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APPENDICES

Appendix A The composition of materials

Figure AL Natural rubber is more than 21 grams.



Figure A2 Emulsion content is more than natural rubber content

5



Figure A3 Natural rubber and emulsion (Don’t have chitin whisker content).
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Appendix B The bionanocomposite films

Figure BL The product of this research.



Figure B2 The transparency film.
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Appendix C Protein Content Analysis of Natural Rubber Latex
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Figure CI Calibration curve of protein content.
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Appendix D The Mechanical Testing of the nanocomposite films

Table D1 Tensile strength of nanocomposite films

Samples  Tensile strength (MPa) Average (MPa)

A3 0.3176
A3 0.3109
A3 0.3008
A3 0.2914 0.3052 0.0115
A2 0.2362
A2 0.2097
A2 0.2238
A2 0.2091 0.2197 0.0129
Al 0.1872
Al 0.1926
Al 0.1893
Al 0.1804 0.1874 0.0051
B3 0.3853
B3 0.3782
B3 0.3900
B3 0.3921
B3 0.3824 0.3856 0.0056
B2 0.2644

B2 0.2744



Samples

B2
B2
B2
Bl
Bl
Bl
Bl
C3
C3
C3
C3
C3
C2
C2
C2
C2
C2
Cl
Cl
Cl
Cl
Cl

Tensile strength (MPa)

0.2969
0.2734
0.2941
0.2319
0.2360
0.2216
0.1722
0.4789
0.4453
0.4419
0.4803
0.4905
0.3678
0.3532
0.3831
0.3433
0.3563
0.2303
0.2560
0.2720
0.2399
0.2341

Average (MPa)

0.2806

0.2154

0.4674

0.3607

0.2465

SD

62

0.0141

0.0295

0.0222

0.0152

0.0173



Table D2 Elongation at break of nanocomposite films

Samples

A3
A3
A3
A3
A2
A2
A2
A2
Al
Al
Al
Al
B3
B3
B3
B3
B3
B2
B2
B2

Elongation at break

(%)

24551
241.46
244 84
250.43
265.89
266.32
269.06
264.16
28543
288.00
275.98
289.24
220.06
227.38
229.66
22477
232.98
24138
244 85
248.29

Average (%)

245.56

266.36

284.66

226.97

SD

63

3.70

2.03

4.90



Samples

B2
B2
B1
B1
Bl
Bl
C3
C3
C3
C3
C3
C2
C2
C2
C2
C2
Cl
Cl
Cl
Cl
Cl

Elongation at break

(%)

256.77
249.08
263.17
267.31
268.82
2170.06
216.03
212.91
219.85
217.32
213.22
240.03
240.10
238.10
241.85
238.50
248.33
24731
245.13
250.56
250.15

Average (%)

248.07

267.34

215.88

239.72

248.30

SD

64

5.74

3.00

2.89

1.49



Appendix E Characteristic of coconut oil
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Figure EI The UV-VIS spectrophotometer at the wavelength of 287 nm.



y = 0.1899x + 0.0755

Figure E2 Calibration curve of coconut oil
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Appendix F Oil releasing behavior

Table F1I

Time
(min.)

15

30

45

60

120
180
240
300
360
420
480
540
600
120

840

% oil release of Al

8.62

11.43

14.24

18.84

22.35

24.85

28.29

32.45

36.09

38.95

42.76

46.35

50.49

54.42

58.74

% oil release

11.38

14.29

18.78

22.35

24.86

28.29

3241

36.06

38.97

42.79

46.36

50.49

54 .43

58.74

Al

8.65

11.42

14.28

18.81

22.37

24.8

28.21

32.43

36.07

38.95

42.80

46.36

50.47

54.39

58.76

Average

8.65
1141
14.27
18.81
22.36
24.84
28.28
32.43
36.07
38.96
42.78
46.36
50.48
54.41

58.75

SD

0.030

0.026

0.026

0.030

0.012

0.032

0.012

0.020

0.015

0.012

0.021

0.006

0.012

0.021

0.012
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Time

(min.)

