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APPENDIX A

Table of Characteristics of pellet from mixed plastic waste and corn stover at various
condition.
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Table 1 : Table of physical characteristics of pellet from mixed plastic waste and corn

stover at 55:45 %w/w with the size of corn stover less than 0.5 mm.

No P T H M p Ash Durability Stability
" | (MPa) | (°C) | (%) (%) (g/em?) (%) (%) (day)
1 100 25 5 2.33+0.17 0.5923 +0.0089 | 6.18+0.13 66.23 £0.12 365
2 100 25 10 2.83+0.04 0.6218 +0.0058 | 6.1+0.15 75.89 £ 0.14 365
3 100 25 15 415+0.17 0.524 + 0.0069 529+0.2 74.8+0.13 242
4 100 25 20 5.48+0.2 0.4915 +0.0066 | 6.24+0.12 69.73£0.12 122
5 100 75 5 1.93+0.08 0.6602 +0.0081 | 6.62+0.11 88.54 £0.13 365
6 100 75 10 269+0.1 0.6741£0.0096 | 5.92+0.14 89.96 + 0.14 365
7 100 75 15 3.81+0.25 0.5515+0.0088 | 6.03+0.1 82.32£0.15 365
8 100 75 20 5.09 +0.15 0.5018 £ 0.0088 | 6.12+0.14 80.47 £ 0.11 365
9 100 100 5 1.71+£0.17 0.6885+0.0104 | 6.54+0.14 89.82 £0.12 365
10 100 100 10 215+0.14 0.6004 +0.0093 | 6.46+0.11 85.66 + 0.15 365
11 100 100 15 3.56 £0.07 0.5296 + 0.0093 | 6.82+0.17 79.47 £0.12 365
12 100 100 | 20 4.92+0.28 0.5723 +£0.0088 | 6.44+0.17 86.02 £ 0.1 365
13 150 25 5 221+0.24 0.6061 £ 0.0065 | 6.18 +0.13 66.54 +0.1 365
14 150 25 10 2.86+0.22 0.6603 +0.0093 | 6.42+0.12 80.94+£0.9 365
15 150 25 15 41+0.6 0.5364 + 0.0106 | 6.53+0.16 77.22+0.1 365
16 150 25 20 5.32+0.19 0.5102 + 0.0065 | 6.29+0.13 68.67 £0.12 212
17 150 75 5 1.96 £0.12 0.6976 +0.0088 | 6.29+0.14 90.49 £ 0.11 365
18 150 75 10 2.46 +0.22 0.7472 £0.0099 | 6.21+0.15 95.73+0.9 365
19 150 75 15 3.92+0.14 0.5768 + 0.0065 | 6.18+0.16 94.08 £0.12 365
20 150 75 20 5.03+0.15 0.5211 +0.0097 | 6.24+0.12 89.16 £ 0.9 365
21 150 100 5 1.83+0.18 0.7051 +0.0064 | 6.38+0.16 95.67 £0.12 365
22 150 100 10 231+0.2 0.8357 +0.0092 | 6.45+0.16 96.3£0.11 365
23 150 100 15 3.81+0.16 0.6125 £ 0.0083 6.3+0.15 93.21+0.9 365
24 150 100 | 20 472+0.14 0.5812 +0.0094 | 6.43+0.13 88.02 £9.95 365
25 200 25 5 2.24+0.12 0.6974 £ 0.0085 | 7.02+0.15 78.41+0.9 365
26 200 25 10 2.73+£0.19 0.7876 = 0.0086 6.4+0.14 82.76 £0.1 365
27 200 25 15 4.15+0.15 0.554 +0.0093 | 6.12+0.16 78.01+£0.12 365
28 200 25 20 5.21+0.24 0.5221 £0.0094 | 6.81+£0.22 70.35+0.1 212
29 200 75 5 213+0.14 0.7355+0.0111 | 6.83+0.12 93.51+0.14 365
30 200 75 10 2.69+0.19 1.3383+0.6438 | 6.46+0.13 98.84+0.9 365
31 200 75 15 4.07+0.19 0.7822 +0.0065 | 6.76 +0.13 96.4+0.1 365
32 200 75 20 4.89+0.18 0.6213+0.0093 | 6.32+0.11 90.92+0.1 365
33 200 100 5 2.04+0.18 0.8426 £ 0.0093 | 6.05+0.14 96.53 +0.12 365
34 200 100 10 2.54+0.18 1.0051+0.0086 | 6.83+0.13 98.94 £0.11 365
35 200 100 15 3.83+0.2 0.8598 £ 0.0086 | 6.26 +0.15 95.17+0.9 365
36 200 100 | 20 4.76 £0.19 0.7272+0.0093 | 6.11+0.94 90.01£0.12 365

Remark : The stability can not represent the result in term of average + STD. Because

the experimental of pellet stability is tested for only one trial.
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Table 2 : Table of chemical characteristics of pellet from mixed plastic waste and corn

stover at 55:45 %w/w with the size of corn stover less than 0.5 mm.

No. P T H HV S Cl C H N O
(MPa) | (°C) | (%) (MJ/kg) (%) (%) (%) (%) (%) (%)
1 100 25 5 26.65 +0.86 0.1194 +0.0014 0.12+0.03 6456 +7.3 13.82+£0.23 0.2+£0.04 21.38+7.11
2 100 25 10 27.53+0.53 0.1205 +0.0011 0.19£0.03 679+0.11 13.13+0.39 0.22 +£0.06 18.68 +0.49
3 100 25 15 28.22+0.2 0.1303 +0.0008 0.08£0.03 | 66.25+0.11 1343 +0.04 0.25+0.13 20.12 £0.04
4 100 25 20 2715+0.13 0.1212 +£0.0011 0.12+0.04 | 66.22+0.25 1341 +0.37 0.19 £0.05 20.15+0.13
5 100 75 5 26.65 +0.86 0.1194 +0.0014 0.12 £0.03 64.56 +7.3 13.82+0.23 0.2+0.04 2138+7.11
6 100 75 10 2753+0.53 0.1205 + 0.0011 0.19 £0.03 67.9+0.11 13.13+£0.39 0.22 £0.06 18.68 £0.49
7 100 75 15 28.22+0.2 0.1303 + 0.0008 0.08£0.03 | 66.25+0.11 1343 +0.04 0.25+0.13 20.12 +0.04
8 100 75 20 2715+0.13 0.1212 +£0.0011 0.12+0.04 | 66.22+£0.25 1341+£0.37 0.19 £0.05 20.15+0.13
9 100 100 5 26.65 +0.86 0.1194 +0.0014 0.12+0.03 64.56 +7.3 13.82+0.23 0.2+£0.04 21.38+7.11
10 100 100 10 27.53+0.53 0.1205 £+ 0.0011 0.19 £0.03 679+0.11 13.13+0.39 0.22 +£0.06 18.68 £0.49
11 100 100 15 28.22+0.2 0.1303 + 0.0008 0.08+0.03 | 66.25+0.11 1343 +£0.04 0.25+0.13 20.12 £0.04
12 100 100 20 27.15+0.13 0.1212 +£0.0011 0.12+0.04 | 66.22+0.25 1341 +0.37 0.19 £0.05 20.15+0.13
13 150 25 5 26.65 +0.86 0.1194 +0.0014 0.12 £0.03 64.56+7.3 13.82+£0.23 0.2 £0.04 21.38+7.11
14 150 25 10 2753 +0.53 0.1205 + 0.0011 0.19 £0.03 67.9+0.11 13.13+0.39 0.22 £0.06 18.68 £0.49
15 150 25 15 28.22+0.2 0.1303 £ 0.0008 0.08£0.03 | 66.25+0.11 1343 +0.04 0.25+0.13 20.12 £0.04
16 150 25 20 2715+0.13 0.1212 +£0.0011 0.12+0.04 | 66.22+0.25 1341+0.37 0.19 £0.05 20.15+0.13
17 150 75 5 26.65 +0.86 0.1194 +0.0014 0.12 £0.03 64.56 +7.3 13.82+0.23 0.2+0.04 21.38+7.11
18 150 75 10 27.53+0.53 0.1205 £ 0.0011 0.19£0.03 679+0.11 13.13+0.39 0.22 +£0.06 18.68 £0.49
19 150 75 15 2822+0.2 0.1303 + 0.0008 0.08+0.03 | 66.25+0.11 1343 £0.04 0.25+0.13 20.12 £0.04
20 150 75 20 27.15+0.13 0.1212 +£0.0011 0.12+0.04 | 66.22+0.25 1341+0.37 0.19 £0.05 20.15+0.13
21 150 100 5 26.65 +0.86 0.1194 +0.0014 0.12+0.03 64.56 +7.3 13.82+£0.23 0.2+0.04 21.38+7.11
22 150 100 10 2753 +0.53 0.1205 £ 0.0011 0.19 £0.03 679+0.11 13.13+0.39 0.22 +£0.06 18.68 +0.49
23 150 100 15 28.22+0.2 0.1303 £ 0.0008 0.08£0.03 | 66.25+0.11 1343 +0.04 0.25+0.13 20.12 £0.04
24 150 100 20 27.15+0.13 0.1212 +£0.0011 0.12+0.04 | 66.22+0.25 1341 +0.37 0.19 £0.05 20.15+0.13
25 200 25 5 26.65 +£0.86 0.1194 £+ 0.0014 0.12£0.03 64.56 +7.3 13.82+0.23 0.2+0.04 21.38+7.11
26 200 25 10 2753 +0.53 0.1205 +0.0011 0.19+£0.03 67.9+0.11 13.13+£0.39 0.22 £0.06 18.68 £0.49
27 200 25 15 28.22+0.2 0.1303 + 0.0008 0.08£0.03 | 66.25+0.11 1343 +0.04 0.25+0.13 20.12 £0.04
28 200 25 20 2715+0.13 0.1212 +£0.0011 0.12+0.04 | 66.22+0.25 1341+0.37 0.19 £0.05 20.15+0.13
29 200 75 5 26.65 +0.86 0.1194 +0.0014 0.12+0.03 64.56 +7.3 13.82£0.23 0.2 £0.04 21.38+7.11
30 200 75 10 27.53+0.53 0.1205 £ 0.0011 0.19£0.03 679+0.11 13.13+0.39 0.22 +£0.06 18.68 £0.49
31 200 75 15 28.22+0.2 0.1303 + 0.0008 0.08+0.03 | 66.25+0.11 1343 +£0.04 0.25+0.13 20.12 £0.04
32 200 75 20 27.15+0.13 0.1212 +£0.0011 0.12+0.04 | 66.22+0.25 1341 +0.37 0.19 £0.05 20.15+0.13
33 200 100 5 26.65 +0.86 0.1194 +0.0014 0.12+0.03 64.56+7.3 13.82+£0.23 0.2 £0.04 21.38+7.11
34 200 100 10 2753 +0.53 0.1205 +0.0011 0.19+0.03 679+0.11 13.13+0.39 0.22 £0.06 18.68 £0.49
35 200 100 15 28.22+0.2 0.1303 £ 0.0008 0.08£0.03 | 66.25+0.11 1343 +0.04 0.25+0.13 20.12 £0.04
36 200 100 20 2715+0.13 0.1212 +£0.0011 0.12+0.04 | 66.22+0.25 1341+0.37 0.19 £0.05 20.15+0.13
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Table 3 Table of physical characteristics of pellet from mixed plastic waste and corn

stover at 55:45 %w/w with the size of corn stover between 0.5-1 mm.

No P T H M p Ash Durability Stability
" | (MPa) (°C) | () (%) (g/cm?) (%) (%) (day)
1 100 25 5 | 2442013 0.6124 + 0.0086 6.18+0.12 68.43 0.9 365
2 100 25 | 10 | 35%025 0.6330 + 0.0104 6.52+0.15 76.99+0.9 365
3 100 25 15 | 418096 0.5421 % 0.0093 6.030.12 72.87 0.9 242
4 100 25 20 | T80T 1 55011+ 00066 6.42+0.15 7007+0.25 122
5 100 75 5 | 287024 0.672 £0.0086 6.62 +0.15 87.36+0.13 365
6 100 75 10 | 322022 | 5795+ 00099 6.46 +0.11 95.83+0.1 365
7 100 75 | 15 | 387#028 | 44305400088 5.95+0.13 88.48 £ 0.12 365
8 100 75 | 20 | 6982015 | 46561400003 6.05+0.12 80.190.9 365
9 100 100 5 | 227%021 | 8959400086 6.38+0.15 95.47 £0.1 365
10 | 100 10 | 10 | 292%02 1.0112 +0.0093 64+013 98.72+0.9 365
1 100 100 | 15 | 3672014 1 48493400099 6.1+0.15 97.94+0.1 365
12 | 100 100 | 20 | 638+103 0.618 +0.0088 63+0.14 93.25+0.98 365
13 150 25 5 | 2422039 1 8746 + 00088 6.76£0.19 78980.12 365
14 150 25 10 | 3372015 | 49506 +0.0003 6101 81.62+0.12 365
15 150 25 | 15 | #19%028 | 46453400004 6.34+0.15 78.86 0,66 365
16 150 25 20 | 63%019 0.5779 + 0.0065 6+013 7258+0.12 212
17 150 75 5 | 2362014 1 8779400106 5.46 +0.14 90.7£0.9 365
18 150 75 | 10 | 322022 | 4 5531400082 6.24+0.14 9857 0.13 365
19 150 75 (5 VJc3yBL 034 0.8012 + 0.0086 6.1240.13 9383+0.1 365
20 150 75 20 | 805£018 | 477344 00082 6.38+0.15 90.7£0.12 365
21 150 100 5 | 221%024 | 9444 400003 6.77+0.1 95.48 +0.12 365
2 | 150 100 | 10 | 307%021 | 44319400004 6.29£0.12 98.62+0.1 365
23 150 100 | 15 | 377%022 | 8669400088 6.42+0.13 96.85+0.13 365
24 150 100 | 20 | 39702 | 6191406120 6.57 +0.16 9321+0.1 365
25 | 200 25 5 | 234£021 | 45746+00093 6.23+0.15 81.66+0.12 365
2% 200 25 10 | 332018 | 49758+ 00099 6.42+0.11 83.17+0.9 365
27 | 200 25 | 15 | 446%02 0.6658 + 0.0092 6.27+0.13 79174012 365
28 | 200 25 | 20 | 678%022 | 45937400086 6.14+0.15 73.06+0.11 212
29 200 75 5 L08 +0.2 0.9031 + 0.0082 6.08 +0.16 95.03+0.12 365
30 | 200 75 | 10 | 236£017 4 6554400065 6.45+0.14 98.86 +0.11 365
31 200 75 15 | 2942017 0.8289 + 0.0094 6.67+0.11 97.9740.9 365
32 | 200 75 | 20 | 341*019 | 57857400106 6.31+£0.13 95.63+0.11 365
33 200 100 5 | 1542016 | 9506+ 0.0002 6.38 £0.01 9723012 365
34 | 200 100 | 10 | 148018 190754400086 6.78 +0.04 99.06 +0.9 365
3 | 200 100 | 15 | 2022017 | (87854 0.0004 6.14 +0.04 97.33+0.12 365
36 200 100 | 20 | 3062014 1 8024400086 6.63 +0.04 85.02+0.11 365

Remark : The stability can not represent the result in term of average + STD. Because

the experimental of pellet stability is tested for only one trial.
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Table 4 Table of chemical characteristics of pellet from mixed plastic waste and corn

stover at 55:45 %w/w with the size of corn stover between 0.5-1 mm.

