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A P P E N D I C E S

A p p e n d ix  A  T h e  c o m p o s it io n  o f  m a te r ia ls

F ig u r e  A 1 N a tu ra l ru b b e r  is m o re  th an  21 g ra m s .
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F ig u r e  A 2  E m u ls io n  c o n te n t is m o re  th a n  n a tu ra l  ru b b e r  c o n te n t
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F ig u r e  A 3  N a tu ra l ru b b e r  a n d  e m u ls io n  ( D o n ’t h a v e  c h itin  w h is k e r  c o n te n t) .



Appendix B The bionanocomposite films

F ig u r e  B1 T h e  p ro d u c t o f  th is  re se a rc h .
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F ig u r e  B 2  T h e  tra n s p a re n c y  film .
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A p p e n d ix  c
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F ig u r e  C l  C a l ib ra tio n  c u rv e  o f  p ro te in  c o n te n t.
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Appendix D The Mechanical Testing of the nanocomposite films

T a b le  D 1 T e n s ile  s tre n g th  o f  n a n o c o m p o s i te  f ilm s

S a m p le s T e n s ile  s tre n g th  (M P a ) A v e ra g e  (M P a) ร อ

A 3 0 .3 1 7 6

A 3 0 .3 1 0 9

A 3 0 .3 0 0 8

A 3 0 .2 9 1 4 0 .3 0 5 2 0 .0 1 1 5

A 2 0 .2 3 6 2

A 2 0 .2 0 9 7

A 2 0 .2 2 3 8

A 2 0 .209 1 0 .2 1 9 7 0 .0 1 2 9

A1 0 .1 8 7 2

A1 0 .1 9 2 6

A1 0 .1 8 9 3

A1 0 .1 8 0 4 0 .1 8 7 4 0 .005 1

B 3 0 .3 8 5 3

B 3 0 .3 7 8 2

B 3 0 .3 9 0 0

B 3 0 .3921

B 3 0 .3 8 2 4 0 .3 8 5 6 0 .0 0 5 6

B 2 0 .2 6 4 4

B 2 0 .2 7 4 4
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S a m p le s T e n s ile  s tre n g th  (M P a) A v e ra g e  (M P a ) SD

B 2 0 .2 9 6 9

B 2 0 .2 7 3 4

B 2 0 .2941 0 .2 8 0 6 0 .0141

B1 0 .2 3 1 9

B1 0 .2 3 6 0

B1 0 .2 2 1 6

B1 0 .1 7 2 2 0 .2 1 5 4 0 .0 2 9 5

C 3 0 .4 7 8 9

C 3 0 .4 4 5 3

C 3 0 .4 4 1 9

C 3 0 .480 3

C 3 0 .4 9 0 5 0 .4 6 7 4 0 . 0 2 2 2

C 2 0 .3 6 7 8

C 2 0 .3 5 3 2

C 2 0 .3831

C 2 0 .343 3

C 2 0 .3 5 6 3 0 .3 6 0 7 0 .0 1 5 2

C l 0 .230 3

C l 0 .2 5 6 0

C l 0 .2 7 2 0

C l 0 .2 3 9 9

C l 0 .2341 0 .2 4 6 5 0 .0 1 7 3
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Table D2 Elongation at break of nanocomposite films

S a m p le s E lo n g a tio n  a t b reak
(% )

A v e ra g e  (% ) S D

A 3 245.51

A 3 2 4 1 .4 6

A 3 2 4 4 .8 4

A 3 2 5 0 .4 3 2 4 5 .5 6 3 .7 0

A 2 2 6 5 .8 9

A 2 2 6 6 .3 2

A 2 2 6 9 .0 6

A 2 2 6 4 .1 6 2 6 6 .3 6 2 .03

A1 2 8 5 .4 3

A1 2 8 8 .0 0

A1 2 7 5 .9 8

A1 2 8 9 .2 4 2 8 4 .6 6 6 . 0 0

B3 2 2 0 .0 6

B 3 2 2 7 .3 8

B3 2 2 9 .6 6

B 3 2 2 4 .7 7

B 3 2 3 2 .9 8 2 2 6 .9 7 4 .9 0

B 2 2 4 1 .3 8

B 2 2 4 4 .8 5

B 2 2 4 8 .2 9
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S a m p le s E lo n g a tio n  a t b re a k
(% )

A v e ra g e  (% ) S D

B 2 2 5 6 .7 7

B 2 2 4 9 .0 8 2 4 8 .0 7 5 .74

B1 2 6 3 .1 7

B1 26 7 .3 1

B1 2 6 8 .8 2

B1 2 7 0 .0 6 2 6 7 .3 4 3 .00

C 3 2 1 6 .0 3

C 3 2 1 2 .9 7

C 3 2 1 9 .8 5

C 3 2 1 7 .3 2

C 3 2 1 3 .2 2 2 1 5 .8 8 2 .89

C 2 2 4 0 .0 3

C 2 2 4 0 .1 0

C 2 2 3 8 .1 0

C 2 2 4 1 .8 5

C 2 2 3 8 .5 0 2 3 9 .7 2 1.49

C l 2 4 8 .3 3

C l 2 4 7 .3 1

C l 2 4 5 .1 3

C l 2 5 0 .5 6

C l 2 5 0 .1 5 2 4 8 .3 0 2 . 2 1
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Appendix F Oil releasing behavior

