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APPENDICES

Appendix A Effect of natural rubber content on moisture content of foam
products with various storage relative humidity

Table AL Moisture content of native tapioca starch composite foams at 11.3%RH
with various natural rubber content

Nl S OGANR MR 0%NR SO
sample 1 708 447 403 368
Sample 2 728 41 385 381
sample 3 761 418 383 370
Sample 4 731 461 401 365
sanple 5 721 43 403 312

Average () 93 ill 395 350

SD 0.19 092 01 0.7



Table A2 Moisture content of native tapioca starch composite foams at 32.8%RH
with various natural rubber content

o e o 0%6NR H%NR 50%NR
sample 1 787 6.4 574 449
sample 2 766 711 5 65 4T5
sample 3 761 6.7 573 469
sanple 4 all 627 572 460
sanple 5 1% 622 552 4623
Average () 765 662 5 67 463

D 02 038 0.09 01

Table A3 Moisture content of native tapioca starch composite foams at 43.2%RH
with various natural rubber content

el w0 OmIR 0%NR  W%NR SONR
sample 1 7% 593 5 65 484
Sample 2 803 685 5 69 476
sample 3 801 594 5 84 474
sample 4 748 594 5,80 445
sample 5 7% 646 580 456

Average (%) 796 583 5 76 467

SD 0.056 021 0,086 0.16



Table A4 Moisture content of native tapioca starch composite foams at 53.9%RH

with various natural rubber content

Natural rubber
e
Sample 2
Sample 3
Sample 4
Sample 5
Average (%)
SD

0% NR

9.60
9.69
9.70
9.65
9.65
9.66
0.39

109%NR

8.28
8.36
8.15
8.10
1.92
8.16
0.17

30%NR

6.66
6.63
6.77
1.04
6.87
6.79
0.17

50% NR

5.24
5.38
5.32
5.33
5.48
5.35
0.087

Table A5 Moisture content of native tapioca starch composite foams at 75.3%RH

with various natural rubber content

Natural rubber
content (% w)
Sample 1
Sample 2
Sample 3
Sample 4
Sample 5
Average (%)
D

0%NR

134
134
1340
1331
1328
1338
0.09

10%NR

1246
1317
24
1247
1224
1255
0.36

30% NR

10.77
1057
10.39
10.66
10.16
1051
0.24

50%NR
8.543191
8.626162
0.133692
8.96053
8.26
8.1
035
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Table A6 Moisture content of octyl tapioca starch composite foams at 11,3%RH
with various natural rubber content

'C\'oarﬁstgﬁ]{ ﬁg}obg,etg BONR IWNR 3%NR SO%NR
ple 1 6.0 557 349 31
Sample 2 5,86 534 31 311
Sample 3 .03 506 343 301
Sample 4 587 547 299 300
Sample 5 561 548 254 274
Average (%) 5,08 542 313 3
D 017 0.2 038 015

Table A7 Moisture content of octyl tapioca starch composite foams at 32.8%RH
with various natural rubber content

el 400 090 NR 0%6NR W%NR S0%NR
sample 1 744 6,09 432 38
Sample 2 141 5,99 414 363
sample 3 117 552 409 367
sample 4 .98 5 87 347 371
sample 5 6,80 5,80 394 383

Average (%) 717 £ 85 107 a7

SD 0.24 022 018 0,089
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Table A8 Moisture content of octyl tapioca starch composite foams at 43.2%RH
with various natural rubber content

yoa,gsyggt' ﬁ%’aﬁg BONR  LNR 30%NR SO%NR
ample 1 699 617 478 4,04
Sample 2 739 623 494 368
Sample 3 703 617 493 400
Sample 4 685 589 481 378
Sample 5 700 5,66 478 360
Average(%) 706 6,03 485 386
sD 02 0.24 0.079 018

Table A9 Moisture content of octyl tapioca starch composite foams at 53.9%RH
with various natural rubber content

ol o 0w %NR  30%NR  SO%NR
Sample 1 879 707 555 431
Sample 2 873 6.7 526 448
Sample 3 8% 704 535 430
sample 4 861 708 577 435
sample 5 809 748 512 139

