808

APPENDICES

e (sec.)

X3
242.28
252.77
264.76
290.11
344.32
476.70

Average
242.21
252.81
264.76
290.13
344.35
47737

Orel

1.0435
1.0928
1.1975
1.4213
1.9704

0.0435
0.0928
0.1975
04213
0.9704
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Figure Al plc and In( rei)/c against concentration of CM-chitin solution.

The viscosity-average molecular weight of CM-chitin was determined hased
on Mark-Houwink equation. The K and a values were according to Kaneko et al.
(1982).

[ ]=7.92x 105V

Where [ ] = intrinsic viscosity
M = Viscosity-average molecular weight
Interception: [ ]=64

From calculation: M = 8.08 x 104

The viscosity-average molecular weight of CM-chitin obtained from
calculation was 8.08 x 104g/mol,



Table A2 Degree of substitution of CM-chitin from elemental analysis
Experimental values

. N A
1 307 X8 M
2 B3 o X
Average 3P K& o

Calculation of Degree of Substitution of CM-chitin

OCH2COOH { <OH
Sk e aedl /l < O o’
H%g_lém }wm“
MW = CioHnO\Na = 283 MW = CsH;;0sNNa = 203
283m + 203 = 8.08x 104 1)
FromEA, 0 = 38.904
%H = 6.084
%N = 5881
We can find that in CM-chitin structure has N.
That: N = 8.08x 104x 5881  4751.848
100
Thus, 14m+ 14 = 4751848 - (2)
Divide (2) by 14 m+n - 339.418
m = 339418 - - (3)
Replace (3)in (1),  283(339.418) - 283 + 203 = 8.08x 104
80 = 15255294
= 190.691
m = 148721

Therefore, fraction m = 148.727/339.418 = 044
= 190.691/339.418 = 0.56
The degree of carboxymethylation was estimated to be 0.44.



APPENDIX B FTIR Spectra of CM-Chitin/Silk Fibroin Blend Films
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Flgure BZFTIR spectrum o fthe blend film containing 80% C M -chitin.
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Figure B5 FTIR spectrum of the blend film containing 40% CM-chitin,
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APPENDIX c Effect of Time on Equilibrium Water Content of Blend Films
Table CI Effect of time on equilibrium water content (EWC) of blend films at 15

min

CM-chitin EWC (%) Average  Standard

content (%) X X2 X3 deviation
20 1111 11 15.79 12,67 2.10
40 33.33 37.50 33.33 34.72 241

50 11905 12000  120.00 119.68 0.9
60 11333 11250 12778 117.87 8.99
60 12973 13478 13810 134.20 421
100 46765 46571 46487  466.08 143



Table C2 < .. ..

CM-chitin
content (%)
20
40
50
60
80
100

X
14.29
o417
130.00
156.25
15143
536.84

oftime on equili i

EWC (%)

X2
22.22
58.33
13333
150.00
169.57
535.29

ent (EW C) ofblen film s at

X3
26.32
58.33
12857
162.50
154,76
532.35

Average

20.94
56.94
130.63
156.25
158.59
534.83

30

Standard
deviation
6.12
241
2.44
6.25
9.65
2.28

Table C3 Effect oftime on equilibrium water content (EWC) of blend films at 60

min

CM-chitin
content (%)
20
40
50
60
80
100

X
33.33
66.67
132.50
168.75
195.65
526.32

EWC (%)

X2
33.33
10.83
130.95
171.78
192.86
517.65

X3
33.33
10.83
137.50
168.75
170.21
518.92

Average

33.33
69.44
133.65
171.76
186.26
520.96

Standard
deviation
0.00
241
342
521
13.92
4.68



TableC4Effectoftime on equilibrium water content (EW C) ofblend film s at 90

CM-chitin EWC (%) Average Standard
content (%) X X2 X3 deviation
20 50.00 .11 44.44 45.52 4.06

40 11111 10000 11230 107.87 6.85
50 14250 14286 14583 143.73 183
60 22500 21000  206.25 213.75 9.92
80 23261 2309 23178 23178 0.83
100 SddT4 54286 54865 54541 2.9

Table C5 Effect oftime on equilibrium water content (EWC) of blend films at 120
min

CM-chitin EWC (%) Average  Standard

content (%) X X2 X3 deviation
20 55.56 55.56 52.63 54.58 1.69
40 1593 137150 12917 130.86 5.97
50 14375 14250 14524 14383 137

60 20000 20000 19375 197.92 361
80 22211 24286  246.77 247.21 4.68
100 565.79  56L77  559.46 562.34 3.20



TableCGEffectoftime on equilibrium water content (EW C ) ofblend film s at 180

CM-chitin EWC (%) Average Standard

content (%) X X2 X3 deviation
20 61.11 6191 57.90 60.30 2.12
40 15026 15667 14615 154,03 6.94
50 15417 15450 15476 15448 0.30