T a b le  F I  %  o il r e le a se  o f  A 1

A1

T im e
(m in .) %  o il re le a se A v e ra g e S D

15 8 .6 2 8 . 6 8 8 .6 5 8 .65 0 .0 3 0

30 11.43 11.38 11.42 11.41 0 .0 2 6

45 14 .24 14 .29 14 .28 1 4 .27 0 .0 2 6

60 18 .8 4 18 .78 18.81 18.81 0 .0 3 0

1 2 0 2 2 .3 5 2 2 .3 5 2 2 .3 7 2 2 .3 6 0 . 0 1 2

180 2 4 .8 5 2 4 .8 6 2 4 .8 2 4 .8 4 0 .0 3 2

2 4 0 2 8 .2 9 2 8 .2 9 2 8 .2 7 2 8 .2 8 0 . 0 1 2

30 0 3 2 .4 5 32 .41 3 2 .4 3 3 2 .4 3 0 . 0 2 0

36 0 3 6 .0 9 3 6 .0 6 3 6 .0 7 3 6 .0 7 0 .0 1 5

4 2 0 3 8 .9 5 3 8 .9 7 3 8 .9 5 3 8 .9 6 0 . 0 1 2

4 8 0 4 2 .7 6 4 2 .7 9 4 2 .8 0 4 2 .7 8 0 . 0 2 1

54 0 4 6 .3 5 4 6 .3 6 4 6 .3 6 4 6 .3 6 0 .0 0 6

60 0 5 0 .4 9 5 0 .4 9 5 0 .4 7 5 0 .4 8 0 . 0 1 2

72 0 5 4 .4 2 5 4 .4 3 5 4 .3 9 54 .41 0 . 0 2 1

84 0 5 8 .7 4 5 8 .7 4 5 8 .7 6 5 8 .7 5 0 . 0 1 2



A l

T im e
(m in .) %  o il re le a se A v e ra g e SD

9 6 0 6 3 .3 2 6 3 .3 0 6 3 .3 5 6 3 .3 2 0 .0 2 5

10 80 6 7 .1 8 6 7 .2 0 6 7 .1 6 6 7 .1 8 0 . 0 2 0

1 2 0 0 7 1 .5 3 7 1 .5 4 71 .5 3 7 1 .5 3 0 .0 0 6

13 20 7 5 .6 3 7 5 .6 0 7 5 .6 2 7 5 .6 2 0 .0 1 5

1440 7 9 .6 0 7 9 .6 3 7 9 .5 6 7 9 .6 0 0 .0 3 5

15 60 8 3 .9 0 8 3 .9 0 83 .83 8 3 .8 8 0 .0 4 0

1680 8 8 .3 6 8 8 .3 4 88 .3 5 88 .35 0 . 0 1 0

1800 8 8 .3 6 8 8 .3 4 88 .35 88 .3 5 0 . 0 1 0

19 20 8 8 .3 6 8 8 .3 4 8 8 .35 88 .3 5 0 . 0 1 0

2 0 4 0 8 8 .3 6 8 8 .3 4 88 .35 88 .3 5 0 . 0 1 0

2 1 6 0 8 8 .3 6 8 8 .3 4 88 .3 5 88 .3 5 0 . 0 1 0

2 2 8 0 8 8 .3 6 8 8 .3 4 88 .35 88 .3 5 0 . 0 1 0

2 4 0 0 8 8 .3 6 8 8 .3 4 88 .35 88 .35 0 . 0 1 0

2 5 2 0 8 8 .3 6 8 8 .3 4 88 .3 5 88 .3 5 0 . 0 1 0

2 6 4 0 8 8 .3 6 8 8 .3 4 88 .35 88 .3 5 0 . 0 1 0

2 7 6 0 8 8 .3 6 8 8 .3 4 88 .35 88 .3 5 0 . 0 1 0

2 8 8 0 8 8 .3 6 8 8 .3 4 88 .35 8 8 .35 0 . 0 1 0
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Table F2 % oil release of A2