Average (%) 863 At 541 437

SD 032 023 025 007



Table A10 Moisture content of octyl tapioca starch composite foams at 75.3%RH
with various natural rubber content

Nl ot R %N 30%NR  S0%NR
Sample 1 270 1140 043 018
Sample 2 1269 122 068 006
sample 3 91 177 1007 900
sample 4 07 115 1010 897
Sample 5 1245 1080 083 857

Average () 175 1125 086 895

5D 018 028 027 023



Appendix B Effect of natural rubber content on foam densities with various

storage relative humidity

Table BL Densities of native tapioca starch composite foams at 11,3%RH with
various natural rubber content

Natural rubber 0% NR

content (% wt)
Sample 1

Sample 2
Sample 3
Sample 4
Sample 5
Average (g/lem3)

0.17
0.17
0.16
0.19
0.16
0.17

3D 0013

10%NR

0.25
0.24
0.26
0.25
0.22
0.24
0014

30% NR

0.42
0.42
048
0.45
0.48
0.45
0.027

0.53
0.52
0.54
0.52
0.53
053
0.0066

58

50% NR
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Table B2 Densities of native tapioca starch composite foams at 32.8%RH with
various natural rubber content

Natural rubber
content (% wa) 0% NR 10%NR 30%NR 50% NR

sample 1 0.16 0.24 0.8 055
Sample 2 017 023 050 053
Sample 3 017 025 048 055
Sample 4 017 026 051 055
Sample 5 017 026 045 054
Average (gleml) 7 025 048 055
sD 0.0038 0.014 0021 0.0082

Table B3 Densities of native tapioca starch composite foams at 43.2%RH with
various natural rubber content

Natural rubber
content (% wi) 0% NR 10%NR 30% NR 50% NR

Sample 1 0.7 0.20 0.48 055
Sample 2 0.47 0.26 0.49 0.56
Sample 3 0.17 0.26 052 0.57
Sample 4 0.16 0.24 048 055
Sample 5 017 0.24 055 053
Average (glem) 47 0.24 051 055

D 0.0071 0,024 0,032 0.018
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Table B4 Densities of native tapioca starch composite foams at 53.9%RH with
various natural rubber content

Natural rubber
content ﬁ% W) 0%NR 10%NR 30%NR 50% NR

sample 1 0.7 0.24 051 0.60
Sample 2 016 026 051 056
Sample 3 017 023 049 055
Sample 4 017 025 0.49 061
Sample 5 016 022 049 053
Average (glemd 17 024 050 057
SD 00071 0.016 0,012 0.035

Table B5 Densities of native tapioca starch composite foams at 75.3%RH with
various natural rubber content

Natural rubber
content (% wi 0% NR 10%NR 30%NR 50% NR

Sample 1 0.17 0.26 0.27 0.53
Sample 2 0.18 023 051 0.53
Sample 3 0.22 0.2 053 0.58
Sample 4 022 021 048 0.53
Sample 5 021 0.25 047 049
Average (g/cm)) 0.20 0.23 0.45 0.53

SD 0023 0021 0.10 0,032
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Table B6 Densities of octyl tapioca starch composite foams at 11,3%RH with
various natural rubber content

Natural rubber
content (% wi) 0% NR 10%NR 30%NR 50% NR

sample 1 019 023 027 051
Sample 2 017 023 028 049
sample 3 019 026 024 051
Sample 4 017 02 029 047
Sample 5 022 022 0.30 0.42
Average (gem) 19 023 028 048
D 0019 0018 0022 0.036

Table B7 Densities of octyl tapioca starch composite foams at 32.8%RH with
various natural rubber content

Natural rubber
content (% wi) 0% NR 10%NR 30%NR 50% NR

Sample 1 0.18 0.2 0.32 047
Sample 2 0.20 0.18 0.28 0.42
Sample 3 0.19 0.25 0.23 0.48
Sample 4 017 0.24 0.24 051
Sample 5 0.18 0.19 0.28 0.50
Average (g/em)) (18 0.22 0.27 0.48

SD 0,012 0023 0,036 0.037
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Table B8 Densities of octyl tapioca starch composite foams at 43.2%RH with
various natural rubber content

