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A Operating Temperature
Table AL Temperature profiles of pyrolysis without a catalyst

Tire =30 ¢, N2 flow = 25 ml/min
Catalytic temperature (T1)
Pyrolysis temperature (T2) =500 °c

Time
(min)
2
4
6
8
10
12
14
16
18
20
22
24
26

28
30

Temperature (°C)

g

=

g

2

2

2

(=]

Tl

31.9
53.4
96.0
112.2
162.2
2147
250.8
301.4
3117

322.5-

345.5
341.2
363.7
376.5
376.9

T2

25.7

317

69.3

82.2

121.7
179.4
220.6
284.8
3746
402.0
379.2
480.6
492.2
488.1
518.9

Time
(min)
32
34
36
38
40
42
44
46
48
50
52
54
56
58
60

APPENDIX A

=300°c

Tl

379.1
370.2
363.8
354.0
340.5
336.8
334.9
323.6
320.5
316.9
3172
309.4
303.7
303.4
300.0

T2

523.2
502.7
505.4
501.9
485.0
470.4
4525
4413
452.5
4413
452.3
4974
505.7
498 .4
493.0

Time
(min)
62
64
66
68
70
72
74
76
18
80
82
84
86
88
90

Tl

303.2
306.7
301.5
2974
305.9
305.8
310.7
307.7
306.5
301.0
303.5
305.7
300.5
296.6
299.4

T2

500.5
500.4
504.2
494.0
504.3
498.1
506.0
498.9
505.0
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499.8
494.2
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Time
(min)
92
94
96
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108
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314.8
315.1
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Table A2 Temperature profiles of pyrolysis with Y-zeolite
Tire = 30 g, N2 flow = 25 ml/min
Catalytic temperature (TI)
Pyrolysis temperature (T2) =500 ¢

T2

23.9
28.6
41.7
59.9
92.1
1275
175.7
239.5
299.9
399.9
487.0
517.3
508.3
497.3
503.7

Time
(min)
32
34
36
38
40
42
44
46
48
50
52
54
56
58
60

=300 °c

Tl

340.0
344.2
345.7
341.9
343.9
342.6
3417
339.2
337.5
334.9
331.0
3278
324.8
3223
319.6

T2

494.9
502.9
500.4
500.7
494.4
505.4
504.3
505.1
500.3
491.9
489.3
504.8
498.2
504.8
494.0

Time

(min) T
2 263
4 319
6 44.1
8 5.1
10 828
12 111
14 1493
16 2001
18 2347
20 3105
22 3324
24 3370
26 3445
28 3384
30 3394

600 1-

Temperature (°C)

Time
(min)
62

64
66
68
70
12
14
16
78
80
82
84
86
88
90

Tl

316.2
314.2
312.6
312.0
310.4
309.0
307.2
305.4
303.0
300.0
299.4
306.4
309.6
3104
310.0

T2

505.6
499.5
502.8
503.1
501.2
505.2
496.4
506.0
497.8
505.2
493.9
504.4
502.9
505.1
496.0

Time
(min)
92
9%
96
98
100
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104
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108
110
112
114
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118
120

Tl

308.8
308.0
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304.3
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299.1
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313.9
3143
317.0
3155
312.5
309.7
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305.0

T2
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496.7
505.6
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Figure A2 Temperature profiles of pyrolysis with Y zeolite.




Table A3 Temperature profiles of pyrolysis with Pd/Y catalyst

Tire =30 ¢, N2 flow = 25 ml/min
Catalytic temperature (T1)
Pyrolysis temperature (T2) =500 ¢

Time
(min) !

2
4
6
8
10
12

14
16
18
20
22
2
26
28
30

Temperature (°C)

=

Figure A3 Temperature profiles of pyrolysis with Pd/Y zeolite.
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128
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132.6
169.2
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2588
3233
332.3
346.0
3416
342.6
344.6

g

T2
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32.0

46.6

128

105.5
1478
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2503
324.6
414.6
480.6
509.9
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504.7
494.6

Time
(min)
32
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48
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54
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=300 °c

Tl

3409
338.2
336.2
333.6
330.2
3265
3226
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3146
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307.8
302.8
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299.7
307.3

T2

505.7
498.8
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488.0
495.7
501.7
503.8
488.1
489.7
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498.1
503.4
498.5
507.6

Time
(min)
2
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2
T4
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0

Tl
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Table A4 Temperature profiles of pyrolysis with Pt/Y-zeolite

Tire=30g, 2flow=25ml/min
Catalytic temperature (T1)
Pyrolysis temperature (T2) =500 °c

Time
(min)
32
34
36
38
40
42
44
46
48
50
52
54
56
58
60

=300 ¢

Tl

344.3
342.3
338.8
336.5
3324
328.3
323.8
319.3
3145
3101
305.7
300.9
299.6
306.6
310.5

T2

499.1
503.0
496.3
497.1
505.8
499.3
4972
505.0
497.1
502.6
499.8
501.3
502.0
496.6
495.8

Time
(min)
62
64
66
68
10
12
14
76
78
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82
84
86
88
90

Tl

316.7
319.6
319.3
317.8
312.6
310.5
306.8
303.6
297.1
295
302.5
3125
313.3
3124
309.6

T2

499.7
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504.5
503.5
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Figure A4 Temperature profiles of pyrolysis with Pt/Y zeolite.
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Table A5 Temperature profiles of pyrolysis with Pd-Pt/Y catalyst (aRi= 0.8)

Tire = 30 g, N2 flow = 25 ml/min
Catalytic temperature (T1)
Pyrolysis temperature (T2) =500 ¢

Time
(min) T
2 337
4 487
6 815
s 964
10 1112
12 1844
14 2342
16- 291.8
18 3164
20 310.6
22 3125
24 3106
26 3087
28 3042
30 3026

T2

214
39.6
69.1
99.7
122.1
190.2
246.1
322.1
384.6
418.1
466.0
485.4
498.5
497.6
501.5

Time
(min)

=300 °c

Tl

2 . 3012

34
36
38
40
42
44
46
48
50
5
5
5
58
60

303.0
310.6
308.8
304.5
301.6
295.5
309.7
3114
309.6
304.1
301.9
299.7
307.0
310.6

T2

499.3
504.8
4945
488.5
499.9
4974
4953
509.4
502.2
498.5
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5013
507.1
495.5

Time
(min)
62
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66
68
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12
74
76
78
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84
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88

90

600

Temperature (°C)
[l (o5 P wn
E 8 8 8

g

T
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299.8
3107
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T2

4933
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Time
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9%
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T2
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5034
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62

Time (min)

Figure A5 Temperature profiles of pyrolysis with Pd-Pt/Y catalyst (apd = 0.8).




Table A6 Temperature profiles of pyrolysis with Pd-Pt/Y catalyst (aRi= 0.6)

Tire = 30 g, N2 flow = 25 ml/min
Catalytic temperature (T1)
Pyrolysis temperature (T2)

Time
(min)
2
4
6
8
10
12
14
16
18
20
22
24
26
28
30

Temperature (°C)

Tl

29.4
41.8
56.9
82.4
125.6
148.1
188.9
229.2
290.4
325.4
334.5
338.4
340.2
338.8
338.1

T2

314
54.0
79.2
1203
17.7
222.1
283.2
339.3
424.9
450.2
490.5
509.3
497.9
502.7
4913

Time
(min)
32
34
36
38
40
42
44
46
48
50
52
54
56
58
60

=300 ¢
=500 ¢

Tl

336.4
334.8
333.2
328.6
3224
317.7
3125
307.7
300.9
297.2
305.0
3074
305.7
300.7
296.7

T2

509.3
508.7
500.3
505.4
498.1
506.4
498.1
507.6
496.0
505.9
502.0
503.9
502.7
4945
505.5

Time

(min) 1!
B 2993
6 3002
66 . 3119
6 3121
70. 313.2
72 313.6
74 13114
78 3069
783007
8 2999
8 3063
8 '300.2
8 307.2
8 3029
0 2980

T2

499.7
504.5
495.0
504.7
502.7
500.3
504.1
495.2
505.8
497.6
505.6
499.9
493.9
508.1
501.2

Time
(min)

92
94
96
98
100
102
104
106
108
110
112
114
116
118
120

Tl

300.5
307.1
305.1
300.0
299.0
308.5
3117
310.0
304.9
300.8
297.1
306.7
307.7
303.5
299.4

T2

506.7
499.1
506.5
498.6
505.2
496.9
507.9
499.4
505.6
500.5
499.2
503.7
496.7
503.4
499.6

8

=

s

=

=

2

Time (min)

Figure A6 Temperature profiles of pyrolysis with Pd-Pt/Y catalyst (apd = 0.6).
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Table A7 Temperature profiles of pyrolysis with Pd-Pt/Y catalyst (opd = 0.4)
Tire = 30 g, N2flow = 25 ml/min
Catalytic temperature (T1)
Pyrolysis temperature (T2) =500 ¢

Time
(min)
2

4
6
8
10
12
14
16
18
20
22
24
26
28
30

Temperature (°C)

Tl

281

38.5

59.7

83.7

1171
153.7
191
249.1
287.5
319.6
3206
316.5
326.6
323.2
3243

T2

211

43.6

755

111.0
159.2
209.0
267.4
3305
400.7
426.5
459.6
503.9
499.5
505.1
494.8

Time
(min)

32
34
36
38
40
42
44
46
48
50
52
54
56
58
60

=300 ¢

Tl

3228
3211
318.0

310.8.