A 2

T im e
(m in .) %  o il re le a se A v erag e S D

15 7 .65 7 .66 7 .64 7 .65 0 . 0 1 0

3 0 10.4 10 .36 10.39 10 .38 0 . 0 2 1

45 13 .69 13.71 13.71 13 .70 0 . 0 1 2

60 16.75 16 .79 16.78 16 .77 0 . 0 2 1

1 2 0 20 .51 2 0 .4 7 2 0 .4 9 2 0 .4 9 0 . 0 2 0

180 2 3 .7 2 2 3 .7 2 3 .6 9 2 3 .7 0 0 .0 1 5

2 4 0 2 6 .5 8 2 6 .5 9 2 6 .5 6 2 6 .5 8 0 .0 1 5

3 0 0 2 9 .8 3 2 9 .8 29.81 29 .81 0 .0 1 5

3 6 0 3 3 .4 3 3 .3 7 3 3 .3 7 3 3 .3 8 0 .0 1 7

4 2 0 3 6 .7 9 3 6 .7 8 3 6 .7 6 3 6 .7 8 0 .0 1 5

4 8 0 3 9 .8 7 39 .9 3 39 .9 3 9 .9 0 0 .0 3 0

5 4 0 4 4 .1 5 4 4 .1 2 44 .1 3 4 4 .1 3 0 .0 1 5

6 0 0 4 7 .6 2 4 7 .6 3 4 7 .6 4 7 .6 2 0 .0 1 5

7 2 0 5 0 .4 6 5 0 .4 4 5 0 .4 6 5 0 .45 0 . 0 1 2

8 4 0 54 .3 5 4 .2 7 54 .28 5 4 .28 0 .0 1 5

9 6 0 5 8 .9 4 5 8 .9 7 5 8 .97 5 8 .9 6 0 .0 1 7



A 2

T im e
(m in .) %  o il re le a se A v e ra g e S D

1080 63 .1 5 63.11 6 3 .1 4 6 3 .1 3 0 . 0 2 1

1 2 0 0 67.31 6 7 .3 3 67 .3 3 6 7 .3 2 0 . 0 1 2

1320 7 1 .6 4 7 1 .6 8 7 1 .6 5 7 1 .6 6 0 . 0 2 1

1440 7 5 .7 9 7 5 .7 5 7 5 .7 7 7 5 .7 7 0 . 0 2 0

1560 7 9 .8 4 7 9 .8 5 7 9 .8 6 7 9 .8 5 0 . 0 1 0

1680 84 8 4 .0 4 84 .03 8 4 .0 2 0 . 0 2 1

1800 84 8 4 .0 4 84 .03 8 4 .0 2 0 . 0 2 1

1920 84 8 4 .0 4 84 .03 8 4 .0 2 0 . 0 2 1

2 0 4 0 84 8 4 .0 4 84 .03 8 4 .0 2 0 . 0 2 1

2 1 6 0 84 8 4 .0 4 84 .0 3 8 4 .0 2 0 . 0 2 1

2 2 8 0 84 8 4 .0 4 84 .03 8 4 .0 2 0 . 0 2 1

2 4 0 0 84 8 4 .0 4 84 .0 3 8 4 .0 2 0 . 0 2 1

2 5 2 0 84 8 4 .0 4 84 .0 3 8 4 .0 2 0 . 0 2 1

2 6 4 0 84 8 4 .0 4 84 .03 8 4 .0 2 0 . 0 2 1

2 7 6 0 84 8 4 .0 4 84 .03 8 4 .0 2 0 . 0 2 1

2 8 8 0 84 8 4 .0 4 84 .03 8 4 .0 2 0 . 0 2 1
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Table F3 % oil release of A3

