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APPENDICES
Appendix A Estimation of Molecular Size
L Determination of Sampling Size

The hydrocarbon compounds which were detected in tire-derived oil
using GCxGC-TOF/MS were selected the représentative data by using Yamane
method (Israel, 2013) as seen in Eq. (Al). Then, the representative molecules with a
high percent area (high concentration) were considered. The examples of calculation
were shown as followed.

v
N(

1+ )2

Where - Sampling size (species)
N = Population of hydrocarbons in each group (species)
*The population of hydrocarbons was obtained from
GCXGCITOF-MS
e =0. (assume 90 % conficence level)

Example: SATs population in non-catalysts case is 42 species

. -
= Ty (4 spectes
S0, the sampling size is 30 Species.

Then, the species in each hydrocarbon group with high concentration were selected
as the representative compounds as seen in Table Al



166

Table Al Sampling size and representatives from each group of compounds2

Molecular Number Number %Area %Area
Group  of Detected Compounds of Sampling of Detected Compounds of Sampling
Size3

1 2 3 4 5 1 2 3 45 1 2 3 45 1 2 3 45
SATs 42 5 6L 63 66 30 35 38 39 40 53 55 50 49 39 52 54 48 47 38
OLEs 110 106 129 128 129 52 51 5 5 5 74 74 10591 81 62 65 96 80 71
NAPs 42 64 96 80 86 30 39 49 44 46 20 32 41 34 38 19 30 38 3.0 35
TERs 100 109 143 146 151 50 52 59 59 60 67 65 89 105114 58 57 75 91 101
MAHs 231 203 240 248 213 70 67 7L 7L 68 46.9 59.1 53.555.3 56.7 40.6 50.045.945.949.1
DAHs 27 16 25 25 25 20 14 20 20 20 92 40 41 36 37 92 40 41 36 37
PAHs 96 72 93 104 95 49 42 48 51 49 121 85 6985 6.3 112 80 65 79 61
PPAHs 174 141 193 115 140 64 59 66 53 58 104 57 71 48 60 90 52 63 45 58
Total 822 766 980 909 905 365 359 407 394 398 100 100 100 100 100 89.0 87.788.4 86.8 89.0

aYamane (Israel, 2013) . .
1= noil-catalyst, 2 = Al-MCM-41, 3 = AL-SBA-I5, 3 = Si-MCM-41, 4 = Si-MCM-48

2. Determination of Molecular Diameters

There are two methods for molecular diameter estimation; that are,
kinetic diameter (Ok) and maximum diameter (0,1 as seen in Eq. (A2) and
Eq. (A3), respectively. The kinetic diameter of molecule is defined as the
molecular diameter during movement whereas the maximum diameter of
molecule is defined as the longest part of molecule.

21 Kinetic Diameter (Bird et al. 2007; Jae etal 2011)

Ok = 0.84TC3 (A2)
Where ok = Kinetic diameter (A)
ve = Critical volume (cnrVmol)
Note: The critical volume was manually calculated according to the functional group
within molecular structure based on Joback method (Pirika, 1999).
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Figure A2 Maximum diameter of simple and complex compounds.
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Table A2 Ranges of molecular size in each hydrocarbon group

Groups of

Components

OLEs
NAPs
TERs
MAIls
DAl s
PAlls

PPAHs

Small Size (< 8 A)

6.6-77

5.9-7.9

5.7-7.9

6.2-79

7.1-7.6

7.6

5.5-7.9

2

7.6

7.3

6.6-7.7

6.7-7.8

5.9-79

7.0-7.6

5.5-7.9

6.3

6.6-7.7

4.8-7.9

5.0-7.9

5.5-7.9

7.1-7.5

5.2-7.9

Medium Size (8-16 A)

1
8,7-15.9
8.1-15.8
8.0-13.9
8.0-12.6
8.0-14.4
8.1-15.6
8.4-15.1

8.2-15.4

1= Noil-catalyst, 2 = A-MCM-41,3 = Al-SBA-15

2

9.6-15.1

8.1-15.9

8.0-13.4

8.0-12.6

8.0-13.2

8.1-9.3

8.2-15.1

8.1-14.8

9.6-15.3

8.1-15.7

8.0-13.3

8.0-14.5

8.0-13.2

8.0-11.6

8.2-15.1

8.2-15.4

1

16.2-34

16.7-22

16.1

16.7

Table A3 Concentration of molecules in each hydrocarbon group

Groups of
components
SATs
OLEs
NAPs
TERs
MAI Is
DAHs
PAHs

PPAHs

1

0.00

0.2

0.7

3.0

19.9

6.8

0.0

111

Small Size (< 8 A)