Natural rubber
content ﬁ% Wt)
Sample 1
Sample 2
Sample 3
Sample 4
Sample 5
Average (g/cm))

D

0%NR
0.24
0.19
0.18
0.28
0.28
0.23
0.069

10%NR
0.23
0.2
0.2
0.24
0.25
0.23
0.012

30%NR
031
0.32
0.2
0.25
0.26
0.28
0.029

50% NR
0.46
0.43
0.44
0.4/
0.45
0.45
0.013

Table B9 Densities of octyl tapioca starch composite foams at 53.9%RH with
various natural rubber content

Natural rubber
content (% wt)
Sample 1
Sample 2
Sample 3
Sample 4
Sample 5
Average (g/cm))

D

0%'NR
0.21
0.21
0.20
021
0.18
0.2

0.012

10%NR
0.24
0.23
0.23
0.22
0.24
0.23
0.012

30%NR
0.35
0.28
031
0.29
0.30
031
0.029

50% NR
0.4/
0.45
0.48
0.46
0.48
0.47
0.016



Table BIO Densities of octyl tapioca starch composite foams at 75.3%RH with
various natural rubber content

Natural rubber
content (% wi) 0%NR 10%NR 30%NR 50% NR

Sample 1 0.23 0.25 0.26 051
Sample 2 021 021 0.30 0.46
Sample 3 0.20 0.22 0.29 045
Sample 4 0.16 021 0.29 0.48
Sample 5 0.19 0.23 0.37 0.49
Average (g/cmJ) 02 023 031 049

SD 0.025 0,019 0,048 0.025
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Appendix C Effect of natural rubber content on specific flexural strength with
various storage relative humidity

Table CI Specific flexural strength of native tapioca starch composite foams at
11,3%RH with various natural rubber content

Natural rubber
content S% W) 0% NR 10%NR 30%NR 50% NR

Sample 1 16.46 1236 5.24 423
Sample 2 1461 1527 5,19 380
Sample 3 1347 971 5,69 377
Sample 4 1212 948 5.06 322
Sample 5 1131 1070 467 291
Average (kNm/kg) 1359 1150 b.17 359

D 2.0 239 037 052
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Table C2 Specific flexural strength of native tapioca starch composite foams at
32.8%RH with various natural rubber content

Natural rubber
content ﬁ% wt)
Sample 1
Sample 2
Sample 3
Sample 4
Sample 5
Average (kNm/kg)

D

0% NR
1749
15.75
1533
1122
1387
1473
2.35

10%NR
13.64
11.74
11.69
11.49
10.84
11.88
105

30%NR
6.41
5.00
4.76
441
5.23
5.16
0.76

50% NR
3.87
3.78
3.12
3.48
3.07
3.99
0.32

Table C3 Specific flexural strength of native tapioca starch composite foams at
43.2%RH with various natural rubber content

Natural rubber
content (% w)
Sample 1
Sample 2
Sample 3
Sample 4
Sample 5
Average (kNm/kg)

D

0% NR
1657
19.16
16.26
17.02
16.44
16.89
137

10%NR
1387
1331
1281
12.07
12.00
1281
0.80

" 30%NR
6.87
6.85
6.61
6.61
6.29
6.65
0.24

50% NR
3.99
3.96
343
3.39
3.31
341
0.10
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Table C4 Specific flexural strength of native tapioca starch composite foams at
53.9%RH with various natural rubber content

Natural rubber
content (% wt)
Sample 1
Sample 2
Sample 3
Sample 4
Sample 5
Average (kNm/kg)

D

0% NR
17.93
16.32
15.60
1491
14.70
1589
130

10%NR
11.34
10.28
0.64
9.60
9.16
10.10
105

30%NR
591
5.79
547
5.31
5.2
5.96
0.28

50% NR
3.07
3.06
3.03
3.00
2.98
3.03
0.037

Table C5 Specific flexural strength of native tapioca starch composite foams at
75.3%RH with various natural rubber content

Natural rubber
content (% wt)
Sample 1
Sample 2
Sample 3
Sample 4
Sample 5
Average (kNm/kg)