60 26250  268.75  240.00 251.08 1512
&0 24348 24280 243.08 243.14 031
100 56979 56471 - 56216 564.22 1.66

Table C7 Effect of time on equilibrium water content (EWC) of blend films at 24 h

CM-chitin EWC (%) Average  Standard
content (%) X X2 X3 deviation
20 17.78 11.78 66.67 14,07 641

40 15000 15500 14583 150.28 4.59
50 18000 18125 166.67 175.97 8.08
60 183.33 18750  19.15 189.00 6.54
&0 543 25238 25310 253.28 1.00
100 53824 55588  S4324 54579 9.09



Table C8« . ..

CM-chitin
content (%)
20
40
50
60
80
100

oftime on

X
11.78
166.67
170.83
231.25
258.70
565.79

equ

EWC (%)
X2
7778
165.00
16923
21111
240.48
550,00

ilibrium water con

X3
51.14
169.05
187.50
221,04
25310
545.95

tent (EW C) ofblen

Average

70.90
166.91
175.85
22113
250.76
55391

d film s at

Standard
deviation
1191
2.03
10.12
10.07
9.33
1043

APPENDIX D Effect of pH on Swelling Behavior of the Blend Films
Table D1 Degree of swelling of blend films in pH buffer solution pH = 3

CM-chitin
content (%)
20
40
50
60
80
100

Degree of swelling (%)

X
109.09
138.46
364.71
440.74
450.00
935.90

X2
117.39
148.72
37143
448,00
451.52
043.48

X3
100.00
120.59
380.00
452.00
437.93
933.33

Average

/
108.83
135,92
372.05
446.91
446.48
937,57

Standard
deviation
8.70
14.24
167
511
144
528

48 h



Table D25 ...

CM-chitin
content (%)
20
40
50
60
80
100

ofswell

Degree of swelling (%)

X
80.76
115.39
296.88
369.23
437.50
817.50

X2
8261
117.95
303.13
359.56
42340
603.03

X3
88.00
126.14
300.00
352.00
430.00
807.69

ing ofblend film s in H buffer solution H

Average

83.19
119.83
300.00
358.93
430.30
609.41

Standard
deviation
3.76
5.62
313
9.10
7.05
1.39

Table D3 Degree of swelling of blend films in pH buffer solution pH = 5

CM-chitin
content (%)
20
40
50
60
80
100

Degree of swelling (%)

X
62.00
115.00
281.88
363.64
319.05
14167

X2
42.86
11411
218.13
369.39
317.24
14118

X3
50.00
112.00
218.95
370.00
323.53
144.83

Average

51.62
113.90
281.65
366.34
319.94
142.56

Standard
deviation
9.67
1.65
b4l
329
3.24
1.98



Table D4, ., ..

CM-chitin
content (%)
20
40
50
60
80
100

ofswell

ing o

fblend film s in

Degree of swelling (%)

X
28.57
94.23
214.19
313.04
321.10
112.50

X2
30.44
100.00
214.29
312.50
334.04
720.00

X3
28.57
1n
214.23
313.79
33171
705.00

Average

29.19
102.00
214.24
31311
330.95
112.50

Standard
deviation
1.08
8.94
0.05
0.65
353
750

Table D5 Degree of swelling of blend films in pH buffer solution pH = 7

CM-chitin
content (%)
20
40
50
60
80
100

Degree of swelling (%)

X
10.53
10741
210.35
313.04
312.22
687.50

X2
16.00
95.24

214.29
312.50
389.29
674.42

X3
12.00
90.24

217.24
313.79
3688.89
675.56

Average

12.84
97.63
213.96
31311
38347
679.16

Standard
deviation
283
8.83
346
0.65
9.74
1.5



Table D60egree ofswelling ofblend film s in pH buffer solution pH = 8

CM-chitin Degree of swelling (%) Average  Standard

content (%) X X2 X3 deviation
20 4500 444 5714 48.86 1.18
40 10968 10476 11035 10826 3.05
50 30278 31667 29857  306.01 9.47
60 306.67 34667 37667 36333 15.28

60 41750 43333 42564 42549 192
100 61053 80435 81250  809.12 4.25

Table D7 Degree of swelling of blend films in pH buffer solution pH =9

CM-chitin Degree of swelling (%) Average  Standard

content (%) X X2 X3 deviation
20 21 833 T2 79.29 350
40 12027 12619 12500 12682 2.20
50 31429 31064 30900 3113 211
60 49.77 52500 50000  507.26 1545
80 660.00 67250 66250  665.00 6.61

