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APPENDICES
Appendix A Transmission Electron Microscopy Micrographs

TEM images were used to confirm «the hexagonal structure of MSU-Szsm-
and MSU-Sheaas shown in Figure Aland Figure A2,

Figure A2 TEM images of MSU-Stea



Appendix B Product Distribution

Table BL Product distributions from using HZSM-5, and HBeta catalysts at 8 h
TOS.

Catalyst HZSM-5 HBeta
Bio-ethanol Conversion 99.84 97.45
Product Yield (%wt)

Gas 13.28 15.71
Qil 9.18 3.69
Water 1754 20.60

Gas Composition (%wt)
Methane 6.97 2.02
Carbon Dioxide 3.74 0.00
Ethylene 6.12 69.55
Ethane 6.75 5.93
Propane 05.74 2.51
Mixed C4 10.68 5.87

Qil Composition (%wt)
Oxygenated . 010 0.80
Non-Aromatics 157 241
Benzene .17 0.90
Toluene 26.36 9.58
0-Xylene 15.02 1.64
m-Xylene 9.14 10.90
p-Xylene 448 10.33
Ethylbenzene 411 b.66
C9 Aromatics 18.67 19.03

C10+ Aromatics 15.37 32.75



Table B2 Product distributions from using HB-S1, HB-S2, HB-S3, MSU-B-S1,

MSU-B-S2, and MSU-B-S3 catalysts

Catalyst HB-S1
Bio-ethanol 99.6
Conversion

Product Yield (%owt)
Gas 82.45
Qil 1.64
Water 15.90
Gas Composition
(%wt)
Methane 0.99
Carbon Dioxide 0.00
Ethylene 83.59
Ethane 3.12
Propane 9.06
Mixed C4 2.63
Oil Composition
(%wt)

Oxygenated 0.25
Non-Aromatics 2.10

Benzene 0.39
Toluene 4.45
0-Xylene 4.24
m-Xylene 049
p-Xylene 28.89

Ethylbenzene 5.33
C9 Aromatics 21.62
C 10+ Aromatics 31.64

HB-S2

99.53

83.00
112
15.88

0.81
0.00
66.30
3.21
461
2.25

5.06
1.26
2.53
6.75
3.54
5.11
1761
5.29
22.09
30.17

HB-S3

99.49

80.13
118
18.68

041
0.00
91.98
173
114
128

8.84
115
6.72
9.55
344
433
16.82
4.00
2491
20.23

MSU- - MSU-
B-SI  B-Si
9980  99.97
1552 1281
1.26 164
2322 2554
000  0.00
000 000
99.70 9991
000  0.00
027 0.09
003 0.0
221 249
4259 3509
014  0.06
041  '0.39
192 140
2.62 161
143 054
081 067
1186 1298
3596 4475

MSU-

B-33
99.87

83.22
0.82
15.96

0.00
0.00
98.95
0.16
0.64
0.24

2.45
26.46
0.10
041
119
0.83
0.57
0.44
16.39
51.16



Table B3 Product distributions from using MSU-Z-S1, MSU-Z-52, MSU-Z-S3, and

MSU-Z-S4 catalysts
Catalyst

Bio-ethanol Conversion
Product Yield (%wt)
Gas
Ol
Water
Gas Composition (%wt)
Methane
Carbon Dioxide
Ethylene
Ethane
Propane
Mixed C4
QOil Composition (%evvt)
Oxygenated
Non-Aromatics
Benzene
Toluene
0-Xylene
m-Xylene
p-Xylene
Ethylbenzene
C9 Aromatics
C10+ Aromatics

MSU-Z-

Sl
99.79

1361
194
2445

0.00
0.00
99.57
0.21
0.22
0.00

2.52
129
1.45
134
417
3.15
0.52
1.20
14.08
64.28

MSU-Z-

82
99.84

16.33
133
22.34

0.00
0.00
99.35
0.32
0.27
0.06

201
0.45
9.55
1.9
5.17
3.59
0.54
131

16.14

59.44

MSU-Z-

S3
99.61

11.87
1.16
20.97

0.00
0.00
99.38
0.35
0.24
0.03

2.39
1.16
14.03
142
4.70
3.37
0.63
1.36
15.36
55.57

MSU-Z-
4
99.38

18.98
103
19.99

0.00
0.00
98.93
0.75
0.21
0.05

6.16
0.56
14.54
149
5.20
3.99
061
1.29
16.24
49.92



Table R4 Product distributions from using MSU-Sbea, and MSU-Szsm 5 catalysts at
8h TOS

Catalyst MSU-Shea MS - zsm
Bio-ethanol Conversion 99.18 99.66
Product Yield (%wt)

