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APPENDICES

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

Table A1 Moisture content of native tapioca starch composite foams at 11.3%RH 
with various natural rubber content

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

Sample 1 7.08 4.47 4.03 3.68
Sample 2 7.28 6.41 3.85 3.81
Sample 3 7.61 4.18 3.83 3.70
Sample 4 7.31 4.61 4.01 3.65
Sample 5 7.21 4.33 4.03 3.12

Average (%) 7.3 ill 3.95 3.59
SD 0.19 0.92 0.1 0.27
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Table A2 Moisture content of native tapioca starch composite foams at 32.8%RH
with various natural rubber content

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

Sample 1 7.87 6.84 5.74 4.49
Sample 2 7.66 7.11 5.66 4.75
Sample 3 7.61 6.67 5.73 4.69
Sample 4 7.77 6.27 5.72 4.60
Sample 5 7.35 6.22 5.52 4.623

Average (%) 7.65 6.62 5.67 4.63
SD 0.2 0.38 0.09 0.1

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

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

Sample 1 7.95 6.93 5.65 4.84
Sample 2 8.03 6.85 5.69 4.76
Sample 3 8.01 6.94 5.84 4.74
Sample 4 7.88 6.94 5.80 4.45
Sample 5 7.95 6.46 5.82 4.56

Average (%) 7.96 6.83 5.76 4.67
SD 0.056 0.21 0.086 0.16
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Table A4 Moisture content of native tapioca starch composite foams at 53.9%RH
with various natural rubber content

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

Sample 1 9.60 8.28 6.66 5.24
Sample 2 9.69 8.36 6.63 5.38
Sample 3 9.70 8.15 6.77 5.32
Sample 4 9.65 8.10 7.04 5.33
Sample 5 9.65 7.92 6.87 5.48

Average (%) 9.66 8.16 6.79 5.35
SD 0.39 0.17 0.17 0.087

Table A5 Moisture content of native tapioca starch composite foams at 75.3%RH 
with various natural rubber content

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

Sample 1 13.44 12.46 10.77 8.543191
Sample 2 13.41 13.17 10.57 8.626162
Sample 3 13.40 12.41 10.39 9.133692
Sample 4 13.37 12.47 10.66 8.96053
Sample 5 13.28 12.24 10.16 8.26

Average (%) 13.38 12.55 10.51 8.7
SD 0.059 0.36 0.24 0.35
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Table A6 Moisture content of octyl tapioca starch composite foams at 11,3%RH
with various natural rubber content

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

Sample 1 6.02 5.57 3.49 3.12
Sample 2 5.86 5.34 3.21 3.11
Sample 3 6.03 5.26 3.43 3.01
Sample 4 5.87 5.47 2.99 3.00
Sample 5 5.61 5.48 2.54 2.74

Average (%) 5.88 5.42 3.13 3
SD 0.17 0.12 0.38 0.15

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

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

Sample 1 7.44 6.09 4.32 3.82
Sample 2 7.41 5.99 4.14 3.63
Sample 3 7.17 5.52 4.09 3.67
Sample 4 6.98 5.87 3.87 3.71
Sample 5 6.89 5.80 3.94 3.83

Average (%) 7.17 5.86 4.07 3.73
SD 0.24 0.22 0.18 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

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

Sample 1 6.99 6.17 4.78 4.04
Sample 2 7.39 6.23 4.94 3.88
Sample 3 7.03 6.17 4.93 4.00
Sample 4 6.85 5.89 4.81 3.78
Sample 5 7.02 5.66 4.78 3.60

Average(%) 7.06 6.03 4.85 3.86
SD 0.2 0.24 0.079 0.18

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

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

Sample 1 8.79 7.07 5.55 4.34
Sample 2 8.73 6.87 5.26 4.48
Sample 3 8.92 7.04 5.35 4.30
Sample 4 8.61 7.08 5.77 4.35
Sample 5 8.09 7.48 5.12 4.39

