REFERENCES

Aggarwal, p., and Dollimore, D. A comparative study of the degradation of different
starches using thermal analysis. Talanta 43(1996): 1527- 1530

Alvarez, V.A., and Vazquez, A. Thermal degradation of cellulose derivatives/starch
blends and sisal fibre biocomposites. Polymer Degradation and stability
84(2004). 13-21.

Ballice, L. Classification of volatile products evolved during temperature-
programmed co-pyrolysis of low-density polyethylene with polypropylene.

Fuel 81(2002): 1233-1240.

Ballice, L, and Reimert, R. Classification of volatile products from the temperature-
programmed pyrolysis of polypropylene (PP), atactic-polypropylene (APP) and
thermogravimetrically derived kinetics of pyrolysis. Chemical Engineering and
Processing 41(2002): 289-296.

Brandrup, ., Bittner, M., Michaeli, ., and Menges, G. Recycling and Recovery of
Plastics. New York: Planser Publishers, 1996.

Ciliz, N.K., Ekinci, E., and Snape, C.E. Pyrolysis of virgin and waste polypropylene and
its mixtures with waste polyethylene and polystyrene. Waste Management
24(2004): 173-181.

Demirbas, A. Pyrolysis of municipal plastic wastes for recovery of gasoline-range
hydrocarbons. Journal of Analytical and Applied Pyrolysis 72(2004): 97-102.

Gersten, ., Fainberg, V., Pletsroni, G., and Shindler, Y. Kinetic study of the thermal
decomposition of polypropylene, oil shale, and their mixture. Fuel 79 (2000):
1679-1686.

Girija, B.G., Sailaja, R.R.N., and Madras, G. Thermal degradation and mechanical
properties of PET blends. Polymer Degradation and Stability 90(2005):
147-153.

Jakab, E, Va'rhegyi, G., and Faix, 0. Thermal decomposition of polypropylene in the
presence of wood-derived materials. Journal of Analytical and Applied Pyrolysis
56(2000): 273-285.



62

Lattimer, R.p. Pyrolysis field ionization mass spectrometry of polyolefins. Journal of
Analytical and Applied Pyrolysis 31(1995): 203-225.

Levis, S.R., and Deasy, P.B. Production and evaluation of size reduced grades of
microcrystalline cellulose. International Journal of Pharmaceutics 213 (2001 ).
13-24.

Matsuzawa, Y., Ayabe, M., Nishino, J. Acceleration of cellulose co-pyrolysis with
polymer. Polymer Degradation and Stability 71(2001): 435-444,

Pinto, F., Costa, P., Gulyurtlu, 1., and Cabrita, |. Pyrolysis of plastic wastes. 1
Effect of plastic waste compostition on product yield. Journal of Analytical and
Applied Pyrolysis 51(1999): 39-55.

Ren, X. Biodegradable plastics: a solution or a challenge?. Journal of Cleaner
Production 11 (2003): 27-40.

Sharypov, V.I., Marin, N., Beregovtsova, N.G.. Baryshinikov, S.V., Kuznetsov, B.N.,
Cebolla, V.L.,and Weber, J.v. Co-pyrolysis of wood biomass and synthetic
polymer mixtures. Part I influence of experimental conditions on the evolution of
solids, liquids and gases. Journal of Analytical and Applied Pyrolysis 64(2002):
15-28.

Shlieout, G., Arnold, K., and Miiller, G. Powder and Mechanical Properties of
Microcrystalline Cellulose With Different Degrees of Polymerization. 3(2002):
110

Wampler, T.p. Applied Pyrolysis Handbook. New York: Marcel Dekker, Inc., 1995.

Wielage, B., Lampke, Th., Marx, G. Nestler, K. and Stark, D. Thermogravimetric and
differential scanning calorimetric analysis of natural fibres and polypropylene
337(1999): 169-177.

Yang, J., Miranda, R., and Roy, ¢. Using the DTG curve fitting method to determine the
apparent kinetic parameters of thermal decomposition of polymers. Polymer
Degradation and stability 73(2001): 455-461.

Zuchowska, D., Steller, R., and Meissner, . Structure and properties of degradable
polyolefin-starch blends. Polymer Degradation and Stability 60(1998):

471-480.