960

1080

1200

1320

1440

1560

1680

1800

1920

2040

2160

2280

2400

2520

2640

2760

2880

63.32

67.18

71.53

75.63

79.60

83.90

88.36

88.36

88.36

88.36

88.36

88.36

88.36

88.36

88.36

88.36

88.36

% oil release

63.30

67.20

71.54

75.60

79.63

83.90

88.34

88.34

88.34

68.34

88.34

88.34

88.34

88.34

88.34

88.34

88.34

Al

63.35

67.16

71.53

15.62

79.56

83.83

88.35

68.35

88.35

88.35

88.35

88.35

88.35

88.35

88.35

88.35

88.35

Average

63.32

67.18

7153

75.62

79.60

63.88

88.35

88.35

88.35

88.35

88.35

88.35

88.35

88.35

88.35

88.35

88.35

SD

0.025

0.020

0.006

0.015

0.035

0.040

0.010

0.010

0.010



Table F2 % oil release of A2

Time
(min.)

15

30

45

60

120
180
240
300
360
420
480
540
600
120
840

960

1.65

10.4

13.69

16.75

20.51

23.72

26.58

29.83

33.4

36.79

39.87

44.15

47.62

50.46

54.3

58.94

% oil release

1.66

10.36

13.71

16.79

20.47

23.1

26.59

29.8

33.37

36.78

39.93

44.12

47.63

50.44

54.27

58.97

A2

1.64

10.39

13.71

16.78

20.49

23.69

26.56

29.81

33.37

36.76

39.9

4413

47.6

50.46

54.28

58.97

Average

1.65
10.38
13.70
16.77
20.49
23.70
26.58
29.81
33.38
36.78
39.90
4413
47.62
50.45
54.28

58.96

SD

0.010

0.021

0.012

0.021

0.020

0.015

0.015

0.015

0.017

0.015

0.030

0.015

0.015

0.012

0.015

0.017
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Time
(min.)

1080
1200
1320
1440
1560
1680
1800
1920
2040
2160
2280
2400
2520
2640
2760

2880

63.15

67.31

71.64

75.79

79.84

84

84

84

84

84

84

84

84

84

84

84

% oil release

63.11

67.33

71.68

75.75

79.85

84.04

84.04

84.04

84.04

84.04

84.04

84.04

84.04

84.04

84.04

84.04

A2

63.14

67.33

71.65

15.17

79.86

84.03

84.03

84.03

84.03

84.03

84.03

84.03

84.03

84.03

84.03

84.03

Average

63.13
67.32
71.66
1511
79.85
84.02
84.02
84.02
84.02
84.02
84.02
84.02
84.02
84.02
84.02

84.02

SD

0.021



Table F3 % oil release of A3

Time
(min.)

15

30

45

60

120

180

240

300

360

420

480

540

600

120

840

960

6.8

8.59

12.19

14.24

17.56

20.01

22.95

25.87

29.28

32.14

36.86

40.43

4407

47.89

52.15

56.79

% oil release

6.79

8.55

12.2

14.27

17.6

19.97

22.92

25.84

29.25

32.16

36.84

40.44

44.05

47.89

52.18

56.78

A3

6.81

8.56

12.18

14.26

17.59

19.99

22.92

25.85

29.28

32.16

36.85

40.43

44.06

47.87

52.16

56.78

Average

6.8
8.57
12.19
14.26
17.58
19.99
22.93
25.85
29.27
32.15
36.85
40.43
44.06
47.88
52.16

56.78

0.010

0.021

0.010

0.015

0.021

0.020

0.017

0.015

0.017

0.012

0.010

0.006

0.010

0.012

0.015

0.006

i



Time
(min.)

1080
1200
1320
1440
1560
1680
1800
1920
2040
2160
2280
2400
2520
2640
2760

2880

61.53

65.49

69.74

74.4%5

77.89

81.32

81.32

81.32

81.32

81.32

81.32

81.32

81.32

81.32

81.32

81.32

% oil release

61.51

65.46

69.7

14.42

17.85

81.33

81.33

81.33

81.33

81.33

81.33

81.33

81.33

81.33

81.33

81.33

A3

61.52

65.48

69.71

1443

17.86

81.35

81.35

81.35

81.35

81.35

81.35

81.35

81.35

81.35

81.35

81.35

Average

61.52
65.48
69.72
7443
11.87
81.33
81.33
81.33
81.33
81.33
81.33
81.33
81.33
81.33
81.33

81.33

SD

0.010

0.015

0.021

0.015

0.021

0.015

0.015

0.015

0.015

0.015

0.015

0.015

0.015

0.015

0.015

0.015



Table F4 % oil release of B 1

Time
(min.)