306.4
301.0
298.3
306.1;
3145
3145

312.4,

309.4
303.9

300.4.

293.7

T2

501.0
4973
504.1
491.0
499.9
497.8
501.9
494.1
504.0
497.2
503.8
493.6
506.7
497.2
5113

Time
(min)
62
64
66
68
170
72
74
76
78
80
82
84
86
88
90

Tl

296.3
310.1
315.1
314.0
312.0
309.1
304.8
3015
297.3
305.2
307.5
307.7
308.8
308.4
3053

T2

503.9
494 4
503.7
497.6
502.5
491.9
505.0
499.4
497.9
508.4
504.3
504.1
497.0
505.4
4917

Time
(min)
92
94
96
98
100
102
104
106
108
110
112
114
116
118
120

Tl

301.3
297.2
300.3
307.9
305.6
301.9
297.9
305.7
305.7
302.5
297.5
301.1
307.4
305.7
302.4

T2

499.7
493.9
505.5
499.6
499.4
493.3
507.0
498.7
5024
492.1
506.5
4973
502.8
492.1
504.9

S PG &AL P PO

Time (min)

Figure A7 Temperature profiles of pyrolysis with Pd-Pt/Y catalyst (dpd = 0.4).
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Table A8 Temperature profiles of pyrolysis with Pd-Pt/Y catalyst (cipd= 0.2)
Tire = 30 g, N2flow = 25 ml/min .

Catalytic temperature (T1) = 300 oC

Pyrolysis temperature (T2) =500 C

Ti Time i i
me 1 12 m T1 g Ime gy T Tme gy 12
(min) (min) (min) (min)

220 261 32 335 5009 62 3099 5000 92 296.7 497.1
4 269 4711 34 3326 5000 64 3048 5043 94 3005 5022
6 592 42 36 3296 5041 66 2997 4985 96 3068 497.1
8 740 175 38 3250 4905 68 2964 5042 98 3114 5035
10 1044 1600 40 32011 4975 70 3036 4938 100 3114 4940
12 1316 2062 42 3160 4981 72 3096 5061 102 3077 503.2
14 1752 2754 44 3119 5017 74 3089 4978 104 3035 5034
16 2140 3291 46 3069 4950 76 3051 4996 106 299.3 496.3
18 2602 4102 48 3028 4915 78 3005 4935 108 2983 5051
20 3296 4611 50 2984 5048 80 2972 5079 110 309.2 4986
22 3391 4951 52 3018 5060 82 3035 4991 112 309.6 505.9
24 3412 5067 54 3080 5045 84 3099 5050 114 3065 4926
26 3385 4987 56 3118 4963 86 3092 4942 116 3042 499.8
28 3369 5013 58 3037 5130 8 3061 5069 118 3006 502.0
30 3381 4974 60 3123 4969 90 3018 5000 120 2965 505.3

= 8 §
]
|
|
|
|
[
|
|
|
!

g

Temperature (°C)

2

2

Time (min)

Figure A8 Temperature profiles of pyrolysis with Pd-Pt/Y catalyst (apd = 0.2).



Table A9 Temperature profiles of pyrolysis with Pd*-Pt/Y catalyst (otd = 0.8)
Tire = 30 g, N2 flow = 25 ml/min

Catalytic temperature (TI) =300 °c

Pyrolysis temperature (T2) =500 ¢

Time Time Time Time

(min) | T2 iy T T ) | T min T T2
2 314 33.7 32 3384 499.0 62 3043 4988 92 296.4 504.4
4 39.9 492 34 3310 5045 64  301.7 5061 94  297.7 495.4
6 56.9  77.7 36 3275 497.6 66  297.5 4956 96  305.6 507.1
8 80.2 1164 38 3225 5035 68 2994 5067 98  306.4 503.2

10 110.8 1655 40 320.4 4955 70 305.4  504.2 100 304.1 5027
12 148.0 223.9 42 318.0 504.7 12 306.3 501 102 3011 503.2
14 186.3 281.3 44 313.6 498.9 74 304.0 503.8 104 298.0 4947
16 2346 .351.4 46 309.4  506.1 76 300.9 495.8 106 305.3 5075
18 298.9 422.6 48 302.8  495.1 78 297.8 506.6 108 304.2  497.4
20 3324 4740 50 299.1 5013 80 302.8  503.6 110 303.7 504.0
22 337.4 '502.3 52 301.0 5031 82 3133 502.2 112 298.1 4944
24 342.2  506.6 54 312.3  507.7 84 310.8 499.6 114 296.7 497.2

26 3454 499.7 56 3146 502.8 86 308.5 493.4 116 299.9 507.9
28 345.7 '500.2 58 313.7 4944 88 302.2  506.2 118 310.2 4995
30 343.2. 489.2 60 309.8 505.9 90 299.3 4983 120 309.7  507.5

Temperature (°C)
= 3 & 8

s

0IYITT'TT'FI"ITTT1TTTTIY1[TTITIIIYTITTTTTTIIIIIIKI[TTI1IVTI’T||I
YOI A D PG @A D P DS

Time (min)

Figure A9 Temperature profiles of pyrolysis with Pd*-Pt/Y catalyst (apd = 0.8).



Table A10 Temperature profiles of pyrolysis with Pd*-Pt/Y catalyst (aPd= 0.6)
Tire =30 g, N2 flow =25 ml/min
=300 °c

Catalytic temperature (T1)

Pyrolysis temperature (T2)

Time
(min)
2

4
6
8
10
12
14
16
18
20
22
24
26
28
30

Temperature (°C)

o
=

&

2

Tl

33
49.2
68.8
98.9
129.6
163.7
2074
2548
3244
326.3
3318
333.7
3318
3319
329.9

T2

39.6
66.4
100.3
150.3
200.0
254.2
3127
376.6
434 4
454.2
500.8
506.3
501.9
497.9
505.6

Time
(min)
32
34
36
38
40
42
44
46
48
50
52
b4
56
58
60

=500 °c

Tl

325.0
3231
3210
316.3
3112
309.3
303.3
297.1
3013
309.2
310.0
309.0
307.6
305.5
303.1

T2

498.7
496.9
497.1
491.8
494.1
498.2
509.0
502.4
488.9
505.7
502.4
501.9
499.0
502.9

Time
(min)
62

64
66
68
70 -
12 -
74
76
8" :
80
82
84
86
88 -
90

Tl

- 296.6

2984
308.1
312.8
315.7

. 3157

314.7
312.5
309.2
305.0
300.9
298.2
305.0
306.4

T2

499.5
505.7
501.0
504.3
492.3
504.6
498.0
500.3
493.0
505.1
498.0
501.9
492.3
506.4

Time
(min)
92

94
9
98
100
102
104
106
108
110
112
114
116
118
120

Tl

303.7
302.2
299.6
296.4
298.1
314.6
315.3
318.6
318.9
311.0
313.6
310.1
306.0
303.1
298.4

T2

504.6
503.7
493.8
508.8
505.7
504.5
5034
491.8
501.1
498 .4
504.7
493.9
506.9
498.7
506.4

Time (min)

Figure A10 Temperature profiles of pyrolysis with Pa*-Pt/Y catalyst (apd = 0.6).
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Table A Il Temperature profiles of pyrolysis with Pd*-Pt/Y catalyst (cipd = 0.4)
Tire = 30 g, N2flow = 25 ml/min
=300 °C

Catalytic temperature (T 1)

Pyrolysis temperature (T2)

Time
(min)
2

4

6

8

10
12
14
16
18
20
2
24
26
28
30

600 -

500

Temperature (°C)

100

200

Tl

216
34
515
76.6
105.6
145.9
1831
2324
2111
3225
3348
3324
3351
336.7
3349

400 —

T2

26,4
41.0
67.9
107.2
151.6
208.6
2515
319.9
385.9
436.6
464.4
488.3
504.7
501.4
498.3

300 T———

Time
(min)
32
34
36
38
40
42
44
46
48
50
52
b4
56
58
60

= 500 °C

Tl

334.3
3339
3335
3336
3315
329.2
326.6
3232
319.2
3140
308.5
302.7
298.0
3051
309.6

T2

504.9
498.4
502.7
490.2
4975
502.2
502.2
498.9
504.8
498.7
495.7
509.0
501.3
506.1
4993

o 3077
6 3032
68 2989
0 3082
7 308
3077
76 3048
78 3006
8 298.0
8 3015
8 3101
8 3082
8 3032
90 301

T2

505.5
4944
505.3
499.6
503.6
492.7
506.7
496.6
501.7
494.0
4971
499.2
499.9
500.9
500.2

Time
(min)
92
94
96
98
100
102
104
106
108
110
112
114
116
118
120

Tl

2995
302.1
3105
312.7
312.7
3104
305.1
300.2
2975
308.2
309.4
304.6
301.8
2%.1
298.2

T2

504.9
502.5
505.2
489.2
504.0
502.2
4939
505.0
5004
505.2
4954
505.1
4973
501.1
492.0

68

Time (min)

Figure A1l Temperature profiles of pyrolysis with Pd*-Pt/Y catalyst (apd = 0.4).