APPENDICES

1 Data for Friedman's plot to determine the activation energy of pp at various heating
rates

10°c/min 20°c/min 30°c/mi
(da/dt) 1T (K) (da/dt) 1T (K) (da/dt) 1T (K)
-13.8134  0.001804 -12.1427 0.001733  -10.6957 0.001659
-13.0517  0.001785 -11.5348 0001716  -10.2412 0.001643
126121 0.001766 -10.8912 0.001699 -0.8120 0.001627
-11.8307  0.001747 -10.2931 0.001682 -0.3521 0.001611
-11.0889  0.001729 -0.8647 0.001666 -8.5937 0.001596
-10.3422  0.001711 -0.3215 0.00165 -7.8933 0.001581
-0.8737 0.001693 -8.8851 0.001634 -1.3621 0.001566
-0.3623 0.001676 -8.3457 0.001619 -6.8712 0.001551
-8.9469 0.001659 -1.6391 0.001604 -6.2134 0.001537
-8.3184 0.001643 -1.1171 0.001589 -5.8667 0.001523
-1.8212 0.001627 -6.6781 0.001574 -5.3178 0.001509
-7.1839 0.001611 -6.2235 0.00156 -4.9375 0.001495
-6.6310 0.001596 -5.7175 0.001546 -4.2412 0.001482
-5.9737 0.001581 -5.0684 0.001532 -3.8924 0.001469
-5.3448 0.001566 -4.8367 0.001518 -3.2844 0.001456
-4.8321 0.001551 -4.2023 0.001505 -2.9827 0.001444
-4.3494 0.001537 -3.7071° 0.001492 -2.6157 0.001432
-3.8836 0.001523 -3.1098 0.001479 -2.1423 0.00142



2. Data for Ozawa’s plot to determine the activation energy of pp at
various %conversion

1T (K)

P % 60w 40%  20%
3.401197 0.001309 0.001323 0.001336 0.001359
2.995732 0001327 0.001343 0.001358 0.001381
2302585 0.001343 0.001357 0.001369 0.001391
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3. Data for Friedman’s plot to determine the activation energy of pp at various %starch

content
506 10% 15% 20%

(dald) UT(Q)  (dald) UT(K)  (dald) UT()  (dald) LT (K
68165 0001466 -6.6237 0001466 -69842 (0001479 -6.7537  0.001479
65492 0001454 62142 0001453 65216 0.001467 62418  0.001466
62761 0001442 58927 0001441 -6.1467 0.001454 57591  0.001454
59838 0001430 55412 0001429 57608 0001442 53434 0001442
56563 0001418 -5.1853 0001417 53584 000143 -4.9823  0.00143
52755 0001407 -4.8749 0001406 50532 0001419 -47069 0.001418
48710 0001395 -45513 0001395 47305 0001407 -44180  0.001407
44912 0001384 -42291 0001384 -4.3882 0001396 -40141  0.001396
39850 0.001374 -38730 0001373 -4.0489 0001385 -36518  0.001385



4. Data for Friedman's plot to determine the activation energy of pp at

various %cellulose content

5%

dald) 1T (K

0.001453
0.001441
0.001429
0.001417
0.001406
0.001395
0.001384
0.001373

5. Data for Friedman’s plot to determine the activation energy of starch at

various %additive content

0%
(dald) 1T (K)

5%
(da/dt)

000181 -10.4146  0.00180
0.00179  -9.5884  0.00178
0.00177  -8.6039  0.00177
000175 -7.7735  0.00175
000173  -7.2545  0.00173

10%

(dald)
63917 0001454
61153 0001441
58175 0.00143
54808 0001418
51095 0001406
47107 0.001395
43345 0001385
38827 0.001454

1T (K)

-0.0058
-8.4263
-1.7666
-1.2030
-1.0154

UT (K)

-6.7165
-6.4088
-6.0577
-5.7136
-5.2874
-4.8443
-4.3857
-6.7165

15%
(dald) 1T (K)
0001491  -7.4691
0.001479  -7.0276
0.001466  -6.9782
0001454 66628
0001442  -6.3160
000143  -5.8879
0.001418 55497
0.001406  -5.0965

10%

(daldt)
0.00183
0.00181
0.00179
000177
0.00175

1T (K)
10,5184
9.8013
9,0320
8,048
7.3315

15%
(da/dt)
0.00181
0.00179
0.00177
0.00175
0.00173
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20%
(dald) 1T (K
0.001466  -6.4729
0001454  -6.1919
0001442  -5.8812
000143 55186
0001418  -5.1772
0001407  -47991
0.001396  -4.3559
0001385  -39521
20%
UT(K)  (dald) LT (K
-8.8989  0.00179 -7.9310
-8.1677  0.00177 -7.1852
-7.2680  0.00175 -6.5357
-6.8344  0.00173 -6.0605
-5.9652  0.00172 -5.6236