100 113250 112895 114731 1136.21 9.77



Table D8Degree ofswelling ofblend film s in pH buffer solution pH = 10

CM-chitin Degree of swelling (%) Average  Standard

content (%) X X2 X3 deviation
20 10769 10556 11111 10812 2.80
40 13044 13158 13125 13109 0.59
50 36280 36186 36471 36314 145
60 70000 71818 70417 70745 9.53
80 17333 7823 75909 77159 1173

100 127865 126571 128372  1282.69 3.64

Table D9 Degree of swelling of CM-chitin/silk fibroin: 50/50 in pH buffer solution
pH=3

Glutaraldehyde Degree of swelling (%) Average  Standard
content (%) X X2 X3 deviation
0.005 81429 83750 82500  825.60 11.62
0.01 471 37143 38000 37205 1.67
0.05 13420 13611 14324 13786 4.76

Table DIO Degree of swelling of CM-chitin/silk fibroin: 50/50 in pH buffer solution
pH =4

Glutaraldehyde Degree of swelling (%) Average  Standard
content (%) X X2 X3 deviation
0.005 3265 54000 5339  535.54 392
0.01 206.88 30313  300.00  300.00 313
0.05 17857 17407 16546 17270 6.67



TableD” Degree ofswelling ofCM -chitin/silk fibroin: 50/50 in pH buffer solution

pH =5

Glutaraldehyde Degree of swelling (%) Average  Standard
content (%) X X2 X3 deviation
0.005 B36.67 53750 - 211 53876 293
0.01 287.88 30313 30000  297.00 8.05
0.05 15217 13878 14583 14559 6.70

Table D12 Degree of swelling of CM-chitin/silk fibroin: 50/50 in pH buffer solution
pH=6

Glutaraldehyde Degree of swelling (%) Average  Standard
content (%) X X2 X3 deviation
0.005 51579 53529 52000 52369 10.26
0.01 21419 27429 27423 21424 0.05
0.05 12000 11143 11795 11646 448

Table D13 Degree of swelling of CM-chitin/silk fibroin: 50/50 in pH buffer solution
pH=7

Glutaraldehyde Degree of swelling (%) Average  Standard
content (%) X X2 X3 deviation
0.005 52000 52400 53636  526.79 8.53
0.01 20035 21429 21724 2139 346
0.05 12353 13103 13092 12850 430



Table D14Degree ofswelling ofCM -chitin/silk fibroin: 50/50 in pH buffer solution

pH = 8

Glutaraldehyde Degree of swelling (%) Average  Standard
content (%) X X2 X3 deviation
0.005 65263  647.83 64444 64330 411
0.01 26410 26111 26571  263.64 2.34
0.05 16452 1576 16250  167.59 1.14

Table D15 Degree of swelling of CM-chitin/silk fibroin: 50/50 in pH buffer solution
pH=9

Glutaraldehyde Degree of swelling (%) Average  Standard
content (%) X X2 X3 deviation
0.005 885.71 89091 88750  883.04 2.64
0.01 31429 31064 31290 31261 184
0.05 18056 18214 18718 18329 3.46

Table D16 Degree of swelling of CM-chitin/silk fibroin: 50/50 in pH buffer solution
pH =10

Glutaraldehyde Degree of swelling (%) Average  Standard
content (%) X X2 X3 deviation
0.005 894.12 90000 91875  904.29 12.86
0.01 36286  36L77  B471 363l 149
0.05 22000 21111 22308 218.06 6.21



Table D17 cvieciorime o

= 6 and

10

10

| ion pH

Time
(min)
30
60
%0
120
150
180
210
240
210
300
330
360
390
420

de

pH

gree o fs e llin o f M c hitin/silk fibroin 5 5 in

= 10

Degree of swelling (%)

Xl
285.71
214.29
214.23
362.86
362.86
362.86
268.57
268.57
268.57
368.57
368.57
365.71
267.74
214.19

X2
214.19
21742
267.74
35161
35161
358.07
261.29
261.29
261.29
367.74
314.19
367.74
21742
290.32

X3
216.47
290.91
296.77
35161
361.77
361.77
216.47
21941
280.65
358.07
364.71
364.71
218.79
28485

Average

218.79
280.87
279.58
355.36
358.75
360.90
268.78
269.76
210.17
364.79
369.16
366.05
274.65
283.12

Standard
deviation
6.10
8.83
15.24
6.49
6.20
251
759
9.12
9.78
5.84
411
155
6.02
8.20