Average (%) 8.63 7.11 5.41 4.37
SD 0.32 0.23 0.25 0.07



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

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

Sample 1 12.70 11.40 9.43 9.18
Sample 2 12.89 11.22 9.88 9.06
Sample 3 12.91 11.27 10.07 9.00
Sample 4 12.77 11.56 10.10 8.97
Sample 5 12.45 10.80 9.83 8.57

Average (%) 12.75 11.25 9.86 8.95
SD 0.18 0.28 0.27 0.23
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Appendix B Effect of natural rubber content on foam densities with various 
storage relative humidity

Table B1 Densities of native tapioca starch composite foams at 11,3%RH with 
various natural rubber content

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

Sample 1 0.17 0.25 0.42 0.53
Sample 2 0.17 0.24 0.42 0.52
Sample 3 0.16 0.26 0.48 0.54
Sample 4 0.19 0.25 0.45 0.52
Sample 5 0.16 0.22 0.48 0.53

Average (g/cm3) 0.17 0.24 0.45 0 53
SD 0.013 0014 0.027 0.0066
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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 ( % wt) 0% NR 10% NR 30% NR 50% NR

Sample 1 0.16 0.24 0.48 0.55
Sample 2 0.17 0.23 0.50 0.53
Sample 3 0.17 0.25 0.48 0.55
Sample 4 0.17 0.26 0.51 0.55
Sample 5 0.17 0.26 0.45 0.54

Average (g/cmJ) 0.17 0.25 0.48 0.55
SD 0.0038 0.014 0.021 0.0082

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

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

Sample 1 0.17 0.20 0.48 0.55
Sample 2 0.17 0.26 0.49 0.56
Sample 3 0.17 0.26 0.52 0.57
Sample 4 0.16 0.24 0.48 0.55
Sample 5 0.17 0.24 0.55 0.53

Average (g/cmJ) 0.17 0.24 0.51 0.55
SD 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 (% wt) 0% NR 10% NR 30% NR 50% NR

Sample 1 0.17 0.24 0.51 0.60
Sample 2 0.16 0.26 0.51 0.56
Sample 3 0.17 0.23 0.49 0.55
Sample 4 0.17 0.25 0.49 0.61
Sample 5 0.16 0.22 0.49 0.53

Average (g/cm3) 0.17 0.24 0.50 0.57
SD 0.0071 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 (% wt) 0% NR 10% NR 30% NR 50% NR

Sample 1 0.17 0.26 0.27 0.53
Sample 2 0.18 0.23 0.51 0.53
Sample 3 0.22 0.22 0.53 0.58
Sample 4 0.22 0.21 0.48 0.53
Sample 5 0.21 0.25 0.47 0.49

Average (g/cmJ) 0.20 0.23 0.45 0.53
SD 0.023 0.021 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 (% wt) 0% NR 10% NR 30% NR 50% NR

Sample 1 0.19 0.23 0.27 0.51
Sample 2 0.17 0.23 0.28 0.49
Sample 3 0.19 0.26 0.24 0.51
Sample 4 0.17 0.22 0.29 0.47
Sample 5 0.22 0.22 0.30 0.42

Average (g/cmJ) 0.19 0.23 0.28 0.48
SD 0.019 0.018 0.022 0.036

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

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

Sample 1 0.18 0.22 0.32 0.47
Sample 2 0.20 0.18 0.28 0.42
Sample 3 0.19 0.25 0.23 0.48
Sample 4 0.17 0.24 0.24 0.51
Sample 5 0.18 0.19 0.28 0.50

Average (g/cmJ) 0.18 0.22 0.27 0.48
SD 0.012 0.023 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 (% wt) 0% NR 10% NR 30% NR 50% NR