15
30
45
60
120
180
240
300
360
420
480
540
600
120
840

960

7.65

10.92

13.42

15.49

19.43

22.19

2543

28.45

32.37

36.54

39.65

43.86

48.6

51.75

55.84

59.14

% oil release

7.68

10.87

13.45

15.54

19.42

22.23

25.39

28.43

32.34

36.57

39.67

43.85

48.65

51.74

55.79

59.14

Bl

7.65

10.89

1341

15.51

19.4

22.17

2541

28.42

i

36.55

39.63

43.84

48.62

51.72

55.82

59.12

Average

1.66
10.89
11.43
15.51
19.42
22.20
2541
28.43
32.35
36.55
39.65
43.85
48.62
51.74
55.82

59.13

SD

0.017

0.025

0.021

0.025

0.015

0.031

0.020

0.015

0.021

0.015

0.020

0.010

0.025

0.015

0.025

0.012

13



Time
(min.)

1080
1200
1320
1440
1560
1680
1800
1920
2040
2160
2280
2400
2520
2640
2760

2880

62.84

66.37

69.84

73.56

77.69

81.57

85.11

85.11

85.11

85.11

85.11

85.11

85.11

85.11

85.11

85.11

% oil release

62.83

66.36

69.83

73.56

1.1

81.54

85.08

85.08

85.08

85.08

85.08

85.08

85.08

85.08

85.08

85.08

Bl

62.85

66.35

69.81

13.54

17.68

81.55

85.09

85.09

85.09

85.09

85.09

85.09

85.09

85.09

85.09

85.09

Average

62.84
66.36
69.83
73.55
77.69
81.55
85.09
85.09
85.09
85.09
85.09
85.09
85.09
85.09
85.09

85.09

SD

0.010

0.010

0.015

0.012

0.010

0.015

0.015

0.015

0.015

0.015

0.015

0.015

0.015

0.015

0.015

0.015



Table F5 % oil release of B2

Time
(min.)

15
30
45
i 60
120
180
240
300
360
420
480
540
600
720
840

960

6.58

9.58

11.89

1421

18.05

20.95

23.87

26.82

30.1

34.34

37.78

41.93

46.25

49.88

53.5

56.82

% oil release

6.57

9.61

1191

14.15

18.03

20.92

23.89

26.8

30.12

34.36

37.75

41.95

46.2

49.9

53.45

56.87

6.56

9.6

11.87

14.18

18.01

20.92

23.86

26.79

30.11

34.34

37.76

41.92

46.23

49.88

53.48

56.82

Average

6.57

9.60

11.89

14.18

18.03

20.93

23.87

26.80

30.11

34.35

37.76

41.93

46.23

49.89

53.48

56.84

SD

0.010

0.015

0.020

0.030

0.020

0.017

0.015

0.015

0.010

0.012

0.015

0.015

0.025

0.012

0.025

0.029



Time
(min.)

1080
1200
1320
1440
1560
1680
1800
1920
2040
2160
2280
2400
2520
2640
2760

2880

60.13

63.4

66.45

70.24

3.3

76.93

80.34

80.34

80.34

80.34

80.34

80.34

80.34

80.34

80.34

80.34

% oil release

60.12

63.34

66.46

70.2

73.34

76.89

80.27

80.27

80.27

80.27

80.27

80.27

80.27

80.27

80.27

80.27

B2

60.1

63.37

66.44

70.23

13.29

76.91

80.32

80.32

80.32

80.32

80.32

80.32

80.32

80.32

80.32

80.32

Average

60.12
63.37
66.45
70.22
73.31
76.91
80.31
80.31
80.31
60.31
80.31
80.31
80.31
80.31
80.31

80.31

SD

0.015

0.030

0.010

0.021

0.026

0.020

0.036

0.036

0.036

0.036

0.036

0.036

0.036

0.036

0.036

0.036



Table F6 % oil release of B3

Time
(min.)

