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APPENDICES

A ppendix A T ransm ission  Electron M icroscopy M icrographs

TEM images were used to confirm «the hexagonal structure of MSU-Szsm- 
and MSU-Sbeaas shown in Figure A 1 and Figure A2.

F igure A2 TEM images of MSU-Sbea
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Appendix B P roduct D istribution

Table B1 Product distributions from using HZSM-5, and HBeta catalysts at 8 h 
TOS.

C atalyst HZSM-5 H Beta
Bio-ethanol C onversion 99.84 97.45

P roduct Yield (% w t)
Gas 73.28 75.71
Oil 9.18 3.69

Water 17.54 20.60
Gas C om position (% w t)

Methane 6.97 2.02
Carbon Dioxide 3.74 0.00

Ethylene 6.12 69.55
Ethane 6.75 5.93

Propane 65.74 2.57
Mixed C4 10.68 5.87

Oil C om position (% w t)
Oxygenated . 0.10 0.80

Non-Aromatics 1.57 2.41
Benzene 5.17 0.90
Toluene 26.36 9.58
O-Xylene 15.02 7.64
m-Xylene 9.14 10.90
p-Xylene 4.48 10.33

Ethylbenzene 4.11 5.66
C9 Aromatics 18.67 19.03

C10+ Aromatics 15.37 32.75

๐



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 HB-S2 HB-S3 MSU- - 
B-Sl

MSU-
B-Si

MSU-
B-S3

Bio-ethanol
Conversion

99.6 99.53 99.49 99.80 99.97 99.87

Product Yield (%wt)
Gas 82.45 83.00 80.13 75.52 72.81 83.22
Oil 1.64 1.12 1.18 1.26 1.64 0.82

Water 15.90 15.88 18.68 23.22 25.54 15.96
Gas Composition

(%wt)
Methane 0.99 0.81 0.41 0.00 0.00 0.00

Carbon Dioxide 0.00 0.00 0.00 0.00 0.00 0.00
Ethylene 83.59 86.30 91.98 99.70 99.91 98.95
Ethane 3.72 3.27 1.73 0.00 0.00 0.16

Propane 9.06 4.61 1.14 0.27 0.09 0.64
Mixed C4 2.63 2.25 1.28 0.03 0.00 0.24

Oil Composition
(%wt)

Oxygenated 0.25 5.06 8.84 2.27 2.49 2.45
Non-Aromatics 2.70 1.26 1.15 42.59 35.09 26.46

Benzene 0.39 2.53 6.72 0.14 0.06 0.10
Toluene 4.45 6.75 9.55 0.41 ' 0.39 0.41
O-Xylene 4.24 3.54 3.44 1.92 1.40 1.19
m-Xylene 0.49 5.71 4.33 2.62 1.61 0.83
p-Xylene 28.89 17.61 16.82 1.43 0.54 0.57

Ethylbenzene 5.33 5.29 4.00 0.81 0.67 0.44
C9 Aromatics 21.62 22.09 24.91 11.86 12.98 16.39

C 10+ Aromatics 31.64 30.17 20.23 35.96 44.75 51.16



Table B3 Product distributions from using MSU-Z-S1, MSU-Z-S2, MSU-Z-S3, and
MSU-Z-S4 catalysts

C atalyst MSU-Z- M SU-Z- M SU-Z- MSU-Z-
SI S2 S3 S4

B io-ethanol C onversion 99.79 99.84 99.61 99.38
P rod uct Yield (% w t)

Gas 73.61 76.33 77.87 78.98
Oil 1.94 1.33 1.16 1.03

Water 24.45 22.34 20.97 19.99
Gas C om position (% w t)

Methane 0.00 0.00 0.00 0.00
Carbon Dioxide 0.00 0.00 0.00 0.00

Ethylene 99.57 99.35 99.38 98.93
Ethane 0.21 0.32 0.35 0.75

Propane 0.22 0.27 0.24 0.27
Mixed C4 0.00 0.06 0.03 0.05

Oil Com position (%vvt)
Oxygenated 2.52 2.01 2.39 6.16

Non-Àromatics 1.29 0.45 1.16 0.56
Benzene 7.45 9.55 14.03 14.54
Toluene 1.34 1.59 1.42 1.49

O-Xylene 4.17 5.17 4.70 5.20
m-Xylene 3.15 3.59 3.37 3.99
p-Xylene 0.52 0.54 0.63 0.61

Ethylbenzene 1.20 1.51 1.36 1.29
C9 Aromatics 14.08 16.14 15.36 16.24

C10+ Aromatics 64.28 59.44 55.57 49.92



Table R4 Product distributions from using MSU-Sbea, and MSU-Szsm_5 catalysts at
8 h TOS