Sample 1 0.24 0.23 0.31 0.46
Sample 2 0.19 0.22 0.32 0.43
Sample 3 0.18 0.22 0.27 0.44
Sample 4 0.28 0.24 0.25 0.47
Sample 5 0.28 0.25 0.26 0.45

Average (g/cmJ) 0.23 0.23 0.28 0.45
SD 0.069 0.012 0.029 0.013

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

Natural rubber 
content (% wt) 0%'NR 10% NR 30% NR 50% NR

Sample 1 0.21 0.24 0.35 0.47
Sample 2 0.21 0.23 0.28 0.45
Sample 3 0.20 0.23 0.31 0.48
Sample 4 0.21 0.22 0.29 0.46
Sample 5 0.18 0.24 0.30 0.48

Average (g/cmJ) 0.2 0.23 0.31 0.47
SD 0.012 0.012 0.029 0.016



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

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

Sample 1 0.23 0.25 0.26 0.51
Sample 2 0.21 0.21 0.30 0.46
Sample 3 0.20 0.22 0.29 0.45
Sample 4 0.16 0.21 0.29 0.48
Sample 5 0.19 0.23 0.37 0.49

Average (g/cmJ) 0.2 0.23 0.31 0.49
SD 0.025 0.019 0.048 0.025
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Table Cl Specific flexural strength of native tapioca starch composite foams at 
11,3%RH with various natural rubber content

Appendix c Effect of natural rubber content on specific flexural strength with
various storage relative humidity

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

Sample 1 16.46 12.36 5.24 4.23
Sample 2 14.61 15.27 5.19 3.80
Sample 3 13.47 9.71 5.69 3.77
Sample 4 12.12 9.48 5.06 3.22
Sample 5 11.31 10.70 4.67 2.91

Average (kNm/kg) 13.59 11.50 5.17 3.59
SD 2.04 2.39 0.37 0.52
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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 (% wt) 0% NR 10% NR 30% NR 50% NR

Sample 1 17.49 13.64 6.41 3.87
Sample 2 15.75 11.74 5.00 3.78
Sample 3 15.33 11.69 4.76 3.72
Sample 4 11.22 11.49 4.41 3.48
Sample 5 13.87 10.84 5.23 3.07

Average (kNm/kg) 14.73 11.88 5.16 3.59
SD 2.35 1.05 0.76 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 (% wt) 0% NR 10% NR ' 30% NR 50% NR

Sample 1 15.57 13.87 6.87 3.59
Sample 2 19.16 13.31 6.85 3.56
Sample 3 16.26 12.81 6.61 3.43
Sample 4 17.02 12.07 6.61 3.39
Sample 5 16.44 12.00 6.29 3.37

Average (kNm/kg) 16.89 12.81 6.65 3.47
SD 1.37 0.80 0.24 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) 0% NR 10% NR 30% NR 50% NR

Sample 1 17.93 11.84 5.91 3.07
Sample 2 16.32 10.28 5.79 3.06
Sample 3 15.60 9.64 5.47 3.03
Sample 4 14.91 9.60 5.37 3.00
Sample 5 14.70 9.16 5.25 2.98

Average (kNm/kg) 15.89 10.10 5.56 3.03
SD 1.30 1.05 0.28 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) 0% NR 10% NR 30% NR- 50% NR

Sample 1 11.35 7.38 4.14 2.212892
Sample 2 10.85 6.83 3.48 2.190166
Sample 3 10.61 6.49 3.28 2.154038
Sample 4 8.47 6.47 3.23 2.1483
Sample 5 6.29 6.39 3.20 2.123258

Average (kNm/kg) 9.51 6.71 3.47 2.17
SD 2.11 0.41 0.39 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) 0% NR 10% NR 30% NR 50% NR

Sample 1 16.47 9.57 7.16 3.65
Sample 2 12.31 5.14 4.77 3.42
Sample 3 11.17 4.82 3.25 3.36
Sample 4 8.05 4.39 2.90 3.31
Sample 5 6.19 3.67 2.86 2.93