Table A12 Temperature profiles of pyrolysis with Pd*-Pt/Y catalyst (aPd= 0.2)
Tire =30 g, N2 flow = 25 ml/min
=300 ¢

Catalytic temperature (T 1)

Pyrolysis temperature (T2)

Time T

(min)
2

4
6
8
10
12
14
16
18
20
22
24
26
28
30

Temperature (°C)

28.1
38.0
54.5
19.5
106.1
1488
195.5
242.1
282.2
325.1
339.7
339.8
338.9
337.1
335.8

T2

254
3.1
62.2
98.7
1311
198.9
265.3
328.5
397.0
440.6
469.9
504.7
499.2
508.1
496.4

Time
(min)
2

34
36
38
40
42
44
46
48
50
52
54
56
58
60

= 500 °C

T

331.5
331.5
335.2
3319
326.7
324.1
319.7
316.0
312.0
309.1
304.5
298.6
298.6
306.7
309.7

T2

507.2
504.4
501.5
501.5
496.1
494.3
507.2
501.0
506.4
500.5
492.3
500.9
502.7
500.5
499.7

Time
(min)
62
64
66
68
10
2
14
16
18
80
82
84
86
88
90

T

3103
309.0
306.5
302.4
297.8
298.7
307.8
310.9
310.6
305.5
303.9
301.3
300.4
299.9
307.1

T2

492.8
503.9
502.0
504.7
491.5
505.6
500.9
504.9
496.9
503.7
5013
495.5
501.8
506.3
502.2

Time
(min)
92
94
9%
98
100
102
104
106
108
110
112
114
116
118
120

Tl

308.4
307.9
305.4
305.0
305.6
306.2
298.8
302.2
298.8
301.1
308.9
309.3
308.9
309.3
306.9

T2

503.7
495.9
509.9
504.2
503.6
504.2
491.8
505.8
498.8
506.4
499.2
501.8
504.8
502.2
505.5

600 T

Time (min)

Figure AL2 Temperature profiles of pyrolysis with Pa*-Pt/Y catalyst (apd = 0.2).
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Table A13 Temperature profiles of pyrolysis with Pd-Pt*/Y catalyst (apd= 0.8)
Tire= 30g, Nz flow = 25 ml/min
= 300 °c

Catalytic temperature (T1)

Pyrolysis temperature (T2)

Time

(min)
2

4
6
8
10
12
14
16
18
20
22
24
26
28
30

Temperature (°C)

g

lé

£
s

=

=

=

Tl

26.2
341
50.2
3.0
1013
1294
1738
2135
260.4
319.9
349.2
3521
351.6
345.0
345.6

T2

25.8
439
705
110.0
156.1
201.8
212.0
3318
411.5
456.9
4912
505.2
498.2
501.6
498.1

Time
(min)

32
34
36
38
40
42
44
46
48
50
52
o4
56
58
60

=500 °c

Tl

345.5
3418
339.2
3354
330.4
3258
320.9
316.6
3105
306.4
3014
296.2
303.9
310.5
3143

T2

505.8
500.2
502.6
491.0
505.6
499.1
502.9
490.7
505.6
498.2
499.2
507.2
504.0
902.7
494.5

Time
(min)

Tl

314.5
3134
3105°
305.7
3021
291.0
291.0
307.3
3146
3112
316.0
313.5
310.3
305.2
302.5

T2

503.9
499.3

.502.0

493.8
506.5
503.7

-500.2

500.6
501.3
507.1
494.3
506.0
497.4
499.9
493.7

Time
(min)
92
94
96
98
100
102
104
106
108
110
112
114
116
118
120

Tl

296.0
306.0
314.0
318.3
318.8
316.5
312.9
308.1
303.9
300.6
291.7
296.5
308.3
316.3
317.8

T2

508.4
502.0
503.7
4974
504.5
4984
502.3
493.3
505.5
498.6
505.9
501.2
495.7
503.1
498.6

‘)Q o

)

Time (min)

AESERNRNEE S RIS

Figure A3 Temperature profiles of pyrolysis with Pd-Pt*/Y catalyst (apd = 0.8).
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Table A14 Temperature profiles of pyrolysis with Pd-Pt*/Y catalyst (apd = 0.6)
Tire=30 ¢, N2 flow =25 ml/min
=300 °C

Catalytic temperature (T1)

Pyrolysis temperature (T2)

Time

(min)
2

4
6
8
10
12
14
16
18
20
22
24
26
28
30

Temperature (°C)

2

Tl

314

40.1

58.2

16.5

108.6
1445
186.8
230.9
216.8
320.9
316.7
319.5
3211
3310
330.0

T2

311

43.6

115

9.1

1439
191.3
245.6
301.7
313.2
436.1
476.7
505.1
5005
5054
496.6

Time
(min)
2

34,
36
38
40.
42,
44
46.
48-
50.

52 -

54
56.
58
60

=500 ¢

Tl

324.7
3215
3203
319.9
3174
316.1
314.7
3128
3115
3079
305.8
3024
299.1
303.2
3053

T2

496.5
505.5
495.6
503.9
500.2
503.6
495.4
505.8
498.3
505.6
503.0
5013
505.5
498.8

Time
(min)
62

64
66
68
10
12
14
16
18
80
82
84
86
88
90

Tl

303.7
304.2
303.0
3024
299.7
291.2
302
308.9
308.5
3073
304.0
3014
299.0
304.8
306.7

T2

505.9
497.8
506.0
494.3
5053
496.8
502.7
494.2
505.3
499.1
505.3
496.2
503.5
501.6
506.5

Time
(min)
92
9
96
9
100
102
104
106
108
110
112
114
116
118
120

T

309.4
308.6
307.8
304.6
302.3
299.8
2944
301.3
306.5
309.4
3103
3102
307.8
305.3
302.3

T2

496.3
503.5
495.1
504.2
49.1
504.4
504.9
506.6
498.4
504.4
498.6
501.1
494.3
505.5
496.7

g

=

g

|
f

Ao o |

Time (min)

Figure A14 Temperature profiles of pyrolysis with Pd-Pt*/Y catalyst (apd = 0.6).
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Table A15 Temperature profiles of pyrolysis with Pd-Pt*/Y catalyst (dpd= 0.4)
Tire = 30 g, N2 flow = 25 ml/min
=300°c

Catalytic temperature (T1)

Pyrolysis temperature (T2)

Time
(min)
2

4
6
8
10
12
14
16
18
20
22
24
26
28
30

Temperature (°C)

600

500 +——

g

Tl

34.0
46.6
3.9
100.8
1306
166.7
206.8
255.3
3117
333.9
338.6
336.0
339.8
343.0

T2

428
65.7
94.8
1538
201.2
259.5
3115
406.9
451.6
494.2
509.8
503.8
501.0
502.3

Time
(min)
32
34
36
38
40
42
44
46
48
50
52
54
56
58
60

=500 ¢

Tl

3427
336.5
332.0
332.6
328.3
325.0
319.9
3183
3123
308.8
303.5
300.2
291.6
303.9

491.8
505.5
504.4
499.5
496.1
506.9
499.1
500.0
495.5
505.8
498.4
500.5
494 4
506.1
498 .4

309.0
310.2
3114
310.6
308.6
307.2
304.6
302.6
300.0
296.4
302.3
310.9
316.1
318.9
3191

T2

509.0
496.7
506.5
499.0
5034
4971
506.9
502.5
503.8
496.9
504.1
499.9
503.7
493.2
506.1

Time
(min)

94

96

98

100
102
104
106
108
110
112
114
116
118
120

Tl

318.0
315.9
316.8
309.7
307.8
303.8
306.4
297.1
304.2
3121
3143
314.7
313.2
3112
308.9

T2

501.7
505.2
495.9
505.9
500.5
506.0
496.0
508.0
503.8
501.1
503.4
495.0
507.2
497.0
505.2

Time (min)

Figure A15 Temperature profiles of pyrolysis with Pd-Pt*/Y catalyst (ofd= 0.4).
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Table A16 Temperature profiles of pyrolysis with Pd-Pt*/Y catalyst (apd = 0.2)
Tire=30 g, N2flow - 25 ml/min

Catalytic temperature (T1)
Pyrolysis temperature (T2)

Time

(min)
2

4
6
8
10
12
14
16
18
2
2
24
26
28
30

Temperature (°C)