APPENDIX E Effect of Salt Type on Swelling Behavior of the Blend Films
Table El Degree of swelling of blend films in 0.25 M LiCl

CM-chitin Degree of swelling (%) Average  Standard

content (%)  XI X2 X3 deviation
20 0556 5716 5345 55.39 186
40 16250 16286 17667  167.34 8.08
50 3857 3MB6H 34750 34824 0.64
60 87885 86042 88154  873.60 1150
80 44000 45000 44286 44429 5.15
100 71667 70833 69310  706.03 11.95

Table E2 Degree of swelling ofblend films in 0.25 M NaCl

CM-chitin Degree of swelling (%) Average  Standard

content (%)  XI X2 X3 deviation
20 4667 4167 5556 47,96 7.03
40 14722 15143 14516 14194 3.19
50 4500 42143 42963 42535 411
60 90145 92407 91105 91219 11.36
80 42178 42903 42083 425.88 442
100 83125 83846 84706 83892 191



Table E3 ., ..

CM-chitin
content (%)
20
40
50
60
80
100

e ofswell

ing o

fblend film s in

Degree of swelling (%)

X
35.00
166.67
362.86
846.24
375.00
593.33

X2
30.00
160.53
369.23
887.23
384.44
612.00

X3
40.00
162.21
37593
865.55
318.95
61L.77

Average

35.00
163.16
369.34
866.34
379.46
605.70

Table E4 Degree of swelling ofblend films in 0.25 M FeCh

CM-chitin

content (%)

20
40
50
60
80
100

Degree of swelling (%)

X
30453
133.333
268.966
473.469
346.087
608.333

X2
31.818
126.824
218.947
477.183
344.565
613.158

X3
43.478
131.047
218.125
413.011
349.206
582.353

Average

35.250
131.068
215.346
414576
346.619
601.261

Standard
deviation
5.00
317
6.54
2051
4.74
10.71

Standard
deviation
7.159
2.255
5541
2.266
2.366
16.569



Table E5 Degree of swelling of blend films in water

CM-chitin EWC (%) Average  Standard
content (%) X X2 X3 deviation
20 11.78 17.8 66.67 14,07 641

40 15000 15500 14583 150.28 4,59
50 18000 18125  166.67 175.97 8.08
60 18333 18750 19615 189.00 6.54
80 543 25238 25310 25328 1.00
100 53824 55588 04324 54579 9.09

APPENDIX F Mechanical Properties of the Blend Films
Table FI Tensile strength of the blend films

CM-chitin Tensile strength (MPa) Average  Standard

content (%)  XI X2 X3 deviation
20 2.84 2.45 5.56 362 1.69
40 1543 1421 15.54 15.06 0.74
50 1557 14.99 1571 1542 0.38
60 18.13 18.80 21.13 19.35 157
80 2157 18,61 2197 20.71 183
100 2800 229 26.95 25.96 2.68



Table F2 Tensile strength of the blend film with containing 0.01% glutaraldehyde

CM-chitin Tensile strength (MPa) Average  Standard

content (%) XI X2 X3 deviation
20 6.45 9.96 5.96 1.46 2.18
40 18.97 1191 1581 15.56 354
50 20.71 17.14 16.25 18.03 2.36
60 2380 2570 24.88 24.19 0.95
80 2605 2177 26.98 26.94 0.86
100 2086 2598 3167 29.17 291

Table F3 Elongation at break of the blend film

CM-chitin Elongation (%) Average  Standard

content (%)  XI X2 X3 deviation
20 159 134 124 1.39 0.18
40 2.05 181 1% 194 0.12
50 191 2.16 2.33 2.13 0.2
60 2.65 2.5 1% 2.38 0.38
80 303 251 211 2.15 0.26
100 2.95 3.14 3.29 313 0.17



Table F4 Elongation at break of the blend film with containing 0.01%

glutaraldehyde

CM-chitin
content (%)
20
40
50
60
80
100

APPENDIX G
Table G1 Decomposition temperature of pure and blend films

Elongation (%)
X X2 X3
0.71 1.26 124
2.18 156 194
241 1.86 188
1.69 2.13 187
2.15 2.04 209
3.06 3.04 313

Average

107
1.89
2.05
190
2.09
3.08

CM-chitin - Decomposition temperature (°C) - Average

content (%)

0

20
40
50
60
80
100

Xl
299.34
292.93
289.54
284.49
219.45
269.09
265.10

X2
299.33
292.62
286.34
284.48
219.42
269.30
265.90

299.34
292.78
287.94
284.49
219.44
269.20
265.80

Standard
deviation
031
031
031
0.22
0.06
0.05

Standard
deviation

0.01
0.2
2.26
0.01
0.02
0.15
0.14
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