D

0% NR
11.35
10.85
1061
8.47
6.29
951
211

10%NR
1.38
6.83
6.49
6.4/
6.39
6.71
041

30% NR-
4.14
3.48
3.28
3.23
3.20
341
0.39

50% NR
2.212892
2.190166
2.154038
2.1483
2.123258
2.17
0.036
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Table C6 Specific flexural strength of octyl tapioca starch composite foams at
11.3%RH with various natural rubber content

Natural rubber
content (% wt)
Sample 1
Sample 2
Sample 3
Sample 4
Sample 5
Average (kNm/kg)

D

0%NR
1647
1231
1117
8.05
6.19
10.84
3.98

10%NR
9.57
5.14
482
4.39
3.67
5.5
2.33

30%NR
1.16
4.17
3.25
2.90
2.86
419
184

50% NR
3.65
342
3.36
331
2.93
3.33
0.26

Table C7 Specific flexural strength of octyl tapioca starch composite foams at
32.8%RH with various natural rubber content

Natural rubber
content S% W)
Sample 1
Sample 2
Sample 3
Sample 4
Sample 5
Average (kNm/kg)

D

0%NR
19.76
17.00
1412
1340
1315
1549
2.84

10%NR
10.75
1051
10.26
9.52
6.63
9.54
169

30% NR
8.44
543
3.05
2.29
4.55
4.75
2.40

50% NR
3.68
3.63
3.62
3.57
3.39
3.57
0.1
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Table C8 Specific flexural strength of octyl tapioca starch composite foams at
43.2%RH with various natural rubber content

Natural rubber
content (l% W)
Sample 1
Sample 2
Sample 3
Sample 4
Sample 5

Average (kNm/kg)

0%NR
1455
18.03
1145
841
1559
1361
3.74

10%NR
10.10
117
419
3.03
2.9
549
3.09

30%NR
4.44
4.25
403
3.82
342
3.99
0.40

50%NR
2.92
291
2.10
2.5
2.5
2.12
0.18

Table C9 Specific flexural strength of octyl tapioca starch composite foams at
53.9%RH with various natural rubber content

Natural rubber
content (% wt)
Sample 1
Sample 2
Sample 3
Sample 4
Sample 5

Average (kNm/k)

0% NR
1525
12.96
1231
1101
9.72
12.25
2.09

10%NR
5.44
5.22
4,84
2.9
2.12
423
130

30% NR
411
2.97
2.36
2.05
191
2.68
0.90

50% NR
2.7
2.11
2.59
2.58
2.50
2.63
0.11
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Table CIO Specific flexural strength of octyl tapioca starch composite foams at
75.3%RH with various natural rubber content

Natural rubber
content S% wt)
Sample 1
Sample 2
Sample 3
Sample 4
Sample 5
Average (kNm/kg)

D

0%NR
10.26
10.00
9.02
8.60
1.89
9.15
0.9

10%NR
5.89
5.13
415
3.35
2.92
4.29
123

30% NR
3.04
2.02
182
1.66
150
201
0.61

50% NR
181
L
176
176
167
17

0.049
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Appendix D Effect of natural rubber content on maximum flexural strain with
various storage relative humidity

Table D1 Maximum flexural strain of native tapioca starch composite foams at
113%RH with various natural rubber content

Natural rubber
content (% wi) 0% NR 10% NR 30% NR 50% NR

Sample 1 0.024 0.015 0.026 0.034
Sample 2 0.023 0,015 0.027 0.033
Sample 3 0.022 0.013 0.025 0.028
Sample 4 0.022 0.013 0.024 0.028
Sample 5 0,02 0.012 0.022 0027
Average 0.022 0.014 0.024 0.030

3D 0.0012 0.0013 0.0029 0.0032
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Table D2 Maximum flexural strain of native tapioca starch composite foams at
32.8%RH with various natural rubber content

Natural rubber
content (% wt)
Sample 1
Sample 2
Sample 3
Sample 4
Sample 5
Average