No. P T H HV S Cl C H N 0
(MPa) | (°C) | (%) (MJ/kg) (%) (%) (%) (%) (%) (%)
1 100 25 5 26.65 +0.86 0.1194 +£0.0014 0.12+0.03 6456 +7.3 13.82+0.23 0.2+0.04 21.38+7.11
2 100 25 10 2753 +0.53 0.1205 + 0.0011 0.19+£0.03 679+0.11 13.13+0.39 0.22 £0.06 18.68 +0.49
3 100 25 15 28.22+0.2 0.1303 £ 0.0008 0.08+£0.03 | 66.25+0.11 | 1343+0.04 | 0.25+0.13 20.12 £0.04
4 100 25 20 2715+0.13 0.1212 £0.0011 0.12+0.04 | 66.22+0.25 | 1341+0.37 0.19 +0.05 20.15+0.13
5 100 75 5 26.65 +0.86 0.1194 +0.0014 0.12£0.03 64.56 +7.3 13.82+0.23 0.2+0.04 2138+7.11
6 100 75 10 2753 +0.53 0.1205 +0.0011 0.19+0.03 67.9+0.11 13.13+£0.39 0.22 +0.06 18.68 £0.49
7 100 75 15 28.22+0.2 0.1303 + 0.0008 0.08+£0.03 | 66.25+0.11 | 1343+0.04 | 0.25+0.13 20.12 £0.04
8 100 75 20 27.15+0.13 0.1212 £ 0.0011 0.12+0.04 | 66.22+£0.25 | 13.41+0.37 0.19 £0.05 20.15+0.13
9 100 100 5 26.65 +0.86 0.1194 +0.0014 0.12+0.03 64.56 +7.3 13.82+0.23 0.2+0.04 21.38+7.11
10 100 100 10 27.53 £0.53 0.1205 £ 0.0011 0.19£0.03 679+0.11 13.13+0.39 0.22 +£0.06 18.68 £ 0.49
11 100 100 15 28.22+0.2 0.1303 + 0.0008 0.08+0.03 | 66.25+0.11 | 1343+0.04 | 0.25+0.13 20.12 £0.04
12 100 100 20 27.15+0.13 0.1212 +£0.0011 0.12+0.04 | 66.22+0.25 | 13.41+0.37 0.19£0.05 20.15+0.13
13 150 25 5 26.65 +0.86 0.1194 +£0.0014 0.12+0.03 6456 +7.3 13.82£0.23 0.2+£0.04 21.38+7.11
14 150 25 10 2753 +0.53 0.1205 + 0.0011 0.19£0.03 67.9+0.11 13.13+0.39 0.22 +0.06 18.68 £0.49
15 150 25 15 2822+0.2 0.1303 £ 0.0008 0.08+0.03 | 66.25+0.11 | 1343+0.04 | 0.25+0.13 20.12 £0.04
16 150 25 20 27.15+0.13 0.1212 £0.0011 0.12+0.04 | 66.22+0.25 | 1341+0.37 0.19+£0.05 20.15+0.13
17 150 75 5 26.65 +0.86 0.1194 +0.0014 0.12 £0.03 64.56 +7.3 13.82+0.23 0.2+0.04 21.38+7.11
18 150 75 10 2753 +0.53 0.1205 +0.0011 0.19+£0.03 679+0.11 13.13+0.39 0.22 +£0.06 18.68 £ 0.49
19 150 75 15 2822 +0.2 0.1303 + 0.0008 0.08+0.03 | 66.25+0.11 | 1343+0.04 | 0.25+0.13 20.12 £0.04
20 150 75 20 27.15+0.13 0.1212 £0.0011 0.12+0.04 | 66.22+0.25 | 1341+0.37 0.19£0.05 20.15+0.13
21 150 100 5 26.65 +0.86 0.1194 +£0.0014 0.12+0.03 64.56 7.3 13.82+£0.23 0.2+0.04 21.38+7.11
22 150 100 10 2753 +0.53 0.1205 £ 0.0011 0.19£0.03 679+0.11 13.13+0.39 0.22 +£0.06 18.68 +0.49
23 150 100 15 28.22+0.2 0.1303 + 0.0008 0.08+0.03 | 66.25+0.11 | 1343+0.04 | 0.25+0.13 20.12 £0.04
24 150 100 20 27.15+0.13 0.1212 +£0.0011 0.12+0.04 | 66.22+0.25 | 1341+0.37 0.19 £0.05 20.15+0.13
25 200 25 5 26.65 +0.86 0.1194 £ 0.0014 0.12£0.03 64.56 +7.3 13.82+0.23 0.2+0.04 21.38+7.11
26 200 25 10 2753 +£0.53 0.1205 +0.0011 0.19+0.03 67.9+0.11 13.13+0.39 0.22 +0.06 18.68 £0.49
27 200 25 15 28.22+0.2 0.1303 + 0.0008 0.08+0.03 | 66.25+0.11 | 1343+0.04 | 0.25+0.13 20.12 £0.04
28 200 25 20 27.15+0.13 0.1212 £ 0.0011 0.12+0.04 | 66.22+0.25 | 1341+0.37 0.19 £0.05 20.15+0.13
29 200 75 5 26.65 +0.86 0.1194 +£0.0014 0.12+0.03 64.56 +7.3 13.82+0.23 0.2+0.04 21.38+7.11
30 200 75 10 2753 +0.53 0.1205 +0.0011 0.19£0.03 679+0.11 13.13+0.39 0.22 £0.06 18.68 £ 0.49
31 200 75 15 28.22+0.2 0.1303 + 0.0008 0.08+0.03 | 66.25+0.11 | 1343+0.04 | 0.25+0.13 20.12 £0.04
32 200 75 20 27.15+0.13 0.1212 £0.0011 0.12+0.04 | 66.22+0.25 | 1341+0.37 0.19 £0.05 20.15+0.13
33 200 100 5 26.65 +0.86 0.1194 +£0.0014 0.12+0.03 64.56+7.3 13.82+£0.23 0.2+0.04 21.38+7.11
34 200 100 10 27.53+0.53 0.1205 +0.0011 0.19+0.03 67.9+0.11 13.13+0.39 0.22 +0.06 18.68 £0.49
35 200 100 15 2822+0.2 0.1303 + 0.0008 0.08+£0.03 | 66.25+0.11 | 1343+0.04 | 0.25+0.13 20.12 £0.04
36 200 100 20 27.15+0.13 0.1212 £ 0.0011 0.12+0.04 | 66.22+0.25 | 1341+0.37 0.19+£0.05 20.15+0.13
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Table 5 Table of physical characteristics of pellet from mixed plastic waste and corn

stover at 55:45 %w/w with the size of corn stover between 1 — 2 mm.

No P T H M p Ash Durability Stability
" | (MPa) | (°C) | (%) (%) (g/em?) (%) (%) (day)
1 100 25 5 2.75+0.14 0.5479 £ 0.0093 6.38 £0.02 74.25+0.98 365
2 100 25 10 3.12+0.18 0.6061 + 0.0082 6.18 +0.01 78.76 £0.12 365
3 100 25 15 445+0.14 0.503 +0.0093 6.29 £0.04 71.7+0.11 242
4 100 25 20 6.53+0.21 0.483 +0.0069 5.92 +£0.04 7009 122
5 100 75 5 147 +0.12 0.6526 + 0.0065 6.03 +0.03 85.69 +0.98 365
6 100 75 10 2.77+0.14 0.6756 + 0.0106 6.42 £0.03 87.04 £0.11 365
7 100 75 15 3.11+0.14 0.6005 + 0.0088 6.62 +0.02 82.03+0.12 365
8 100 75 20 4.25+0.2 0.5809 + 0.0086 6.53+0.01 76.07 0.9 365
9 100 100 5 1.07 £0.12 0.7158 + 0.0082 6.82 +£0.03 9437 £0.9 365
10 100 100 10 1.62 £0.84 0.7545 + 0.0066 6.46 +0.01 9757 £0.11 365
11 100 100 15 2.26+0.16 0.7278 £ 0.0094 6.76 £0.01 9794 £0.9 365
12 100 100 20 2.98+0.13 0.6001 + 0.0065 6.27 +0.02 91.26 £0.98 365
13 150 25 5 2.07 £0.12 0.6354 +0.0082 6.08 £0.02 7349 £0.11 365
14 150 25 10 3.09£0.12 0.6513 + 0.0065 6.38 £0.01 75.81 £0.12 365
15 150 25 15 4.03+0.13 0.6018 + 0.0093 6.45+0.01 7328 £0.11 365
16 150 25 20 5.58+0.16 0.5067 £ 0.0093 6.78 £0.02 70.03+£0.1 212
17 150 75 5 1.36 +0.08 0.702 +0.0088 6.4 £0.01 90.97 £0.12 365
18 150 75 10 2,62 £0.04 0.7609 + 0.0093 6.12+0.01 95.91 +£0.98 365
19 150 75 15 3.02 £0.04 0.7795 £ 0.0082 7.02+0.03 93.16 £0.11 365
20 150 75 20 3.98 +3.65 0.7568 + 0.0106 6.26 +0.25 90.58 +0.1 365
21 150 100 5 1.02+1.89 0.7326 £ 0.0088 6.83 £0.43 95.85+0.12 365
22 150 100 10 1.88 £0.99 0.7705 + 0.0094 6.76 +0.34 98.86 +0.98 365
23 150 100 15 2.12+0.97 0.8111 £+ 0.0094 6.1+0.14 95.94 £0.12 365
24 150 100 20 242 +0.73 0.7741 + 0.0065 6.3+0.1 92.68 +0.1 365
25 200 25 5 1.53 +4.06 0.7057 + 0.0093 6.76 +0.45 7556 £0.11 365
26 200 25 10 2.85%0.12 0.7557 £ 0.0094 6.12 +0.36 77.73£0.12 365
27 200 25 15 3.86 +0.13 0.6378 + 0.0099 6.24 +0.13 75.12 £0.98 365
28 200 25 20 442 +0.12 0.5711 £ 0.0094 6.45+0.16 7219+0.11 212
29 200 75 5 1.17 £0.08 0.7852 +0.0093 6.1+0.46 9221 £0.12 365
30 200 75 10 234011 0.8584 + 0.0099 6.63 +0.09 97.84+0.9 365
31 200 75 15 297+0.12 0.7811 + 0.0088 6.13 £0.51 95.15+0.1 365
32 200 75 20 3.65+0.12 0.767 +0.0086 6.34 +0.08 92.02+0.9 365
33 200 100 5 0.94+0.11 0.8509 + 0.0007 6.18 £0.12 96.62 £0.12 365
34 200 100 10 1.13+0.1 0.9954 + 0.0086 6.38 £0.09 98.47 £0.9 365
35 200 100 15 1.98 +0.13 0.8298 £ 0.0111 6+0.12 96.11 £0.12 365
36 200 100 20 211+0.11 0.7805 + 0.0094 529+0.72 934+0.9 365

Remark : The stability can not represent the result in term of average + STD. Because

the experimental of pellet stability is tested for only one trial.
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Table 6 Table of chemical characteristics of pellet from mixed plastic waste and corn

stover at 55:45 %w/w with the size of corn stover between 1-2 mm.

No. P T H HV S Cl C H N 0]
(MPa) | (°C) | (%) (MJ/kg) (%) (%) (%) (%) (%) (%)
1 100 25 5 26.65 +0.86 0.1194 +£0.0014 0.12 £0.03 6456 +7.3 13.82+0.23 0.2+0.04 2138+7.11
2 100 25 10 2753 +0.53 0.1205 + 0.0011 0.19 +£0.03 679+0.11 13.13+0.39 0.22 +£0.06 18.68 +0.49
3 100 25 15 28.22+0.2 0.1303 + 0.0008 0.08+0.03 | 66.25+0.11 1343 +£0.04 0.25+0.13 20.12+£0.04
4 100 25 20 27.15+0.13 0.1212 +0.0011 0.12+0.04 | 66.22+0.25 1341 +0.37 0.19 £0.05 20.15+0.13
5 100 75 5 26.65 +0.86 0.1194 +0.0014 0.12 +£0.03 64.56 +7.3 13.82+0.23 0.2+0.04 21.38+7.11
6 100 75 10 2753 £0.53 0.1205 +0.0011 0.19 £0.03 67.9+0.11 13.13+£0.39 0.22 +0.06 18.68 £0.49
7 100 75 15 28.22+0.2 0.1303 + 0.0008 0.08£0.03 | 66.25+0.11 1343 +0.04 0.25+0.13 20.12+0.04
8 100 75 20 27.15+0.13 0.1212 +0.0011 0.12+0.04 | 66.22+0.25 1341 £0.37 0.19 £0.05 20.15+0.13
9 100 100 5 26.65 +0.86 0.1194 +0.0014 0.12 £0.03 6456 +7.3 13.82+0.23 0.2+0.04 21.38+7.11
10 100 100 10 27.53 £0.53 0.1205 + 0.0011 0.19 +£0.03 679+0.11 13.13+0.39 0.22 +£0.06 18.68 +0.49
11 100 100 15 2822+0.2 0.1303 + 0.0008 0.08+£0.03 | 66.25+0.11 1343 +0.04 0.25+0.13 2012 +0.04
12 100 100 20 27.15+0.13 0.1212 +£0.0011 0.12+0.04 | 66.22+0.25 1341 +0.37 0.19 £0.05 20.15+0.13
13 150 25 5 26.65 +0.86 0.1194 +0.0014 0.12+£0.03 6456 +7.3 13.82+0.23 0.2+0.04 2138+7.11
14 150 25 10 2753 +0.53 0.1205 +0.0011 0.19 £0.03 67.9+0.11 13.13+0.39 0.22 +0.06 18.68 +£0.49
15 150 25 15 28.22+0.2 0.1303 + 0.0008 0.08+0.03 | 66.25+0.11 1343 +£0.04 0.25+0.13 20.12+£0.04
16 150 25 20 27.15+0.13 0.1212 +0.0011 0.12+0.04 | 66.22+0.25 1341 +0.37 0.19 £0.05 20.15+0.13
17 150 75 5 26.65 +0.86 0.1194 +0.0014 0.12 +£0.03 6456 +7.3 13.82+0.23 0.2+0.04 21.38+7.11
18 150 75 10 2753 £0.53 0.1205 +0.0011 0.19 +£0.03 679+0.11 13.13+0.39 0.22 +£0.06 18.68 +0.49
19 150 75 15 2822+0.2 0.1303 + 0.0008 0.08+0.03 | 66.25+0.11 1343 £0.04 0.25+0.13 20.12 +0.04
20 150 75 20 27.15+0.13 0.1212 +0.0011 0.12+0.04 | 66.22+0.25 1341 +0.37 0.19 £0.05 20.15+0.13
21 150 100 5 26.65 +0.86 0.1194 +£0.0014 0.12+£0.03 64.56 7.3 13.82+0.23 0.2+0.04 2138+7.11
22 150 100 10 2753 +£0.53 0.1205 + 0.0011 0.19 +£0.03 679+0.11 13.13+0.39 0.22 +£0.06 18.68 +0.49
23 150 100 15 2822+0.2 0.1303 +0.0008 0.08+0.03 | 66.25+0.11 1343 +£0.04 0.25+0.13 20.12 £0.04
24 150 100 20 27.15+0.13 0.1212 +£0.0011 0.12+0.04 | 66.22+0.25 1341 +0.37 0.19 £0.05 20.15+0.13
25 200 25 5 26.65 +0.86 0.1194 +0.0014 0.12 +£0.03 64.56 +7.3 13.82+0.23 0.2+0.04 21.38+7.11
26 200 25 10 27.53 £0.53 0.1205 +0.0011 0.19 £0.03 67.9+0.11 13.13+£0.39 0.22 +£0.06 18.68 £0.49
27 200 25 15 28.22+0.2 0.1303 + 0.0008 0.08+0.03 | 66.25+0.11 1343 +0.04 0.25+0.13 20.12+0.04
28 200 25 20 27.15+0.13 0.1212 £ 0.0011 0.12+0.04 | 66.22+0.25 1341+0.37 0.19 £0.05 20.15+0.13
29 200 75 5 26.65 +0.86 0.1194 +£0.0014 0.12£0.03 64.56 +7.3 13.82+0.23 0.2+£0.04 21.38+7.11
30 200 75 10 2753 £0.53 0.1205 +0.0011 0.19 £0.03 679+0.11 13.13+0.39 0.22 +£0.06 18.68 +0.49
31 200 75 15 28.22+0.2 0.1303 + 0.0008 0.08+0.03 | 66.25+0.11 1343 £0.04 0.25+0.13 20.12 £0.04
32 200 75 20 27.15%0.13 0.1212 +£0.0011 0.12+0.04 | 66.22+0.25 1341 +0.37 0.19 £0.05 20.15+0.13
33 200 100 5 26.65 +0.86 0.1194 +0.0014 0.12+0.03 64.56+7.3 13.82+0.23 0.2+£0.04 2138+7.11
34 200 100 10 2753 +0.53 0.1205 +0.0011 0.19£0.03 67.9+0.11 13.13+0.39 0.22 +0.06 18.68 +£0.49
35 200 100 15 28.22+0.2 0.1303 + 0.0008 0.08+0.03 | 66.25+0.11 1343 +£0.04 0.25+0.13 20.12+£0.04
36 200 100 20 27.15+0.13 0.1212 +0.0011 0.12+0.04 | 66.22+0.25 1341 +0.37 0.19 £0.05 20.15+0.13
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Table 7 Table of physical characteristics of pellet from mixed plastic waste and corn