T

423

54.7

87.9

1137
1443
1722
2313
2114
319.6
339.4
340.5
338.5
331.0
334.6

T2

51.2
716
1252
162.0
198.2
2519
339.6
401.2
456.2
488.5
508.2
4973
501.6
499.4

Time
(min)
2

34
36
38
40
42
44
46
48
50
5
54
56
58
60

Tl

334.6
330.7
3284
3244
319.6
313.2
310.0
305.8
300.2
299.8
307.5
3094
310.0
309.1
306.6

=300 °c
=500 °c

T2

501.2
504.9
496.7
505.4
502.2
491.1
505.3
501.6
501.2
495.9
505.9
491.1
500.8
496.1

Time
(min)
62

64
66
68
10
1
14
16
18
80
82
84
86
88
90

Tl

304.6
300.6
294.9
298.7
309.0
3121
3112
311.8
310.6
306.9
300.0
302.6
308.4
308.1
304.7

T2

504.7
500.0
499.8
505.2
504.5
504.4
498.8
504.0
502.6
499.2'
506.2
491.9
506.5
499.9
504.0

Time
(min)
92
94
V 96
1 98
. 100
102
. 104
106
108
110
1112
114
116
118
120

Tl

300.0
294.9
304.5
3144
3132
307.2
304.4
298.4
307.5
3112
309.3
305.3
303.3
296.6
3101

T2

495.7
507.1
502.7
506.0
4979
502.6
4975
505.1
494.2
507.2
497.9
505.9
496.7
504.2
500.0

g

=

=
|

300 ——

200

no

Time (min)

N N R R O S S \e

S

S P g O

Figure A16 Temperature profiles of pyrolysis with Pd-Pt*/Y catalyst (apd = 0.2).
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APPENDIX B
B. Pyrolysis Product Yields
Table BL Effect of Y-zeolite, Pt/Y, and Pd/Y catalysts on product yields

Yield (%)
sample  qig Liqu(ld Gas
Non-catalyst 44.83 31.83 23.33

Y 45.08 24.75 30.16
Pt/Y 45.81 21.65 32.54
PdlY 47.39 23.54 29.07

Table B2 Effect of preparation and metal ratio of bimetallic catalysts on product
yields

Yield (%)

Sample wd st gid  Liguid  Gas
0.2 08 4671 2081 2848
0.4 06 4825 2632 2543
Pd-PUY 0.6 04 4729 25,60 27.15
0.8 02 4697 2461 28.42
0.2 08 4500 2350 3150
0.4 06 4431 2533 30.36

*_
Pd*-PUY 0.6 04 4414 2399 3186
0.8 02 4414 2399 3179
0.8 02 4420 2481 3107
- 0.6 04 4442 2431 3107
Pd-PE/Y 0.4 06 4388 2437 3175

0.2 0.8 43.98 25.38 30.62
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Figure B3 Influence of Pd-Pt*/Y catalysts on product yields.
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APPENDIX ¢

¢. Chemical Compositions in Maltenes

Table CI Effect of Y-zeolite, Pt/Y, and Pd/Y catalysts on the chemical composition

of oil

Compound

Saturated HCs
Mono-aromatics
Di-aromatics
Poly-aromatics
Polar-aromatics

Non-catalyst

151
4.28
2.83
3.08
5.06

Yield (g / 100 q tire
Y v gPt/\)
135 13.0
3.72 3.50
2.22 2.65
2.28 1.94
3.00 1.80

PdlY
12.2
317
259
1.80
1.58

Table C2 Effect of Pd-Pt/Y catalysts on the chemical composition of oil

Compound

Saturated HCs
Mono-aromatics
Di-aromatics
Poly-aromatics
Polar-aromatics

«Pd=0 ftpd=0.2

13.0
3.50
2.65
1.94
1.80

13.7
3.59
2.67
2.26
1.54

Yield (g/ 100 g tire)
tpd —0.4  tipd = 0.6
14.7 15.0
348 3.65
2.69 2.79
2.36 241
1.63 182

Table C3 Effect of Pd*-Pt/Y catalysts on the chemical composition of oil

Compound

Saturated HCs
Mono-aromatics
Di-aromatics
Poly-aromatics
Polar-aromatics

tpd = 0 aRI=02
13.0 14.6
3.50 3.76
2.65 2.55
1.94 2.43
1.80 1.64

Yield (g/ 100 g tire)
ctpd = 0.4 ttpd = 0.6
14.0 143
347 381
2.24 2.46
2.13 2.28
1.60 1.60

Table C4 Effect of Pd-Pt*/Y catalysts on the chemical composition of oil

Compound

Saturated HCs
Mono-aromatics
Di-aromatics
Poly-aromatics
Polar-aromatics

«Pd=0 ttpd=0.2

13.0
3.50
2.65
1.94
1.80

15.2
3.43
2.53
2.32
1.58

Yield (g/ 100 g tire)
ctpd = 0.4 ttpd = 0.6
139 133
4,30 4,06
3.07 2.66
2.64 2.44
1.78 152

ctpd = 0.8 ttpd = 1
141 12,2
3.57 3.17
2.68 2.59
2.23 1,80
1.67 158

ttpd = 0.8 ttpd =
13.8 12.2
3.28 3.17
2.24 2.59
2.02 1.80
1.42 1.58

ttpd = 0.8 «Pd = 1
151 12.2
331 3.17
2.58 2.59
2.31 1.80
1.58 1.58
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APPENDIX D

D. True Boiling Point Curves

Table D1 True boiling point curves of pyrolysis without a catalyst

Boiling point IS?C)
|-

18

% Off Maltene Saturated ~ Mono- _ Poly- Polar-
HCs  aromatics aromatics aromatics aromatics
0 215 39 235 22.2 23.9 221
5 162.3 184.2 163.8 27.1 73.3 39.2
10 173.8 192.5 208.2 35 74.2 177.1
15 189.8 203.4 2317 76.4 75.4 190.6
20 199.2 210.7 252.1 184.7 158.8 197.6
25 208 216.8 269.9 199.8 172.8 203.8
30 214.3 223.6 283.3 212.4 192.3 211.9
35 222 4 230.6 291.8 226.7 213.9 222.6
40 2305 - 2375 301.3 241.9 250.3 2348
45 238.6 246.5 307.6 263.3 272.8 247.7
50 249.3 255 314.5 291 296 261
55 259.7 264.9 321.1 323.9 313.1 274.1
60 271 273.8 3277 342.6 3345 287.3
65 282.2 283.8 334.1 354.7 344 300
70 294.7 295.2 3418 365.3 373.7 3138
75 310.5 309.3 349.8 376.7 383.6 329.3
80 327.8 325.7 359.1 389.4 384.3 347
85 3479 345.8 370.4 404.7 385.2 367.5
90 372.1 370.2 385.7 423.3 388 390.8
95 400.7 401.1 410.3 451 415.2 424
100 464.9 459.8 480 499.9 487.3 498.4

100 1
90

80
70 1

60 -

wt %

—4— Maltene
—s— Sat HC
—— Mono
——Di

*— Poly
—e— Polar

A e e e

True BP (°C)

TTTTTTTTTTT

50 100 150 200 250 300 350 400 450 500 550 600

Figure D1 True boiling point curves of oils and chemical compositions obtained
from pyrolysis without a catalyst.
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Table D2 True boiling point curves of pyrolysis with Y-zeolite catalyst
Boiling point (°C)

% Off Maltene Saturated  Mono- Di- Poly- Polar-
HCs aromatics aromatics aromatics aromatics
0 71.8 26.1 22.9 22.2 35.2 22.2
5 156.1 169.6 39.9 25.2 67.7 28.6
10 168.9 180.8 182.7 30.1 68.7 38.6
15 172 186.7 2115 35.8 69.3 74 4
20 182.8 192.9 231 74.1 69.7 75.6
.25 188.2 201.7 248.6 78.5 70 190.5

30 1945 205.8 266.4 173.9 10.4 221.7
135 201.8 211.9 281.7 225.3 0.8 250.6
40 207.3 216.9 293.4 258.6 1.2 269.3
45 213.3 222.1 304.4 280 1.6 284.5
. 50 219.9 228.6 313.2 294.9 1.9 296.3
55 221.5 235 3211 308.7 12.6 308.3
60 235.6 243.1 328.3 321.3 13.1 3204
65 247.2 252.1 335.1 332.3 5.3 332.8

t 70 260.3 2633 341.9 343.5 18 347.1
15 2747 274 .4 349.2 355.1 156.4 363.7
80 291.8 287.2 357.4 367 181 383.2
85 314.1 304 367.1 380.9 256.3 386.9
90 343.5 326.8 380.3 399 3419 398.1
95 384 360.8 403.7 421.2 383.5 4213
100 4523 437.4 471.5 485 423 492

100 -

wt %

50 1 R A A —4— Maltene
—=— Sat HC
—a— Mono
——Di

- —=— Poly

(1 e o ' ; L . —e— Polar

LI S B B B B B S B N A S B e e S e B S B N I B e B e A B o |

0 50 100 150 200 250 300 350 400 450 500 550 600
True BP (°C)

Figure D2 True boiling paint curves of oils and chemical compositions obtained
0

from pyrolysis with Y-Zeolite catalyst.