2

0.3

0.1

15

4.3

34.0

25

0.0

2.6

3

0.0

0.6

2.0

4.0

27.7

0.1

0.0

14

Medium Size (8-16 A)

1

2.0

5.2

1:5

3.5

25.7

85

0.1

5.1

1=Non-catalyst. 2 = AI-MCM-41 3 = AI-SBA-15

2
25
5.8
14
21

24.1
21
9.2

2.3

2.7

9.3

23

4.7

25.6

4.6

75

3.4

3.8
15
0.0
0.0
0.0
0.0
12.4

3.9

Large Size (> 16 A)

2

7 16.0-34.7

16.1

Large Size (> 16 A)
2
3.5
17
0.0
0.0
0.0
0.0
0.1

0.0

168

3

16-34.7

.6 16.0-28.2 16.2-28.2

2.9

13

0.0

0.0

0.0

0.0

0.0

0.0



3. Average Size of Molecules
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The area percentages of sampling species were normalized, and the
distribution of kinetic and maximum diameters of each molecular group were plotted
with the increment 0.5 A, in order to calculate the average molecular sizes from the
distributions as seen in Figure A3,

30 72 A

@k,MAHs |
®OmMAHs |
25 1
= 20
o
3 6.6 A 9.0A
g 1 AN
5 :
® 6.6 A
10 |
5 || l £——— Increment = 0.5 A
o Al |Il| 150 |
2 | R 2 i (15 | SRR 20 22 24 26 2 30 32 kX
S| oot .| .2 ]
‘ gk, @m (A)
-
v
Small size Medium size Large size

Figure A3 Molecular size distributions of components in mono-aromatics (MAHE).

The average kinetic and average maximum diameters in each distribution
range were subsequently determined using Eq. (A3), where  and m are defined as
the weight fraction of each species and the number of species in each range,

respectively.

$avg

(A3)
L
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Example: Calculation of average kinetic diameter (Ok ag 1A)
Range: 6.0-6.9 A (m=50)

B A
Ef1(0.57(5.96) + 1.65(6.07) + 0.20(6.07) + - 4 0.38(6.91) 4 0.25(6.92) + 0.20(6.93))
- ££°1(0.57 4 1.65 + 0.20 + - + 0.38 4 0.25 + 0.20)

A

=66 A
So, the average kinetic diameter in the range of 6.0-6.9 A is 6.6 A

Example: Calculation of average maximum diameter (Omavg ; A
Range: 8.0-14.4 A (m = 65)

mavg = Bh i

27 (0.52(8.04) -10.84(8.10) 4 0.48(8.20) & - + 1.30(12.85) + 1.00(13.15) + 0.68(14.44))
- 2£i1(0.52 + 0.84 & 0.48 + - + 1.30 + 1.00 + 0.68)

= 9.0A
So, the average kinetic diameter in the range of 8.0-14.4 Ais 9.0 A

Table A4 Average kinetic and maximum diameters of compositions in each group
of non-catalyst case

Gapof Awrage Maximum Diareter (Onag A
Cm%gms Nrmg Sl Mediuy

okag; @ab (<8A8 61 A (16

YL 669 106 o (M 80-144 -

Ag 66,12 66 90 -

aq(A2), bEq(A3), and k(Royal Society of CheMistry. 2015)



4. Distribution of all Molecular Size
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1 Non-catalyst
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Al-SBA-15
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Figure A4 Distribution of molecular size of saturated hydrocarbons (SATs).
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Figure A5 Distribution of molecular size of olefins (OLEs).



NAPs

m Non-catalyst

1 m Al-MCM-41
Al-SBA-15

[0}

o

o

=

S

£

c

°

E

£

2 05

[a)]

S

e |

1

o v 2 3 4 s 6 7 8 9 2w uvowwn 234D TBHIIIBAD

Molecular size (Om, A)

Figure A6 Distribution of molecular size of naphthenes (NAPS).
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Figure A7 Distribution of molecular size of terpenes (TERS),



20

18

% Distribution in maltene

16 -+
14 -
12 4

10

14 I Hl i ili Ll,l.l,l_l_
6 7 8 9 10 11 12 13 14

MAHS

W Non-catalyst
® A-MCM-41
Al-SBA-15

15 16 17 18 19 20

Molecular size (Om, A)

Figure A8 Distribution of molecular size of mono-aromatics (MAHs).
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Figure A9 Distribution of molecular size of di-aromatics (DAHs).
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Figure A10 Distribution of molecular size of poly-aromatics (PAHS).
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Figure Al 1 Distribution of molecular size of polar-aromatics (PPAHS).