A 3

T im e
(m in .) %  o il re le a se A v e ra g e ร อ

15 6 . 8 6 .7 9 6.81 6 . 8 0 . 0 1 0

30 8 .5 9 8 .55 8 .5 6 8 .5 7 0 . 0 2 1

45 12 .19 1 2 . 2 12.18 12 .19 0 . 0 1 0

60 14 .24 14 .27 14.26 14 .26 0 .0 1 5

1 2 0 17 .56 17.6 17 .59 17 .58 0 . 0 2 1

180 2 0 . 0 1 19.97 19 .99 19 .9 9 0 . 0 2 0

2 4 0 2 2 .9 5 2 2 .9 2 2 2 .9 2 2 2 .9 3 0 .0 1 7

3 0 0 2 5 .8 7 2 5 .8 4 2 5 .8 5 2 5 .8 5 0 .0 1 5

3 6 0 2 9 .2 8 2 9 .2 5 2 9 .2 8 2 9 .2 7 0 .0 1 7

4 2 0 3 2 .1 4 3 2 .1 6 3 2 .1 6 3 2 .1 5 0 . 0 1 2

4 8 0 3 6 .8 6 3 6 .8 4 3 6 .8 5 3 6 .8 5 0 . 0 1 0

54 0 4 0 .4 3 4 0 .4 4 4 0 .4 3 4 0 .4 3 0 .0 0 6

6 0 0 4 4 .0 7 4 4 .0 5 4 4 .0 6 4 4 .0 6 0 . 0 1 0

72 0 4 7 .8 9 4 7 .8 9 4 7 .8 7 4 7 .8 8 0 . 0 1 2

840 5 2 .1 5 5 2 .1 8 5 2 .1 6 5 2 .1 6 0 .0 1 5

9 6 0 5 6 .7 9 5 6 .7 8 5 6 .7 8 5 6 .7 8 0 .0 0 6



A 3

T im e
(m in .) %  o il re le a se A v e ra g e S D

1080 61 .5 3 61 .51 6 1 .5 2 6 1 .5 2 0 . 0 1 0

1 2 0 0 6 5 .4 9 6 5 .4 6 6 5 .4 8 6 5 .4 8 0 .0 1 5

1320 6 9 .7 4 6 9 .7 69.71 6 9 .7 2 0 . 0 2 1

1440 7 4 .4 5 7 4 .4 2 7 4 .4 3 7 4 .4 3 0 .0 1 5

1560 7 7 .8 9 7 7 .8 5 7 7 .8 6 7 7 .8 7 0 . 0 2 1

1680 8 1 .3 2 8 1 .3 3 81 .3 5 8 1 .3 3 0 .0 1 5

1800 8 1 .3 2 81 .3 3 81 .3 5 8 1 .3 3 0 .0 1 5

1920 8 1 .3 2 8 1 .3 3 8 1 .3 5 8 1 .3 3 0 .0 1 5

2 0 4 0 8 1 .3 2 81 .3 3 8 1 .3 5 81 .3 3 0 .0 1 5

2 1 6 0 8 1 .3 2 81 .3 3 8 1 .35 8 1 .3 3 0 .0 1 5

2 2 8 0 8 1 .3 2 8 1 .33 81 .3 5 8 1 .3 3 0 .0 1 5

2 4 0 0 8 1 .3 2 8 1 .33 8 1 .3 5 8 1 .3 3 0 .0 1 5

2 5 2 0 8 1 .3 2 8 1 .33 8 1 .3 5 8 1 .3 3 0 .0 1 5

2 6 4 0 8 1 .3 2 8 1 .3 3 8 1 .3 5 8 1 .3 3 0 .0 1 5

2 7 6 0 8 1 .3 2 8 1 .3 3 81 .3 5 8 1 .3 3 0 .0 1 5

2 8 8 0 8 1 .3 2 81 .3 3 81 .3 5 8 1 .3 3 0 .0 1 5
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Table F4 % oil release of B 1