Table D3 True boiling point curves of pyrolysis with Pd/Y catalyst

% Off

100 1

wt %

Saturated
Maltene HCs
745 72.6
1525 157.9
155.4 170.3
164.6 180.1
169.5 187.1
172.2 194.8
183.4 202.5
190.3 210.3
199.9 - 217
207.3 223.9
215.4 232.2
224.5 242.2
235.2 253.3
249.3 264.8
264.3 275.6
218.6 287
294.3 300.2
3135 316.9
336.3 336.7
368.9 366.6
431.9 430.4

Boiling point (°C)

Mano- Di- Poly-
aromatics Aromatics aromatics
23.3 21.6 21.6
71.4 27.1 70.5
75.2 445 70.9
78.6 69.2 71.3
172.8 72.4 71.6

215.6 73.2 12
259.6 74 72.4
286.4 75.1 72.8
299.2 76.2 73.2
307.2 77.4 735
3155 78.5 745
322.8 80.2 76.3
329 5 83.5 112
336.6 160.3 1
343.7 179 195.8
351.1 199.2 242
359.3 223.9 305.2
368.7 268.7 337
380.7 339.7 383.8
4003 385.2 385.6
4645 468.8 450.9

- —4— Maltene
" —s—SatHC "~
——Mono ...
—»—Di
h —x— Poly
e Polag izt

True BP (°C)

80

Polar-
aromatics
22
32.9
167 6
1719
183.6
195.8
199.8
207.8
219.6
2344
251.5
267.9
284.1
298.4
3134
328.9
346.8
367.2
388.1
417.3
490.1

Figure D3 True boiling point curves of oils and chemical compositions obtained

from pyrolysis with Pd/Y" catalyst.
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Table D4 True boiling point curves of pyrolysis with Pt/Y catalyst

% Off Saturated
Maltene HCs
0 225 61.5
5 112.2 78.3
10 153.6 155.6
15 156.1 168.7
20 160.7 171.6
25 169.6 180.3
30 172.1 185.3
35 181.7 191.7
40 188.1 200.7
45 196 206.4
50 204.6 2136
55 2135 220.5
60 2229 229.3
65 2339 239.3
70 248.7 252.4
75 265.1 266.5
80 283.2 282
85 305.2 302.6
90 331.9 3295
95 368.8 368.3.
100 4418 439.2
100 A
90
80 A
70
3\f 60 -
% 50
40
30 1
20 -
10 4 - &
0 | s .ih—rﬁf —_
0 50 100 150 200

Figure D4 True boilin
from pyrolysis with P/

Boiling point (°C)

Mono- - Poly-  Polar-
aromatics aromatics aromatics aromatics
32.2 33.5 63.9 22
719 732 64.9 38.4
74.3 1.1 66 157.2
78.6 149.4 67 158.6
156.2 158.6 68.1 164.9
190.8, 170.3 69.1 177.6
209.2 179.9 69.4 197
212.3 1917 69.8 207.8
226.2 2107.7 70.4 226
2311 253.4 71.2 2462
2368. 2711 7123 265
248.5 284.2 74 282.7
258.4: 294.3 77.3 299.8
269 305.6 156.9 312.3
278.8' 31722 1755 320.4
290.2 329.4 275.8 336.4
303.4 341.8 305.7 340.6
321.1 356.5 325.9 366.2
342.8 373.4 348.1 386.6
374.4 397.8 374.4 414.6
446.5 454.3 4439 480.8

~4— Maltene
—=— Sat HCs
—o— Mono
——Di

—»— Poly

—e— Polar

LN S I S S B S S S S S B B e o 2 e

250 300 350 400 450 500 550 600

True BP (°C)

%pomt curves of oils and chemical compositions obtained

Catalyst.
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Table D5 True boiling point curves of pyrolysis with Pd-Pt/Y catalyst (ciod = 0.8)
Boiling point (°C)

% Off Maltene Saturated  Mono- Di- Poly- Polar-
HCs aromatics aromatics aromatics aromatics

0 29 70.6 45 24.8 33.9 22
5 122.7 153.2 72.6 72.6 69.7 74.1
10 154.2 166.9 76.1 75 70 155.3
15 157.9 170.5 112.6 79.1 70.4 155.7
20 168 175.9 159.6 154.2 70.9 156.1
25 170.7 182.4 172.3 158 715 156.7
30 173.7 187.9 192.2 169.6 72.3 158.2
35 183.5 191.4 211.2 1722 73.4 166.5
40 189.4 199.3 223.2 184.2 75.7 182.8
45 193.2 203.8 231.4 197.3 150 192.7
50 202.4 210.2 237.1 235.6 168.3 194.3
55 209.7 215.2 250.2 261.4 193.2 196
60 215.9 221.4 259.1 274 4 274.8 202.8
65 225.1 229.6 269.9 287.7 294.6 204.5
70 . 235 238.5 218.7 297.9 310.9 212.7
75 249.8 250.9 288.9 309.4 320.9 215.2
80 267 265.2 300.7 324 335.2 233.5
85 286.7 282.3 317.2 339.4 345.6 256.2
90 313.6 307.3 336.4 358.3 365.6 289.1
95 352.7 346.6 365.8 384.4 384.8 338.4
100 433.9 425.1 433.7 448 447 446.8

100 -

wt %

7 Vr;erahcnc
—=— Sat HC
—a— Mono
—»—Di

- —=—Poly
—e— Polar

L2 S S0 S S e S S B B S A B B B S S 2 e e e e e e e e 2

0 50 100 150 200 250 300 350 400 450 500 550 600

True BP (°C)

Fiqure D5 True boiling point curves of oils and chemical compositions obtained
frogm pyrolysis with d%P/Y catalyst (ofod = 0.8). d
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Table D6 True boiling point curves of pyrolysis with Pd-Pt/Y catalyst (apd = 0.6)

% Off
0

100

wt %

0 50 100

Figure D6 True b oil |
from pyrolysis with

Saturated

Maltene HCs
22.2 70.2
109.3 151.3
116 158.3
152 169.1
154.6 172
158.5 181.4
167.9 187.1
170.6 192.8
176.8 201.1
184.5 208.2
191.8 214.2
202.6 221.6
212.3 2305
222 4 240.6
235.3 253.1
253 267.3
273 282.8
296.5 3035
326.3 330.7
366.7 369.5
444 436.4

100 1

90 -

801

R
F7 1 KB oy o Tt

150

Boiling point (°C)

Mono- Di- Poly-
aromatics aromatics aromatics
29.5 22.7 61.3
1.9 62.8 62.4
4.4 1.6 63.4
78.5 2.9 64.5
154.7 4.6 65.6
1 170.3 76.4 66.6
1911 80.2 67.7
212.4 156.8 68.7
229.2 189.7 69.3
. 236.2 246.9 69.9
. 2495 266.9 70.8
258.9 211.1 712.2
269.3 290.5 4.5
278.4 301.8 157.7
288.7 312.9 290.6
299.9 325.9 310.9
L3144 338.9 326.4
331.2 3535 339.9
352.8 372 360
381.4 398 387
452.8 457.5 450.1

250

True BP (°C)

400

—x— D1

—»— Poly
—e— Polar

500

—4— Maltene
»— Sat HC

.. —&— Mono

Polar-
aromatics
21.6
35.4
72.8
157.8
166.8
186.9
193.7
196.7
202.3
213
228.9
247
265.3 -
280.8
296.5
314.1
335.3
362.5
385.9
416
489.9

L BN B S B B B B B S B N B S e e B S B e e |

600

P/om CUTVes of0|Is and chemical compositions obtained
Y catalyst (apa



Table D7 True boiling point curves of pyrolysis with Pd-Pt/Y catalyst (apd = 0.4)
Boiling point (°C)

% Off Maltene Saturated ~ Mono- Di- Poly- Polar-
HCs aromatics aromatics aromatics aromatics
0 30.3 67.3 26.7 215 21.1 22.5
5 125.7 152.6 73.1 73.5 719 36.9
10 153.7 166.8 76.2 17.2 72.6 745
15 157 170.3 80.2 85.7 73.5 75.3
20 167 176.8 183.6 158.2 75.2 85.4
25 . 169.8 183.1 227.4 170.1 158.4 168.4
30 1721 189.3 235.6 176.1 192.7 190
35 181.2 196 248.8 188.8 262.9 196.5
40 186.7 202.6 255.6 210.1 292.7 201
45 193.3 210.4 266.8 254.3 306.7 2105
50 203 217.1 274.1 274.3 311.8 223.2
55 212.4 224.9 283.6 . 2875 320.4 239.3
60 222 234.3 291.7 297 329.9 257.2