(1-a)
0.1708
0.1798
-0.1904
0.2033
0.2191
0.2388
0.2639
0.2967
0.3413
0,401

6. Data for Friedman’s plot to determine the activation energy of cellulose at

various %additive content

0%
(daldt)
0.00169
0.00167
0.00166
0.00164
0.00162

1T (K)
7.0229
6.5012
15,9782
54845

-5.0277

50
(da/dt)
0.00173
0.00172
0.00170
0.00168
0.00167

1T (K)

-1.4140
-1.1604
-6.8644
-6.6045
-6.0173

10%

(dald)
0.00172
0.00170
0.00168
0.00167
0.00165

T (K)
7.8129
7.2690
7.2194
6.9116
64730

15%

(daldt)
0.00171
0.00170
0.00168
0.00166
0.00165

1T (K)
7.2384
6.8842
-6.4562
-6.1006
5.9042

7. Data to determine the reaction order and pre-exponential factor of pp at
various Ystarch content

0%

5%

(da/dt)/ (da/dt)/
exp(-ERT)  In(1-a)  exp(-E/RT)
30.10 -0.1473 32.15
29.96 -0.1500 32.08
29.92 -0.1533 32.06
29.88 -0.1577 32.04
29.84 -0.1633 32.02
29.81 -0.1709 3201
29.76 -0.1818 31.98
29.72 -0.1977 31.96
29.68 -0.2216 31.94
29.64 -0.2583 31.92

10%

In(1-a) -

-0.1257
-0.1346
-0.1454
-0.1586
-0.1760
-0.1983
-0.2275
-0.2668
-0.3212

-0.397

(daldt)
exp(-E/RT)
3521
34.95
34.92
34.85
34.81
34.75
3471
34.65
34.62
34.55

(1-8)

-0.0523
-0.0549
-0.0584
-0.0626
-0.0681
-0.0755
-0.0860
-0.1020
-0.1251
-0.1608

15% .

(daldy)/

exp(-E/RT)
36.02
35.97
35.94
3591
35.88
35.85
35.82
35.79
35.76
35.73
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20%
(da/dt)
0.00172
0.00170
0.00168
0.00167
0.00165

In(1-a)
-0.0095
-0.0119
-0.0149
-0.0197
-0.0260
-0.0354
-0.0493
-0.0683
-0.0959
-0.1378

1T (K)

-1.8129
-1.2690
-1.2194
-6.9116
-6.4730

20%

(daldt)!

exp(-E/RT)
36.03
35.96
35.92
35.88
35.84
35.81
35.76
35.72
35.68
35.64



In(-a)
01708
01798
01904
02033
02191
02338
0263
0.2%7
03413
04061

8. Data to determine the reaction order and pre-exponential factor of pp at
various %cellulose content

0%

Il

exp(-E/RT)
001
29%
209
2988
2984
2980
29,76
29.12
2968
29,64

In(1-8)
02674
{2866
0.30%
0337
03717
04141
04681
05383
06327
07639

P

(calct)

exp(-E/RT)
A03
389
3.8
368
357
347
3.6
35
315
30

r0Q)
Q1%
Q1450
Q1478
Q1514
Q%5
0165
Q177
Q154
Q2L
A7

10%

(calct)
exp(-E/RT)
37103
3B
3%
U
3R
39
6.8
6.6
.64
6.8

(2)
0610
Q0627
Q0649
0680
Q074
078
00676
01014
Q1212
Q15

IR0

(i)

exp(-E/RT) In(1-a)
002 00439
B9 00468
3P 006
3B 00643
30 0069
3B 0068
3B 00789
BB 0093
38 012w
3719 01598

9. Data to determine product yields of pp composites in various compositions

Sample
pp pure
PPO5ST
PP10ST
PP15ST
PP20ST
PPO5SMC
PP10MC
PP15MC
PP20MC

char

043
09
15.
2.1

021

0.74
1.44

2.32

Yield%
gas
339
35.7
36.4
36.7
378
35.7
36.3
36.6
36.9

Liquid

66.1
63.9
62.7
61.8
59.5
64.1
63.0
62.0
60.8
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20%