B1

T im e
(m in .) %  o il re le a se A v e ra g e S D

15 7 .65 7 .68 7 .65 7 .6 6 0 .0 1 7

30 10.92 10.87 10 .89 10 .89 0 .0 2 5

45 13.42 13.45 13.41 11.43 0 . 0 2 1

60 15.49 15.54 15.51 15.51 0 .0 2 5

1 2 0 19.43 19.42 19.4 19 .42 0 .0 1 5

180 2 2 .1 9 2 2 .2 3 2 2 .1 7 2 2 . 2 0 0 .0 3 1

2 4 0 25 .4 3 2 5 .3 9 25 .41 25 .41 0 . 0 2 0

30 0 28 .4 5 2 8 .4 3 2 8 .4 2 2 8 .4 3 0 .0 1 5

3 6 0 3 2 .3 7 3 2 .3 4 32 .3 3 3 2 .3 5 0 . 0 2 1

4 2 0 3 6 .5 4 3 6 .5 7 36 .5 5 3 6 .5 5 0 .0 1 5

4 8 0 3 9 .65 3 9 .6 7 39 .6 3 3 9 .6 5 0 . 0 2 0

5 4 0 4 3 .8 6 4 3 .8 5 4 3 .8 4 4 3 .8 5 0 . 0 1 0

6 0 0 4 8 .6 4 8 .6 5 4 8 .6 2 4 8 .6 2 0 .0 2 5

7 2 0 51 .75 5 1 .7 4 5 1 .7 2 5 1 .7 4 0 .0 1 5

84 0 5 5 .8 4 5 5 .7 9 5 5 .8 2 5 5 .8 2 0 .0 2 5

9 6 0 5 9 .1 4 5 9 .1 4 5 9 .1 2 5 9 .1 3 0 . 0 1 2



B1

T im e
(m in .) %  o il re le a se A v e ra g e S D

1080 6 2 .8 4 6 2 .8 3 6 2 .8 5 6 2 .8 4 0 . 0 1 0

1 2 0 0 6 6 .3 7 6 6 .3 6 6 6 .3 5 6 6 .3 6 0 . 0 1 0

1320 6 9 .8 4 6 9 .8 3 69 .81 6 9 .8 3 0 .0 1 5

1440 7 3 .5 6 7 3 .5 6 7 3 .5 4 7 3 .5 5 0 . 0 1 2

1560 7 7 .6 9 7 7 .7 7 7 .6 8 7 7 .6 9 0 . 0 1 0

1680 8 1 .5 7 8 1 .5 4 8 1 .5 5 8 1 .5 5 0 .0 1 5

1800 85.11 8 5 .0 8 8 5 .0 9 8 5 .0 9 0 .0 1 5

1920 85.11 8 5 .0 8 8 5 .0 9 8 5 .0 9 0 .0 1 5

2 0 4 0 85.11 8 5 .0 8 8 5 .0 9 8 5 .0 9 0 .0 1 5

2 1 6 0 85.11 85 .0 8 8 5 .0 9 8 5 .0 9 0 .0 1 5

2 2 8 0 85.11 8 5 .0 8 8 5 .0 9 8 5 .0 9 0 .0 1 5

2 4 0 0 85.11 8 5 .0 8 8 5 .0 9 8 5 .0 9 0 .0 1 5

2 5 2 0 85.11 8 5 .0 8 8 5 .0 9 8 5 .0 9 0 .0 1 5

2 6 4 0 85.11 8 5 .0 8 8 5 .0 9 8 5 .0 9 0 .0 1 5

2 7 6 0 85.11 8 5 .0 8 8 5 .0 9 8 5 .0 9 0 .0 1 5

2 8 8 0 85.11 8 5 .0 8 8 5 .0 9 8 5 .0 9 0 .0 1 5
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Table F5 % oil release of B2

B 2

T im e
(m in .) %  o il re le a se A v erag e S D

15 6 .5 8 6 .5 7 6 .5 6 6 .5 7 0 . 0 1 0

30 9 .5 8 9.61 9 .6 9 .6 0 0 .0 1 5

45 11.89 11.91 11.87 11.89 0 . 0 2 0

j 60 14.21 14.15 14.18 14 .18 0 .0 3 0

1 2 0 18 .05 18.03 18.01 18.03 0 . 0 2 0

180 2 0 .9 5 2 0 .9 2 2 0 .9 2 2 0 .9 3 0 .0 1 7

2 4 0 2 3 .8 7 2 3 .8 9 2 3 .8 6 2 3 .8 7 0 .0 1 5

30 0 2 6 .8 2 2 6 .8 2 6 .7 9 2 6 .8 0 0 .0 1 5

3 6 0 30.1 3 0 .1 2 30.11 30.11 0 . 0 1 0

4 2 0 3 4 .3 4 3 4 .3 6 3 4 .3 4 34 .3 5 0 . 0 1 2

4 8 0 3 7 .7 8 3 7 .7 5 3 7 .7 6 3 7 .7 6 0 .0 1 5

54 0 4 1 .9 3 4 1 .9 5 4 1 .9 2 4 1 .9 3 0 .0 1 5

6 0 0 4 6 .2 5 4 6 .2 4 6 .2 3 4 6 .2 3 0 .0 2 5

72 0 4 9 .8 8 4 9 .9 4 9 .8 8 4 9 .8 9 0 . 0 1 2

84 0 53 .5 5 3 .4 5 5 3 .4 8 5 3 .4 8 0 .0 2 5

96 0
L

5 6 .8 2 5 6 .8 7 5 6 .8 2 5 6 .8 4 0 .0 2 9



B 2

T im e
(m in .) %  o il re le a se A v erag e S D

1080 60 .1 3 6 0 .1 2 60.1 6 0 .1 2 0 .0 1 5

1 2 0 0 6 3 .4 6 3 .3 4 6 3 .3 7 6 3 .3 7 0 .0 3 0

1320 66 .4 5 6 6 .4 6 6 6 .4 4 66 .4 5 0 . 0 1 0

1440 7 0 .2 4 70 .2 70 .2 3 7 0 .2 2 0 . 0 2 1

1560 73.3 7 3 .3 4 7 3 .2 9 73.31 0 .0 2 6

1680 7 6 .93 7 6 .8 9 76.91 76.91 0 . 0 2 0

1800 8 0 .3 4 80 .2 7 80 .32 80.31 0 .0 3 6

1920 8 0 .3 4 80 .2 7 80 .3 2 80.31 0 .0 3 6

2 0 4 0 8 0 .3 4 80 .27 8 0 .32 80.31 0 .0 3 6

2 1 6 0 8 0 .3 4 80 .2 7 80 .32 80.31 0 .0 3 6

2 2 8 0 8 0 .3 4 80 .27 80 .3 2 80.31 0 .0 3 6

2 4 0 0 8 0 .3 4 8 0 .27 80 .3 2 80.31 0 .0 3 6

2 5 2 0 8 0 .3 4 80 .27 80 .3 2 80.31 0 .0 3 6

2 6 4 0 8 0 .3 4 80 .2 7 80 .32 80.31 0 .0 3 6

2 7 6 0 8 0 .3 4 80 .27 80 .32 80.31 0 .0 3 6

2 8 8 0 8 0 .3 4 80 .27 80 .3 2 80.31 0 .0 3 6
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Table F6 % oil release of B3