5. Distribution of Large-molecular Size
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Figure A12 Distribution of large-size molecules (> A).
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6. Distribution of Molecular Sizes of Compounds in Tire-derived Oil in
all Petroleum Fractions
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Figure A13 Distribution of molecular sizes of compounds in tire-derived oil in all
petroleum fractions obtain from non-catalyst case: (a) kinetic diameter (0k) and (b)

maximum diameter (o m).



Appendix B Overall Yields of Pyrolysis Products

Table BL Yield of products

Scope Catalyst

Non-catalvst

Al-MCM-41
Pore Size
Al-SBA-15
Si-MCM-41
Pore Structure
Si-MCM-48

Untreated Char
Pyrolysis Char
5 M HNO,-treated Char

aMass halance
50
45
z |
= 35
E |
E 30
7z 25
z
< 20
=
£ 13 Rl
10 1 P
< o
- '“.’,(‘

&

Figure BL Product distribution.

Gas

13.23

9.30

13.16

9.55

11.64

13.21

14.53

PN

&

AP

w7 '!"‘ "

Liquid

L AAAdAAAAAAALALAAAAAS

i 144 he B e »
| " o
E viesvasvoniorsosssnssesribeeresinaressepmasss (11 optroet

Product Distribution (wt%6)a

Liquid
41.09
41.48
40.41
42.41
38.91

40.84

38.41

Solid
45.68
43.61
43.21
43.13
43.67
45.03

44.97

m Non-catalyst

a Al-MCM-41

1 Al-SBA-15

# Si-MCM-41
Si-MCM-48

“ Untreated char

SMHNO3-treated char

Coke

0.00

5.61

3.23

4.90

5.79

0.93

2.09
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Appendix ¢ Gas Products
L Calculation of response factors (fj) of gases
The response factors were calculated on the weight basis using
methane as the standard. The mass of each gas component (Gj) was calculated using
Eq. (CI) and then the response factor of each gas component was calculated using

Eq. (C2).

Gi = (4.0220X10-7)(%;)(MWj) (Cl)

E{01] e nd )

Where G Mass of each gas
Gtd —  Massof standard (Methane)
A Detected area from GC/FID of each gas
Asd = Detected area from GC/FID of standard (Methane)

Example: To find the response factor of ethylene (fi ethyiere)

When Tostd —1, Viithlere —E Mwstd—16.04, MAGhyiene —28.05,
Addl= 2670.7311, and Aghyioe = 4776.0771

(4.0220X10-7)(1)(16.04) = 6.4521x10"6
o (4.0220X10-7)(1)(28.05) = 1.1282x10~5

, ©12670.73U\ / 1.1282x10%5\ X 09779
Joo = T176077J V64S21xxl0-6] :
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2. Yield of Gas Products
Tabled Yield of gas components

Gas Products (wt%)

Methane  Ethylene  Ethane  Propylene  Propane M'&‘Ed' M'é(sed'
Non-catalyst 1941 9.56 1737 102 9.36 22.04 12.06
Pore Al-MCM-41 20.48 9.07 1852 10.22 10.62 21.30 9.719
Size Al-SBA-15 21.9 9.61 1889 9.90 10.30 1981 9.55
Pore Si-MCM-41 2181 9.79 1883 10.05 1032 20.69 851
Structure Si-MCM-48 2219 9.88 19.78 1021 11.00 199 7.00
Untreated Char 20,61 92 1731 9.5 9.64 21.28 1220

Scope Catalyst

Pyrolysis

chr OMHNORee g5 s 8® 96 00 BR
treated Char
5
i 1
20 : '1'.a i :
R id
S IRE X% | 1 Non-catalyst
: IR N2 ’ a A-MCM-41
= | % N A |
B E s
Sl Sl S A Si-MCV-48
;] il S § N ER E 8 @Untreated char
87 187 ks E Sl 5MHNO3-treated char
B IS R | IS
() _f — X o N f“ R ;,,,.S,,‘:,',,_ : b N E
Methane Ethylene  Ethane  Propylene  Propane

Figure Cl Distribution of gas components.
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Appendix D Liquid Products
L Petroleum Fractions (SIMDIST GC)

11 Calibration Curve

Table D1 Standard (ASTM D2887)