D

0%NR
0.031
0.030
0.028
0.028
0.021
0.028
0.0037

10%NR
0.019
0.019
0.018
0.017
0.017
0018

0.00086

30%NR
0.044
0.033
0.032
0.032
0.030
0.034
0.0054

50% NR
0.051
0.042
0.041
0.041
0.041
0.043
0.0045

Table D3 Maximum flexural strain of native tapioca starch composite foams at
43.29%RH with various natural rubber content

Natural rubber
content (% wt)
Sample 1
Sample 2
Sample 3
Sample 4
Sample 5
Average

D

0%NR
0.025
0.023
0.022
0.020
0.020
0.022
0.0024

10%NR
0.016
0.015
0.015
0.015
0.015
0.015

0.00036

30%NR
0.027
0.027
0.027
0.025
0.024
0.026
0.0015

50% NR
0.044
0.041
0.039
0.037
0.036
0.039
0.0032
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Table D4 Maximum flexural strain of native tapioca starch composite foams at
53.9%RH with various natural rubber content

Natural rubber
content (% wt)
Sample 1
Sample 2
Sample 3
Sample 4
Sample 5
Average

D

0% NR
0.020
0.020
0.019
0.018
0.017
0.019
0.0015

10%NR
0.015
0.015
0.014
0.014
0.014
0.014

0.00058

30% NR
0.026
0.023
0.020
0.020
0.020
0.022
0.0029

50% NR
0.046
0.043
0.038
0.038
0.036
0.040
0.0042

Table D5 Maximum flexural strain of native tapioca starch composite foams at
75.3%RH with various natural rubber content

Natural rubber
content (% w)
Sample 1
Sample 2
Sample 3
Sample 4
Sample 5
Average

D

0% NR
0.016
0.015
0.015
0.013
0.013
0.015
0.0014

10%NR
0.013
0.012
0.012
0.012
0.012
0.012

0.00040

30% NR
0.020
0.019
0.019
0.018
0.018
0.019
0.0010

50% NR
0.040
0.041
0.042
0.042
0.042
0.041
0.0010
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Table D6 Maximum flexural strain of octyl tapioca starch composite foams at
11,3%RH with various natural rubber content

Natural rubber
content (% wt)
Sample 1
Sample 2
Sample 3
Sample 4
Sample 5
Average

D

0% NR
0.024
0.020
0.016
0.016
0.013
0.018
0.0043

10%NR
0.018
0.015
0.012
0.012
0.011
0.014
0.0026

30%NR
0.018
0.014
0.016
0.017
0.014
0.016
0.0017

50% NR
0.028
0.027
0.026
0.026
0.024
0.026
0.0016

Table D7 Maximum flexural strain of octyl tapioca starch composite foams at
32.8%RH with various natural rubber content

Natural rubber
content (% wt)
Sample 1
Sample 2
Sample 3
Sample 4
Sample 5
Average

D

0% NR
0.029
0.028
0.027
0.026
0.026
0.027
0.0010

10%NR
0.016
0.016
0.016
0.015
0.014
0.016

0.00073

30%NR
0.023
0.022
0.022
0.021
0.020
0.021
0.0014

50% NR
0.040
0.035
0.034
0.030
0.030
0.034
0.0040
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Table D8 Maximum flexural strain of octyl tapioca starch composite foams at
43 2%RH with various natural rubber content

Natural rubber
content (% wt)
Sample 1
Sample 2
Sample 3
Sample 4
Sample 5
Average

D

0%NR
0.023

0.022

0.021

0.019

0.014

0.020

0.0035

10%NR
0.016
0.024
0.024
0.014
0.014
0.014

0.00079

30%NR
0.017
0.017
0.016
0.015
0.014
0.016
0.0012

50%NR
0.030
0.031
0.030
0.027
0.026
0.029
0.0023

Table D9 Maximum flexural strain of octyl tapioca starch composite foams at
53.9%RH with various natural rubber content

Natural rubber
content (% wt)
Sample 1
Sample 2
Sample 3
Sample 4
Sample 5
Average