C atalyst MSU-Sbea MS ข-รZSM -5

Bio-ethanol C onversion 99.18 99.66
P rodu ct Yield (% w t)

Gas 83.47 84.56
Oil 2.56 3.66

Water 13.97 11.78
Gas Com position (% w t)

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

Oil C om position (% w t)
Oxygenated 5.07 2.56

Non-Aromatics 44.22 1.55
Benzene 0.25 6.27
Toluene 0.88 7.10
O-Xylene 2.03 3.94
m-Xylene 3.82 3.88
p-Xylene 1.48 4.35

Ethylbenzene 0.96 1.32
C9 Aromatics 12.04 19.87

c  10+ Aromatics 29.26 49.15



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

C atalyst HB:M SU-B H Z:M SU -Z
Bio-ethanol Conversion 98.78 99.47

P rod u ct Yield (% w t)
Gas 88.89 71.60
Oil ?.. 19 10.19

Water 8.89 18.21
Gas Com position (% w t)

Methane 1.78 6.3
Carbon Dioxide 0.00 3.2

Ethylene 80.36 8.7
Ethane 5.16 5.9

Propylene 3.82 0.4
Propane 6.27 60.88

Mixed C4 2.81 14.6
Oil Com position (% w t)

Oxygenated 0.55 0.26
Non-Aromatics 0.42 1.38

Benzene 3.0J 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

c  10+ Aromatics 22.79 11.74



A ppendix c  T rue  Boiling Point Curves

Table C l True boiling point curves of HZSM-5 and HBeta catalysts

% OFF
Boiling Point (°cp

HZSM-5 HBeta
0 75.4 76.6
5 76.2 105.1
10 76.5 105.6
15 104.8 106.8
20 105.5 135.1
25 105.8 o oo’rn

30 106.1 138.1
35 106.3 138.6
40 106.5 141.5
45 106.7 143.1
50 106.8 159.0
55 107.1 159.7
60 137.9 165.0
65 "  138.5 166.8
70 138.9 181.1
75 139.2 190.2
80 143.0 206.8
85 158.1 220.7
90 165.9 250.7
95 226.0 267.6
100 254.0 280.8



Table C2 True boiling point curves o f IIB-S1, HB-S2, HB-S3, M SU -B-Sl. MSU-
B-S2, and MSU-B-S3 catalysts

% O FF
Boiling Point (°C)

HB-S1 HB-S2 HB-S3 MSU-B-S1 M SU-B-S2 MSU-B-S3
0 74.9 75.2 75.05 75.15 1 15.7 132.65
5 104.5 105 104.8 136.9 161.7 172.3
10 126.1 134.7 130.4 157.55 180.6 185.2
15 136.55 136.8 136.7 163.85 191.7 203.7
20 137.1 137.2 137.2 176.35 204.4 209.65
25 137.35 137.5 137.4 182.95 224.55 240.45
30 137.7 137.7 137.7 190.55 250.55 268.7
35 142.05 137.95 140 195.5 260.15 279.05
40 157.35 142.25 149.8 207.15 264.9 284.1
45 158 157.3 157.7 222.55 268.7 288.2
50 162.25 157.9 160.1 237.2 272.1 293.55
55 165.25 160.35 162.8 251.55 275.65 296.1
60 179.15 165.1 172.1 260 278.4 300.1
65 185.3 178.6 182.0 265.25 279 302.2
70 203.25 196.55 199.9 269.95 279.15 302.45
75 225.1 218.45 221.8 274.1 279.7 303.25
80 237.3 226.4 231.8 277.5 280.05 303.8
85 247.4 245.65 246.5 278.6 280.8 304.45
90 250.2 249.1 249.7 280.25, 283.1 307.8
95 268.25 263.45 265.9 291.25 299.75 314.1
100 327.3 305.85 316.6 344.8 362.95 372.65
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Table C3 True boiling point curves o f MSU-Z-S1. MSU-Z-S2. MSU-Z-S3, and
MSU-Z-S4 catalysts

% O F F
Boiling Point (°C)

MSU-Z-S1 M SU-Z-S2 M SU-Z-S3 MSU-Z-S4
0 71.95 69.6 69.6 69.9
5 103.1 78.4 97.7 82.3
10 136.35 134.65 136.2 135.35
15 156.15 141.55 156.35 140.8
20 159.8 158.55 163.55 157.25
25 164 164.05 164.6 163.6
30 170.55 172.3 178.05 164.55
35 178.3 179 182.7 177.2
40 182.65 183.55 184.6 181.15
45 184.3 190.5 191 183
50 190.6 191.3 191.65 189.45
55 191.15 192.25 196 191.5
60 191.7 19-9.4 201.8 196.25
65 197.45 208.05 208.55 200.85
70 206.25 222.75 222.7 210.5
75 212.3 234.4 227.75 223.75
80 223.55 251.6 248.2 243
85 243.5 271.2 267 263.35
90 265.55 284.8 282.3 278.9
95 287.5 303.7 300.2 296.3
100 339.15 347.95 . 349.45 326.75