(as 8347 84.56
Qil 2.56 3.66
Water 13.97 11.78

Gas Composition (%owt)
Methane 0.00 0.00
Carbon Dioxide 0.00 0.00
Ethylene 96.55 98.71
Ethane 0.50 0.55
Propane 2.18 0.74
Mixed C4 0.77 0.00

Qil Composition (%wt)
Oxygenated 5.07 2.56
Non-Aromatics 44.22 155
Benzene 0.25 6.2
Toluene 0.88 .10
0-Xylene 2.03 3.94
m-Xylene 3.82 3.88
p-Xylene 148 4,35
Ethylbenzene 0.9 132
C9 Aromatics 12.04 19.87

¢ 10+ Aromatics 29.26 49.15



Table B5 Product distributions from using 11B:MSU-B, and HZ:MSU-Z catalysts at
8hi0S

Catalyst HB:MSU-B HZ:MSU-Z
Bio-ethanol Conversion 98.78 99.47
Product Yield (%wt)
Gas 88.89 71.60
0]] 2.19 10.19
Water 8.89 18.21
Gas Composition (%wt)
Methane 1.78 6.3
Carbon Dioxide 0.00 3.2
Ethylene 80.36 8.7
Ethane 5.16 59
Propylene 3.82 04
Propane 6.27 60.88
Mixed C4 281 14.6
Oil Composition (%wt)
Oxygenated 0.55 0.26
Non-Aromatics 0.42 1.38
Benzene 3.0 6.62
Toluene 14.09 28.66
O-Xylene 9.48 12.96
m-Xylene 10.04 10.32
p-Xylene 6.69 10.76
Ethylbenzene 6.54 4,61
C9 Aromatics 25.77 12.67

¢ 10+ Aromatics 22.19 11.74



Appendix ¢ True Boiling Point Curves
Table Cl True boiling point curves of HZSM-5 and HBeta catalysts

Boiling Point (°cp

%OFF HZSM-5 HBeta
0 754 766
5 762 1051
0 765 1056
5 1048 1068
20 1055 1351
2 1058 =
30 106.1 13,1
3 1063 1386
40 1065 1415
45 1067 143.1
0 1068 159,
% 1071 1597
60 1379 165.0
0 . 1385 166.8
L 1389 181.1
[ 1392 1902
80 1430 206.8
8 1581 22017
% 1659 250.7
% 226.0 267.6

100 2540 2808



Table C2 True boiling point curves of 11B-S1, HB-S2, HB-53, MSU-B-SI. MSU-
B-S2, and MSU-B-S3 catalysts

Boiling Point (°C)
%OFF HB-SI HB-S2 HB-S3 MSU-B-S1 MSU-B-S2 MSU-B-S3

0 w9 2 s IS 1157 132,65
O M5 106 148 1369 1617 1723
0 g1 1307 1304 1575 1806 1852
B 13655 1368 1%67 16385 1917 2037
D @1 w2 B2 163 204.4 209,65
D33 1375 1314 1895 2455 24045
0 w7 w7 w7 1905 25055 268.7
D005 1% 10 1%5 26015 27905
0 15735 15 1498 20715 2649 2841
oo 1573 1517 w5 268.7 288.2
0 e 1579 101 2712 M1 29355
D g5 16035 1628 25155 27565 296.1
0 1915 151 21 260 278.4 3001
© 153 1786 1820 26525 279 3022
0 20325 19655 1909 26995 27945 30245
D st 21845 18 241 279.7 303.25
0 373 264 2318 2775 280.05 3038
O oara 2585 265 2786 280.8 304.45
N 500 91 2497 2025 2831 3078
P 96825 26345 2659 29125 29975 3141
0 373 30585 3166 348 %6295 37265
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Table C3 True boiling point curves of MSU-Z-S1. MSU-Z-52. MSU-Z-S3, and
MSU-Z-54 catalysts

Boiling Point (°C)

%OFF MSU-ZS1  MSU-Z-S2  MSU-Z-S3  MSU-Z-54
0 719 69.6 69.6 69.9
) 1031 784 077 823
0 136,35 134,65 1362 135,35
5 156.15 14155 156,35 1408
20 1508 158,55 16355 15725
2 164 164.05 1646 1636
30 170,55 17123 17805 16455
3 1783 179 1827 1772
40 182.65 183,55 1846 181,15
45 1843 1905 191 18
0 1906 1913 19165 18945
% 191.15 192.25 196 1915
60 1917 1994 2018 196.25
65 19745 208.05 20855 200.85
10 206.25 222,75 2207 2105
[ 2123 2344 0175 2375
&0 22355 2516 2482 243
8 2435 2712 %67 263.35
% 265,55 2848 2823 278.9
P 2875 3037 300.2 296.3