Average (kNm/kg) 10.84 5.52 4.19 3.33
SD 3.98 2.33 1.84 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 (% wt) 0% NR 10% NR 30% NR 50% NR

Sample 1 19.76 10.75 8.44 3.68
Sample 2 17.00 10.51 5.43 3.63
Sample 3 14.12 10.26 3.05 3.62
Sample 4 13.40 9.52 2.29 3.57
Sample 5 13.15 6.63 4.55 3.39

Average (kNm/kg) 15.49 9.54 4.75 3.57
SD 2.84 1.69 2.40 0.11
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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 (% wt) 0%NR 10% NR 30% NR 50% NR

Sample 1 14.55 10.10 4.44 2.92
Sample 2 18.03 7.17 4.25 2.91
Sample 3 11.45 4.19 4.03 2.70
Sample 4 8.41 3.03 3.82 2.57
Sample 5 15.59 2.95 3.42 2.52

Average (kNm/kg) 13.61 5.49 3.99 2.72
รอ 3.74 3.09 0.40 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) 0% NR 10% NR 30% NR 50% NR

Sample 1 15.25 5.44 4.11 2.77
Sample 2 12.96 5.22 2.97 2.71
Sample 3 12.31 4.84 2.36 2.59
Sample 4 11.01 2.92 2.05 2.58
Sample 5 9.72 2.72 1.91 2.50

Average (kNm/k) 12.25 4.23 2.68 2.63
รอ 2.09 1.30 0.90 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 (% wt) 0% NR 10% NR 30% NR 50% NR

Sample 1 10.26 5.89 3.04 1.81
Sample 2 10.00 5.13 2.02 1.77
Sample 3 9.02 4.15 1.82 1.76
Sample 4 8.60 3.35 1.66 1.76
Sample 5 7.89 2.92 1.50 1.67

Average (kNm/kg) 9.15 4.29 2.01 1.75
SD 0.99 1.23 0.61 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 (% wt) 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 0.021 0.012 0.022 0.027
Average 0.022 0.014 0.024 0.030

SD ;
-  ■

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) 0%NR 10% NR 30% NR 50% NR

Sample 1 0.031 0.019 0.044 0.051
Sample 2 0.030 0.019 0.033 0.042
Sample 3 0.028 0.018 0.032 0.041
Sample 4 0.028 0.017 0.032 0.041
Sample 5 0.021 0.017 0.030 0.041
Average 0.028 0 018 0.034 0.043

SD 0.0037 0.00086 0.0054 0.0045

Table D3 Maximum flexural strain of native tapioca starch composite foams at 
43.2%RH with various natural rubber content

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

Sample 1 0.025 0.016 0.027 0.044
Sample 2 0.023 0.015 0.027 0.041
Sample 3 0.022 0.015 0.027 0.039
Sample 4 0.020 0.015 0.025 0.037
Sample 5 0.020 0.015 0.024 0.036
Average 0.022 0.015 0.026 0.039

SD 0.0024 0.00036 0.0015 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) 0% NR 10% NR 30% NR 50% NR

Sample 1 0.020 0.015 0.026 0.046
Sample 2 0.020 0.015 0.023 0.043
Sample 3 0.019 0.014 0.020 0.038
Sample 4 0.018 0.014 0.020 0.038
Sample 5 0.017 0.014 0.020 0.036
Average 0.019 0.014 0.022 0.040

SD 0.0015 0.00058 0.0029 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 (% wt) 0% NR 10% NR 30% NR 50% NR

Sample 1 0.016 0.013 0.020 0.040
Sample 2 0.015 0.012 0.019 0.041
Sample 3 0.015 0.012 0.019 0.042
Sample 4 0.013 0.012 0.018 0.042
Sample 5 0.013 0.012 0.018 0.042
Average 0.015 0.012 0.019 0.041