Component Carbonno.  wid%a RT () Bp (°C)
N-hexane 6 6.0 0.660 69
N-heptane 1 6.0 1.880 9%
N-octane g 8.0 5.060 126
N-nonane 9 8.0 7.060 151
N-decane 0 2.0 8.210 174

N-undecane 1 12.0 9.140 196

N-dodecane P 12.0 9.950 216

N-tetradecane 14 2.0 11.390 254
N-hexadecane 16 10.0 12.660 287
N-octadecane 18 5.0 13.780 316
N-eicosane 20 2.0 14.800 344
N-tetracosane 24 2.0 16.590 391
N-octacosane 28 1.0 18.110 431
N-dotriacontane 32 Lo 19.420 466
N-hexatriacontan 36 Lo 21.090 496
N-tetracontane 40 1.0 24.160 522
N-tetratetracontane 44 .0 30.000 545

aStandard concentration
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Boiling point (°C)

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44

Carbon number

y =0.024x3 - 1.352x? + 43.08x - 144.9
R?2=1

Figure D1 Calibration curve of SIMDIST GC.
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Figure D2 Boiling point curves obtained from non-catalyst and mesoporous
material case
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Table D2 Influence of mesoporous materials on boiling point (°C) of maltenes

" Non-catalyst Pore Size _ .Pore Structure _ Pyrolysis Char
OFF 1 ) 3 Al-MCM-41 Al-SBA-15 Si-MCM-4i Si-MCM-48 Untreated char 5M UNO -treated Char
1 2 1 2 1 2 1 2 1 2 1 2

0 1014 1012 102 874 80 94.8 99.6 1024 1024 849 804 90.9 1023 94.8 948
: 1323 1364 1438 1035 1034 1304 1312 1313 1314 1157 1084 1195 1315 1304 1301
0 1455 1504 w3 1R 1316 129 1328 1329 1349 1331 1327 1363 131 1329 1325
5 157 1628 1,7 1329 1323 1399 1396 1396 1413 1372 1% 1432 1439 1399 1399
2 167.3 1699 947 1397 1389 1527 1521 1% 1831 1408 1401 1534 154.7 152.7 1529
& 137 1852 2076 1497 1465 1634 161 160 1644 1522 1486 1655 166.6 1634 166
30 1871 1956 216 1595 1533 1 1704 1701 1723 160.3 1593 1768 11 1 1.7
% 1955 206.6 28 1001 1648 185.7 1813 1808 1856 101 1686 189 1878 185.7 1908
40 204,6 271 231 181 127 1958 193.7 1936 1% 1788 176.3 2023 1968 1958 2003
& 2144 225.9 249 151 1853 2041 200.6 201 205.1 1915 1887 210.7 2054 204.1 209.6
%0 214 238 2606 2038 195.7 2130 208.1 209.7 2151 1992 1978 219.7 2143 213.0 218.9
% 2311 249.4 22 224 2041 220.9 217 2189 223 208.1 207 2289 211 220.9 2258
60 2408 262.4 2844 211 2123 228 1 2236 2264 2324 213 2163 236.1 2282 281 2365
6 252.7 2713 2983 2287 220.6 2382 2316 231.6 237 2244 241 246.7 2318 2382 245.2
10 265.6 2922 3147 2386 2281 2489 217 249 2518 2325 2332 257.1 2413 2489 256.5
& 20 Rl 327 2493 238 262.1 2535 2634 2141 2434 2449 2101 259.6 262.1 261.7
& 300 33 323 2624 249.2 278.2 266.3 2805 2894 251.0 2605 285 27139 218.2 279.4
& 3295 356.2 35 2188 2635 204.1 282.6 2972 309 2132 279.2 3005 288.9 294.1 292.5
0 g 3021 3099 2981 283.6 319.3 300.5 323 3382 2923 3021 3221 3098 3193 3102
% 4384 441 4283 315 3209 355.3 33 356.9 384.9 219 346.2 359.6 346.9 355.3 31

0 50 5001 4913 4488 4372 4461 4327 454.7 474.7 410.0 4227 5138 436.6 446.1 4372



Table D3 Concentration of petroleum fractions in maltenes

Scope

Pore Size

Pore Structure

Pyrolvsis

Char

Catalyst

Non-catalyst

Al-MCM-41
Al-SBA-15
Si-MCM-41

Si-MCM-48

Untreated Char

5 M HN O 3-treated

Char

LLCULLTTE L

Gasoline

Gasoline

6.18

25.90

18.27

18.28

24.67

18.17

18.38

ARANARARS

&

Anaabaeanaciaa

1

{

Kerosene

Petroleum Fractions ( t%0)

Kerosene

30.98

43.60

45.41

43.01

44.89

39.00

43.77

Gas oil

Gas QOil LVGO
40.55 6.36
26.40 1.52
30.89 2.47
30.60 3.27
25.94 1.92
35.93 2.98
31.33 3.07

I Non-catalyst

@ AI-MCM-41

f' Al-sBA-15

Vl si-MCM-41
Si-MCM-48

« Untreated char

187

HVGO
15.93
257
2.96
4.48
2.57

3.93

3.45

5MHNO3-treated char

Figure D3 Concentration of petroleum fractions in maltenes.