stover at 65:35 %w/w with the size of corn stover less than 0.5 mm.

No. P T H M p Ash Durability Stability
(MPa) | (°C) | (%) (%) (g/em?) (%) (%) (day)
1 100 25 5 2.36 £0.12 0.5739 + 0.0065 3.21+0.13 63.34+0.1 365
2 100 25 10 2.13+0.09 0.5924 +0.0082 3.54 +£0.08 7221+0.11 365
3 100 25 15 205+0.11 0.46 +0.0094 322+0.11 65.08 £0.9 242
4 100 25 20 243 +0.05 0.3599 + 0.0082 3.42+0.12 59.02 £0.1 122
5 100 75 5 1.28 £0.08 0.5956 + 0.0093 3.5+0.04 83.82+0.9 365
6 100 75 10 1.22 +0.05 0.5979 + 0.0093 3.22+0.03 8554 +0.12 365
7 100 75 15 1.69 £0.09 0.5327 £ 0.0082 3.32+0.03 80.57 £0.11 365
8 100 75 20 2.01+0.1 0.4393 + 0.0007 3.65+0.02 7546 £0.11 365
9 100 100 5 1.44+0.08 0.5472 + 0.0086 3.23+0.02 81.02+0.9 365
10 100 100 10 121+0.1 0.5992 + 0.0093 3.18 £0.02 86.88 £0.12 365
11 100 100 15 1.72 £0.05 0.5008 + 0.0094 3.1+012 773+0.9 365
12 100 100 20 1.8+0.11 0.4512 + 0.0088 3.29 £0.06 753+0.9 365
13 150 25 5 1.58 £0.12 0.5877 + 0.0093 3.24+0.03 64.06 +0.12 365
14 150 25 10 2.35+0.07 0.6107 + 0.0086 3.62+0.17 7856 +0.98 365
15 150 25 15 6.08 0.1 0.4872 £ 0.0093 3.82+0.01 68.41 +£0.11 365
16 150 25 20 5.94 +0.09 0.4301 +0.0099 3.03+0.01 65.23+0.9 212
17 150 75 5 1.2+0.09 0.606 +0.0094 3.12+0.01 85.87£0.9 365
18 150 75 10 2.02+0.1 0.6263 + 0.0088 3.54 +£1.03 88.02 +0.12 365
19 150 75 15 2.56 +0.09 0.5589 + 0.0094 3.46 +0.04 82.94 +0.11 365
20 150 75 20 5.72+0.11 0.5112 + 0.0088 3.82+0.03 81.13+0.11 365
21 150 100 5 0.71 +0.08 0.6561 + 0.0094 3.44+0.01 85.8 +3.47 365
22 150 100 10 1.04 £0.13 0.6855 +0.0093 3.18 £0.02 87.12+0.11 365
23 150 100 15 232+0.1 0.5699 + 0.0088 3.42+0.03 82.93+0.9 365
24 150 100 20 423+0.1 0.5412 + 0.0086 3.62+0.03 8141+0.11 365
25 200 25 5 2.17 £0.09 0.6268 + 0.0093 3.46 £0.03 7461 £1.04 365
26 200 25 10 2.51+0.09 0.7339 £ 0.0082 3.21+0.03 80.63 +0.11 365
27 200 25 15 4.39+0.12 0.5388 +0.0088 3.45+0.02 73.02+0.1 365
28 200 25 20 5.07+0.1 0.5041 + 0.0082 3.21+0.02 68.87 +0.1 212
29 200 75 5 1.53+0.17 0.6449 £ 0.0093 3.3+0.05 90.98 £0.9 365
30 200 75 10 21+01 0.7307 + 0.0082 3.24+£0.03 94.25 +2.05 365
31 200 75 15 231011 0.5822 + 0.0094 3.43+0.02 8543 +0.9 365
32 200 75 20 4.72+0.11 0.5823 £ 0.0065 3.02+0.04 84.14+0.9 365
33 200 100 5 0.77+0.11 0.8282 + 0.0088 3.11+0.07 93.12+£0.12 365
34 200 100 10 1.84+0.1 0.8543 +0.0093 3.26 +0.03 96.09 £0.12 365
35 200 100 15 1.96 £0.09 0.7062 + 0.0086 3.76 £0.01 86.89 £0.9 365
36 200 100 20 3.01+0.11 0.6728 + 0.0088 3.81+0.03 87.37 £6.99 365

Remark : The stability can not represent the result in term of average + STD. Because

the experimental of pellet stability is tested for only one trial.
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Table 8 Table of chemical characteristics of pellet from mixed plastic waste and corn

stover at 65:35 %w/w with the size of corn stover less than 0.5 mm.

No. P T H HV S Cl C H N (0]
(MPa) | (°C) | (%) (MJkg) (%) (%) (%) (%) (%) (%)
1 100 25 5 36.42+0.12 0.144 +0.0008 0.14 £0.01 7343+0.27 139+0.15 0.15+0.06 | 12.39+0.11
2 100 25 10 3517 +0.77 0.1403 + 0.0007 0.13+£0.02 69.14 +0.16 13.2+0.19 02+0 174+0.01
3 100 25 15 36.22+0.73 0.1498 + 0.0006 0.14 £0.01 679+0.13 14.34 £0.06 0.21+0 1748 £0.19
4 100 25 20 349+0.58 0.1424 +0.0006 0.13+£0.01 70.54 +£0.19 1521+04 0.1+0.02 13.98 £0.22
5 100 75 5 36.42 £0.12 0.144 +0.0008 0.14 £0.01 7343 +0.27 13.9+0.15 0.15+0.06 | 12.39+0.11
6 100 75 10 35.17+£0.77 0.1403 £ 0.0007 0.13 £0.02 69.14 +0.16 132+0.19 0.2+0 174+0.01
7 100 75 15 36.22 £0.73 0.1498 + 0.0006 0.14 £0.01 67.9+0.13 14.34 £0.06 021+0 1748 £0.19
8 100 75 20 349+0.58 0.1424 +0.0006 0.13+£0.01 70.54 £0.19 1521+04 0.1+0.02 13.98 £0.22
9 100 100 5 36.42+0.12 0.144 +0.0008 0.14 £0.01 73.43+0.27 139+£0.15 0.15+0.06 | 12.39+0.11
10 100 100 10 3517 +0.77 0.1403 + 0.0007 0.13 £0.02 69.14 +0.16 132 +0.19 02+0 174+0.01
11 100 100 15 36.22+0.73 0.1498 +0.0006 0.14 £0.01 679+0.13 14.34 £0.06 021+0 1748 £0.19
12 100 100 20 349+0.58 0.1424 + 0.0006 0.13 £0.01 7054 +£0.19 1521+04 0.1+0.02 13.98 £0.22
13 150 25 5 36.42+0.12 0.144 +0.0008 0.14 £0.01 7343+0.27 139+0.15 0.15+0.06 | 12.39+0.11
14 150 25 10 3517 £0.77 0.1403 +0.0007 0.13 £0.02 69.14 +0.16 13.2+0.19 02+0 174+0.01
15 150 25 15 36.22 +0.73 0.1498 + 0.0006 0.14 £0.01 67.9+0.13 14.34 £0.06 021+0 1748 £0.19
16 150 25 20 349+0.58 0.1424 +0.0006 0.13+0.01 70.54 +£0.19 1521+04 0.1+0.02 13.98 +£0.22
17 150 75 5 36.42 £0.12 0.144 +0.0008 0.14 £0.01 7343 +0.27 13.9+0.15 0.15+0.06 | 12.39+0.11
18 150 75 10 35.17+£0.77 0.1403 £ 0.0007 0.13 £0.02 69.14 +0.16 132+0.19 0.2+0 174 +0.01
19 150 75 15 36.22+0.73 0.1498 +0.0006 0.14 £0.01 679+0.13 14.34 £0.06 021+0 1748 £0.19
20 150 75 20 349+0.58 0.1424 +0.0006 0.13+0.01 70.54 £0.19 1521+04 0.1+0.02 13.98 +£0.22
21 150 100 5 36.42+0.12 0.144 +0.0008 0.14 £0.01 7343+0.27 139+0.15 0.15+0.06 | 12.39+0.11
22 150 100 10 3517 +£0.77 0.1403 + 0.0007 0.13 £0.02 69.14 +0.16 13.2+0.19 02+0 174 +0.01
23 150 100 15 36.22+0.73 0.1498 + 0.0006 0.14 £0.01 679+0.13 14.34 £0.06 0.21+0 1748 £0.19
24 150 100 20 349+0.58 0.1424 +0.0006 0.13+0.01 70.54 £0.19 1521+04 0.1+0.02 13.98 £0.22
25 200 25 5 36.42 £0.12 0.144 +0.0008 0.14 £0.01 7343 +0.27 13.9+0.15 0.15+0.06 | 12.39+0.11
26 200 25 10 35.17+£0.77 0.1403 £ 0.0007 0.13 £0.02 69.14 +0.16 132+£0.19 020 174+0.01
27 200 25 15 36.22 £0.73 0.1498 + 0.0006 0.14 £0.01 67.9+0.13 14.34 £0.06 021+0 1748 £0.19
28 200 25 20 349+0.58 0.1424 +0.0006 0.13+0.01 70.54 £0.19 1521+0.4 0.1+0.02 13.98 £0.22
29 200 75 5 36.42 £0.12 0.144 +0.0008 0.14 £0.01 7343 +0.27 13.9+0.15 0.15+0.06 | 12.39+0.11
30 200 75 10 35.17+£0.77 0.1403 + 0.0007 0.13 £0.02 69.14 +0.16 132+0.19 0.2+0 174 +£0.01
31 200 75 15 36.22+0.73 0.1498 +0.0006 0.14 £0.01 679+0.13 14.34 £0.06 0.21+0 1748 £0.19
32 200 75 20 349+0.58 0.1424 +0.0006 0.13+£0.01 7054 +£0.19 1521+04 0.1+0.02 13.98 £0.22
33 200 100 5 36.42+0.12 0.144 +0.0008 0.14 £0.01 7343+0.27 139+0.15 0.15+0.06 | 12.39+0.11
34 200 100 10 3517 +£0.77 0.1403 £ 0.0007 0.13 £0.02 69.14 +0.16 13.2+0.19 02+0 174+0.01
35 200 100 15 36.22 +0.73 0.1498 + 0.0006 0.14 £0.01 67.9+0.13 14.34 £0.06 021+0 1748 £0.19
36 200 100 20 349+0.58 0.1424 +0.0006 0.13+0.01 70.54+£0.19 1521+04 0.1+0.02 13.98 £0.22
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Table 9 Table of physical characteristics of pellet from mixed plastic waste and corn

stover at 65:35 %w/w with the size of corn stover between 0.5-1 mm.