65 234.1 246.5 300.9 306.7 335.7 213.1
10 250.4 259.9 3117 3174 341.8 289.4
15 268.3 274 .4 323.8 329.5 3514 305.3
80 286.1 290.6 336.7 342.6 361.3 323.4
85 308.4 312.2 352.8 358.2 3731 347.4
90 3344 338.2 3713 371.9 388.1 382.6
95 3Ll giny 398,6 405.5 411.1 403.8
100 4452 4474 463.3 4644 475.6 482.5

wt %

4 Maltene
s— Sat HC

—a— Mono

——Di
—x— Poly

—e— Polar

e e a  E a

0 SO 100 150 200 250 300 350 400 450 S00 550 600
True BP (°C)

Figure D7 True boilin gPP/ oint curves 0f0|Is and chemical compositions obtained
from pyrolysis with Pd-Pt/Y catalyst (cipd
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Table D8 True boiling point curves of pyrolysis with Pd-Pt/Y catalyst (apd = 0.2)
Boiling point [S°C
I

NOff  \attene  Saturated  Maono- Poly- Polar-
HCs  aromatics aromatics aromatics aromatics
0 22.2 63 475 26.7 64.7 222
5 110.9 80.5 69.6 72.9 65.8 35.6
10 151.2 154.7 71.3 75.5 66.8 73.8
15 153.9 166.9 73.9 79.4 68.1 74.2
20 156.8 169.9 778 1545 69.1 747
25 165.4 173.4 86.9 160 69.7 75.3
30 169.6 181.6 155.4 170.4 70.4 7.1
35 172 186.9 168.8 180.1 71.4 183.1
40 181.2 192.4 173.7 192.6 72.8 196.3
45 187.3 201 192.3 233 75.4 200.8
50 195.4 208.1 212.4 260.4 155.7 211.3
55 205.3 215 230 274.6 181.8 228.4
60 214.8 2221 2435 287.6 273.4 248.5
65 207 232.6 253.8 297.4 298.2 268.5

10 240.4 244 8 266.8 307.9 310.9 287.3
15 258.2 259.2 219.1 320.3 323.7 305.3
80 211.1 215 292.1 333.9 335.5 3245
85 300 293.9 309.6 348.2 349.4 349.4
90 328.7 319.9 332.4 367 366.8 384.7
95 367.9 358 366.1 392.9 391.3 399.4
100 4475 4238 4437 452.2 449.9 478.8

100

wt %

—&— Maltene
" —=—Sat HC
.... —o— Mono
——Di
—»— Poly
—— Polar

0 T T T e B S A T S S S S o I S S L e e e e o B e S o o o
0 50 100 150 200 250 300 350 400 450 500 550 600
True BP (°C)

Figure 1)8 True bmlmq3 oint curves of oils and chemical compositions obtained
from pyrolysis with Pd-PUY catalyst (aRi=0.2).
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Table D9 True boiling point curves of pyrolysis with Pd*-Pt/Y catalyst (aPd= 0.8)

0
% Off Maltene
0 225
5 111.2
10 151.4
15 154.2
20 1575
25 167.2
30 170.1
35 1735
40 183.9
45 191.2
50 202.2
55 2117
60 221.6
65 233.8
70 2499
75 267.7
80 285.5
85 307.8
90 333.8
95 369.3
100 441.2

100

wt %

Figure D9 True boili
from pyrolysis with P

Saturated
HCs
69.4
154.4
1675
170.8
178.8
184.2
190.5
199.5
205.2
212.8
219.6
227.1
236.9

249
261.4
275
290.1
311
335.8
371.3
438.8

Boiling point [S?C)
-

Mono- Poly-  Polar-
aromatics aromatics aromatics aromatics
42.4 21.5 324 22.2
134 2.9 69.4 1551
1.8 76.6 69.8 1555
158.1 103 70.2 155.8
191 169.2 70.6 156
2104 .. 1843 11 156.3
217.7 2133 1.5 157
229.6 246.8 12.2 158.5
236.1 . 264.4 13.2 167.9
2478 . 1. 274.8 74.8 187.7
256.2 286.7 8.9 1943
265.9 295.3 159.5 197.5
275 -; 1 3053 216.2 203.4
283.9. 315.6 285.5 209.1
293.4 - 13265 304.5 214.2
3052 . 3311 315.9 233.2
319.5 349.2 332.4 263.1
335/ " 3634 343.9 296.9
3563 . 3787 364.1 344.1
384.4 403.7 385 412.4
453 .4 464.5 453.8 471.5
—o— Maltene
—=— Sat HC
—a— Mono

——Di
—»*— Poly

250 300 350 400

True BP (°C)

—e— Polar

TR

500 550 600

g Boint curves of ails and chemical compositions obtained
d*-PY catalyst (aRi=0.8).
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Table DIO True boiling point curves of pyrolysis with Pd*-Pt/Y catalyst (apd = 0.6)

% Off

0
5
10
15
20
25
30
35
40
45
50
55
60
65
10
15
80
85
90
95
100

100 -

wt %

Maltene

222

109.7
148.9
153.3
156.6
166.5
169.5
171.9
180.7
186.1
192.2
202.1
210.7
220.1
232.1
249.1
269.6
292.4
322.6
363.9
4442

Saturated

Figure DIO True boilin

from pyrolysis with Pc*-

HCs
721
152
166.9
170.6
1776
182.8
188.7
193.8
200.9
207.5
212.7
220
228.6
237.8
250.4
264.2
279.4
298.3
324.1
361.3
428.8

200

Boiling point S_C)
|-

Mono- _ Poly-  Polar-
Aromatics aromatics aromatics aromatics
32.2 24.8 33.3 225
73.2 73.1 69.8 71.2
714 74.8 70.2 72.3
158.5 78.4 70.7 2.1
201.1 85.7 71.3 73.1
2073 158.2 72.1 735
235.5 170.2 73.1 73.8
248 174.3 74.7 74.2
254.9 189.1 715 74.6
265.1 215.1 154.6 75.3
2721 264.4 160 76.8
281.6 276.6 172.8 79.7
288.9 29014 2245 154.1
297.6 299.6 297.2 1719
306.8 309.5 311.8 196.9
318.1 319.2 327.4 211.8
330.4 330.8 337 244.3
345.1 344 352 279.4
364.3 360.7 370.9 314
390.1 386.6 388.1 364.3
458.6 457 458.1 469.3

—4— Maltene

250 300 350
True BP (°C)

N S 2 o p st 4 1 A N S T [ o e R 3

400

—rT

450

—=— Sat |

IC

—o— Mono

——Di
—— PO'y

—e— Polar

I B e e S R B N 3

500

550

T

600

Point curves of oils and chemical compositions obtained
[Y catalyst (apd = 0.6).
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Table DIl True boiling point curves of pyrolysis with Pd*-Pt/Y catalyst (apd = 0.4)

0
b Off Maltene

0 22

5 1117
10 152.7
15 155.5
20 160.5
25 169.4
30 172

35 182.3
40 188.6
45 196.2
50. 203.9
55 212.7
60 221.4
65 231.9
70 245 4
75 262

80 219.7
85 300.5
90 327.4
95 363.8
100 439.8

100 1

wt %

0 50

Saturated
HCs
69.1
147
168
1714
181.6
183.4
189.2
194.6
202
208.3
2145
222.5
229.3
239.4
251.8
265.2
281.6
299.7
326.1
364
430.5

100 150

200

Boiling point (°C)

Mono- Di-
aromatics aromatics
27.6 24.5
72.3 76.6
75.2 79.5
77.8 86.9
1525 157.3
168.6 1722
189.7 176.8
212 188.8
228.4 212.5
235.7 255.2
248.3 273.8
257.8 285.6
268.9 298.3
276.8 308.9
287.8 3204
297.9 333.2
313.8 3457
330 359.4
351.7 379.1
379.6 407.5
4542 460.8

250 300 350
True BP (°C)

400

Poly-

aromatics

450

35.6
69.2
69.8
0.5
114
1.9
12.6
13.2
4.8
5.4
81.6
161.5
219.5
280.3
302.7
313.2
331.1
340.6
363.8
384.4
455.1

—4— Maltene
—=— Sat HC

—a— Mono

—— Di

—x— Poly

—e— Polar

500

550

Polar-
aromatics
22.1
114.9
153.2
156.1
164.6
171.3
1742
183
190.8
199.2
204.6
214.8
223.1
235.5
248.9
265.1
282.3
301
329.5
370.2
4415

600

Figure DIl True boilin gPP/ oint curves of0|Is and chemical compositions obtained
from pyrolysis with Pd

Y catalyst (apd =
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Table D12 True boiling point curves of pyrolysis with Pd*-Pt/Y catalyst (ofd = 0.2)

% Off

0

5

10
15
20
25
30
35
40
45
50
55
60
65
10
15
80
85
90
95

100

wt %

100
90 -
80 -
70 -
60 -

50 -

40

30 -
20

10

0 4

0

Boiling point (°C)