N

0%NR
0.021
0.021
0.018
0.018
0.017
0.019
0.0018

10%NR
0.016
0.015
0.014
0.014
0.012
0.014
0.0018

30% NR
0.016
0.016
0.015
0.014
0.013
0.015
0.0013

50%NR
0.032
0.031
0.031
0.030
0.023
0.029
0.0039



Table DIO Maximum flexural strain of octyl tapioca starch composite foams at
75.3%RH with various natural rubber content

Natural rubber
content (% w) 0%NR 10%NR 30% NR 50% NR

Sample 1 0022 0012 0015 0.029
Sample 2 0.020 0.012 0.017 0.029
Sample 3 0.020 0.012 0.018 0.034
Sample 4 0019 0011 0015 0030
Sample 5 0018 0011 0.014 0029
Average 0.020 0.011 0.016 0.030

SD 0.0019 0.00017 0.0017 0.0023
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Appendix E Effect of natural rubber content on specific flexural modulus with

various storage relative humidity

Table EI' Specific flexural modulus of native tapioca starch composite foams at
11.3%RH with various natural rubber content

Natural rubber
content (% wi)
Sample 1
Sample 2
Sample 3
Sample 4
Sample 5
Average (kNm/kg)

D

0% NR
1307.53
1298.88
121762
1150.95
1108.78
1228.75
92.14

10%NR
975.58
960.04
943.69
926.11
917.46
944.58
23.86

30% NR
565.96
511.15
485.45
466.83
466.00
499.08
41.65

50% NR
210.85
268.90
263.97
261.03
258.31
264.63

5.23



1

Table E2 Specific flexural modulus of native tapioca starch composite foams at
32.8%RH with various natural rubber content

Natural rubber
content (% wt)
Sample 1
Sample 2
Sample 3
Sample 4
Sample 5
Average (kNm/kg)

D

0% NR
1525.65
1318.77
1268
921.18
916.29
1189.98
265.76

10%NR
986.72
967.52
947.64
918.64
836.16
931.34
58.87

30%NR
389.98
367.35
360.50
358.44
366.17
368.49
12.58

50% NR
207.93
204.56
196.85
193.95
193.78
19941

6.46

Table E3 Specific flexural modulus of native tapioca starch composite foams at
43.2%RH with various natural rubber content

Natural rubber
content (% w)
Sample 1
Sample 2
Sample 3
Sample 4
Sample 5
Average (kNm/kg)

D

0% NR
1367.53
1294 47
1204.82
1035.18
17382
1135.17
237.06

10%NR
949.83
945.75
915.83
898.33
872.54
016.46
32.52

30% NR
427.66
418.88
353.56
342.86
317.98
372.19
43.48

50% NR
211.16
206.62
201.04
199.98
19413
202.59

6.53
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Table E4 Specific flexural modulus of native tapioca starch composite foams at
53.9%RH with various natural rubber content

Natural rubber
content (% wi) 0%NR 10% NR 30% NR 50% NR

Sample 1 1192.82 785,71 413.66 184,11
Sample 2 1163.88 71992 404.88 18242
Sample 3 1099.82 692.04 401.30 18097
Sample 4 1052.94 685.70 365.84 17854
Sample 5 994,65 647.92 335.14 17447
Average (kNmkg) 170082 718,86 304164 1801025
SD 80,63 60.95 29087 3750351

Table E5 Specific flexural modulus of native tapioca starch composite foams at
75.3%RH with various natural rubber content

Natural rubber
content (% wi) 0% NR 10%NR 30% NR 50% NR

Sample 1 768,50 569.83 322.96 11642
Sample 2 71535 569.30 316.07 11641
Sample 3 620.00 556.78 30351 11223
Sample 4 556,15 554,00 300.62 110.09
Sample 5 537,65 549.48 298.62 106.79

Average (kNmikg) 63953 550,88 308.36 11239
SD 10042 927 1061 415
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Table E5 Specific flexural modulus of octyl tapioca starch composite foams at
11,3%RH with various natural rubber content

Natural rubber
content (I% W)
Sample 1
Sample 2
Sample 3
Sample 4
Sample 5
Average (kNm/kg)