2. Chemical Components (GCxGCITOF-MS)

2.1 Chromatogram
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Figure D4-1 Chromatograms obtained from pyrolysis process.
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Figure D4-2 Chromatograms obtained from pyrolysis process (countinue),



2.2 Chemical Components in Maltenes
2.2.1 Distribution of Hydrocarbon Groups

Table D4 Concentration of chemical components in maltenes

Chemical Components (wt%6)

190

PPAHs
10.54
5.76
7.08
4.70

5.95

7.78

7.69

Scope Catalyst
SATs OLEs NAPs TERs MAHs  DAHs PAHs
Non-catalyst 5.37 6.81 2.03 5.93 47.69 9.37 12.26
Pore Al-MCM-41 553 7.42 3.13 6.56 59.09 4.01 8.49
Size Al-SBA-15 4.95 10.59 4.15 8.89 53.36 411 6.87
Pore Si-MCM-41 4.80 9.39 3.68 1012  55.40 3.54 8.37
Structure  Si-MCM-48 3.85 8.03 3.81 11.35  57.07 3.65 6.30
Untreated
) 4.67 8.03 4.27 8.84 52.54 4.69 9.18
Pyrolysis Char
Char 5M HNen-
4.05 9.38 3.19 10.56 . ) .
treated Char 5354 8.07 852
60 i m Non-catalyst
50 - mAI-MCM-41
. m A-SBA-15
ol
| 40 i* P r Si-MCM-41
{ -
BN Si-MCM-48
B
C 30 P = « Untreated char
B g
: 5MHNO3-treated char
1 20 >
o «
3
>
10 B N ¥ g
oy . 4 B o P w b
b - 3 : o ; - 3 . » = 0 | o
l-* < i ] T ) l‘; :., £ - 5 > fa -
0 f: ~ P | RS £ ® 9 B % 5’ Him - [
SATs OLEs NAPs TERs MAHs DAHs PAHs PPAHs

Figure D5 Chemical components in maltenes.
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2.2.1 Distribution of Petrochemical Products

Table D5 Yield of petrochemicals in maltenes

Petrochemical Products in Maltenes (Wt%6)

Scope Catalyst Ethyl Mixed-
Benzene Toluene Styrene Cumene Total
benzene xylenes

Non-catalyst 0.00 0.00 1.50 0.19 0.52 0.18 2.39
Pore Al-MCM-41 0.00 1.80 4.57 1.37 0.09 2.28 101 1
Size Al-SBA-15 0.00 0.56 3.30 0.78 0.75 1.38 6.78
Pore Si-MCM-41 0.00 0.93 241 0.72 0.04 1.72 5.81
Structure Si-MCM-48 0.32 0.77 0.85 0.86 2.18 172 6.70
Untreated
0.00 123 4.53 0.56 0.18 1.08 7.58
Pyrolysis Char
Char 5M HNO3
0.00 0.11 2.26 0.87 0.20 0.75 4.19

treated Char
Table Ds Yield of petrochemicals in mono-aromatics

Petrochemical Products in Mono-aromatics (%0)

Scope Catalyst Ethyl Mixed-
Benzene Toluene Styrene Cumene Others
benzene xylenes

Non-catalyst 0.00 0.00 3.14 0.39 1.09 0.39 94.99
Pore Al-MCM-41 0.00 3.05 7.74 231 0.15 3.86 82.90
Size Al-SBA-15 0.00 1.04 6.18 1.47 1.40 2.61 87.29
Pore Si-MCM-41 0.00 1.68 4.35 1.30 0.07 3.10 89.51
Structure Si-MCM-48 0.55 134 1.50 1.50 3.83 3.02 88.26
Untreated
0.00 2.34 8.62 1.06 0.34 2.05 85.60
Pyrolysis Char

Char 5M HNO,-

0.00 0.20 4.21 1.63 0.38 1.40 92.17

treated Char



192
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Figure De Petrochemical products in mono-aromatics.