No. P T H M P Ash Durability Stability
(MPa) | (°C) | (%) (%) (g/em®) (%) (%) (day)
1 100 25 5 2.14+0.11 0.5963 + 0.0086 3.48£0.03 65.06 +0.1 365
2 100 25 | 10 251+0.12 0.6195 + 0.0083 352+0.03 7487+0.1 365
3 100 25 15 3.37+0.12 0.4835 + 0.0065 3.1+013 69.04 £0.12 242
4 100 25 | 20 4.66+0.09 0.3727 £ 0.0094 3.23+0.02 57209 122
5 100 75 5 17501 0.6423 + 0.0086 3.14+0.03 84.98+0.91 365
6 100 75 10 2.1+0.09 0.6507 + 0.0065 3.78 £0.03 94.25+0.9 365
7 100 75 | 15 2.79+0.11 0.5551 + 0.0094 3.38+0.02 81.38+0.9 365
8 100 75 20 2.89+0.09 0.4823 + 0.0065 3.31+0.66 76.09£1 365
9 100 00 | 5 1,56 +0.12 0.6682 + 0.0083 3.37+0.03 87.12+0.1 365
10 100 100 | 10 2.06+0.13 0.6743 % 0.0094 3.45+1.03 88.03+0.9 365
11 100 100 15 2.09£0.15 0.6368 + 0.0093 3.08 £0.06 84.89+0.1 365
12 100 100 | 20 2.18+0.15 0.5028 + 0.0094 3.27+0.02 80.37£0.9 365
13 150 25 5 1.77 £0.06 0.6048 +0.0088 3.42+0.03 76.53+0.1 365
14 150 25 | 10 1.98+0.17 0.7953 + 0.0093 3.23+0.02 7432409 365
15 150 25 15 297+0.12 0.5917 +0.0086 3.42+0.03 7321+0.1 365
16 150 25 20 1.34+0.14 0.5646 + 0.0088 3.57+0.04 70.28 £0.11 212
17 150 75 5 1.61+0.02 0.6722 + 0.0086 3.20+0.03 88.46+0.11 365
18 150 75 10 1.87+£0.03 0.8919 + 0.0088 3.77 £0.02 96.21+0.9 365
19 150 75 | 15 2.52+0.03 0.6644 + 0.0093 3.43+0.02 88.03+0.1 365
20 150 75 | 20 3.08+0.03 0.6022 + 0.0094 312+0.03 86.44£0.12 365
21 150 100 5 0.68 +0.06 0.6862 + 0.0088 3.24+0.03 86.08 +0.1 365
22 150 100 | 10 089+0.1 0.6961 + 0.0086 3.46+0.03 96.97 £0.21 365
23 150 100 15 2.28+0.1 0.6876 + 0.0065 3.3+0.03 86.65+0.1 365
2 150 100 | 20 2.86+0.03 0.6156 + 0.0094 3.38+0.03 84.23+0.11 365
25 200 25 5 1.66 +0.04 0.7831 £ 0.0065 3.62+0.05 77.64+0.9 365
26 200 25 10 1.78 +£0.04 0.8027 +0.0093 3.1+0.04 79.02 £0.11 365
27 200 25 | 15 2.39+0.07 0.6066 + 0.0082 334002 7543+0.1 365
28 200 25 20 3.04+£0.06 0.5835 + 0.0094 3.46 +0.03 72.75+0.9 212
29 200 75 5 1.52+0.04 0.8719 0,011 3520 9351:+0.11 365
30 200 75 | 10 1.63+0.02 0.9005 + 0.0093 337001 97.84£0.1 365
31 200 75 | 15 2.37+0.04 0.7613 + 0.0093 3.12+0.03 90.45 +0.89 365
32 200 75 | 20 2.93+0.03 0.6298 + 0.0065 3.38+0.04 88.54:+0.12 365
33 200 100 5 0.59 +0.06 0.8904 + 0.0094 3.29+0.02 9548 £0.11 365
34 200 100 | 10 0.72+0.04 0.9245 + 0.0086 3.42+0.03 98.32:£0.9 365
35 200 100 15 2.11+0.02 0.7621 + 0.0093 3.57+£0.02 93.01+0.9 365
36 200 100 20 2.61+0.04 0.7058 £0.0111 3.27+0.01 89.17+0.1 365

Remark : The stability can not represent the result in term of average + STD. Because

the experimental of pellet stability is tested for only one trial.
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Table 10 Table of chemical characteristics of pellet from mixed plastic waste and corn

stover at 65:35 %w/w with the size of corn stover between 0.5-1 mm.

No. P T H HV S Cl C H N o}
(MPa) | (°C) | (%) (MJ/kg) (%) (%) (%) (%) (%) (%)
1 100 25 5 36.42+0.12 0.144 +0.0008 0.14 £0.01 7343 +0.27 139+0.15 0.15+0.06 1239+0.11
2 100 25 10 35.17+0.77 | 0.1403 +0.0007 0.13+0.02 69.14 +£0.16 13.2+0.19 02+0 174+0.01
3 100 25 15 36.22+0.73 | 0.1498 +0.0006 0.14+£0.01 679+0.13 14.34 +0.06 0.21+0 17.48 £0.19
4 100 25 20 349+0.58 0.1424 +0.0006 0.13+0.01 70.54 £0.19 1521+04 0.1+0.02 13.98 £0.22
5 100 75 5 36.42 £0.12 0.144 +0.0008 0.14 £0.01 7343 £0.27 13.9+0.15 0.15+0.06 1239+0.11
6 100 75 10 35.17+£0.77 | 0.1403 +0.0007 0.13 £0.02 69.14 +£0.16 132+0.19 02+0 174+0.01
7 100 75 15 36.22+0.73 | 0.1498 +0.0006 0.14+0.01 67.9+0.13 14.34 +£0.06 021+0 1748 £0.19
8 100 75 20 349+0.58 0.1424 + 0.0006 0.13+0.01 70.54 £0.19 1521+0.4 0.1+0.02 13.98 £0.22
9 100 100 5 36.42+0.12 0.144 +0.0008 0.14 £0.01 7343 +0.27 139+0.15 0.15£0.06 1239+0.11
10 100 100 10 35.17+0.77 | 0.1403 +0.0007 0.13 £0.02 69.14 +0.16 13.2+0.19 02+0 174+0.01
11 100 100 15 36.22+0.73 | 0.1498 +0.0006 0.14 £0.01 67.9+0.13 14.34 +£0.06 0.21+0 17.48 £0.19
12 100 100 20 349+0.58 0.1424 +0.0006 0.13+0.01 70.54 £0.19 1521+04 0.1+0.02 13.98 £0.22
13 150 25 5 36.42+0.12 0.144 +0.0008 0.14 £0.01 7343 +0.27 139+0.15 0.15+0.06 12.39+0.11
14 150 25 10 3517 +£0.77 | 0.1403 +£0.0007 0.13+0.02 69.14 +£0.16 13.2+0.19 02+0 174+0.01
15 150 25 15 36.22+0.73 | 0.1498 +0.0006 0.14+£0.01 67.9+0.13 14.34 +0.06 021+0 1748 £0.19
16 150 25 20 349+0.58 0.1424 +0.0006 0.13+0.01 70.54 £0.19 1521+0.4 0.1+0.02 13.98 £0.22
17 150 75 o} 36.42 £0.12 0.144 +0.0008 0.14+0.01 7343 £0.27 13.9+0.15 0.15+0.06 1239+0.11
18 150 75 10 35.17+0.77 | 0.1403 +0.0007 0.13 £0.02 69.14 £0.16 132+0.19 0.2+0 174 +£0.01
19 150 75 15 36.22+0.73 | 0.1498 +0.0006 0.14 £0.01 679+0.13 14.34 £0.06 021+0 1748 £0.19
20 150 75 20 349+0.58 0.1424 + 0.0006 0.13+0.01 70.54 £0.19 1521+04 0.1+0.02 13.98 £0.22
21 150 100 5 36.42+0.12 0.144 +0.0008 0.14 £0.01 7343 +0.27 139+0.15 0.15+0.06 1239+0.11
22 150 100 10 35.17+0.77 | 0.1403 +0.0007 0.13+0.02 69.14 £0.16 13.2+0.19 02+0 174+0.01
23 150 100 15 36.22+0.73 | 0.1498 +0.0006 0.14 £0.01 679+0.13 14.34 +£0.06 0.21+0 17.48 £0.19
24 150 100 20 349+0.58 0.1424 +0.0006 0.13+0.01 70.54 £0.19 1521+04 0.1+0.02 13.98 £0.22
25 200 25 5 36.42 £0.12 0.144 +0.0008 0.14 £0.01 7343 £0.27 13.9+0.15 0.15+0.06 1239+0.11
26 200 25 10 35.17+£0.77 | 0.1403 +0.0007 0.13 +£0.02 69.14 £0.16 132+0.19 02+0 174+0.01
27 200 25 15 36.22+0.73 | 0.1498 +0.0006 0.14+0.01 67.9+0.13 14.34 £0.06 021+0 1748 £0.19
28 200 25 20 349+0.58 0.1424 +0.0006 0.13+0.01 70.54 £0.19 1521+0.4 0.1+0.02 13.98 £0.22
29 200 75 5 36.42+0.12 0.144 +0.0008 0.14 £0.01 7343 +0.27 13.9+0.15 0.15+0.06 1239+0.11
30 200 75 10 35.17+0.77 | 0.1403 +0.0007 0.13 £0.02 69.14 +0.16 132+0.19 0.2+0 174 £0.01
31 200 75 15 36.22+0.73 | 0.1498 +0.0006 0.14 £0.01 679+0.13 14.34 £0.06 021+0 1748 £0.19
32 200 75 20 349+0.58 0.1424 +0.0006 0.13+0.01 7054 £0.19 1521+04 0.1+0.02 13.98 £0.22
33 200 100 5 36.42+0.12 0.144 +0.0008 0.14£0.01 7343 +0.27 139+0.15 0.15+£0.06 12.39+0.11
34 200 100 10 3517 +0.77 | 0.1403 +0.0007 0.13+0.02 69.14 £0.16 13.2+0.19 02+0 174+0.01
35 200 100 15 36.22+0.73 | 0.1498 +0.0006 0.14+0.01 67.9+0.13 14.34 +£0.06 021+0 1748 £0.19
36 200 100 20 349+0.58 0.1424 +0.0006 0.13+0.01 70.54 £0.19 1521+04 0.1+£0.02 13.98 £0.22
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Table 11 Table of physical characteristics of pellet from mixed plastic waste and corn

stover at 65:35 %w/w with the size of corn stover between 1-2 mm.

No P T H M p Ash Durability Stability
©| (MPa) | (°C) | (%) (%) (g/cm?) (%) (%) (day)
1 100 25 5 252+0.1 0.5143 + 0.0093 3.38+£0.04 73.62+0.9 365
2 100 25 10 3.14+0.1 0.5904 + 0.0086 3.51+£0.03 76.82+0.1 365
3 100 25 15 3.31+0.13 0.3551 + 0.0082 3.21+£0.04 65.87 £ 0.11 242
4 100 25 20 4.04+0.14 0.3035 £ 0.0093 3.28£0.05 55.98+0.9 122
5 100 75 5 247+0.11 0.5352 +0.0094 3.42+0.01 78.97+0.9 365
6 100 75 10 2.53+0.08 0.6504 + 0.0094 3.27£0.03 85.04 +0.9 365
7 100 75 15 2.84+0.11 0.5139 £ 0.0094 3.08 £0.02 80.56 £ 0.11 365
8 100 75 20 2.86+0.1 0.4095 + 0.0093 3.45+0.03 75.81+0.1 365
9 100 100 5 2.1+0.08 0.6646 + 0.0094 3.4+0.04 96.35+0.11 365
10 100 100 10 2.15+0.07 0.6476 + 0.0094 3.29 +£0.06 87.23£0.98 365
11 100 100 15 2.72+0.07 0.6276 + 0.0065 3.53+0.02 83.22+0.9 365
12 100 100 20 3.11+0.11 0.5192 £ 0.0106 3.76 £0.02 80.23+0.9 365
13 150 25 5 2.48+0.13 0.4717 £ 0.0088 3.08 £0.03 69.08 +0.11 365
14 150 25 10 3.27+0.14 0.5191 + 0.0094 3.38£0.05 68.47 £ 0.1 365
15 150 25 15 3.44£0.08 0.5165 + 0.0065 3.45+0.04 67.84 £0.11 365
16 150 25 20 3.98+0.03 0.4921 + 0.0065 3.12+0.03 67.03+0.9 212
17 150 75 5 1.9+0.08 0.5537 £ 0.0082 3.53+0.02 88.97 £ 0.09 365
18 150 75 10 2.09+0.1 0.6791 £ 0.0088 3.3+0.03 94.56 + 1.74 365
19 150 75 15 3.11+0.16 0.5351 +0.0093 3.24+0.03 88.79 £0.12 365
20 150 75 20 3.76 £0.1 0.4176 £ 0.0104 3.11+0.02 86.56 + 0.1 365
21 150 100 5 1.27 +£0.07 0.6828 £ 0.0065 3.15+0.03 90.79+£0.11 365
22 150 100 10 1.86+0.1 0.6583 £ 0.0094 3.37£0.04 93.56 +£0.11 365
23 150 100 15 2.96+0.11 0.6462 +0.0088 3.49+0.07 91.03+0.9 365
24 150 100 20 3.52+0.08 0.5883 + 0.0094 3.53+£0.02 87.21+£0.11 365
25 200 25 5 2.46 +0.08 0.5748 £ 0.0099 3.45+0.03 71.32+0.9 365
26 200 25 10 3.24+£0.06 0.7047 £ 0.0093 3.3+ 0.04 70.2+0.11 365
27 200 25 15 3.39+0.07 0.5418 £ 0.0104 3.29£0.05 68.45+0.11 365
28 200 25 20 3.87+£0.04 0.523 +0.0093 3.36 £0.05 70.76 £ 0.9 212
29 200 75 5 2.43 £0.07 0.7037 £ 0.0065 3.18 £0.05 90.03+0.9 365
30 200 75 10 3.18 +0.06 0.8023 + 0.0096 3.13+0.05 96.09 +0.11 365
31 200 75 15 3.39+£0.07 0.6725 £ 0.0104 3.62+0.03 90.87 £0.11 365
32 200 75 20 3.67+0.03 0.5531 + 0.0093 3.23+0.06 87.45+0.9 365
33 200 100 5 1.13+0.09 0.8059 + 0.0086 3.76 £0.01 92.23+0.12 365
34 200 100 10 3.03+0.07 0.8526 £ 0.0104 3.34+£0.05 95.11+0.98 365
35 200 100 15 3.24+0.04 0.6925 + 0.0093 3.62 £ 0.05 92.83+0.12 365
36 200 100 20 3.49+0.03 0.6124 +0.0093 3.33+£0.02 89.26 £ 0.1 365

Remark : The stability can not represent the result in term of average + STD. Because

the experimental of pellet stability is tested for only one trial.
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Table 12 Table of chemical characteristics of pellet from mixed plastic waste and corn

stover at 65:35 %w/w with the size of corn stover between 1-2 mm.