๐



catalysts
Table C4 True boiling point curves o f HZ-S1, HZ -S2, HZ -S3, and HZ -S4

% O F F
Boiling Point (nC)

HZ-S1 HZ-S2 HZ-S3 HZ-S4
0 75.5 75.75 74.65 74.4
5 76.4 76.7 75.75 75.55
10 77 104.95 104.65 104.3
15 105.45 106 105.5 104.9
20 106 106.4 105.95 105.2
25 106.35 106.75 106.25 105.5
30 106.65 107.05 106.55 105.7
35 106.85 107.3 106.75 105.9
40 107 107.5 107.05 106.1
45 107.2 107.75 107.3 136.5
50 107.4 137.8 138.05 137.4
55 137.5 138.7 138.7 137.9
60 138.65 139.25 139.15 138.25
65 139.1 - 139.55 139.45 138.5
70 139.45 139.9 139.75 138.9
75 139.8 143 143.25 142.65
80 143.6 143.9 157.35 157.6
85 159.75 160.2 165.15 164.7
90 169.85 166.45 173.15 177.35
95 217.65 201.7 220.55 220.95
100 268.4 258.5 . 271.8 271.05



Table C5 True boiling point curves o f M SU-Sbea, and MSU-Szsm-5 catalysts

%OFF
Boiling Point (°C)

M S U - S bea MSU-Szsi\i-5
0 . 87.7 75.1
5 134.6 90.5
10 155 136.8
15 162.1 140.6
20 169.4 158.6
25 179.8 161.7
30 186.6 165.2
35 189.8 165.9
40 197.9 175.6
45 208.5 181.2
50 222.5 183.9
55 240.9 185.6
60 253 192.2
65 260.2 192.9
70 264.8 195.0 -
75 269.6 201.8
80 275.3 210.2
85 276.9 226.0
90 277.5 251.6
95 278.7 288.4
100 291.8 337.9



Appendix D Petroleum Fractions

Table D1 Petroleum fractions of HZSM-5 and HBeta catalysts

Petroleum Fraction Temperatu re . Catalysts
(UC) HZSM-5 HBeta

Gasoline <149 82.6 37.3
Kerosene 149-232 13.0 34.4
Gas Oil 232-343 4.4 28.3

Light Vacuum Gas Oil 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 S3 B-Sl B-S2 B-S3
Gasoline <149 37.07 41.75 42.13 7.02 3.46 2.10
Kerosene 149-232 40.39 39.76 44.25 41.37 22.87 21.90
Gas Oil *2.32-343 22.54 18.49 13.62 51.61 72.23 73.62
Light

Vacuum 343-371 0.00 0.00 0.00 0.00 1.44 2.38
Gas Oil
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Table D3 Petroleum fractions o f MSU-Z-S1, MSU-Z-S2, MSU-Z-S3, and MSU-Z- -
S4 catalysts

Petroleum Tem peratu re Catalysts
Fraction (°C) MSU-Z- MSU-Z- MSU-Z- MSU-Z-

SI ร2 S3 ร4
Gasoline <149 12.73' 17.21 12.73 18.02
Kerosene 149-232 69.6 57.18 63.91 59.44
Gas Oil 232-343 17.67 25.16 22.71 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 Tem perature Catalysts
Fraction (°C) HZ-S1 HZ -S2 HZ -S3 HZ -S4
Gasoline <149 81.88 81.43 77.26 77.09
Kerosene 149-232 14.52 16.51 18.96 18.98
Gas Oil 232-343 3.6 2.06 3.78 3.93

Light Vacuum 
Gas Oil 343-371 0.00 0.00 0.00 0.00

Table D5 Petroleum fractions of MSU-Sbea, and MSU-Szsm-5 catalysts

Petroleum Fraction Tem perature Catalysts
(°C) MSU-Sbea MSU-Szsm-5

Gasoline <149 7.9 21.6
Kerosene 149-232 44.6 62.2
Gas Oil 232-343 47.5 16.2

Light Vacuum Gas
Oil 343-371 0.00 0.0

๐



A ppendix E TGA Profiles

Figure E l TGA profiles of HZ-S1, HZ-S2, HZ-S3, and HZ-S4.

F igure E2 TGA profiles of MSU-Z-S1, MSU-Z -S2, MSU-Z -S3, and MSU-Z -S4.
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Figure E3 TGA profiles of HB-S1, HB-S2, and IIB-S3.

Figure E4 TGA profiles of MSU-B-S1, MSU-B-S2, and MSU-B-S3.
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