SD 0.0014 0.00040 0.0010 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) 0% NR 10% NR 30% NR 50% NR

Sample 1 0.024 0.018 0.018 0.028
Sample 2 0.020 0.015 0.014 0.027
Sample 3 0.016 0.012 0.016 0.026
Sample 4 0.016 0.012 0.017 0.026
Sample 5 0.013 0.011 0.014 0.024
Average 0.018 0.014 0.016 0.026

SD 0.0043 0.0026 0.0017 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) 0% NR 10% NR 30% NR 50% NR

Sample 1 0.029 0.016 0.023 0.040
Sample 2 0.028 0.016 0.022 0.035
Sample 3 0.027 0.016 0.022 0.034
Sample 4 0.026 0.015 0.021 0.030
Sample 5 0.026 0.014 0.020 0.030
Average 0.027 0.016 0.021 0.034

SD 0.0010 0.00073 0.0014 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) 0%NR 10% NR 30% NR 50% NR

Sample 1 0.023 0.016 0.017 0.030
Sample 2 0.022 0.014 0.017 0.031
Sample 3 0.021 0.014 0.016 0.030
Sample 4 0.019 0.014 0.015 0.027
Sample 5 0.014 0.014 0.014 0.026
Average 0.020 0.014 0.016 0.029

SD 0.0035 0.00079 0.0012 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) 0% NR 10% NR 30% NR 50% NR

Sample 1 0.021 0.016 0.016 0.032
Sample 2 0.021 0.015 0.016 0.031
Sample 3 0.018 0.014 0.015 0.031
Sample 4 0.018 0.014 0.014 0.030
Sample 5 0.017 0.012 0.013 0.023
Average 0.019 0.014 0.015 0.029

SD 0.0018 0.0018 0.0013 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 (% wt) 0% NR 10% NR 30% NR 50% NR

Sample 1 0.022 0.012 0.015 0.029
Sample 2 0.020 0.012 0.017 0.029
Sample 3 0.020 0.012 0.018 0.034
Sample 4 0.019 0.011 0.015 0.030
Sample 5 0.018 0.011 0.014 0.029
Average 0.020 0.011 0.016 0.030

SD 0.0019 0.00017 0.0017 0.0023
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Table E l Specific flexural modulus of native tapioca starch composite foams at
11.3%RH with various natural rubber content

Appendix E Effect of natural rubber content on specific flexural modulus with
various storage relative humidity

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

Sample 1 1307.53 975.58 565.96 270.85
Sample 2 1298.88 960.04 511.15 268.90
Sample 3 1277.62 943.69 485.45 263.97
Sample 4 1150.95 926.11 466.83 261.03
Sample 5 1108.78 917.46 466.00 258.37

Average (kNm/kg) 1228.75 944.58 499.08 264.63
SD 92.14 23.86 41.65 5.23
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Table E2 Specific flexural modulus of native tapioca starch composite foams at
32.8%RH with various natural rubber content

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

Sample 1 1525.65 986.72 389.98 207.93
Sample 2 1318.77 967.52 367.35 204.56
Sample 3 1268 947.64 360.50 196.85
Sample 4 921.18 918.64 358.44 193.95
Sample 5 916.29 836.16 366.17 193.78

Average (kNm/kg) 1189.98 931.34 368.49 199.41
SD 265.76 58.87 12.58 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 (% wt) 0% NR 10% NR 30% NR 50% NR

Sample 1 1367.53 949.83 427.66 211.16
Sample 2 1294.47 945.75 418.88 206.62
Sample 3 1204.82 915.83 353.56 201.04
Sample 4 1035.18 898.33 342.86 199.98
Sample 5 773.82 872.54 317.98 194.13

Average (kNm/kg) 1135.17 916.46 372.19 202.59
SD 237.06 32.52 48.48 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 (% wt) 0% NR 10% NR 30% NR 50% NR