D

0%NR
125337
1164.26
1073.74
968.00
147.74
1041.42
195.38

10%NR
610.30
16113
561.91
486.96
419.04
607.87
170.92

30% NR
524.93
324.50
285.64
279.39
262.50
335.39
108.36

50% NR
231.13
200.38
194.96
173.54
161.19
193.44
29.13

Table E7 Specific flexural modulus of octyl tapioca starch composite foams at
32.89%RH with various natural rubber content

Natural rubber
content (% wt)
Sample 1
Sample 2
Sample 3
Sample 4
Sample 5
Average (kNm/kg)

D

0% NR
1221.33
1109.72
1063.22
1045.11
976.83
1083.24
90.76

10%NR
113.18
104.82
666.23
664.68
486.05
651.39
94.27

30% NR
479.26
385.63
290.74
261.96
254.59
334.44
96.35

50% NR
231.38
229.29
221.85
218.44
214.16
224.22

1.50
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Table E8 Specific flexural modulus of octyl tapioca starch composite foams at
43.2%RH with various natural rubber content

Natural rubber
content (% wt)
Sample 1
Sample 2
Sample 3
Sample 4
Sample 5
Average (kNm/kg)

D

0% NR
1535.35
144543
1324.18
121313
999.39
1303.63
209.17

10%NR
562.52
486.57
433.39
345.70
501.39
465.91
8144

30%NR
43251

3%.14

338.82

317.86

182.89

333.66
95.78

50%NR
238.84

209.49

206.98

203.53

162.49
204.21
21.28

Table E9 Specific flexural modulus of octyl tapioca starch composite foams at
53.9%RH with various natural rubber content

Natural rubber
content (% wt)
Sample 1
Sample 2
Sample 3
Sample 4
Sample 5
Average (kNm/kg)

D

0%NR
1159.10
114415
1141.20
1075.20
886.30
1081.19
113.64

10%NR
541.57
526.61
390.87
385.91
214.70
42553
112.96

30% NR
424.26
311.16
208.74
201.16
197.65
268.59
99.00

50%NR
2121
220.53
207.23
206.26
199.60
21097
951



Table E10 Specific flexural modulus of octyl tapioca starch composite foams at
75.3%RH with various natural rubber content

Natural rubber
content (% wt)
Sample 1
Sample 2
Sample 3
Sample 4
Sample 5
Average (kNm/kg)

D

0%NR
57740
571.85
568.70
565.30
551.20
566.89

9.836692

10%NR
462.95
422.68
414.21
403.77
343.09

409.3545

43.29201

30%NR
208.57
206.83
158.41
152.70
143.03
173.92
31.33

50% NR
1511
120.69
118.33
118.15
117.85
120.15

331
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Appendix F Effect of cellulose pulp content on foam density at 53.9%RH for
fixed natural rubber content at 30%wt

Table I Densities of native tapioca starch composite foams at 53.9%RH with
various cellulose pulp content

gmpww Oofiber  Wefier  3fiber  5%fiber

Sample 1 0.48 042 0.54 0.5
Sample 2 0.49 0.4 053 0.52
Sample 3 0.52 0.45 0.53 0.56
Sample 4 048 0.42 054 055
Sample 5 055 0.44 053 057
Average (g/cm3) 051 043 053 0.55

SD 0,032 0015 0.0043 0,019



Table F2 Densities of octyl tapioca starch composite foams at 53.9%RH with
various cellulose pulp content

Eoen”gr']ose)owp Wofiber  10%fiber  30%fiber  50% fier

Sample 1 0.35 0.24 041 042
Sample 2 0.28 0.28 0.42 0.42
Sample 3 031 0.24 0.40 0.42
Sample 4 0.29 0.29 0.35 041
Sample 5 0.30 0.29 041 042
Average (g/em3 031 0.27 0.40 0.42

sD 0.029 0.024 0.029 0.0028
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Appendix G Effect of cellulose pulp content on flexural properties at 53.9%RH
for fixed natural rubber content at 30%wt

Table G1 Specific flexural strength of native tapioca starch composite foams at
53.9%RH with various cellulose pulp content

Cellulose uIP
content (% w)
Sample 1
Sample 2
Sample 3
Sample 4
Sample 5
Average (kNm/kg)