No. P T H HV S Cl C H N O
(MPa) | (°C) | (%) (MJ/kg) (%) (%) (%) (%) (%) (%)
1 100 25 5 3642 £0.12 0.144 +0.0008 0.14 £0.01 7343+0.27 13.9+0.15 0.15+0.06 12.39+0.11
2 100 25 10 3517 +£0.77 0.1403 + 0.0007 0.13 £0.02 69.14 +0.16 132+0.19 0.2+0 174 £0.01
3 100 25 15 36.22+0.73 0.1498 + 0.0006 0.14 £0.01 67.9+0.13 14.34 £0.06 021+0 1748 £0.19
4 100 25 20 349 +0.58 0.1424 + 0.0006 0.13+£0.01 70.54 £0.19 1521+04 0.1+0.02 13.98 £0.22
5 100 75 5 36.42+0.12 0.144 +0.0008 0.14 £0.01 7343 +0.27 139+0.15 0.15+£0.06 1239+0.11
6 100 75 10 3517 £0.77 0.1403 = 0.0007 0.13+£0.02 69.14 £0.16 13.2+0.19 02+0 174+0.01
7 100 75 15 36.22+0.73 0.1498 + 0.0006 0.14 £0.01 67.9+0.13 14.34 +0.06 0.21+0 1748 +0.19
8 100 75 20 34.9+0.58 0.1424 +0.0006 0.13+£0.01 70.54 £0.19 1521 +0.4 0.1+0.02 13.98 £0.22
9 100 100 5 36.42 £0.12 0.144 +0.0008 0.14 £0.01 7343 £0.27 13.9+0.15 0.15+0.06 12.39+0.11
10 100 100 10 3517 £0.77 0.1403 + 0.0007 0.13 £0.02 69.14 +0.16 132+0.19 0.2+0 174 £0.01
11 100 100 15 36.22 £0.73 0.1498 + 0.0006 0.14 £0.01 67.9+0.13 14.34 £0.06 021+0 1748 £0.19
12 100 100 20 34.9 +0.58 0.1424 +0.0006 0.13+0.01 7054 +£0.19 1521+04 0.1+0.02 13.98 £0.22
13 150 25 5 36.42+0.12 0.144 +0.0008 0.14 £0.01 7343+0.27 13.9+0.15 0.15+0.06 12.39£0.11
14 150 25 10 3517 +£0.77 0.1403 + 0.0007 0.13 £0.02 69.14 £0.16 13.2+0.19 02+0 174 +0.01
15 150 25 15 36.22+0.73 0.1498 + 0.0006 0.14 £0.01 67.9+0.13 14.34 +0.06 0.21+0 1748 £0.19
16 150 25 20 349 +0.58 0.1424 +0.0006 0.13+£0.01 70.54 £0.19 1521+04 0.1+0.02 13.98 £0.22
17 150 75 5 36.42+0.12 0.144 +0.0008 0.14 £0.01 7343 +0.27 139+0.15 0.15+0.06 1239+0.11
18 150 75 10 3517 +£0.77 0.1403 +0.0007 0.13 £0.02 69.14 £0.16 13.2+0.19 02+0 174+0.01
19 150 75 15 36.22 £0.73 0.1498 + 0.0006 0.14+£0.01 67.9+0.13 14.34 +£0.06 021+0 1748 £0.19
20 150 75 20 34.9+0.58 0.1424 +0.0006 0.13+£0.01 7054 +0.19 1521+04 0.1+0.02 13.98 £0.22
21 150 100 5 36.42 +£0.12 0.144 +0.0008 0.14£0.01 7343 +£0.27 13.9+0.15 0.15+0.06 12.39+0.11
22 150 100 10 35.17 £0.77 0.1403 + 0.0007 0.13 £0.02 69.14 +0.16 132+0.19 0.2+0 174 £0.01
23 150 100 15 36.22+0.73 0.1498 + 0.0006 0.14 £0.01 67.9+0.13 14.34 £0.06 021+0 1748 £0.19
24 150 100 20 349 £0.58 0.1424 +0.0006 0.13+0.01 7054 +0.19 1521+04 0.1+0.02 13.98 +0.22
25 200 25 5 36.42+0.12 0.144 +0.0008 0.14 £0.01 7343 £0.27 139+£0.15 0.15 £0.06 1239+0.11
26 200 25 10 3517 £0.77 0.1403 = 0.0007 0.13 £0.02 69.14 £0.16 13.2+0.19 02+0 174+0.01
27 200 25 15 36.22+0.73 0.1498 + 0.0006 0.14 +£0.01 67.9+0.13 14.34 +0.06 0.21+0 1748 £0.19
28 200 25 20 34.9£0.58 0.1424 + 0.0006 0.13+£0.01 70.54 £0.19 1521+04 0.1+0.02 13.98 £0.22
29 200 75 5 36.42 +£0.12 0.144 +0.0008 0.14 £0.01 7343 £0.27 13.9+0.15 0.15+0.06 12.39+0.11
30 200 75 10 3517 +0.77 0.1403 + 0.0007 0.13 £0.02 69.14 £0.16 13.2+0.19 02+0 174+0.01
31 200 75 15 36.22 £0.73 0.1498 + 0.0006 0.14 £0.01 67.9+0.13 14.34 £0.06 021+0 1748 £0.19
32 200 75 20 34.9 +0.58 0.1424 +0.0006 0.13+0.01 7054 +£0.19 1521+04 0.1+0.02 13.98 £0.22
33 200 100 5 36.42+0.12 0.144 +0.0008 0.14 £0.01 7343 +0.27 13.9+0.15 0.15+0.06 12.39£0.11
34 200 100 10 3517 +£0.77 0.1403 + 0.0007 0.13+£0.02 69.14 £0.16 13.2+0.19 02+0 174 +0.01
35 200 100 15 36.22+0.73 0.1498 + 0.0006 0.14 £0.01 67.9+0.13 14.34 +0.06 0.21+0 1748 £0.19
36 200 100 20 349 +0.58 0.1424 +0.0006 0.13+£0.01 70.54 £0.19 1521+04 0.1+0.02 13.98 £0.22
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Table 13 Table of physical characteristics of pellet from mixed plastic waste and corn

stover at 75:25 %w/w with the size of corn stover less than 0.5 mm.

No. P T H M p Ash Durability Stability
(MPa) | (°C) | (%) (%) (g/em?) (%) (%) (day)
1 100 25 5 1.79 £0.06 0.4351 £ 0.0093 1.24+0.03 545+0.9 365
2 100 25 10 241+0.1 0.4709 + 0.0082 1.41+0.03 60.25 £0.12 365
3 100 25 15 4.56 £0.07 0.4222 +0.0093 1.32+0.05 59.78 +0.9 242
4 100 25 20 4.77 +0.06 0.3225 + 0.0086 1.38+£0.03 5297 +0.9 122
5 100 75 5 0.98 £0.05 0.5127 £ 0.0103 1.27+0.04 759+0.9 365
6 100 75 10 1.05+0.06 0.5917 £ 0.0007 1.21+0.02 80.65+0.11 365
7 100 75 15 1.36 +0.05 0.5157 + 0.0086 1.26 +0.02 73.03 £0.12 365
8 100 75 20 2.52 +0.06 0.3326 +0.0103 1.3+0.05 5847 +0.9 365
9 100 100 5 1.09 £0.07 0.5031 +0.0093 1.36 £0.04 7583 +0.1 365
10 100 100 10 1.06 +0.05 0.5516 + 0.0082 1.24+0.03 78.78 £0.9 365
11 100 100 15 1.93+0.03 0.408 +0.0094 12+0.04 7046 £0.1 365
12 100 100 20 N N N N N
13 150 25 5 1.1+£01 0.4695 + 0.0093 1.19+0.03 56.43+0.1 365
14 150 25 10 1.62 +£0.05 0.4921 + 0.0093 1.2+0.03 5782+0.9 365
15 150 25 15 3.92+0.04 0.4644 + 0.0094 1.23+0.04 61.23£0.11 365
16 150 25 20 4.23+0.05 0.371 £0.0088 1.31+0.04 5432+0.11 212
17 150 B 5 0.8 £0.06 0.5572 + 0.0094 1.45 +0.04 78.34+0.9 365
18 150 75 10 1.31+0.07 0.6079 + 0.0093 1.22+0.03 85.57 £0.12 365
19 150 75 15 2.15+0.04 0.5493 £ 0.0082 1.46 £0.04 75.06 £0.98 365
20 150 75 20 2.96 +0.05 0.5021 +0.0101 1.26 £0.02 7341+0.12 365
21 150 100 5 0.63+0.04 0.5932 £ 0.0065 1.19+£0.02 80.12+0.9 365
22 150 100 10 1.11+0.06 0.6087 +0.0093 1.29+0.06 81.09+1.71 365
23 150 100 15 1.87+£0.03 0.5532 + 0.0094 1.24+0.03 79.93£0.11 365
24 150 100 20 N N N N N
25 200 25 5 1.12+0.04 0.5108 + 0.0065 1.54 +0.03 70.46 £0.12 365
26 200 25 10 1.5+£0.09 0.6148 £ 0.0093 1.46 £0.04 7654 0.1 365
27 200 25 15 2.54 +0.05 0.5137 +0.0094 1.32+0.03 65.87 £0.12 365
28 200 25 20 3.94+0.07 0.4111 £+ 0.0094 1.26 £0.01 63.08 £0.9 212
29 200 75 5 1.04 £0.03 0.6123 + 0.0088 1.38 £0.03 87.09+0.9 365
30 200 75 10 1.37+0.03 0.6805 + 0.0093 1.35+0.04 8956 +0.1 365
31 200 75 15 2.01+0.05 0.5612 + 0.0094 1.23+0.04 8243+0.1 365
32 200 75 20 1.72+0.06 0.5344 + 0.0065 1.54 +0.06 81.09+0.9 365
33 200 100 5 0.89 £0.05 0.6931 + 0.0094 1.26 +0.05 89.53+0.9 365
34 200 100 10 1.13+0.04 0.7843 £ 0.0094 1.53£0.05 9209 +0.1 365
35 200 100 15 1.76 £0.04 0.6692 + 0.0093 1.47 +0.05 81.98 £0.11 365
36 200 100 20 N N N N N

Remark : The stability can not represent the result in term of average + STD. Because

the experimental of pellet stability is tested for only one trial.
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Table 14 Table of chemical characteristics of pellet from mixed plastic waste and corn

stover at 75:25 %w/w with the size of corn stover less than 0.5 mm.

No. P T H HV S Cl C H N 0
(MPa) | (°C) | (%) (MJ/kg) (%) (%) (%) (%) (%) (%)
1 100 25 5 40.52 +0.08 0.163 +0.0008 0.16 £0.01 79.38 £0.13 1497+0.18 | 0.02+0.01 534+0.31
2 100 25 10 39.99 +0.12 0.1603 £0.0011 | 0.16 +0.01 76.65+0.4 1562+0.22 | 0.01+0.01 7.41+0.6
3 100 25 15 39.86 +0.09 0.1611+£0.0008 | 0.16 +0.01 75.22 £0.04 1497 +0.28 | 0.07+0.01 9.5+0.33
4 100 25 20 39.17+0.14 0.1642 +0.001 0.16 £0.01 7458 £0.18 1548 +£0.44 | 0.02+0.03 9.62+0.25
5 100 75 5 40.52 £0.08 0.163 +0.0008 0.16 £0.01 79.38+£0.13 1497 +0.18 | 0.02+0.01 5.34+0.31
6 100 75 10 39.99 £0.12 0.1603 £0.0011 | 0.16+0.01 76.65+0.4 1562+0.22 | 0.01+0.01 7.41+0.6
7 100 75 15 39.86 +0.09 0.1611 +£0.0008 | 0.16 +0.01 75.22 £0.04 1497 +0.28 | 0.07+0.01 9.5+0.33
8 100 75 20 39.17+0.14 0.1642 +0.001 0.16 £0.01 7458 £0.18 1548 £0.44 | 0.02+0.03 9.62+0.25
9 100 100 5 40.52 £0.08 0.163 +0.0008 0.16 +0.01 79.38 £0.13 1497 +0.18 | 0.02+0.01 534+0.31
10 100 100 10 39.99 £0.12 0.1603 £0.0011 | 0.16 £0.01 76.65+0.4 1562+0.22 | 0.01+0.01 7.41+0.6
11 100 100 15 39.86 £0.09 0.1611 £0.0008 | 0.16 +0.01 75.22 £0.04 1497+0.28 | 0.07+0.01 9.5+0.33
12 100 100 20 39.17+0.14 0.1642 +0.001 0.16 £0.01 7458 +0.18 1548 £0.44 | 0.02+0.03 9.62£0.25
13 150 25 5 4052 £0.08 0.163 +£0.0008 0.16 £0.01 79.38+£0.13 1497 +0.18 | 0.02+0.01 5.34+0.31
14 150 25 10 39.99 +£0.12 0.1603 £0.0011 | 0.16 +0.01 76.65+0.4 15.62+0.22 | 0.01+0.01 7.41+0.6
15 150 25 15 39.86 +0.09 0.1611 £0.0008 | 0.16 +0.01 75.22 £0.04 1497 +0.28 | 0.07+0.01 9.5+0.33
16 150 25 20 39.17+0.14 0.1642 +0.001 0.16 +£0.01 7458 £0.18 1548 +£0.44 | 0.02+0.03 9.62+0.25
17 150 75 5 40.52 £0.08 0.163 +0.0008 0.16 £0.01 79.38+0.13 1497 +0.18 | 0.02+0.01 534+0.31
18 150 75 10 39.99 £0.12 0.1603 £0.0011 | 0.16 +0.01 76.65+0.4 1562+0.22 | 0.01+0.01 7.41+0.6
19 150 75 15 39.86 £0.09 0.1611 £0.0008 | 0.16 +0.01 75.22 £0.04 1497+0.28 | 0.07+0.01 9.5+0.33
20 150 75 20 39.17+0.14 0.1642 +0.001 0.16 £0.01 7458 +£0.18 1548 +0.44 | 0.02+0.03 9.62£0.25
21 150 100 5 40.52 +0.08 0.163 +0.0008 0.16 £0.01 79.38 £0.13 1497+0.18 | 0.02+0.01 534+0.31
22 150 100 10 39.99 +0.12 0.1603 £0.0011 | 0.16 +0.01 76.65+0.4 1562+0.22 | 0.01+0.01 7.41+0.6
23 150 100 15 39.86 +0.09 0.1611 +£0.0008 | 0.16 +0.01 75.22 £0.04 1497+0.28 | 0.07+0.01 9.5+0.33
24 150 100 20 39.17+£0.14 0.1642 +0.001 0.16 £0.01 7458 £0.18 1548 £0.44 | 0.02+0.03 9.62+0.25
25 200 25 5 40.52 £0.08 0.163 +£0.0008 0.16 £0.01 79.38 £0.13 1497 +0.18 | 0.02+0.01 5.34+0.31
26 200 25 10 39.99 £0.12 0.1603 £0.0011 | 0.16+0.01 76.65+0.4 1562+0.22 | 0.01+0.01 7.41+0.6
27 200 25 15 39.86 +0.09 0.1611 +£0.0008 | 0.16 +0.01 75.22 £0.04 1497 +0.28 | 0.07+0.01 9.5+0.33
28 200 25 20 3917 +0.14 0.1642 +0.001 0.16 £0.01 7458 £0.18 1548 £0.44 | 0.02+0.03 9.62£0.25
29 200 75 5 40.52 +0.08 0.163 +0.0008 0.16 +£0.01 79.38 £0.13 1497 £0.18 | 0.02+0.01 534+0.31
30 200 75 10 39.99 £0.12 0.1603 £0.0011 | 0.16 £0.01 76.65+0.4 1562+0.22 | 0.01+0.01 7.41+0.6
31 200 75 15 39.86 £0.09 0.1611 £0.0008 | 0.16 +0.01 7522 £0.04 1497+0.28 | 0.07+0.01 9.5+0.33
32 200 75 20 39.17+£0.14 0.1642 +0.001 0.16 £0.01 7458 £0.18 1548 £0.44 | 0.02+0.03 9.62£0.25
33 200 100 5 40.52 £0.08 0.163 +£0.0008 0.16 £0.01 79.38+0.13 1497+0.18 | 0.02+0.01 5.34+0.31
34 200 100 10 39.99 £0.12 0.1603 £0.0011 | 0.16 +0.01 76.65+0.4 1562+0.22 | 0.01+0.01 7.41+0.6
35 200 100 15 39.86 +0.09 0.1611+£0.0008 | 0.16 +0.01 75.22 £0.04 1497 +0.28 | 0.07+0.01 9.5+0.33
36 200 100 20 39.17 +0.14 0.1642 +0.001 0.16 £0.01 7458 £0.18 1548 +£0.44 | 0.02+0.03 9.62+0.25
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Table 15 Table of physical characteristics of pellet from mixed plastic waste and corn

stover at 75:25 %w/w with the size of corn stover between 0.5-1 mm.