2.2.3 Quantification of some Petrochemical Products in
Maltene Solution
The external standard (PIANO, Spectrum Quality
Standards, Ltd.) was used for quantification of some petrochemical products
(BTEXC). The average peak area of BTEXC, detected from GCxGCITOF-MS, is
reported in Table D7.

Table D7 Average peak area of some petrochemical products (BTEXC) in PIANO
standard detected from GCxGC/TOF-MS

Concentrations Avg. Peak Area

Components (Wt%) Avg. Peek Areal Percentage (%f
Benzene 2.425 4,359.1 14 1713
Toluene 2.576 3.263.826 1.288
Ethylbenzene 2.504 7.726.809 3.050
p-xylene 3314 6,955.656 2.754
Cumene 1.864 6,241,609 2.459

aPIANO standard (known concentration) and cGCxGC/TOF-MS (detected)
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The quantification of some petrochemical products is
shown in Eq. (DI) where [STD], a -«a. and Aconare defined as known concentration
ot PIANO standard (wt%), average peak area percentage of standard detected from
GCxGCITOF-MS (%), and peak area percentage of component detected from
GCXGCITOF-MS (%), respectively. The concentration of petrochemical products in
maltene solution is reported in Table Ds.

Component Concentration (wt%) = ARSI (3-2)

Example: To determine the concentration of ethylbenzene
when Aetyierzoe —1.498 uy. [STDetyoenzene] —2.504 X/ (), Asip). eyierzere —J.050 %

Component Concentration (wt%) = = (.12 wt%

Table Ds Concentration of petrochemical products in maltenes

Concentration of Petrochemical Products in Maltenes (wt v,,)

Scope Catalyst Ethyl

Benzene Toluene p-xylenes Cumene Total

benzene
Non-catalyst 0.00 0.00 0.12 0.00 0.01 0.14
Pore Al-MCM-41 0.00 0.36 0.38 0.11 0.17 101
Size Al-SBA-15 0.00 0.11 0.27 0.00 0.11 0.49
Pore Si-MCM-41 0.00 0.19 0.20 0.00 0.13 0.52
Structure Si-MCM-48 0.04 0.15 0.07 0.00 0.13 0.40
Untreated Char 0.00 0.25 0.37 0.00 0.08 0.70

Pvrolvsis
5M HNOJj-
Char 0.00 0.02 0.19 0.01 0.06 0.27
treated Char
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2.2.4 Petroleum fraction obtained from GCxGC/TOF-MS

Table D9 Influence of mesoporous materials on petroleum fractions (wt%) in
maltenes using GCxGC/TOF-MS

Petroleum Fractions ( t%)a
Gasoline Kerosene Gas Qi LVGO HVGO
Non-catalyst 4.87 5108 3907 317 18
Pore Si-MCM-41 9.36 5092 2862 116 093
Structure  Si-MCM-48 9.37 6110 2642 ... 0.54

aThe boiling point of sampling species was referred to the published data from Royal Society of

Scope Catalyst

Chemistry, 2015. Then, each of boiling points of the representative species were arranged in order to
estimate the petroleum fractions.
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Appendix E Solid Products
L Total Acidity of Char Sample
Char sample was firstly test the excess base, titrated with 0.1 M HCL,

by using back-titration method. Then, the amount of titrant, v .. , was used to
determined the total acidity using Eg. (El).

Acidn‘y = J.HCHXVHCl (ED
m
Where [HC] = Concentration of hydrochloric acid (mol/L)
vie = Volume of HCI (L)
= Mass of char sample (g)

Example: To calculate of acidity of pyrolysis char using Eq. (El)
When [HCL] = 0.1 mol/L, V|d = 12.5x10-s L, m=0.1011/4 = 0.0253 ¢

Acidity = i) X&%‘5’5§10~3 49.46 mmollg

Table EI' Total acidity of pyrolysis char

Volume of HCL (mL
Sample (nt) Total Acidity
Mass(@) . 2 3 (mmollg)
treated Char 0.1011 125 12.6 12.8 49.98 +0.60

SMHNO; -treated con DT e 2.9 50.25 +0.40
Char

Sample



2. Elemental Contents in Pyrolysis Products (CHNS analyzer)

21 Calibration of CHNS Analyzer

Table E2 Standard of CHNS analysis

(Part no. 502-092)

Standard Elemental Contents
Carbon =41.08 £ 0.01 %
ED1A Hydrogen = 5.54 + 0.02 %
Nitrogen = 9.56 £ 0.02 %
Coal Sulfur = 101 +0.09%

(Part no. 502-671) Ash =9.33 £0.15 %

Table E3 Calibration of carbon using EDTA standard

No.