(calct)
exp(-E/RT)
4104
4097
4%
409
4088
4085
408
4019
40.76
40.73



10. Area of each peak of chromatogram to determine the product yield% of PP/STR

Products Peak area of each product

PP 5%STR 10%STR 15%STR 20%STR
Propane 4043.834 3994519 4093.149 4241.094 4389.039
Propene 9764.380 10158.91 10257.530  10356.161  10504.106
Butane 5424.656 5868.491 5967.121 6065.751 6164.381
Isobutane 246.575 394.520 493.151 641.096 838.356
1-butene 5079.450 5326.025 5424.656 5523.286 5621.916
Pentane 2416.437 2564.383 2613.698 2909.588 3008.218
Isopentane 838.356 1035.616 1134.246 1183.561 1282.191
2-methyM-butene 5375.340 5572.601 5671.231 5819.176 5917.806
1-pentene 1084.931 1084.931 1282.191 1380.821 1528.767
2-methyl pentane 1578.082 1726.027 1873.972 1923.287 2120.547
2-methyl-1-pentene 5868.491 6164.381 6312.326 6460.272 6608.217
Hexane 147.945 295.890 345.205 493.151 591.781
1-hexene 5819.176 6115.066 6213.696 6263.011 6361.641
henzene 0.000 197.260 246.575 394.520 493.151
2,4-dimethyl-1-pentene 7693.148 7298.627 7249.312 7101.367 6854.792
Heptane 5178.080 4980.82 4734.245 4635.615 4487.67
1-heptene 15682.186 15287.67 15238.350  15041.090 14843.83
4-methyl heptane 6657.532 6460.272 6410.957 6263.011 6115.066
octane 1183.561 1084.931 1035.616 887.671 690.4107
2-methyl-1-octene 1430.136 1183.561 1134.246 986.301 838.3559
2-methyl-4-octane 13561.639 13019.17 12821.913  12772.598 12673.97
2,4-dimethyl-1-heptene 5030.135 4882.19 4783.560 4635.615 4487.67
Cumene 0.000 147.945 197.260 295.890 443.8355
2,4,6-trimethyl-1-heptene 10701.366 10405.48 10257.530  10010.955 9912.325
2,4,6-trimethyM ,6-heptadiene 5128.765 5178.08 4980.820 4832.875 4635.615
2.6-dimethyl-nonane 7791.778 7495.888 7446.573 7249.312 7150.682

2,4,6-trimethyM -nonene 12920.543 12673.97 12378.078  12230.132  12032.871
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11. Area of each peak of chromatogram to determine the product yield% of PPIMCC

Products

Propane

Propene

Butane

Isobutane

1-butene

Pentane'
Isopentane
2-methyl-1-butene
1-pentene

2-methyl pentane
2-methyl-1-pentene
Hexane

1-hexene

benzene
2,4-dimethyl-1-pentene
Heptane

1-heptene

4-methyl heptane
octane
2-methyl-1-octene
2-methyl-4-octane
2,4-dimethyl-1 -heptene

Cumene

2,4,6-trimethyl-1-heptene
2,4,6-trimethyM ,6-heptadiene

2,6-dimethyl-nonane

2,4,6-trimethyl-1-nonene

pp
4043.834

9764.380
5424.656
246.575
5079.450
2416.437
838.356
5375.340
1084.931
1578.082
5868.491
147.945
5819.176
0.000
7693.148
5178.080
15682.186
6657.532
1183.561
1430.136
13561.639
5030.135

0.000 '
10701.366
5128.765
7791.778
12920.543

Peak area of each product

5%MCC
4043.834
10109.585
5671.231
690.411
5227.395
2663.013
936.986
5523.286
1134.246
1676.712
6016.436
246.575
6164.381
246.575
7495.888
4882.190
15336.981
6509.587
1134.246
1134.246
13068.488
4832.875
197.260
10454.791
5079.450
7545.203
12575.338

10%MCC
4142.464
10208.215
5819.176
739.726
5375.340
2663.013
1035.616
5720.546
1232.876
1824.657
6065.751
394.520
6213.696
295.890
7545.203
4832.875
15238.350
6558.902
936.986
1035.616
13019.173
4635.615
147.945
10306.845
4882.190
7495.888
12230.132

15%MCC
4290.409
10405.476
6065.751
789.041
5473.971
2810.958
1183.561
5819.176
1282.191
2021.917
6164.381
542.466
6312.326
345.205
7298.627
4684.930
14942.460
6361.641
789.041
986.301
12920.543
4536.985
394.520
10158.900
4635.615
7347.942
12082.187

20%MCC
4339.724
10553.421
6213.696
936.986
5621.916
3057.533
1380.821
6016.436
1430.136
2071.232
6312.326
641.096
6361.641
394.520
7150.682
4536.985
14695.885
6263.011
690.411
838.356
12772.598
4290.409
493.151
10060.270
4438.355
7150.682
11884.927
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