B 3

T im e
(m in .) %  o il re le a se A v e ra g e S D

15 6.23 6 .25 6 .2 6 6 .2 5 0 .0 1 5

30 9.15 9 .13 9 .13 9 .1 4 0 . 0 1 2

45 11.23 11.26 11.25 11.25 0 .0 1 5

6 0 13.45 13.5 13.48 13 .48 0 .0 2 5

1 2 0 17.28 17.24 17 .27 17 .26 0 . 0 2 1

180 19.56 19.57 19.59 19 .57 0 .0 1 5

2 4 0 2 2 .2 6 2 2 .2 4 2 2 .2 4 2 2 .2 5 0 . 0 1 2

3 0 0 26.21 2 6 .2 4 2 6 .1 9 26 .21 0 .0 2 5

3 6 0 2 9 .6 9 2 9 .7 4 2 9 .6 8 2 9 .7 0 0 .0 3 2

4 2 0 3 3 .8 9 3 3 .8 9 3 3 .8 6 3 3 .8 8 0 .0 1 7

4 8 0 3 7 .4 9 3 7 .4 9 3 7 .4 8 3 7 .4 9 0 .0 0 6

54 0 4 1 .6 5 4 1 .6 5 4 1 .6 3 4 1 .6 4 0 . 0 1 2

60 0 4 5 .2 6 4 5 .2 7 4 5 .2 4 4 5 .2 6 0 .0 1 5

72 0 49 .5 3 4 9 .5 4 49 .51 4 9 .5 3 0 .0 1 5

84 0 5 3 .3 9 5 3 .4 2 53 .3 8 5 3 .4 0 0 . 0 2 1

9 6 0 56 .6 2 5 6 .5 9 56.61 56 .61 0 .0 1 5



B3

T im e
(m in .) %  o il re le a se A v e ra g e S D

1080 6 0 .1 3 6 0 .1 2 60.1 6 0 .1 2 0 .0 1 5

1 2 0 0 6 3 .4 6 3 .3 4 6 3 .3 7 6 3 .3 7 0 .0 3 0

1320 6 6 .4 5 6 6 .4 6 6 6 .4 4 6 6 .4 5 0 . 0 1 0

1440 7 0 .2 4 7 0 .2 7 0 .2 3 7 0 .2 2 0 . 0 2 1

1560 73 .3 7 3 .3 4 7 3 .2 9 73 .31 0 .0 2 6

1680 7 6 .9 3 7 6 .8 9 76 .91 76 .91 0 . 0 2 0

1800 8 0 .3 4 8 0 .2 7 8 0 .3 2 80.31 0 .0 3 6

1920 8 0 .3 4 8 0 .2 7 8 0 .3 2 80.31 0 .0 3 6

2 0 4 0 8 0 .3 4 8 0 .2 7 8 0 .3 2 80.31 0 .0 3 6

2 1 6 0 8 0 .3 4 8 0 .2 7 8 0 .3 2 80 .31 0 .0 3 6

2 2 8 0 8 0 .3 4 8 0 .2 7 8 0 .3 2 80.31 0 .0 3 6

2 4 0 0 8 0 .3 4 8 0 .2 7 8 0 .3 2 80 .31 0 .0 3 6

25 2 0 8 0 .3 4 8 0 .2 7 8 0 .3 2 80.31 0 .0 3 6

2 6 4 0 8 0 .3 4 8 0 .2 7 8 0 .3 2 80 .31 0 .0 3 6

27 6 0 8 0 .3 4 8 0 .2 7 8 0 .3 2 80 .31 0 .0 3 6

28 8 0 8 0 .3 4 8 0 .2 7 8 0 .3 2 80.31 0 .0 3 6



79

Table F7 % oil release of Cl

C l

T im e
(m in .) %  o il re le a se A v erag e SD

15 1 2 1 2 . 0 1 12.03 1 2 . 0 1 0 .015

30 16 .97 16.98 16.95 16 .97 0 .0 1 5

45 19 .63 19.65 19.61 19.63 0 . 0 2 0

60 2 2 .5 5 2 2 .5 6 2 2 .5 3 2 2 .5 5 0 .015

1 2 0 2 7 .5 7 2 7 .5 9 2 7 .5 6 2 7 .5 7  - 0 .0 1 5

180 3 2 .5 9 32 .5 8 3 2 .5 7 3 2 .5 8 0 . 0 1 0

2 4 0 37 .61 37 .6 3 7 .6 3 7 .6 0 0 .0 0 6

3 0 0 4 2 .2 42 .21 42 .2 3 42 .21 0 .0 1 5

3 6 0 4 6 .3 3 4 6 .3 5 4 6 .3 3 4 6 .3 4 0 . 0 1 2

4 2 0 5 0 .9 50 .83 5 0 .8 6 50 .8 6 0 .035

4 8 0 5 4 .7 4 5 4 .7 2 54.71 54 .7 2 0 .0 1 5

5 4 0 5 8 .5 5 5 8 .5 9 58 .53 5 8 .5 6 0.031

6 0 0 6 3 .3 3 63 .2 8 6 3 .2 9 6 3 .3 0 0 .0 2 6

7 2 0 6 8 .7 8 6 8 .7 9 6 8 .7 6 6 8 .7 8 0 .0 1 5

84 0 7 3 .1 2 73.1 73.11 73.11 0 . 0 1 0

9 6 0 7 8 .5 6 78 .55 7 8 .5 4 78 .55 0 . 0 1 0



C l

T im e
(m in .) %  o il re le a se A v erag e S D

10 80 6 0 .1 3 6 0 .1 2 60.1 6 0 .1 2 0 .0 1 5

1 2 0 0 6 3 .4 6 3 .3 4 6 3 .3 7 6 3 .3 7 0 .0 3 0

13 20 6 6 .4 5 66 .4 6 6 6 .4 4 6 6 .45 0 . 0 1 0

1440 7 0 .2 4 70 .2 70 .23 7 0 .2 2 0 . 0 2 1

1560 73 .3 7 3 .3 4 7 3 .2 9 73.31 0 .0 2 6

1680 7 6 .9 3 76 .8 9 76.91 76.91 0 . 0 2 0

1800 8 0 .3 4 80 .27 8 0 .3 2 80.31 0 .0 3 6

1920 8 0 .3 4 8 0 .27 8 0 .3 2 80.31 0 .0 3 6

2 0 4 0 8 0 .3 4 80 .27 80 .3 2 80.31 0 .0 3 6

2 1 6 0 8 0 .3 4 80 .2 7 8 0 .3 2 80.31 0 .0 3 6

2 2 8 0 8 0 .3 4 80 .27 80 .3 2 80.31 0 .0 3 6

2 4 0 0 8 0 .3 4 80 .2 7 8 0 .3 2 80.31 0 .0 3 6

2 5 2 0 8 0 .3 4 80 .2 7 80 .3 2 80 .31 0 .0 3 6

2 6 4 0 8 0 .3 4 80 .2 7 8 0 .3 2 80.31 0 .0 3 6

2 7 6 0 8 0 .3 4 80 .2 7 8 0 .32 80.31 0 .0 3 6

2 8 8 0 8 0 .3 4 80 .27 8 0 .32 80.31 0 .0 3 6
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Table F8 % oil release of C2