N

© 0o N o a0 M W

Mass Certified Calculated S Prev Err Peak Peak
—)) (%) (%0) Area
0.0306 41.0000 39.6530 -3.4740 -3.4740 6114.1000 1.1600
0.0303 41.0000 39.5920 -3.6220 -3.6220 6071.6000 1.1510
0.0309 41.0000 39.5960 -3.6124 -3.6124 6016.2000 1.1090
0.1003 41.0000 44.0060 7.1237 7.1237 18675.0000 3.5409
0.1024 41.0000 43.0930 6.8460 6.8460 19007.0000 3.6000
0.1001 41.0000 43.7360 6.4047 6.4047 18544.0000 3.5209
0.2005 41.0000 39.8170 -3.0740 -3.0740 32693.0000 6.21 13
0.2011 41.0000 39.6550 -3.4080 -3.4080 32684.0000 6.2046
0.2001 41.0000 39.7720 -3.1834 -3.1834 32624.0000 6.1921

196

Weighting

()
0.7966

0.8026
0.7875
0.2427
0.2378
0.2433
0.1214
0.1211

0.1217
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04 Carbon

03

y = 0.0336x - 0.0115

R?=0.9947
O R L L -
0 1 2 3 4 5 0 /
Peak area
Nitrogen Average % Error
Calculated 40.99 1.98
Mass (g) 0.11 0.07

Figure EI Calibration curve of carbon.



Table E4 Calibration of hydrogen using EDTA standard

Mass
No.
@

1 0.0303
2 0.0309
3 0.1003
4 0.1022
5 0.2011
6 0.2001
7 0.3010

0.4
0.3
0.2
0.1

Certified

5.5400

5.5400

5.5400

5.5400

5.5400

5.5400

5.5400

Nitrogen

Calculated

Mass (9)

Calculated
5.5127
5.5764
5.5010
5.5520
5.5290
5.5784

5.5288

Error
(€O
0.4928

0.6562
0.6888
0.2318
-0.1985

0.6940

-0.2021

Hydrogen

Prev Err
€0
0.4928

0.6562
0.6888
0.2318
-0.1985
0.6940

-0.2021

Peak

83.0740

85.5460

269.5600

277.3000

540.1200

542.2600

806.4200

y =0.2467x + 0.0004

R? =0.9999

g

Peak area

Average
5.54

0.14

Figure E2 Calibration curve of hydrogen.

Peak
Area
0.1205

0.1242
0.4020
0.4142
0.8117
0.8149

1.2164

% Error
0.03

0.10
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Weighting

@___
5.9514

5.8397
1.7997
1.7629

0.8977

0.9023

0.5995



Table E5 Calibration of nitrogen using EDTA standard

Mass

No. Certified
@

1 0.0303 9.5600
2 0.0309 9.5600
3 0.1024 9.5600
4 0.10005 9.5600
5 0.2005 9.5600
6 0.2001 9.5600
7 0.3011 9.5600
8 0.3001 9.5600
9 0.3003 9.5600

04

0.3

0.2

0.1

0

A
0
Nitrogen
Calculated
Mass (Q)

Calculated

9.6304

9.4893

9.5299

9.6007

9.5364

9.5628

9.5629

9.5727

9.5549

Error Prev Err
(%9 (%9
0.7364 0.7364
-0.7399 -0.7399
-0.3145 -0.3145
0.4259 0.4259
-0.2466 -0.2466
0.02888 0.0289
0.0306 0.0306
0.1327 0.1327
-0.0534 -0.0534

Nitrogen

2

Peak area

Average
9.56

0.17

Figure E3 Calibration curve of nitrogen.

(0]

Peak

1.1595

1.1587

2.0445

2.0187

3.2611

3.2650

4.5172

4.4939

4.5185

Peak
Area
0.4368

0.4386

1.4728

1.4497

2.8913

2.8932

4.3573

4.3471

4.3421

y = 0.069x + 0.0004
Ré=:]