No. P T H M p Ash Durability Stability
(MPa) | (°C) | (%) (%) (g/em?) (%) (%) (day)
1 100 25 5 1.71£0.03 0.5741 +0.0088 1.23£0.04 62.33 £0.12 365
2 100 25 10 1.86 +0.04 0.5417 +0.0088 1.32+0.04 7217 +0.9 365
3 100 25 15 1.86 £0.04 0.4287 = 0.0094 1.18 £0.07 60.21 0.1 242
4 100 25 20 3.28 £0.05 0.2929 + 0.0088 1.52 £0.05 54.32 £0.98 122
5 100 75 5 143+0.04 0.5829 + 0.0093 1.09+£0.08 7859 +£0.12 365
6 100 75 10 1.73£0.04 0.5964 = 0.0082 1.42 £0.05 86.68 £0.1 365
7 100 75 15 1.76 £0.05 0.5366 + 0.0065 1.38 £0.04 79.51+0.12 365
8 100 75 20 1.57+0.05 0.4365 + 0.0065 1.4£0.05 69.76 £0.12 365
9 100 100 5 1.46 £0.04 0.6142 +0.0088 1.1+0.05 78.65+0.9 365
10 100 100 10 1.07 £0.05 0.5853 + 0.0094 1.34 +£0.06 73.58 £0.98 365
11 100 100 15 1.31+£0.04 0.5776 = 0.0007 1.44 £0.03 73.03£0.12 365
12 100 100 20 N N N N N
13 150 25 5 1.25+0.04 0.5812 = 0.0093 1.26 £0.05 7402 +£0.11 365
14 150 25 10 243 +£0.04 0.6349 + 0.0065 1.23+0.04 7464 £0.9 365
15 150 25 15 2.43+0.03 0.4303 + 0.0093 1.34+0.03 7234 +0.12 365
16 150 25 20 3.22 +£0.05 0.3912 + 0.0082 1.42 £0.04 7053 0.9 212
17 150 75 5 1.13+0.02 0.6023 + 0.0094 1.22 +0.04 80.23+0.1 365
18 150 75 10 144 +0.02 0.6823 + 0.0082 1.38+£0.04 96.08 £0.1 365
19 150 75 15 1.99+0.03 0.5738 + 0.0093 1.29+0.02 86.78 £0.98 365
20 150 75 20 2.81+0.04 0.5571 +0.0093 1.31+0.05 8542 0.1 365
21 150 100 5 0.94 +0.03 0.6185 + 0.0082 1.38 £0.04 90.83 £0.12 365
22 150 100 10 1.01 +£0.02 0.6281 + 0.0007 1.22+£0.04 87.56 +0.1 365
23 150 100 15 1.46 £0.01 0.617 +£0.0093 1.33£0.02 85.12 +0.11 365
24 150 100 20 N N N N N
25 200 25 5 1.26 £0.04 0.6023 + 0.0094 1.26 £0.03 7554 £0.12 365
26 200 25 10 1.58 £0.03 0.6867 = 0.0094 1.32+£0.04 77.78+0.1 365
27 200 25 15 2.52+0.04 0.5612 + 0.0093 141 +0.04 7232 +£0.12 365
28 200 25 20 3.18+0.03 0.5235 + 0.0091 1.53+0.04 71.04+0.9 212
29 200 75 5 1.49 +£0.02 0.7087 + 0.0093 1.37£0.05 8548 +0.1 365
30 200 75 10 1.43+0.02 0.7828 = 0.0093 1.25+0.04 96.18 £0.9 365
31 200 75 15 1.86 £0.03 0.6855 + 0.0082 1.29 £0.04 87.78 £0.98 365
32 200 75 20 2.94+0.03 0.5657 + 0.0094 1.26 £0.03 86.65 +0.12 365
33 200 100 5 1.16 £0.02 0.7696 = 0.0065 1.3+0.03 91.06 £0.9 365
34 200 100 10 1.22 £0.02 0.8503 + 0.0091 1.28 £0.05 97.08 £0.1 365
35 200 100 15 1.53+0.03 0.7481 + 0.0007 1.34+0.03 90.32+0.1 365
36 200 100 20 N N N N N

Remark : The stability can not represent the result in term of average + STD. Because

the experimental of pellet stability is tested for only one trial.
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Table 16 Table of chemical characteristics of pellet from mixed plastic waste and corn

stover at 75:25 %w/w with the size of corn stover between 0.5-1 mm.

No. P T H HV S Cl C H N O
(MPa) | (°C) | (%) (MJ/kg) (%) (%) (%) (%) (%) (%)
1 100 25 5 4052 +0.08 0.163 +0.0008 0.16 £0.01 79.38+0.13 | 14.97+0.18 0.02+0.01 5.34+0.31
2 100 25 10 39.99 +0.12 0.1603 +0.0011 0.16 £0.01 76.65+0.4 15.62 +0.22 0.01+£0.01 741+0.6
3 100 25 15 39.86 +£0.09 0.1611 +0.0008 0.16 £0.01 7522+0.04 | 1497 +0.28 0.07 £0.01 9.5+0.33
4 100 25 20 3917 +0.14 0.1642 +0.001 0.16 £0.01 7458 +0.18 | 1548 £0.44 0.02 £0.03 9.62 +0.25
5 100 75 5 40.52 +0.08 0.163 +0.0008 0.16 £0.01 79.38+0.13 | 14.97+0.18 0.02 £0.01 5.34+0.31
6 100 75 10 3999 +0.12 0.1603 + 0.0011 0.16 £0.01 76.65+0.4 15.62 £0.22 0.01+0.01 7.41+0.6
7 100 75 15 39.86 +0.09 0.1611 +0.0008 0.16 £0.01 7522+0.04 | 1497 +0.28 0.07 £0.01 9.5+0.33
8 100 75 20 39.17+0.14 0.1642 +0.001 0.16 £0.01 7458 +£0.18 | 1548 +0.44 0.02 £0.03 9.62 £0.25
9 100 100 5 4052 +0.08 0.163 +0.0008 0.16 £0.01 7938 +0.13 | 14.97+0.18 0.02 £0.01 534+0.31
10 100 100 10 39.99 £0.12 0.1603 £ 0.0011 0.16 £0.01 76.65+0.4 15,62 £0.22 0.01+£0.01 741+0.6
11 100 100 15 39.86 +£0.09 0.1611 + 0.0008 0.16 £0.01 7522+0.04 | 1497+0.28 0.07 £0.01 9.5+0.33
12 100 100 20 39.17+0.14 0.1642 +0.001 0.16 £0.01 7458 +0.18 | 1548 +0.44 0.02 £0.03 9.62 £0.25
13 150 25 5 40.52+0.08 0.163 +£0.0008 0.16 £0.01 79.38+0.13 | 14.97+0.18 0.02 £0.01 534+0.31
14 150 25 10 39.99 +0.12 0.1603 £ 0.0011 0.16 £0.01 76.65+0.4 15.62 +0.22 0.01+0.01 7.41+0.6
15 150 25 15 39.86 +£0.09 0.1611 £ 0.0008 0.16 £0.01 7522+0.04 | 1497 +0.28 0.07 £0.01 9.5+0.33
16 150 25 20 39.17£0.14 0.1642 +0.001 0.16 £0.01 7458 +0.18 | 1548 +0.44 0.02 +0.03 9.62 +0.25
17 150 75 5 40.52 +0.08 0.163 +0.0008 0.16 +£0.01 79.38+0.13 | 14.97+0.18 0.02 £0.01 5.34+0.31
18 150 75 10 39.99+£0.12 0.1603 £ 0.0011 0.16 £0.01 76.65+0.4 15.62 £0.22 0.01+0.01 7.41+0.6
19 150 75 15 39.86 +0.09 0.1611 + 0.0008 0.16 £0.01 7522+0.04 | 14.97+0.28 0.07 £0.01 9.5+0.33
20 150 75 20 39.17+0.14 0.1642 +0.001 0.16 £0.01 7458+0.18 | 1548 +0.44 0.02 £0.03 9.62 £0.25
21 150 100 5 40.52 +0.08 0.163 +0.0008 0.16 £0.01 79.38+0.13 | 14.97+0.18 0.02+0.01 534+0.31
22 150 100 10 39.99 £0.12 0.1603 £ 0.0011 0.16 +£0.01 76.65+0.4 15,62 £0.22 0.01+£0.01 741+0.6
23 150 100 15 39.86 £0.09 0.1611 +0.0008 0.16 £0.01 7522+0.04 | 14.97+0.28 0.07 £0.01 9.5+0.33
24 150 100 20 39.17+0.14 0.1642 +0.001 0.16 £0.01 7458 +0.18 | 1548 +0.44 0.02 £0.03 9.62 £0.25
25 200 25 5 40.52 £0.08 0.163 +0.0008 0.16 £0.01 79.38+0.13 | 14.97+0.18 0.02 £0.01 5.34+0.31
26 200 25 10 39.99 £0.12 0.1603 +0.0011 0.16 £0.01 76.65+0.4 15.62 £0.22 0.01+0.01 7.41+0.6
27 200 25 15 39.86 +0.09 0.1611 +0.0008 0.16 +£0.01 7522+0.04 | 1497 +0.28 0.07 £0.01 9.5+0.33
28 200 25 20 39.17+0.14 0.1642 +0.001 0.16 £0.01 7458+0.18 | 1548 +0.44 0.02 £0.03 9.62 £0.25
29 200 75 5 4052 +0.08 0.163 +0.0008 0.16 £0.01 79.38+0.13 | 14.97+0.18 0.02+0.01 534+0.31
30 200 75 10 39.99+£0.12 0.1603 +0.0011 0.16 £0.01 76.65+0.4 15.62 £0.22 0.01+0.01 7.41+0.6
31 200 75 15 39.86 +0.09 0.1611 + 0.0008 0.16 £0.01 7522+0.04 | 1497+0.28 0.07 £0.01 9.5+0.33
32 200 75 20 39.17+0.14 0.1642 +0.001 0.16 £0.01 7458 +0.18 | 1548 +0.44 0.02 £0.03 9.62 £0.25
33 200 100 5 40.52+0.08 0.163 +£0.0008 0.16 £0.01 79.38+0.13 | 14.97+0.18 0.02 £0.01 5.34+0.31
34 200 100 10 3999 +0.12 0.1603 +0.0011 0.16 £0.01 76.65+0.4 15.62 £0.22 0.01+0.01 7.41+0.6
35 200 100 15 39.86 +£0.09 0.1611 +0.0008 0.16 £0.01 7522+0.04 | 1497 +0.28 0.07 £0.01 9.5+0.33
36 200 100 20 3917 +0.14 0.1642 +0.001 0.16 £0.01 7458 +0.18 | 1548 +0.44 0.02 £0.03 9.62 +0.25
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Table 17 Table of physical characteristics of pellet from mixed plastic waste and corn

stover at 75:25 %w/w with the size of corn stover between 1-2 mm.

No. P T H M p Ash Durability Stability
(MPa) | (°C) | (%) (%) (g/em?) (%) (%) (day)
1 100 25 5 1.35+0.02 0.4527 +0.0093 1.38 £0.05 54.78 £0.12 365
2 100 25 10 1.64 +0.03 0.4675 + 0.0088 1.18 £0.05 57.04+0.1 365
3 100 25 15 19+0.11 0.3221 £ 0.0094 1.29 £0.06 56.78 £0.12 242
4 100 25 20 4.46 +0.04 0.2668 + 0.0065 1.24 £0.03 50.02+£0.1 122
5 100 75 5 1.14 +£0.02 0.4791 £ 0.0065 1.21+0.03 7726 +0.9 365
6 100 75 10 1.48 £0.04 0.5081 + 0.0069 1.4+0.06 78.74 £0.12 365
7 100 75 15 1.79+0.03 0.4969 + 0.0086 1.32+0.04 7748 0.1 365
8 100 75 20 2.28 £0.04 0.3573 £1.9135 162+0.2 7547 £0.12 365
9 100 100 5 0.76 £0.02 0.5221 +0.0088 142 +0.04 8144 +0.1 365
10 100 100 10 1.02+0.03 0.5378 £ 0.0093 1.27 £0.05 73.71+0.12 365
11 100 100 15 1.62+0.04 0.5622 +0.0093 1.3+0.05 7292 £0.9 365
12 100 100 20 N N N N N
13 150 25 5 2.7x0.02 0.3887 +0.0088 1.22 £0.03 64.76 £0.1 365
14 150 25 10 2.31+0.03 0.4788 + 0.0094 1.46 £0.05 65.46 +0.9 365
15 150 25 15 2.67 +0.06 0.5124 £ 0.0104 1.38 £0.04 64.08 £0.9 365
16 150 25 20 4.21+0.03 0.4119 + 0.0093 1.4+0.08 58.97 £0.1 212
17 150 75 5 1.65 +0.02 0.4875 + 0.0093 1.18 £0.02 68.9+0.94 365
18 150 75 10 1.58 +0.03 0.5261 + 0.0093 1.29+0.08 88.71+0.12 365
19 150 75 15 3.26 +0.02 0.5295 + 0.0088 1.53 +£0.06 87.47+0.1 365
20 150 75 20 4.02£0.04 0.3978 + 0.0094 1.12+0.03 84.88 0.9 365
21 150 100 5 1.29 +£0.02 0.5796 + 0.0088 1.26 £0.03 8124 £0.12 365
22 150 100 10 1.38+0.03 0.5954 + 0.0094 1.3+0.03 90.34+0.1 365
23 150 100 15 2.72+0.03 0.5102 + 0.0065 1.24+0.03 86.9 £0.98 365
24 150 100 20 N N N N N
25 200 25 5 1.75+0.03 0.5395 + 0.0065 1.13+0.02 65.32 0.9 365
26 200 25 10 1.97 £0.03 0.5544 + 0.0065 1.34£0.03 67.92+0.1 365
27 200 25 15 2.93+0.04 0.5218 + 0.0094 1.28 £0.06 6543 +0.2 365
28 200 25 20 4.08 £0.05 0.4932 + 0.0082 1.39+0.05 60.76 £0.9 212
29 200 75 5 1.76 +0.03 0.6037 £ 0.0093 1.24+0.03 80.25+0.1 365
30 200 75 10 1.89+0.03 0.7282 +0.0083 1.35+0.03 90.04 0.9 365
31 200 75 15 2.29+0.03 0.5897 +0.0082 1.28 +£0.02 88.43+0.1 365
32 200 75 20 3.16 +0.03 0.4208 + 0.0065 1.25+0.04 86.78 +0.11 365
33 200 100 5 1.08 £0.03 0.7131 £ 0.0093 1.42 £0.03 88.32+£9.48 365
34 200 100 10 1.63+0.03 0.8041 + 0.0065 1.38 £0.02 90.77 £0.98 365
35 200 100 15 1.97 £0.02 0.1642 +0.001 1.2+0.02 8853 +0.12 365
36 200 100 20 N N N N N

Remark : The stability can not represent the result in term of average + STD. Because

the experimental of pellet stability is tested for only one trial.
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Table 18 Table of chemical characteristics of pellet from mixed plastic waste and corn

stover at 75:25 %w/w with the size of corn stover between 1-2 mm.