15

30

45

60

120

180

240

300

360

420

480

540

600

120

840

960

6.23

9.15

11.23

13.45

17.28

19.56

22.26

26.21

29.69

33.89

37.49

41.65

45.26

49.53

53.39

56.62

% oil release

6.25

9.13

11.26

135

17.24

19.57

22.24

26.24

29.74

33.89

37.49

41.65

45.27

49.54

53.42

56.59

B3

6.26

9.13

11.25

13.48

17.27

19.59

22.24

26.19

29.68

33.86

37.48

41.63

45.24

4951

53.38

56.61

Average

6.25

9.14

11.25
13.48
17.26
19.57
22.25
26.21
29.70
33.88
37.49
41.64
45.26
49.53
53.40

56.61

SD

0.015

0.012

0.015

0.025

0.021

0.015

0.012

0.025

0.032

0.017

0.006

0.012

0.015

0.015

0.021

0.015

Il



Time
(min.)

1080
1200
1320
1440
1560
1680
1800
1920
2040
2160
2280
2400
2520
2640
2760

2880

60.13

63.4

66.45

70.24

733

76.93

80.34

80.34

80.34

80.34

80.34

80.34

80.34

80.34

80.34

80.34

% oil release

60.12

63.34

66.46

70.2

73.34

76.89

80.27

80.27

80.27

80.27

80.27

80.27

80.27

80.27

80.27

80.27

B3

60.1

63.37

66.44

70.23

73.29

76.91

80.32

80.32

80.32

80.32

80.32

80.32

80.32

80.32

80.32

80.32

Average

60.12
63.37
66.45
70.22
7331
76.91
80.31
80.31
80.31
80.31
80.31
80.31
80.31
80.31
80.31

80.31

SD

0.015

0.030

0.010

0.021

0.026

0.020

0.036

0.036

0.036

0.036

0.036

0.036

0.036

0.036

0.036

0.036



Table F7 % oil release of Cl

Time
(min.)

15
30
45
60
120
180
240
300
360
420
480
540
600
720
840

960

16.97

19.63

22.55

21.57

32.59

37.61

42.2

46.33

50.9

54.74

58.55

63.33

68.78

13.12

78.56

% oil release

12.01

16.98

19.65

22.56

27.59

32.58

37.6

4221

46.35

50.83

54.72

58.59

63.28

68.79

73.1

78.55

Cl

12.03

16.95

19.61

22.53

21.56

32.57

37.6

42.23

46.33

50.86

54.71

58.53

63.29

68.76

13.11

78.54

Average

12.01
16.97
19.63
22.55
21.57
32.58
37.60
42.21
46.34
50.86
54.72
58.56
63.30
68.78
73.11

78.55

SD

0.015

0.015

0.020

0.015

0.015

0.010

0.006

0.015

0.012

0.035

0.015

0.031

0.026

0.015

0.010

0.010

19



Time
(min.)

1080
1200
1320
1440
1560
1680
1800
1920
2040
2160
2280
2400
2520
2640
2760

2880

60.13

63.4

66.45

710.24

73.3

76.93

80.34

80.34

80.34

80.34

80.34

80.34

80.34

80.34

80.34

80.34

% oil release

60.12

63.34

66.46

710.2

13.34

76.89

80.27

80.27

80.27

80.27

80.27

80.27

80.27

80.27

80.27

80.27

Cl

60.1

63.37

66.44

70.23

73.29

76.91

80.32

80.32

80.32

80.32

80.32

80.32

80.32

80.32

80.32

80.32

Average

60.12
63.37
66.45
710.22
713.31
76.91
80.31
80.31
80.31
80.31
80.31
80.31
80.31
80.31
80.31

80.31

SD

0.015

0.030

0.010

0.021

0.026

0.020

0.036

0.036

0.036

0.036

0.036

0.036

0.036

0.036

0.036

0.036



Table F§ % oil release of C2

Time
(min.)