C 2

T im e
(m in .) %  o il re le a se A v erag e S D

15 10 .57 1 0 . 6 10.55 10 .57 0 .0 2 5

30 15 .52 15 .54 15.55 15 .5 4 0 .0 1 5

45 18 .75 18 .79 18.73 18 .76 0.031

60 2 1 .5 2 1 .4 8 2 1 .4 6 2 1 .4 8 0 . 0 2 0

1 2 0 25 .21 2 5 .1 6 2 5 .1 9 2 5 .1 9 0 .0 2 5

180 2 9 .6 3 2 9 .6 2 2 9 .6 2 9 .6 2 0 .0 1 5

2 4 0 3 3 .4 6 3 3 .4 5 33 .4 3 3 3 .4 5 0 .0 1 5

30 0 3 7 .8 9 3 7 .9 37 .91 3 7 .9 0 0 . 0 1 0

3 6 0 4 2 .3 7 42 .31 4 2 .3 5 4 2 .3 4 0 .031

4 2 0 4 7 .1 5 4 7 .1 9 4 7 .1 4 4 7 .1 6 0 .0 2 6

4 8 0 5 1 .9 5 1 .8 7 5 1 .8 9 5 1 .8 9 0 .0 1 5

540 5 5 .6 5 5 5 .6 5 55 .6 3 5 5 .6 4 0 . 0 1 2

60 0 59 .3 5 9 .3 2 5 9 .2 9 5 9 .3 0 0 .0 1 5

72 0 6 3 .7 6 3 .7 6 3 .6 7 6 3 .6 9 0 .0 1 7

84 0 6 8 .1 5 6 8 . 1 6 8 . 1 2 6 8 . 1 2 0 .0 2 5

9 6 0 7 3 .1 5 7 3 .1 5 73.1 7 3 .1 3 0 .0 2 9



C 2

T im e
(m in .) %  o il re le a se A v e ra g e S D

1080 6 0 .13 6 0 .1 2 60.1 6 0 .1 2 0 .0 1 5

1 2 0 0 6 3 .4 6 3 .3 4 6 3 .3 7 6 3 .3 7 0 .0 3 0

1320 6 6 .4 5 6 6 .4 6 6 6 .4 4 6 6 .4 5 0 . 0 1 0

1440 7 0 .2 4 7 0 .2 7 0 .2 3 7 0 .2 2 0 . 0 2 1

1560 73 .3 7 3 .3 4 7 3 .2 9 73.31 0 .0 2 6

1680 76 .9 3 7 6 .8 9 76 .91 76 .91 0 . 0 2 0

1800 8 0 .3 4 8 0 .2 7 8 0 .3 2 80.31 0 .0 3 6

1920 8 0 .3 4 8 0 .2 7 8 0 .3 2 80 .31 0 .0 3 6

2 0 4 0 8 0 .3 4 8 0 .2 7 8 0 .3 2 80 .31 0 .0 3 6

2 1 6 0 8 0 .3 4 8 0 .2 7 8 0 .3 2 80 .31 0 .0 3 6

2 2 8 0 8 0 .3 4 8 0 .2 7 8 0 .3 2 80.31 0 .0 3 6

2 4 0 0 8 0 .3 4 8 0 .2 7 8 0 .3 2 80 .31 0 .0 3 6

2 5 2 0 8 0 .3 4 8 0 .2 7 8 0 .3 2 80 .31 0 .0 3 6

2 6 4 0 8 0 .3 4 8 0 .2 7 8 0 .3 2 80 .31 0 .0 3 6

2 7 6 0 8 0 .3 4 8 0 .2 7 8 0 .3 2 80.31 0 .0 3 6

2 8 8 0 8 0 .34 8 0 .2 7 8 0 .3 2 80.31 0 .0 3 6
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Table F9 % oil release of C3

C3

T im e
(m in .) %  o il re le a se A v erag e SD

15 9 .4 9 .35 9 .38 9 .38 0 .0 2 5

30 14 .88 14.9 14.85 14 .88 0 .0 2 5

45 17.9 17 .84 17 .88 17.87 0 .031