No. P T H HV S Cl C H N o
(MPa) | (°C) | (%) (MJ/kg) (%) (%) (%) (%) (%) (%)
1 100 25 5 4052 +0.08 0.163 +0.0008 0.16 £0.01 79.38+0.13 | 1497+0.18 0.02 £0.01 5.34+0.31
2 100 25 10 39.99 +0.12 0.1603 +0.0011 0.16 £0.01 76.65+0.4 15.62 +£0.22 0.01£0.01 741+0.6
3 100 25 15 39.86 +0.09 0.1611 +0.0008 0.16 £0.01 7522+0.04 | 1497+0.28 0.07 £0.01 9.5+0.33
4 100 25 20 3917 +0.14 0.1642 +0.001 0.16 £0.01 7458 +0.18 | 15.48+0.44 0.02 £0.03 9.62 £0.25
5 100 75 5 40.52+0.08 0.163 +0.0008 0.16 +£0.01 79.38+0.13 | 1497+0.18 0.02 £0.01 5.34+0.31
6 100 75 10 39.99 +0.12 0.1603 +0.0011 0.16 £0.01 76.65+0.4 15.62 £0.22 0.01+0.01 7.41+0.6
7 100 75 15 39.86 +0.09 0.1611 + 0.0008 0.16 +£0.01 7522+0.04 | 1497+0.28 0.07 £0.01 9.5+0.33
8 100 75 20 39.17+0.14 0.1642 +0.001 0.16 £0.01 7458+0.18 | 1548 +£0.44 0.02 +£0.03 9.62 £0.25
9 100 100 5 4052 +0.08 0.163 +0.0008 0.16 +£0.01 7938+0.13 | 1497+0.18 0.02 £0.01 5.34+0.31
10 100 100 10 39.99 +0.12 0.1603 +0.0011 0.16 £0.01 76.65+0.4 15.62 £0.22 0.01£0.01 741+0.6
11 100 100 15 39.86 +0.09 0.1611 + 0.0008 0.16 £0.01 7522+0.04 | 1497+0.28 0.07 £0.01 9.5+0.33
12 100 100 20 39.17+0.14 0.1642 + 0.001 0.16 +£0.01 7458+0.18 | 1548 +0.44 0.02 +£0.03 9.62 £0.25
13 150 25 5 40.52+0.08 0.163 +0.0008 0.16 £0.01 79.38+0.13 | 1497+0.18 0.02 +£0.01 5.34+0.31
14 150 25 10 39.99 +0.12 0.1603 + 0.0011 0.16 +£0.01 76.65+0.4 15.62 +£0.22 0.01+£0.01 7.41+0.6
15 150 25 15 39.86 +0.09 0.1611 + 0.0008 0.16 £0.01 7522+0.04 | 1497+0.28 0.07 £0.01 9.5+0.33
16 150 25 20 39.17+0.14 0.1642 +0.001 0.16 £0.01 7458 +0.18 | 1548+0.44 0.02 £0.03 9.62 £0.25
17 150 75 5 40.52 +0.08 0.163 +0.0008 0.16 +£0.01 79.38+0.13 | 1497+0.18 0.02 +£0.01 5.34+0.31
18 150 75 10 39.99+0.12 0.1603 +0.0011 0.16 £0.01 76.65+0.4 15,62 +£0.22 0.01+£0.01 7.41+0.6
19 150 75 15 39.86 +0.09 0.1611 + 0.0008 0.16 £0.01 7522+0.04 | 1497+0.28 0.07 £0.01 9.5+0.33
20 150 75 20 39.17+0.14 0.1642 +0.001 0.16 £0.01 7458+0.18 | 1548 +0.44 0.02 £0.03 9.62 £0.25
21 150 100 5 40.52 +0.08 0.163 +0.0008 0.16 £0.01 79.38+0.13 | 1497+0.18 0.02 £0.01 5.34+0.31
22 150 100 10 39.99 +0.12 0.1603 + 0.0011 0.16 +£0.01 76.65+0.4 15,62 +£0.22 0.01+£0.01 741+0.6
23 150 100 15 39.86 +0.09 0.1611 +0.0008 0.16 £0.01 7522+0.04 | 1497+0.28 0.07 £0.01 9.5+0.33
24 150 100 20 39.17+0.14 0.1642 +0.001 0.16 +£0.01 7458+0.18 | 1548 +0.44 0.02 +£0.03 9.62 £0.25
25 200 25 5 40.52 £0.08 0.163 +0.0008 0.16 £0.01 79.38+0.13 | 1497+0.18 0.02 £0.01 5.34+0.31
26 200 25 10 39.99 +0.12 0.1603 +0.0011 0.16 £0.01 76.65+0.4 15.62 £0.22 0.01 £0.01 7.41+0.6
27 200 25 15 39.86 +0.09 0.1611 + 0.0008 0.16 +£0.01 7522+0.04 | 1497+0.28 0.07 £0.01 9.5+0.33
28 200 25 20 39.17+0.14 0.1642 +0.001 0.16 £0.01 7458+0.18 | 1548 +0.44 0.02 +£0.03 9.62 £0.25
29 200 75 5 4052 +0.08 0.163 +0.0008 0.16 £0.01 79.38+0.13 | 1497+0.18 0.02 £0.01 5.34+0.31
30 200 75 10 39.99+0.12 0.1603 +0.0011 0.16 £0.01 76.65+0.4 15.62 £0.22 0.01+£0.01 7.41+0.6
31 200 75 15 39.86 +0.09 0.1611 + 0.0008 0.16 £0.01 7522+0.04 | 1497+0.28 0.07 £0.01 9.5+0.33
32 200 75 20 39.17+0.14 0.1642 +0.001 0.16 £0.01 7458+0.18 | 1548 +0.44 0.02 £0.03 9.62 £0.25
33 200 100 5 40.52+0.08 0.163 +0.0008 0.16 £0.01 79.38+0.13 | 1497+0.18 0.02 +£0.01 5.34+0.31
34 200 100 10 39.99 +0.12 0.1603 +0.0011 0.16 £0.01 76.65+0.4 15.62 £0.22 0.01+0.01 7.41+0.6
35 200 100 15 39.86 +0.09 0.1611 +0.0008 0.16 £0.01 7522+0.04 | 1497+0.28 0.07 £0.01 9.5+0.33
36 200 100 20 3917 +0.14 0.1642 +0.001 0.16 £0.01 7458 +0.18 | 15.48+0.44 0.02 £0.03 9.62 £0.25

*Remark N = Not detected
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Abstract: Nowadays, various technologies for eliminating garbage and producing waste
products have been improved. One of the well-known waste products 15 Refuse Derived Fuel
(RDF). It is an alternative fuel replacing other commercial ones such as coal, diesel and fiel
oil. The use of RDFs reduces amount of waste that dispersed to the environment. The RDFs
are produced as either briquette or pellet for usage in household and industry. Several
parameters are concerned in producing the RDFs, and providing acceptable physical and
mechanical properties that are advantages for usage and storage. This paper presented the
processing technology for RDF production. Details of briquetting or pelletizing technique
including the empirical processing model were discussed. Several processing parameters
were summed up, 1Le. processing temperature and pressure, moisture content, and the ratio of
muxture between waste and binder agent. The properties of RDFs for each processing
parameters were explained. These properties were chenucal composition, calorific value,
mechamnical strength, bulk density, durability of briquette form, and combustion characteristic.
Types of binder agent resulted in the properties of the RDFs were explained. Economic
analysis to energy efficiency of each processing parameters was also presented. This review
paper was a basis for selecting an appropriate method to produce the RDF.

INTRODUCTION

There is a large amount of solid waste disposing to the environment. Its quantity is
mcreased every year. Several methods of eliminating the waste and recovering energy have
been studied. The well-known technique is to produce a high quality fuel called “RDF”. Solid
waste disposal, i1e. plastic waste and agriculture waste, are transformed into cubette,
briquette, and pellet by densification. Physical and chemical properties of the waste are
improved. For example, RDF has high calornific value comparing with other commercial fiels
such as coal and natural gas. Moreover, its durability and strength makes advantages over
handling, storage, usage, and cost reduction of transportation The densified RDF is specified
by ASTM standard in class 5 or RDF-5.

RDF is ongoing study for quality improvement to meet European (EU) standard [1].
Its qualities depend on processing parameters and fuel composition. These are binding agent.
composition materials, densification pressure, processing temperature, moisture content,
percent of binding agent, type of equipment, and particle size.

This paper reviews mn-depth details of briquetting or pelletizing techmique. The
empirical processing model is also included. Several processing parameters are summed up.
Properties of the RDFs affected by several processing parameters are explained. In addition,
it 1s a basis for selecting the appropriate method to produce RDF from plastic waste and
biomass.
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DEFINITION AND CLASSIFICATION OF RDF

Definition of RDF

RDF or densified fuel is the dense of plastic and waste such as plastic waste, textile,
wood, soil, ete. [2, 4]. ASTM [5] states that RDF is energy recovery sources from shredding
mumnicipal solid waste (MSW) which is removed for non-combustible materials (metal glass).
The majority components of RDF usually consist of plastics and biodegradable waste.
Gendebien et al. [6] defined RDF as the high calonfic fraction of derived MSW. The other
terms of MSW derived fuel are REcovered Fuel (REF), Packaging Derived Fuel (PDF), Paper
and Plastic Fraction (PPF), and Processed Engineered Fuel (PEF).

Classification of RDF

RDF can be classified into 7 categories as shown details in Table 1. As seen mn the
table, the class of RDF i1s defined by processing method, form of RDF, material
compositions, and mesh size of RDF. It can be found that raw of MSW 1s classified as RDF-
1. Transformed MSW are classified as RDF-2 to RDF-7. RDF-2, RDF-3, and RDF-4 are in
square shape which RDF-4 is in powered form with the size of 0.035 in. or 0.889 mumn. Pellet
and similar forms of RDF is RDF-5. RDF-6 and RDF-7 are Liquid fuel and gaseous,
respectively.

Table 1 Categories of RDF by ASTM [5]

Class

Form Description Mesh size
RDF-1 Raw (MSW)} MSW fuel as discarded form. NA
RDF-2 Coarse Coarse parficle size of MSW processed with or without ferrous 6in
(c-RDE) metal separation such that 95% by weight (square shape)
RDF-3 Fluff Shredded fuel derived from MSW processed for the removal of 2in.
(f-RDF) metal glass and inorganic materials. The particle size of this (scquare shape)
shredded material is such that 95% by weight
RDF4 Powder Combustible waste processed into powdered form 0.035in
(p-RDF) (square shape)
RDF-5 Densified Combustible waste densified (compressed) into pellets, slugs, NA

(d—RDF)  cubeftes, briquettes, or similar forms.
RDF-6 Ligud Combustible waste processed into liqmd fuel. NA
RDE-7 Gas Combustible waste processed into gaseous NA

Quality Standard of RDF

RDF can be used as a commercial fuel Therefore, there is the EU standard for many
countries. Table 2 presents the qualify properties of RDF that are designed for European and
other countries. It is notice that the standard requires the important properties of RDF which
are calorific value, moisture content, remaiming ash, and matter contamminate.
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Table 2 Quality standard by Australia, Sweden, German and European country.

RDF quality of each country

Property European countrv
Australia - Sweden German Class Al Class A2 Class B

Calorific value (MJ/kz) =180 =160 175-105 165-10.0 163-190  160-190
Moisture (%) =10 =10 =12 <10 <10 =10
Ash (%) =05 =07 =15 07 <15 =35
Chlorine-Cl (%) 002 =003 <003 002 <002 Z0.03
Sulfur-S (%) =004 =008 <008 =003 <0.03 Z0.04
Lead-Pb (mg/kz) NA NA 10 10 Z10 10
Chromium-Cr (mg/ke) NA NA =8 10 10 Z10
Copper-Cu (mz/kg) NA NA =5 =10 <10 =10
Nikel-Ni (mg/kg) NA NA NA 10 10 Z10
Arsenic-As (mg/'ke) NA NA <08 =1 =1 =1
Mercury-Hg (mz/kz) NA NA <005 01 Z01 01
Cadmivm-Cd (mg/kg) NA NA =05 05 <05 05
Zine-Za (mg/ks) NA NA = 100 - 100 =100 = 100

of biomass pellets 2010.
FUNDEMENTAL OF DENSIFICATON AND COMPACATION MODEL

Basic of compaction or densification of RDF can be divided into three types
depending on the processing pressure, that are high pressure compaction, medium pressure
compaction with heating device, and low pressure compaction with binder. Strength of
compacted RDF 1s caused by binding mechanism as shown i Figure 1. Material
compositions are fixed together with molecular forces, attractive forces between solid
particles, and mterlocking. Typical compaction process 1s shown m Figure 2. In the first stage
of compression, particles are preheated, and then they rearrange themselves to form closely
packed mass. During tlus stage, energy caused by wall friction between inter-particle and
particle 1s dissipated. At high pressure, particles are forced against each other and deformed
to elastic and plastic matters. This lets to increase the each other inter-particle contact.

The relation of densification factors of the selected compaction process can be
determined by testing. The parameters, such as pressure, moisture content, and density, can
be related by using empirical formulation. The empirical models from previous researches are

shown in Table 3.
OO

Hardening binders Malecular forces
Highly viscous binders | Ven der Waal's forces |
Adsarption layers

(7Y ©F

PRESSURE

Densiled

i
5

[ elaste springback
Form -closed bonds Elecirostatic _____.__,.—-‘ ]
{ Intarlocking | forces TIME
Figure 1 Binding mechanism. [8] Figure 2 Typical compaction process. [9]

Constitutive model can be used to simulate the compaction process. The model 1s
based on rheological phenomena that explain the behavior of material deformation during
compression. Under processing, composition of RDF can change into three phases which are
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elastic, plastic and wviscous. Typically for compression processes, the constitutive equation
shows the relations of stress, strain and temperature. Various model of micro- and macro-
structure can be used to construct the relation. Maxwell viscoelastic fluid 1s the commonly
used model that can explain material behavior correctly. Constitutive models from previous
researches are summarized in Table 4.