Saturated  Mono- Di- Poly- Polar-
Maltene HCs aromatics aromatics aromgtics aromatics
29.5 34.6 22 24 4 322 225
136.7 70.5 30.9 74.8 105.5 36.3
154.6 72.9 58.1 79.6 107.4 81
159.8 75.4 71.3 103.6 11 156.2
169.4 80.5 74.3 106.3 118.1 156.8
1721 155.1 75.8 107.7. 146.3 1575
182.5 169.5 77.3 109.6 | 155 158.5
189.3 176.2 8.7 113.7. 167.9 160.8
196.3 186.4 80.2 1175 193.9 169
203.7 195.4 83.3 147 206.7 194 4
212.2 205.1 111.3 1553 : 223 206.1
220.3 213.6 VAl 160.4 240 213.8
229.8 223.2 1722 170.4 263.1 218.7
241 234 199 176.8 313.2 237.9

' 254.6 248 4 220.7 187.7 346.2 261

270.4 264.2 2456 199.2 369.4 286.1
286.5 2811 292.5 219.1 387.5 312.7
306.8 301 337.3 2733 " 4031 338.7
330.7 325.1 380.6 353.8 418.6 368.8
364.2 359.7 396.2 401.4 439.3 405.3
438.4 433 469.6 468.6 486.5 476.3

—— Maltene
—=— Sat HC
—a— Mono
—— Di
—»— Poly
—e— Polar

)

e B o I oo 0 Fon M o St % M el o J /0 Gl )N S S M o RN /B BN [ U B I A [N S RO NN ER MM S N S R B iR BN AN SE BN 2

50 100 150 200 250 300 350 400 450 500 550 600
True BP (°C)

Figure D12 True boiliggp?oint curves of oils and chemical compositions obtained

from pyrolysis with Pd

[Y catalyst (cpd = 0.2).
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Table D13 True boiling paint curves of pyrolysis with Pd-Pt*/Y catalyst (apd = 0.8)

% Off Saturated

Maltene HCs
0 24.8 38.6
5 113.4 73.6
10 153.1 77.6
15 156.7 153.2
20 167.1 164.3
25 170.1 170.5
30 173.9 179.2
35 184.1 185.4
40 190.9 192.1
45 200.9 201.8
50 208.6 209.2
55 2175 216.7
60 227.4 2247
65 239.2 234.6
70 254.7 27,7
75 271.8 262.4
80 289.5 278.5
85 311.7 298.3
90 337 325.5
95 372.8 364.8
100 446 438.2

100 4

wt %

0 50 100

e
150

200 250
True BP (°C)

Boiling point (°C)

Mono- - Poly- Polar-
aromatics aromatics aromatics aromatics
24.6 32.6 75.3 225
86.5 75.7 95.5 80.5
233.4 80.5 98.1 124.3
251.9 100 98.8 155.5
264.9 1015 99.6 155.8
273.8 102.3 100.5 156.1
284 103.2 1015 156.6
291.3 104.1 102.6 1573
299.3 105.3 103.7 158.7
306.5 106.8 105 162.6
312.9 108.3 106.7 178.9
320.1 109.8 109.4 203.7
328.3 111.9 115.7 210.1
336.2 116.5 133.6 213.9
342.4 136 140 222.1
351.6 1474 149.6 250.8
361.8 154.2 153.8 282.5
373.6 159.2 159.7 314.7
387.1 171.1 211.1 3475
409.6 202.9 335.1 390
471.9 408.5 445.9 469.7
—4— Maltene
—=— Sat HC

300

LI B o e S S o e B e

400 450

—a— Mono
—e—Di
—x— Poly

—e— Polar

500 550

Figure D13 True boiling point curves of oils and chemical compositions obtained

from pyrolysis with Pd-Pt*/Y catalyst (otpd = 0.8).
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Table D14 True boiling point curves of pyrolysis with Pd-Pt*/Y catalyst (apd = 0.6)

% Off

wt %

100 -

Boiling point (°C)

Saturated  Mono- Di- Pol Polar-
Maltene HCs aromatics aromatics aromgtlcs aromatics
23.1 324 22.2 22 56 20.5

110.7 13 48.6 69.2 78.2 735
148.6 75.7 65.3 78.6 94 11
151.9 80.2 71.6 88.1 97.1 1245
154 151.7 73.1 109.5 98.5 155

156.9 156.4 74.1 110.4 99.3 155.4
165.5 167.2 75 1114 100 155.7
168.6 169.9 75.9 1127 100.8 155.9
170.1 1722 71.1 117 101.8 156.1
17222 182.3 78.8 119.9 102.9 156.5
181.8 188.4 81.2 141.1 104 157.6
187:6 198 84.7 156.5 105.1 160.4
1972 208 108.2 168.4 106.6 171.6
207.8 219.2 109.9 186.7 108.5 1943
220 232 1122 202.2 111.8 203.3

234.9 249 1185 214.3 126.1 208.7
255.6 268 150.4 238 142.8 223.8

279.1 288.9 170.4 271.3 153.7 260
306.9 315.2 198.4 336.7 168.4 307.7
346.5 353.2 3117 393.7 311 362.9
436.4 4312 446.4 413.7 454 4 455.6

—4— Maltene
—=— Sat HC
—a— Mono

—— Di
—»— Poly
—e— Polar

T B e I W ow W -4 SN B ot o B M 2oo I R BR o BE e o id BE e B B ¥ W A TR DU EE B e B o
0 50 100 150 200 250 300 350 400 450 500 550 600
True BP (°C)

Figure D14 True bmhnpo* £0|nt CUTVes of0|Is and chemical compositions ohtained

from pyrolysis with Pd

[Y catalyst (and
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Table D15 True boiling point curves of pyrolysis with Pd-Pt*/Y catalyst (= 0.4)
Boiling point (°C)

% Off

100 -

wt %

Maltene

28.6
112.7
152 1
155.2
160.2
169
1714
180
186.2
193.2
202.9
2121
221.3
232.4
247.3
264 .4
282.4
303.9
330.8
367.8
444.6

Saturated

HCs
371
72.6
75.7
83.2
158.8
170.7
181.4
189.2
198.4
206.7
2142
223.6
233.8
2471
261.5
276.5
293.2
314
338.7
373.1
446.6

100 150

200

MOHOT
Aromatics

22.9
3715
54.7
66.6
1.4
3.1
14
4.8
15.1
76.5
7.4
8.8
81.1
84.5
112
159.8
193.9
2316
307.1
385.2
466.5

250 300

Di- Poly- Polar-
aromatics aromatics aromatics
24.6 68.5 20.3
64.7 17.4 34.8
73.2 91.3 154.8
75.3 94.4 155.3
77.3 96.6 155.6
81.1 98.3 155.9
103.2 99.1 : 156.2
106.2 100.1 156.4
107.8 101.2 156.6
110.1 102.3 156.8
114.8 103.5 157
1213 104.9 157.2
154 5 107 159.8
170.1 1105 166.2
170.1 122 183.5
174.9 141.2 202.8
187.9 152.8 210
194.2 164.3 214.8
203.2 2347 260.6
235.6 368.4 321.3
419.9 454 4454

350 400

True BP (°C)

—4— Maltene
—=— Sat HC
—a— Mono
——Di
—»— Poly

—e— Polar

L S B e S o e e et e S s e e |

500 550 600

Figure D15 True boilin P% point curves of0|Is and chemical compositions obtained

from pyrolysis with Pd-

[Y catalyst (opdl=0.4).
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Table D16 True boiling point curves of pyrolysis with Pd-Pt*/Y catalyst (apd = 0.2)

% Off

0

5

10
15
20
25
30
35
40
45
50
55
60
65

10 '

15
80
85
90
95
100

100

wt %

0 50 100

Figure D16 True boilin
from pyrolysis with Pa-

Saturated

Maltene HCs
25.6 34.6
111.9 745
152.6 79.9
156.3 155.3
166.7 169.6
169.9 173.8
1735 185.5
183.9 192.5
190.5 202.4
199.8 210.1

. 206.7 2178
213.9 225.8
223 235.3

- 2335 248.3
247.6 262.5
264 277.2
281.4 293.9
302 3144
328.1 338.4
363.7 37117
439.1 4429

150

Boiling point (°C)
Mono-
aromatics

23.5
41.8
56.4
67.3
1.2
123
13.2
4
74.8
154
6.4
7.5
19.2
61.8
86.7
112.9
161.5
184.9
208.5
290.8
4322

250 300

Di-

aromatics

28.8
1.9
4.6
7.2
81.6
103.4
105.7
107.4
110.3
1147
1372
154.1
157.8
168
170.5
174
185.2
194.1
204 4
233.8
4215

350 400

True BP (°C)

Poly- Polar-
aromatics aromatics
55.4 20.3
60 39.2
67.5 113.3
70.7 154 8
724 155.4
745 155.8
76.7 156.1
18.7 156.4
80.8 156.6
83.1 156.8
85.8 157

89 157.2
92.8 158.7
97.6 168
100.3 192.7
104.9 203
1272 211.9
1421 2145
157.5 255.4
210.3 321.1
420.9 436

—4— Maltene
-s—SatHC
—a— Mono
—— Di

e Poly

—e— Polar

L B e o e B S e e e B S S S B S B e e S S S S B e e e e e e |

450 500 550 600

point curves of0|Is and chemical compositions obtained
/Y catalyst (apd = 0.2).