Sample 1 1192.82 785.71 413.66 184.11
Sample 2 1163.88 779.92 404.88 182.42
Sample 3 1099.82 692.04 401.30 180.97
Sample 4 1052.94 688.70 365.84 178.54
Sample 5 994.65 647.92 335.14 174.47

Average (kNm/kg) 1100.82 718.86 384.164 180.1025
SD 80.63 60.95 32.9087 3.750351

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

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

Sample 1 768.50 569.83 322.96 116.42
Sample 2 715.35 569.30 316.07 116.41
Sample 3 620.00 556.78 303.51 112.23
Sample 4 556.15 554.00 300.62 110.09
Sample 5 537.65 549.48 298.62 106.79

Average (kNm/kg) 639.53 559.88 308.36 112.39
SD 100.12 9.22 10.61 4.15
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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 (% wt) 0%NR 10% NR 30% NR 50% NR

Sample 1 1253.37 810.30 524.93 237.13
Sample 2 1164.26 761.13 324.50 200.38
Sample 3 1073.74 561.91 285.64 194.96
Sample 4 968.00 486.96 279.39 173.54
Sample 5 747.74 419.04 262.50 161.19

Average (kNm/kg) 1041.42 607.87 335.39 193.44
SD 195.38 170.92 108.36 29.13

Table E7 Specific flexural modulus of octyl tapioca starch composite foams at 
32.8%RH with various natural rubber content

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

Sample 1 1221.33 713.18 479.26 231.38
Sample 2 1109.72 704.82 385.63 229.29
Sample 3 1063.22 688.23 290.74 227.85
Sample 4 1045.11 664.68 261.96 218.44
Sample 5 976.83 486.05 254.59 214.16

Average (kNm/kg) 1083.24 651.39 334.44 224.22
SD 90.76 94.27 96.35 7.50
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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) 0% NR 10% NR 30% NR 50% NR

Sample 1 1535.35 562.52 432.57 238.84
Sample 2 1445.48 486.57 396.14 209.49
Sample 3 1324.78 433.39 338.82 206.98
Sample 4 1213.13 345.70 317.86 203.53
Sample 5 999.39 501.39 182.89 162.49

Average (kNm/kg) 1303.63 465.91 333.66 204.27
SD 209.17 81.44 95.78 27.28

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

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

Sample 1 1159.10 547.57 424.26 221.21
Sample 2 1144.15 528.61 311.16 220.53
Sample 3 1141.20 390.87 208.74 207.23
Sample 4 1075.20 385.91 201.16 206.26
Sample 5 886.30 274.70 197.65 199.60

Average (kNm/kg) 1081.19 425.53 268.59 210.97
SD 113.64 112.96 99.00 9.51



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

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

Sample 1 577.40 462.95 208.57 125.71
Sample 2 571.85 422.68 206.83 120.69
Sample 3 568.70 414.27 158.47 118.33
Sample 4 565.30 403.77 152.70 118.15
Sample 5 551.20 343.09 143.03 117.85

Average (kNm/kg) 566.89 409.3545 173.92 120.15
SD 9.836692 43.29201 31.33 3.31
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Table FI Densities of native tapioca starch composite foams at 53.9%RH with 
various cellulose pulp content

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

Cellulose pulp 
content (% wt) 0% fiber 1% fiber 3% fiber 5% fiber

Sample 1 0.48 0.42 0.54 0.55
Sample 2 0.49 0.44 0.53 0.52
Sample 3 0.52 0.45 0.53 0.56
Sample 4 0.48 0.42 0.54 0.55
Sample 5 0.55 0.44 0.53 0.57

Average (g/cm3) 0.51 043 0.53 0.55
SD 0.032 0.015 0.0043 0.019



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

Cellulose pulp 
content (% wt) 0% fiber 10% fiber 30% fiber 50% fiber

Sample 1 0.35 0.24 0.41 0.42
Sample 2 0.28 0.28 0.42 0.42
Sample 3 0.31 0.24 0.40 0.42
Sample 4 0.29 0.29 0.35 0.41
Sample 5 0.30 0.29 0.41 0.42