15

30

45

60

120
180
240
300
360
420
480
540
600
120
840

960

10.57

15.52

18.75

215

2521

29.63

33.46

37.89

42 .37

47.15

51.9

55.65

59.3

63.7

68.15

73.15

% oil release

10.6

15.54

18.79

21.48

25.16

29.62

33.45

37.9

42 31

47.19

51.87

55.65

59.32

63.7

73.15

C2

10.55

15.55

18.73

21.46

25.19

29.6

33.43

37.91

42.35

47.14

51.89

55.63

59.29

63.67

68.12

73.1

Average

10.57
15.54
18.76
21.48
25.19
29.62
33.45
37.90
42.34
47.16
51.89
55.64
59.30
63.69
68.12

73.13

SD

0.025

0.015

0.031

0.020

0.025

0.015

0.015

0.010

0.031

0.026

0.015

0.012

0.015

0.017

0.025

0.029

6l



Time
(min.)

1080
1200
1320
1440
1560
1680
1800
1920
2040
2160
2280
2400
2520
2640
2760

2880

60.13

63.4

66.45

70.24

13.3

76.93

80.34

80.34

80.34

80.34

80.34

80.34

80.34

80.34

80.34

80.34

% oil release

60.12

63.34

66.46

710.2

713.34

76.89

80.27

80.27

80.27

80.27

80.27

80.27

80.27

80.27

80.27

80.27

C2

60.1

63.37

66.44

10.23

713.29

76.91

80.32

80.32

80.32

80.32

80.32

80.32

80.32

80.32

80.32

80.32

Average

60.12
63.37
66.45
70.22
713.31
76.91
80.31
80.31
80.31
80.31
80.31
80.31
80.31
80.31
80.31

80.31

SD

0.015

0.030

0.010

0.021

0.026

0.020

0.036

0.036

0.036

0.036

0.036

0.036

0.036

0.036

0.036

0.036



Table F9 % oil release of C3

Time
(min.)

15
30
45
60
120
180
240
300
360

420
480
540
600
120
840

960

9.4

14.88

17.9

20.93

23.88

21.32

31.85

35.9

39.84

44.46

48.9

52.75

56.65

60.93

65.01

68.73

% oil release

9.35

14.9

17.84

20.98

23.85

27.34

31.81

35.86

39.9

44.5

48.93

52.75

56.62

60.86

64.97

68.76

C3

9.38

14.85

17.88

20.96

23.85

27.35

31.84

35.91

39.87

44 .47

48.91

52.74

56.65

60.9

64.98

68.77

Average

9.38
14.88
17.87
20.96
23.86
27.34
31.83
35.89
39.87
44.48
48.91
52.75
56.64
60.90
64.99

68.75

SD

0.025

0.025

0.031

0.025

0.017

0.015

0.021

0.026

0.030

0.021

0.015

0.006

0.017

0.035

0.021

0.021



Time
(min.)

1060
1200
130
1440
1560
1680
1800
1920
2040
2160
2260
2400
2520
2640
2760
2860

1225
75.96
19.58
81

86.45
86.45
86.45
86.45
86.45
86.45
86.45
86.45
86.45
86.45
86.45
86.45

% oil release

1225
15.98
79.99
83.09
86.47
86.47
86.47
86.47
86.47
86.4/7
86.47
86.47
86.47
86.47
86.47
86.47

G

12.24
5.9
19.56
8307
86.43
86.43
6643
86.43
66.43
86.43
86.43
66.43
86.43
86.43
86.43
86.43

Average

1225
75.96
19.58
83.09
86.45
86.45
86.45
86.45
86.45
86.45
86.45
86.45
86.45
86.45
86.45
86.45

D

0.006
0.015
0.015
0.015

0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020

0.020



Appendix G The degree of swelling and the percentage of weight loss

Table G1 The degree of swelling for 6,12 and 24 h

Samples 6 12 24
Al 386 6.84 1230
A2 359 641 1182
A3 3.16 6.28 11.20
Bl 291 6.14 1090
B2 282 5.84 1041
B3 244 538 10
Cl 440 7.30 1367
C2 4.9 1 B2

C3 4 6.92 1285



Table GL The percentage of weight loss for 6,12 and 24 h

Samples
Al
A2
A3
Bl
B2
B3
Cl
2
a3

6

0.96
0.92
0.86
0.7
0.64
0.30
125
1.22

1.12

267
2.60
217
19
157
134
337
312
3.07

24
2.9
2.19
241
2.02
197
18/
351
3.38
3.14

86
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