APPENDIX E

E. Liquid Petroleum Fractions in Maltenes
Table EI Influence of Y, Pd/Y, and Pt/Y catalysts on petroleum fractions

. Yield (g/ 100 g tire)
Petroleum Fractions Noncat y odlY DYy
Naphtha 6.37 8.28 9.90 11.3
Kerosene 9,55 115 6.19 5.16
LGO 7.00 6.37 421 3.28
HGO 573 3.82 3.22 2.58
Long residue 3.18 1.91 1.24 1.17

Table E2 Influence of bimetallic catalysts prepared by co-impregnation (Pd-Pt/Y)
petroleum fractions

etroleum Yield (g/ 100 g tire)
Fractions «Pd - «Pd - «Pd - «Pd—  «Pd=  «Pd=
0.2 04 0.6 0.8 1
Naphtha 113135 126 129 122 990
Kerosene 516 467 538 631 521 6.9
LGO 328 246 350 342 347 421
HGO 258 246 282 210 273 3.2

Long residue 117 098 128 105 124 1.4
Note: apd = 0 refers to Pt/Y, and apd= 1 refers to Pd/Y
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Table E3 Influence of bimetallic catalysts prepared by successive-impregnation with
loading Pd first (Pd*-Pt/Y) on petroleum fractions

Yield (g /100 g tire)

Petroleum
_ «Pd= aPd= «Pd= «Pd=  «Pd- «Pd =
Fractions
0.2 0.4 0.6 0.8 1
Naphtha 113 112 115 136 115  9.90
Kerosene 516 639 576 480 494  6.19
LGO 328 383 312 278 329 42
HGO 258 307 264 253 250 322

Long residue 117 102 096 101 118 124
Note: (4d= 0 refers to Pt/Y, and (§ul= 1 refers to Pd/Y

Table E4 Influence of bimetallic catalysts are prepared by successive-impregnation
with loading Pt first (Pd-Pt*/Y) on petroleum fractions

Yield (g / 100 g tire)

Petroleum
Eractions «Pd - «Pd «Pd «Pd = «Pd ~ «Pd =
0.2 0.4 0.6 0.8 1

Naphtha 113 111 148 119 114 9.90
Kerosine 516 591 413 536 660 6.9
LGO 328 320 243 317 355 42
HGO 258 197 195 268 279 32
Residue 117 148 073 122 102 124

Vote: (¥d= 0 refers to Pt/Y, and dpd = 1refers to Pd/Y
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Figure E3 Effect of bimetallic catalysts (Pd-Pt*/Y) on petroleum fractions
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Figure E5 Effect of catalyst preparation method on kerosene yield.
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APPENDIX F

F. Pyrolysis Gas Composition Yields

Table FI. Influence of Y-zeolite, Pd/Y, and Pt/Y catalysts on the yield of gas

PdfY
1.637
3.081
0.611
3.807
2.654
6.6/2
2.124
0.29
0.050
0.006

100

compositions

Gas Yield (g/ 100 g tire)
component  Non- catalyst Y PtY
Cl 5.134 6.037 6.061
C2= 2452 2.564 2,633
C2 31T 4839 4.743
C3= 2.765 3.212 3.324
C3 1672 2431 2.492
C4 4.600 0.4% 6.091
C5 2681 2401 3.164
Ce 0.222 0.187 0411
C7 0.015 0.035 0.046
Cs 0.014 0.001 0.013
Table F2 Influence of metal ratio of bimetallic catalysts (Pd-Pt/Y) on the yield of
gas compositions

Gas t Y|eId0 100 g tire)
component  cpg = 0 apd —0.2 4 ctpd 0 6
cl R Mk o

= 2.633 2417 2415 2 140
C2 4743 4644 4404 4007
C3= 3324 3347 30% 2864
C3 2492 2484 2206 2192
C4 6091 6388 542 0431
C5 3164 2885 3339 3626
Co 0411 0542 0547 0468

C/

0.056

Cs 0. 0006 0 0.006
Note: apd = 0 refers to Pt/Y, and (ful= L refers to Pd/Y

xpd = 0.8 an
0.163 637
2.156 3.081
4.225 h6ll
3.387 3.807
2.235 2.654
0.271 0.672
3.192 2.124
0.736 0.2%
0.098 0.050
0.017 0.006
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Table F3 Influence of metal ratio of bimetallic catalysts (Pd*-Pt/Y) on the yield of
gas compositions

com%gsnent ttnd = 0 d 02 Y(!Ieldo( /g)p%gt(;rﬁe) ttpd 08 d=
a a

Cl ng6 p p 6.445 ap7 637
C2 = 2.633 2.746 2 920 2.756 2 864 3.081
C2 4743 5063 5465 4906 5264  56l1
C3= 3324 3506 3732 3443 3666 3807
C3 2492 2613 219 2453 2719 2654
C4 6091 6547  6.8% 6136 682  6.672
C5 3164 3145 2854 365 324 274
C6 0411 0432 0508 0.441 0493  02%
C7 0046 0051 005 0053 0077  0.050

C8 0013 0007 0008 0008 0016  0.006
ote: aRd= 0 refers to Pt/Y, and apd = Lrefers to Pd/Y

Table F4 Influence of metal ratio of bimetallic catalysts (Pd-Pt*/Y) on the yield of
gas compositions

Gas Yield Xg /100 g tire)

component ~=—o =o a0, apt 06 apt=08 a(%zl
Cl 7637 5974 6464 5,750 061
C2= 3.081 2,785 2984 3 018 2.750 2.633
C2 5611 5085 5451 5522 5.258 4743
C3= 3807 3558 3679 3.736 3570 3.324
C3 2054 27181 273 2.841 2.824 2.492
C4 6672 6837 6614 6.948 71.107 6.091
C5 2024 2888 2648 2,655 2.839 3.164
Co 0295 0457 0569 0.357 0.439 0411
C7 0050  0.05 0065 0.048 0.066 0.046
C8 0006 0011 0013 0.012 0.013 0.013

Note: aRi= 0 refers to Pt/Y, and apd = L refers to Pd/Y
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Figure F5 Influence of bimetallic catalysts (Pd*-Pt/Y) on light olefins.
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APPENDIX G

G. The Amount of Metal Loading on The Catalysts

Table G.I' Amounts of Pd and Pt metal loading on the catalyst samples
Desired amount of metal ~ Actual amount of metal

Sample t loadin loadin
catalysts " i) P ow) P (it B o wt)
Ay | i . 09953 .
PUY 0 . 1 . 10147
0 08 02 08002 07941
ey 06 06 04 0581 06029
04 04 06 045 (397
02 02 08 098 0205
08 08 02 0799 08083
opepy 08 06 04 0593 05892
04 04 06 0409 03971
07 07 08 0200 (2050
08 08 02 07990 079
oeppry 06 08 04 06016 (0588
04 04 06 04058 04118
02 02 08 02067 (01912



107

APPENDIX H

H. The Amount of Sulfur Deposition on The Catalysts
Table H.I' Amount of sulfur content in oil product and on the catalysts

Catalysts td on t(B% r%a}talyst in ({é)l p;ﬁ)duct
Without catalyst 95
Y : 5,118 7585
PdlY 1 5,107 7,255
PtlY 0 5,827 7470
B o
Pa-pPHY 04 1324 6490
0.2 4,679 6,891
noE
PASPUY 4 4207 6090
0.2 4,383 5,916
0 i 3
PAPEN oy 185 6728
o 0.2 2,672 6,051
Sulfur content in tires = 18,537 ppm.
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11 TEM Images and Size Distribution
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Figure 11 TEM image and size distribution of the Pd/Y catalyst.
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Figure 12 TEM image and size distribution of the Pt/Y catalyst.
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Fi?ure 14 TEM image, size distribution, and metal composition of the Pd-Pt/Y
cafalyst at apd = 0.4,
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Fi?ure 15 TEM image, size distribution, and metal composition of the Pd-Pt/Y
cafalyst at (4d- 0.6.

Fi?ure 16 TEM image, size distribution, and metal composition of the Pd-Pt/Y
catalyst at apd = 0.8,
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Fi?ure 17 TEM image, size distribution, and metal composition of the Pa*-Pt/Y
cafalyst at aRl=0.2.

Fltgure 18 TE | e, size distribution, and metal composition of the Pd*-Pt/Y
cafalyst at apd:O
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Flgure 19 TE M age size distribution, and metal composition of the Pd*-Pt/Y
cafalyst at dod = 0.6

d(nm)

F?ure 110 TEM |mage size distribution, and metal composition of the Pd*-Pt/Y
catalyst at dd =
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Figure 111 TEM mage size distribution, and metal composition of the Pd-Pt*/Y
cafalyst at Qul=0.4

% number distribution

Flgure 112 TEM image, size distribution, and metal composition of the Pd-Pt*/Y
cafalyst at Qui=0.6.
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