Table 3 Empirical models of compaction processes. [9]

Author Equation Relation
Heckel In 1 =mP+b Pressure and density
—Pr
. P 1 P Vo—V
Kawakita —-_=—t = = Pressure and volume
C ab a Vi
Jones Inp=mlInP+h Pressure and density

Table 4 Constitutive models of compaction processes. [10]

Author Equation Relation
_ de . ) o
EKaliyan o=Ee+ Re" + T]E+ o Stress, stram, coulomb friction and modulus
de . .
Peleg s = Eeg + Re™ + hd—:+ s¢ Stress, stramn, coulomb friction and modulus

t 1-m
R (1 + F) -1
Suched R = = E.t+Ep B pere— Stress, stramn. time and modulus
R — Im

FACTOR AFFECTING TO RDF

Many factors have mfluenced the RDF quality and properties. The properties of RDF
are mechanical strength, calorific value, density, durability of briquette, and characteristic of
combustion. The most mentioned factors are as follows:

Tvpe of Binding Agent
Natural binding agent

Natural binding agents found in previous researches are biomass, organic substances
and morganic substances. Biomass binding agent consists of starch, protemn, fiber, cellulose
and hemicellulose, fat, lipnin, and extractives [10]. Organic and inorganic substances are
asphalt, sawdust, shell of sunflower seed, cassava starch, tar, clay, gum, molasses, starch
solution, paraffin, glue, organic oil waste, limestone, etc. [11, 12]. Strength and durability of
RDF can be improved by adding a binding agent. This makes the material particles of the
RDF tighten together to form a briquette. RDF with high compressive strength are easily to
pile up and transport without damage [13, 14].

Chemical binding agent

Chemical binding agent improves combustion property and durability of RDF. The
agents found in previous researches are caleium oxide (CaQ), calcium hydroxide (Ca(OH),),
caleined dolomute (CaO.MgQ), and calcium lignosulfonate [15, 16]. It reacts with chlonne to
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form ash, e.g. CaCl,, MgCl, and CaCl, [17, 18]. For example, reaction of calcium hydroxide
15 shown as follows:

Ca(OH), A CaO + H,O (1)
CaO+ 2HCl A CaCl, + H>O 2)

Tvype of Material
Materials that rich of cellulose can improve the durability, combustion property and
ash volume [9].

Pressure of Densification
High pressure can increase density and mechanical properties such as scatter index
and water resistance [19].

Moisture Content
High moisture content can mcrease strength and density. Meanwhile, it can decrease
calorific value of RDF [20].

Ratio of Material and Binding Agent
The appropriate binding agent 15 more than 10%. Ratio of material and binding agent
effects mechanical strength of RDF [12, 21].

Tvpe of Equipment

Densification equipment can divide into 4 types which are piston press, screw press,
roll press and pellet mill. Density and strength of RDF are upon to equipment. The density
obtained from piston press, screw press, roll press and pellet mill are 0.9-1.3 g/em’, 1-1.4

g/em’, 0.45-0.55 g/em’ and 1.1-1.9 g/em’, respectively [22, 23].

Particle Size
Small particle size tends to have more density and durability than large size. The
reason 1s that small particle size has higher contacting area than that of the large one [9].

Preheating Temperature

Preheating of feed material can help easier compression. The reason is that it takes
fewer loads and makes soften natural binder during compaction process. Appropriate
temperature is in range of glass temperature of lignin [10].

CONCLUSION

RDF is an alternative fuel produced from waste. Usage of RDF as fuel is the other
way to recover energy and reduce disposal waste. Combustion property of this fuel has been
improved that it can be used as a commercial fuel According to EU standard, their important
properties are calorific value, durability, density, and moisture content. Many factors are
related to RDF production. These are equipment, production factors such as temperature and
pressure, material factors such as moisture and particle size, and material composition such as
starch, protemn, fat, fiber, lignin and extractives.
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Abstract

Mixed plastic wastes recovered from dumpsites may be utilized as densified solid fuel
However. 1t 15 commonly known that plastic materials may not bind together under compaction.
Com stover can be used as natural binder in this case. It can improve chemical composition
(reducmg sulfur and chlonne content) and mechanical strength of the fuel pellet. In this paper.
densification of mixed plastic wastes and corn stover was investigated. Compression pressure was
conducted at 150 MPa. The pellet size was 8 mm in diameter and 20 mum long. Effects of moisture
content (5-20%), types of matenial. and preheating temperatures (75 and 100°C) on the fuel
properties were studied. The pellets from mixed materials were found to have ligher calornific value,
carbon content and durability index than com stover pellet.

Introduction
Solid waste generation 1s an unavoidable byproduct of economic and population growth.

Mumicipal solid wastes (MSW) are increasing every year. These wastes have to be disposed of
approprately. Conventional disposal methods mclude samitary land-filling, open dumping and
burning. and mass mcmeration. For Thailand. most MSWs are disposed of by open dumping (64%)
and sanitary landfill (35%). There are many problems associated with waste disposal, including lack
of landfill sites, waste and logistics management, budgeting, labor shortage, public opposition, and
others [1]. These wastes may be utilized as fuel. There are several waste to energy conversion
techniques, mcluding densification into refuse denived fuel (RDF). thermal conversion into heat,
gaseous or liquad fuels.

With regards to Thailand’s national energy policy, energy development plan will promote
renewable energy to account for at least 20% within 2022, Under this goal. energy from solid waste
1s imncluded. The rate of energy consumption of Thailand of 2012 1s mcreased by 3.9%. compare to
2011 [2]. The mmportant energy sources are natural gas, coal and oil. They are usually used for
electricity generation and thermal production and transportation [3]. For energy security reason, we
must reduce our reliance on fossil fuels, and identify new renewable energy sources.

Waste to energy offers an alternative solution. MSW may be converted into RDF. Nommally,
EDF consists of the combustible fraction recovered from MSW such as waste plastic. wood, paper,
textile, leather, and rubber [4; 5; 6]. ASTM [7] defines RDF as energy recovery source from
shredding MSW whose non-combustible materials have been removed. The majority components of
EDF usually comprise plastic and biodegradable wastes. For Gendebien’s definition [8], EDF is the

All rights reserved. Mo of contents of this may be reproduced or transmitted in any form or by any means without the written permission of TTF,
www_tip.net. (ID: 58.13 ,30.2—25'[&5.‘14.06:3?5;?3
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high calorific fraction of derived MSW. The other terms for MSW denived fuel mclude recovered
engimeered fuel (REF), packagmng derived fuel (PDF), paper and plastic fraction (PPF) and
processed engineered fuel (PEF). Densified fuel has several forms such as pellets, slugs. cubettes
and briquettes. It possesses improved physical and chemical properties, compared to raw MSW. It
can be used as solid fuel like other commercial fuels for energy production in cement kiln plants,
power generation plants, etc. The mmportant benefits of densified fuel are higher calonfic value,
homogeneity of physical-chemical composition, convenience of storage. ease of handling and
transportation, and lower pollutant emissions. It can be accepted as a substitute or auxiliary fuel i
most combustion systems [9].

In this work, pelletization of mixed plastic wastes and corn stover was carried out. Effects of
moisture content. types of material and preheating temperatures on the fuel properties were
mvestigated.

Experimental methodology
Materials

Plastic wastes were collected from Chiangrai Rajabhat University’s dumpsite. The age of
dumpsite 15 5 vears old. All plastic waste samples were shredded mnto small pieces, less than 3 mm
in overall size. Corn stover was obtained from a local com field after harvested and sun-dried for 3
weeks. The biomass sample was shredded to about 1.5 mm in size using an agricultural shredding
machime. Both materials were sent for analysis of their properties.
Pellefization

Pelletization was carried out using a hydraulic compactor, shown m Fig. 1. Shredded plastic
wastes and comn stover (total 1.4 g) were muxed at ratio of 55:45 w/w, 1.4 g in total weight. The
pelletized fuel was & mm i diameter and 20 mm long. The die wall was heated by hot water.
Various pelletizing conditions were mvestigated. The moisture content was varnied between 5. 10,
15 and 20%. The die wall temperature was vaned between 75 and 100°C. The applied pressure was
fixed at 150 MPa. All pellet products were kept in the zip lock and stored in controlled room.
Physico-chemical analysis

The raw materials and the pelletized fuel were analyzed for density (ASABE standard
5269 4), moisture (ASABE standard 358.2), ash (ASTM standard E830-87) and durability (EN
standard 15210), as well as sulfur (ASTM standard E775-87). chlorine (Energy dispersive X-ray
spectrometer), calorific value (ASTM standard E711-87) and other elements (Energy dispersive X-
ray spectrometer).

Water flow channel for

. [ heating of raw matesials
T 1 pefore compaction Figure 1: Compaction apparatus.
107 ——p  Hotwater

Smm cylindrical die for
pelletization
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Results and discussion

Samples of pellets from corn stover and muxture between plastic wastes and corn stover are
shown in Figs. 2 and 3. respectively. Under the same applied pressure, pellets from sole biomass
can be made in more compact form than those from muxture of plastic waste and comn stover.
Amnalysis results of chemical characteristics of plastic wastes and corn stover are shown in Table 1.
Plastic wastes appeared to have lower moisture and ash content than corn stover, but, significantly
higher calorific value than the biomass. Tables 2 and 3 show the characteristics of the pelletized
fuels from comn stover only, and from a mixture between plastic wastes and com stover. It was
found that calorific value of com stover pellet was between 15.64 — 16.60 MI/'kg. Carbon content
was contained 52.17 — 53.72%. Ash content was 8 — 9%. Moisture content of corn stover pellet was
found to increase with the moisture content of feed materials, as expected. The calorific value of
plastic waste and comn stover pellets (2638 — 29 56 MI/Kg) were much higher than corn stover
pellet, because of higher carbon content. Sulfur content and chlorine content were 0.12 — 0.13% and
0.07 —0.19%. respectively. The calorific value of plastic waste and cormn stover pellets were similar
with other current power generation fuels including coal (10 — 32 MI/ke)[10]. diesel (3642
MI/Mit)[10] and fuel o1l (39.77 MI/Lt)[10].

Figure 2: . Figure 3:
Examples of corn E Examples of
stover pellets. = plastic waste and
- COTN Stover
pellets.

Table 1: Characteristics of plastic waste and com stover.

Moisture (%) Ash (%) Sulfur (%) Chlorne (%) Calonific value
(MIkg)
Plastic wastes 035 0.22 0.17 0.15 580
Com stover g.47 £.62 0.08 0.11 154

Table 2: Characteristics of pellet from corn stover.

Prehaating P Pellet characteristics

tErnperanme content of Wioisture i . i Celorific
=) material (%) | content (%) Ash (%) Sulfur (%) | Chlorine (%) | Carbon (%) | Owxyzen (%4 ,::r:,__)
75 5 305 239 0.08 0.11 33.19 4379 16.3
73 10 443 263 0.09 0.13 3217 4481 15.6
73 15 6.33 g.41 0.08 0.11 33.04 4394 16.6
73 20 7.26 211 0.08 0.12 33.97 4321 164
100 5 0.06 9.12 0.08 0.11 33.19 4379 16.1
100 10 1.05 202 0.08 0.13 32.17 44 81 16.3
100 13 237 £32 0.08 0.11 33.04 4394 16.4
100 20 5.50 865 0.08 0.12 3377 4321 16.3

Moisture content affected to calorific value and durability index of the densified fuel. At
752C and 100°C, increasing moisture content from 5% to 10% led to increased durability of comn
stover pellet from 85 — 87%, but decreased calorific value. From Figs. 4 and 5, moisture content
was not found to significantly affect the pellet density, but have direct impact on durability. For the
mixture of plastic and biomass, preheating temperature did not affect change in density or
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durability, But, for biomass only. higher preheating temperature (100°C) seemed to result in higher
pellet density and durability index. Matenial type had important effect on ash, sulfor, carbon and
chlomine content as well as calorific value. Calorific value of corn stover was mereased when 1t was
mixed with plastic waste. While plastic waste has high sulfur and chlorne content, they can be
reduced by mixing with comn stover, similar to that reported 1 [11]. Li et al. [12] and Yaman et al
[13] found that mixed paper briquette had low HHV because of high ash content. When the
brnquette made from mixed paper and plastics, thewr properties were improved. Preheating
temperature can affect mechanical strength in terms of durability index and pellet density and
moisture content of pellet. The pellet density with 100°C of preheating temperature was higher than
75°C. Furthermore, there was some moisture loss dunng compression process wlich reduced
moisture content of pellet. Increasing preheating temperature from 75 to 100°C was found to
mcrease durability mdex from 97 — 99% and 89 — 99% for mixed plastic waste and com stover
pellet and corn stover pellet. respectively.

Table 3: Characteristics of pellet from mixed plastic waste and corn stover.

Drehesting Moisnme Pellet characteristics
tEmperatre content of Woistume Calorific
=C) material (%) | ¢ o Ash (%) Sulfur (%) | Chlorine (%) | Carbom (%) | Owxvzen (%) value
] (MIkg)
] 5 1.36 6.40 0.13 0.12 8283 15.12 264
75 10 2.62 6.12 012 0.19 86.65 12.03 272
] 15 3.02 7.02 012 0.07 86.13 12.69 284
75 20 308 6.26 012 0.12 84 33 12.52 281
100 5 1.02 6.83 012 0.12 8283 15.12 278
100 10 1.88 6.76 012 0.19 86.63 12.03 272
100 15 212 6.10 012 0.07 86.13 1260 206
100 20 242 6.30 012 0.12 84 33 12.52 289
14 T e ——
Ra—— = £ -//r""'\
G b
- = o
o £
g z -
4 b )er—-——*-—._-_ ;;
% 6 % &
a
R 50
a St 10% 15% e, & ) 10% 13% ) %
moistUre content of material malemry contant of matarial
1) SHOvET TS ssiie=com stover 100°C e 0 SDOVES T el o S0V 10000
maxed T55C i ] 000 mixed T5%C b e 100°C
Figure 4: Relation of pellet density Figure 5: Relation of durability index
and moisture content of material. and moisture content of material.
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Summary

Plastic waste and agriculture waste can be upgraded to densified fuel. Properties and quality
of the pelletized fuel depended on type of material, moisture content, and preheating temperature.
Type of feed matenial affected quality of densified fuel in terms of density, durability index,
calonific value, and sulfur and chlonne components. Mixing plastic waste with corn stover offered
densified fuel with higher calorific value and lower ash confent, hence improved quality.
Furthermore, starting moisture content of the feed and preheating temperature before compaction
were observed to have influence on density and durability index of the pellets. This research found
that optimum moisture content was 5-15%, and higher preheating temperature can result 1 higher
pellet density and durabality mndex.
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