% Error

0.04

0.11
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Weighting

)
3.4488

3.3841
1.0216
1.0455

0.5218

0.5229

0.3474

0.3486

0.3483

wn



Table E6 Calibration of sulfur using Coal standard

Mass Error Prev Err

No. Certified Calculated Peak
@) (%0) (%)
1 0.0504 1.0100 0.9344 -7.4838 -7.4838 501.0700
2 0.0502 1.0100 1.0741 0.3477 0.3477 592.5400
3 0.1012 1.0100 1.0338 2.3590 2.3590 804.5400
4 0.1007 1.0100 0.9949 -1.4944 -1.4944 1043.0000
5 0.2016 1.0100 0.9765 -3.3210 -3.3210 1699.1000
6 0.2016 1.0100 1.0212 0.2095 0.2095 1120.5000
7 0.2025 1.0100 1.0234 1.3255 1.3255 1483.1000
8 0.3010 1.0100 1.0182 0.8135 0.8135 1718.3000
Sulfur

Peak
Area
0.0480

0.0549

0.1065

0.1020

0.2004

0.2078

0.2109

0.3121

200

Weighting

©
19.6370

19.7150
9.7865
9.8331
4.9122
4.9192
4.8906

3.2809

0.3
C:
a
©
s 0.2
0.1 y =0.9674x + 0.0009
R?=0.9984
0.1
0 01 0.2 03 04
Peak area
Nitrogen Average % Error
Calculated 1.01 0.04
Mass (Q) 0.13 0.09

Figure E4 Calibration curve of sulfur.

05
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2.2 Elemental Distributions

Table E7 Elemental contents (%) in tire-derived oils

Scope Catalyst c n N C/H Ratio
Noil-catalyst 68.60 +1.13 9.62 £0.15 0.40 =0.04 1.27 +0.00 7.13
Pore Al-MCM-41 61.7 =0.85 9.46 +0.21 0.52 +0.04 0.88 + 0.00 6.52
Size Al-SBA-15 66.25 + 1.63 9.84 +£0.04 0.55 +0.04 0.88 +0.00 6.75
Pore Si-MCM-41 64.75 + 1.20 9.84 +0.04 0.40 =0.02 0.88 +0.03 6.58
Structure Si-MCM-48 61.80 +0.28 9.83 £0.24 0.34 +0.01 0.84 £0.01 6.29
Untreated
66.40 *+ 1.27 9.60 +£0.07 0.38 =0.04 0.93 +=0.02 6.92
Pyrolysis Char
Char 5MHNO,-
64.40 +3.39 9.69 +0.05 0.54 +=0.02 0.92 +£0.00 6.65

treated Char
Table Es Sulfur contents in pyrolysis products using mesoporous materials

Sulfur Distribution (wt%6)

Scope Catalyst
oil Spent Catalyst Gas Char
Non-catalyst 25.4 0.0 19.7 54.9
Al-MCM-41 17.8 6.9 23.6 51.7
Pore Size

Al-SBA-15 17.4 34 38.5 40.7
Si-MCM-41 18.3 7.7 10.7 53.3

Pore Structure
Si-MCM-48 15.9 9.3 20.5 54.3
Untreated Char 18.6 13 25.2 54.9

Pyrolysis Char
5 M xNOj-treated Char 17.3 11 31.7 49.9

Table E9 Nitrogen contents in pyrolysis products using mesoporous materials

Nitrogen Distribution (Wt%6)

Scope Catalyst

oil Spent Catalyst Gas Char

Non-cataly St 33.8 0.0 20.1 46.1

Al-MCM-41 44.4 221 0.3 33.2

Pore Size

Al-SBA-15 45.8 134 18 39.1

Si-MCM-41 34.9 12.3 0.4 52.4

Pore Structure

Si-MCM-48 27.2 15.8 15.6 41.4

Untreated Char 31.9 0.1 35.5 324

Pyrolysis Char
5M HNO3treated Char 42.7 01 23.9 333
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«Non-catalyst
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Figure E5 Sulfur distribution in pyrolysis products obtained from waste tire-
pyrolysis.
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Figure Es Nitrogen distribution in pyrolysis products obtained from waste tire-
pyrolysis.
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Appendix F Catalyst Characterizations

The general catalyst properties were analyzed using Surface Area Analyzer

(SAA) and Thermogravimetric/Differential Thermal Analysis (TG/DTA) as reported
in Table FI.

Table FI' Catalyst properties

Scope Catalyst Pore Diameter Pore Volume Surface Area

% Coke
(GY) (cnrvg) (nf/g)
Non-catalyst . - -
Al-MCM-41 e ey 0.83 993 22.4
Pore Size
Al-SBA-15 60.5 0.77 205 12.9
Si-MCM-41 27.0 0.70 1,015 19.6
Pore Structure
Si-MCM-48 27.8 0.70 940 23.2
Untreated Char 220.7 0.39 70 3.7

Pyrolysis Char
5M HNO ;-treated Char 255.5 0.38 96 8.3
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