60 2 0 .9 3 2 0 .9 8 2 0 .9 6 2 0 .9 6 0 .0 2 5

1 2 0 2 3 .8 8 2 3 .8 5 2 3 .8 5 2 3 .8 6 0 .0 1 7

180 2 7 .3 2 2 7 .3 4 2 7 .3 5 2 7 .3 4 0 .0 1 5

2 4 0 3 1 .8 5 31 .81 3 1 .8 4 31 .8 3 0 . 0 2 1

3 0 0 3 5 .9 3 5 .8 6 35.91 3 5 .8 9 0 .0 2 6

3 6 0 3 9 .8 4 3 9 .9 3 9 .8 7 3 9 .8 7 0 .0 3 0

4 2 0 4 4 .4 6 4 4 .5 4 4 .4 7 4 4 .4 8 0 . 0 2 1

4 8 0 4 8 .9 4 8 .9 3 48 .91 48 .91 0 .0 1 5

54 0 5 2 .7 5 5 2 .7 5 5 2 .7 4 52 .7 5 0 .0 0 6

6 0 0 5 6 .6 5 5 6 .6 2 56 .65 5 6 .6 4 0 .0 1 7

72 0 6 0 .9 3 6 0 .8 6 6 0 .9 6 0 .9 0 0 .0 3 5

84 0 65 .01 6 4 .9 7 6 4 .9 8 6 4 .9 9 0 . 0 2 1

9 6 0 6 8 .7 3 6 8 .7 6 6 8 .7 7 68 .7 5 0 . 0 2 1



C3

Time
(min.) % oil release Average SD

1080 72.25 72.25 72.24 72.25 0.006

1 2 0 0 75.96 75.98 75.95 75.96 0.015

1320 79.58 79.59 79.56 79.58 0.015

1440 83.1 83.09 83.07 83.09 0.015

1560 86.45 86.47 86.43 86.45 0 .0 2 0

1680 86.45 86.47 86.43 86.45 0 .0 2 0

1800 86.45 86.47 86.43 86.45 0 .0 2 0

1920 86.45 86.47 86.43 86.45 0 .0 2 0

2040 86.45 86.47 86.43 86.45 0 .0 2 0

2160 86.45 86.47 86.43 86.45 0 .0 2 0

2280 86.45 86.47 86.43 86.45 0 .0 2 0

2400 86.45 86.47 86.43 86.45 0 .0 2 0

2520 86.45 86.47 86.43 86.45 0 .0 2 0

2640 86.45 86.47 86.43 86.45 0 .0 2 0

2760 86.45 86.47 86.43 86.45 0 .0 2 0

2880 86.45 86.47 86.43 86.45 0 .0 2 0



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 1 2 24

A1 3.86 6.84 12.30

A2 3.59 6.41 11.82

A3 3.16 6.28 1 1 . 2 0

B1 2.91 6.14 10.90

B2 2.82 5.84 10.41

B3 2.44 5.38 10

Cl 4.40 7.30 13.67

C2 4.29 7 13.23

C3 4 6.92 12.85
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Table G1 The percentage of weight loss for 6,12 and 24 h

Samples 6 1 2 24

A1 0.96 2.87 2.96

A2 0.92 2.60 2.79

A3 0 .8 6 2.17 2.41

B1 0.77 1.92 2 .0 2

B2 0.64 1.57 1.97

B3 0.30 1.34 1.87

Cl 1.25 3.37 3.57

C2 1 . 2 2 3.12 3.38

C3 1 . 1 2 3.07 3.14
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