100 339.15 U795 3945 30675



Table C4 True boiling point curves of HZ-S1, HZ -S2, HZ -S3, and HZ -S4

catalysts

%OFF

10
15
20
25
30
3
40
45
50
55
60
65
10
15
80
85
90
9%
100

HZ-S1

155
6.4
1
10545
106
106.35
106.65
106.85
107
107.2
1074
137.5
138.65
1391
139.45
139.8
143.6
159.75
169.85
217,65
268.4

Boiling Point (nC)

HZ-S2

15.75
16.7
104.95
106
1064
106.75
107.05
1073
1075
107.75
1378
138.7
139.25

- 139.55

139.9
143
143.9
160.2
166.45
201.7
258.5

HZ-S3

14.65
15.75
104.65
105.5
105.95
106.25
106.55
106.75
107.05
1073
138.05
138.7
139.15
139.45
139.75
143.25
157.35
165.15
17315
220.55
. 2718

HZ-54

144
15.55
1043
104.9
105.2
1055
105.7
105.9
106.1
1365
1374
1379
138.25
1385
138.9
142.65
157.6
164.7
171.35
220.95
271.05



Table C5 True boiling point curves of MSU-Sbea, and MSU-Szsm catalysts

Boiling Point (°C)

%OFF M SU -Sbea MSU-Szsi\i5
0. 877 751
) 1346 905
0 155 1368
b 1621 1406
2 169.4 158.6
x 1798 161.7
3 186.6 165.2
H 189.8 165.9
40 1979 1756
g 2085 181.2
o0 2225 1839
0 20,9 1856
60 253 192.2
6 260.2 1929
L 264.8 195.0 -
£ 269.6 2018
80 2753 210.2
8 2769 2260
% 2715 2516
P 278.1 288.4

100 218 3379



Appendix D Petroleum Fractions

Table D1 Petroleum fractions of HZSM-5 and HBeta catalysts

Petroleum Fraction  Temperature . Catalysts
() HZSM-5 HBeta
Gasoline <149 82.6 313
Kerosene 149-232 130 344
Gas Oil 232-343 4.4 283
Light Vacuum Gas Ql 343-371 0.0 0.0

Table D2 Petroleum fractions of HB-S1. HB-S2. HB-S3. MSU-B-S1. MSU-B-S2,
and MSU-B-S3 catalysts

Petroleum  Tempera Catalysts
Fraction  ture (°C) HB- HB- HB- MSU- MSU- MSU-
SI S2 3  BSI BS2 B-S3
Gasoline <149 3707 4175 4213 702 346 210
Kerosene  149-232 4039 3976 4425 4137 2287 2190
Gas Oil  *32-343 2254 1849 1362 5161 7223 73.62
Light

Vacuum 343-371 000 000 000 0.0 14 238
Gas Ol



v

Table D3 Petroleum fractions of MSU-Z-S1, MSU-Z-S2, MSU-Z-S3, and MSU-Z- -
54 catalysts

Petroleum ~ Temperature Catalysts

Fraction (°C) MSU-Z- MSU-Z-  MSU-Z-  MSU-Z-

Sl 2 S3 4
Gasoline <149 12.73 1721 1273 18.02
Kerosene 149-232 69.6 51.18 63.91 59.44
Gas Oil 232-343 17.67 25.16 2271 22.54
Light Vacuum
Gas Oil 343-371 0.00 0.45 0.65 0.00

Table D4 Petroleum fractions of HZ-S1. HZ-S2. HZ-S3. and HZ-S4 catalysts

Petroleum  Temperature Catalysts

Fraction (°C) HZ-S1  HZ-S2  HZ-S3 HZ-Y4

Gasoline <149 81.88 81.43 11.26 71.09

Kerosene 149-232 1452 16,51 18.% 18.98

Gas Oil 232-343 30 2.06 3.78 393
Light Vacuum

Gas Oil 343-371 0.00 0.00 0.00 0.00

Table D5 Petroleum fractions of MSU-Sbea, and MSU-Szsmb catalysts

Petroleum Fraction ~ Temperature Catalysts
(°C) MSU-Shea MSU-Szsmb
Gasoline <149 79 21.6
Kerosene 149-232 44.6 62.2
Gas Ol 232-343 475 16.2

Light Vacuum Gas
Oil 343-371 0.00 0.0



Appendix E TGA Profiles
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Figure EI' TGA profiles of HZ-S1, HZ-S2, HZ-S3, and HZ-34,
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Figure E2 TGA profiles of MSU-Z-S1, MSU-Z -2, MSU-Z -S3, and MSU-Z -S4.
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