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APPENDICES

Appendix A Carbon and Nitrogen Content

Table A1 C arb on  and n itro g en  c o n ten t o f  C H N S  a n a ly z e r  o f  C M -c h itin

C M -C .h itin %c % N

1) 3 9 .1 7 5 .3 5
2) 3 9 .5 9 5 .5 8
3) 3 9 .6 8 5 .71

A v e r a g e 3 9 .4 8 5 .5 5
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Appendix B Molecular Weight of CM-Chitin

Table B1 T im e  o f  f lo w  o f  C M -c h itin  so lu tio n  w ith  d ifferen t c o n c e n tr a tio n  o f  N a C l

C o n cen tra tio n  o f  N a C l T im e H o A v e r a g e
0  % w /w  (To) 1 0 4 .1 0

1 0 4 .0 2
1 0 3 .8 0

0 .0 5  % w /w 1 4 7 .3 3 1 .42 1.41
1 4 6 .3 3 1.41
1 4 5 .6 3 1 .40

0.1 % พ /พ 198.51 1.91 1 .90
1 9 7 .3 3 1 .90
1 9 7 .4 6 1 .90

0 .1 5  % w /w 2 7 8 .9 1 2 .6 8 2 .6 9
2 8 0 .0 9 2 .6 9
2 7 8 .9 5 2 .6 8

0 .2  % พ /พ 3 7 4 .6 2 3 .6 0 3 .6 0
3 7 3 .5 9 3 .5 9
3 7 4 .7 0 3 .6 0

0 .3  % พ /พ 6 7 9 .5 0 6 .5 4 6 .5 5
6 8 0 .1 5 6 .5 4
6 8 2 .0 5 6 .5 6
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Figure B1 T im e  o f  f lo w  and co n cen tra tio n  c u rv e  o f  C M -c h it in  so lu tio n
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Appendix c  P ro te in  C o n ten t A n a ly s is  o f  N atu ra l R u b b er  L a tex  

Table Cl P ro te in  c o n ten t o f  standard sa m p le s

C o n cen tra tio n  (u g /m l) A b so rb a n ce
0 0 .2 2 7 6
1 0 .2 2 7 8
5 0 .2 3 7 0

25 0 .2 5 5 3
125 0 .3 5 5 5
2 5 0 0 .4 5 1 2
5 0 0 0 .6 7 6 4
7 5 0 0 .8 4 0 1
1 0 0 0 1 .0 9 8 2
1 5 0 0 1 .3 8 4 8
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Figure Cl Calibration curve of protein content.
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Appendix D Average Diameter of Natural Rubber Phase in Blend Films

Table D1 Average diameter of natural rubber phase in blend films

Composition
CM-Chitin/Natural Rubber Size (pm) Amount Average SD

90/10 1 52 1.13 0.34
2 8

80/20 1 141 1.15 0.32
2 19

70/30 2 12 2.77 0.86
3 9
4 4
5 1

60/40 2 4 4.17 1.48
3 13
4 11
5 7
6 5
7 3
8 1
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Appendix E The Mechanical Testing of the CM-Chitin/Natural Rubber Blend Films

Table El Tensile strength of the CM-chitin/natural rubber blend films

Composition Tensile Strength Average SD
CM-Chitin/Natural Rubber (MPa) (MPa)

100/0, (pure CM-chitin) 74.09
65.52
68.28
71.96
69.47

90/10 65.34
68.08
66.60
64.72
67.45

80/20 46.62
49.20 
40.85 
49.29 
46.37

46.66 
39.91 
41.80
37.66 
38.83

69.86 3.31

66.44 1.41

46.47 3.43

70/30 40.97 3.52
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Composition
CM-Chitin/Natural Rubber

Tensile Strength Average SD 
(MPa) (MPa)

60/40 29.69 30.10 2.34 
27.77 
30.59 
33.82 
28.62

0/100, (pure natural rubber) 0.81 0.83 0.09
0.80
0.82
0.98
0.76
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Table E2 Elongation at break of the CM-chitin/natural rubber blend films

Composition Elongation at Break Average SD
CM-Chitin/Natural Rubber (%) (%)

100/0, (pure CM-chitin) 6.33 6.32 0.57
6.71
6.73
5.35
6.48

90/10 8.93 9.48 0.36
9.70
9.68
9.79
9.30

80/20 11.66 10.85 0.53 
10.48 
10.38 
10.61 
11.11

70/30 7.51 7.53 0.67
7.03
6.74
7.99
8.37
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Composition Elongation at Break Average SD
CM-Chitin/Natural Rubber (%) (%)

60/40 7.43 7.52 0.30
7.86
7.64
7.62
7.05

0/100, (pure natural rubber) 541.05 572.35 35.55
568.00
616.64
600.12
535.96
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Table FI Tensile strength of the CM-chitin/natural rubber/glycerol blend fdms

Appendix F The Mechanical Testing of the CM-Chitin/Natural Rubber /Glycerol
Blend Films

Composition Tensile Strength Average SD
CM-Chitin/Natural Rubber/Glycerol (MPa) (MPa)

80/20/0 46.62 46.47 3.43
49.20
40.85 
49.29 
46.37

80/20/10 61.07 57.90 2.06
58.33
56.19 
55.93 
57.96

80/20/20 45.31 43.79 1.69
42.17
42.85 
42.71 
45.92

34.83 
32.98
34.33 
36.70
33.11

80/20/30 34.39 1.51
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Table F2 Elongation at break of the CM-chitin/natural rubber/glycerol blend films

Composition Elongation at Break Average SD
CM-Chitin/Natural Rubber/Glycerol (%) (%)

80/20/0 11.66 10.85 0.53 
10.48 
10.38 
10.61 
11.11

80/20/10 29.08 28.05 1.93
26.34
27.04
26.83
30.94

80/20/20 36.25 37.28 1.17
36.45
37.59
36.94
39.15

80/20/30 48.05 50.10 1.44
51.11
51.21
49.10
51.03
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Table G1 Tensile strength of the crosslinked CM-chitin/natural rubber/glycerol 
blend films

Appendix G The Mechanical Testing of the Crosslinked CM-Chitin/Natural Rubber
/Glycerol Blend Films

Crosslinking Time Tensile Strength Average SD
(min) (MPa) (MPa)

0

15

30

45

41.01 41.89 2.84
40.14
41.42
40.02 
46.87

44.38 43.85 2.21
41.34
44.75
46.80
42.00

45.44 44.85 2.49
40.84
46.16
47.40
44.40

53.19 48.31 3.20
49.43 
46.10 
45.04 
47.78
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Crosslinking Time 
(min)

Tensile Strength 
(MPa)

Average
(MPa)

SD

60 67.18 71.64 6.90
64.12
81.91
74.37
70.61
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Table G2 Elongation at break of the crosslinked CM-chitin/natural rubber/giycerol 
blend fdms

Crosslinking Time Elongation at Break Average
(min)

SD

0

15

30

45

49.66 44.26 3.40
41.37
41.85
45.43
42.99

38.42 37.17 1.00
37.73 
36.91
35.73
37.06

29.26 29.56 1.04
27.95 
29.72
30.67 
30.18

23.41 22.13 2.10
20.07
21.96 
20.22 
24.98
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Crosslinking Time 
(min)

Elongation at Break 
(%)

Average
(%)

SD

60 6.77 6.87 1.02
8.00
6.16
5.64
7.79
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