D

0% fiber
591
5.79
047
537
5.25
5.56
0.28

1% fiber
6.15
5.86
5.53
5.14
501
5.53
0.48

3% fiber
1.60
1.60
6.69
6.46
6.06
6.88
0.69

5% fiber
9.70
9.59
9.31
9.20
8.65
9.29
0.41



Table G2 Specific flexural strength of octyl tapioca starch composite foams at
53.9%RH with various cellulose pulp content

Couosepid — owfoer  mofoer  Apfter S

sample 1 411 590 716 837
Sample 2 297 567 6.46 816
Sample 3 236 503 623 809
Sample 4 205 500 616 171
Sample 5 191 5,03 613 758
Average (KNmkg) — 96g 541 643 799
s 0.90 037 043 031

Table G3 Maximum flexural strain of native tapioca starch composite foams at
53.9%RH with various cellulose pulp content

Coluosepud ot tofier oo e

Sample 1 0.026 0.027 0.036 0.037
Sample 2 0.023 0.026 0.036 0.036
Sample 3 0.020 0.026 0.035 0.035
Sample 4 0.020 0.026 0.035 0.035
Sample 5 0.020 0.025 0.034 0.032
Average 0.022 0.026 0.035 0.035

3D 0.0029 0.00078 0.0010 0.0016
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Table G4 Maximum flexural strain of octyl tapioca starch composite foams at
53.9%RH with various cellulose pulp content

CAMOEIID (ol Dfer AWl SO e

Sample 1 0.016 0.023 0.026 0.030
Sample 2 0,016 0.022 0.025 0.029
Sample 3 0.015 0.0220 0,025 0.029
Sample 4 0.014 0.021 0.024 0.029
Sample 5 0.013 0.020 0.022 0.027
Average 0.015 0.022 0.024 0.029

SD 0.0013 0.0011 0.0015 0.0012

Table G5 Specific flexural modulus of native tapioca starch composite foams at
53.9%RH with various cellulose pulp content

Couoseid  owfier — wofer  Fofer e

Sample 1 413,66 395,68 459.23 579.48
Sample 2 40488 392,61 37651 546,88
Sample 3 4013 388.39 36183 531.40
Sample 4 365.84 385.29 348.30 530.28
Sample 5 335.14 376.48 416.34 501.85

Average (kKNmkg) 38416 387,69 3944 537.98
SD 291 742 15.20 2833



Table G6 Specific flexural modulus of octyl tapioca starch composite foams at
53.9%RH with various cellulose pulp content

%MF%M) Oofier  10%fiber  30%fiber  50%fiber

Sample 1 424,26 1941 533.42 556.43
Sample 2 311.16 13061 18957 541,17
Sample 3 208.74 402.30 467.39 536,91
Sample 4 20116 382.36 460,99 525.76
Sample 5 19765 360.25 446,00 475.12

Average (kNmikg) — 9gg 59 106,79 17947 57,08
SD 99,00 3767 33.99 3106
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Appendix H Effect of cellulose pulp content on moisture content at 53.9%RH
for fixed natural rubber content at 30%wt

Table HI' Moisture content of native tapioca starch composite foams at 53.9%RH
with various cellulose pulp content

Co
Sample 1
Sample 2
Sample 3
Sample 4
Sample 5

Average (%)

SD

0% fiber
6.66
6.63
6.77
7.04
6.87
6.79
0.17

1% fiber
6.67
6.56
6.55
6.71
6.47
6.60
0.096

3% fiber
6.71
6.12
6.65
6.64
6.45
6 51
0.24

5% fiber
6.59
6.60
6.70
6.69
6.61
6.64
0.051



Table H2 Moisture content of octyl tapioca starch composite foams at 53.9%RH
with various cellulose pulp content

Couosepu — owfivr  I0fior  0efiber 0% e

Sample 1 555 547 593 592
Sample 2 5.26 5,39 6.02 580
Sample 3 5.3 559 5.98 282
Sample 4 5,77 5,74 5,93 5.90
Sample 5 5,12 5,67 5,90 5.91
Average (%) 541 5,57 595 5.88

SD 025 0.14 0.050 0,069
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