Average (g/cm3) 0.31 0.27 0.40 0.42
SD 0.029 0.024 0.029 0.0028



84

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

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

Cellulose pulp 
content (% wt) 0% fiber 1% fiber 3% fiber 5% fiber

Sample 1 5.91 6.15 7.60 9.70
Sample 2 5.79 5.86 7.60 9.59
Sample 3 5.47 5.53 6.69 9.31
Sample 4 5.37 5.14 6.46 9.20
Sample 5 5.25 5.01 6.06 8.65

Average (kNm/kg) 5.56 5.53 6.88 9.29
SD 0.28 0.48 0.69 0.41
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Table G2 Specific flexural strength of octyl tapioca starch composite foams at
53.9%RH with various cellulose pulp content

Cellulose pulp 
content (% wt) 0% fiber 10% fiber 30% fiber 50% fiber

Sample 1 4.11 5.90 7.16 8.37
Sample 2 2.97 5.67 6.46 8.16
Sample 3 2.36 5.23 6.23 8.09
Sample 4 2.05 5.20 6.16 7.77
Sample 5 1.91 5.03 6.13 7.58

Average (kNm/kg) 2.68 5.41 6.43 7.99
SD 0.90 0.37 0.43 0.31

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

Cellulose pulp 
content (% wt) 0%’ fiber 1% fiber 3% fiber 5% fiber

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

SD 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

Cellulose pulp 
content (% wt) 0% fiber 10% fiber 30% fiber 50% fiber

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

Cellulose pulp 
content (% wt) 0% fiber 1 % fiber 3% fiber 5% fiber

Sample 1 413.66 395.68 459.23 579.48
Sample 2 404.88 392.61 376.51 546.88
Sample 3 401.3 388.39 361.83 531.40
Sample 4 365.84 385.29 348.30 530.28
Sample 5 335.14 376.48 416.34 501.85

Average (kNm/kg) 384.16 387.69 392.44 537.98
SD 32.91 7.42 45.20 28.33



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

Cellulose pulp 
content (% wt) 0% fiber 10% fiber 30% fiber 50% fiber

Sample 1 424.26 449.41 533.42 556.43
Sample 2 311.16 439.61 489.57 541.17
Sample 3 208.74 402.30 467.39 536.91
Sample 4 201.16 382.36 460.99 525.76
Sample 5 197.65 360.25 446.00 475.12

Average (kNm/kg) 268.59 406.79 479.47 527.08
SD 99.00 37.67 33.99 31.06
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Table HI Moisture content of native tapioca starch composite foams at 53.9%RH 
with various cellulose pulp content

Appendix H Effect of cellulose pulp content on moisture content at 53.9%RH
for fixed natural rubber content at 30%wt

Cellulose pulp 
content (% wt) 0% fiber 1% fiber 3% fiber 5% fiber

Sample 1 6.66 6.67 6.71 6.59
Sample 2 6.63 6.56 6.12 6.60
Sample 3 6.77 6.55 6.65 6.70
Sample 4 7.04 6.71 6.64 6.69
Sample 5 6.87 6.47 6.45 6.61

Average (%) 6.79 6.60 6 51 6.64
SD 0.17 0.096 0.24 0.051



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

Cellulose pulp 
content (% wt) 0% fiber 10% fiber 30% fiber 50% fiber

Sample 1 5.55 5.47 5.93 5.92
Sample 2 5.26 5.39 6.02 5.80
Sample 3 5.35 5.59 5.98 5.82
Sample 4 5.77 5.74 5.93 5.90
Sample 5 5.12 5.67 5.90 5.97

Average (%) 5.41 5.57 5.95 5.88
SD 0.25 0.14 0.050 0.069
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