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APPENDICES

Appendix A Scanning Electron Microscopy Micrographs

TM3000_0116 NL D5.0 x15k 5.0 um

Figure A1 SEM image of HZI 1(75) (15.0 kVxIO.0k).
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TM3000 0124

Figure A2 SEM image ofP/HZI 1(75) (15.0 kVxIO.0K).



TM3000 0121 NL D48 x10k 10 um

Figure A3 SEM image of Sb/HZI 1(75) (15.0 kVxIO.OK).
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TM3000 0123 NL D5.3 x9.0k 10 um

Figure A4 SEM image of Bi/HZI 1(75) (15.0 KVxIO.0k).

%



_ TM3000_0417 NL D5.6 x10k 10 um

Figure AS SEM image of HZ5(30) (15.0 kVxIO.0k).

u“lﬂ’ . Ry ‘ b X 53 9
TM3000 0379 NL D5.6 x10k 10 um

Figure A6 SEM image of E1Z5(80) (15.0 kVxIO.0k)
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TM3000_0415 N NL D5.6 x10k 10 un

Figure A7 SEM image of HBeta(27) (15.0 kVx 10.0k).
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TM3000_0411 NL D56 x10k 10 um

Figure A8 SEM image of HY(30) (15.0 kVx 10.0k)



Appendix B Product Distribution and Product Yield Calculations

Total weight of any products

Yield (wt %) Total weight of converted bioethano

|x100

Table B1 Product distribution and product yields from’HZ5(30), PIHZ5(30),
Sb/HZ5(30), and Bi/HZ5(30) catalysts

Catalyst ‘HZ5(30) PHZ5(30) SbiHZ5(30) BilHZ5(30)
Ethanol conversion (wt %) 99.5 99.0 99.3 97.8
Feed ethanol (mI/h) 2.00 2.00 2.00 2.00
Feed ethanol (ml) 16.6 175 " 175 17
Feed ethanol (g)* 13.1 138 138 14.0
Converted ethanol (g) 131 13.7 13.7 137

Product distribution (g)

0il 0.92 0.48 1.55 2.56
Gas 9.64 9.60 10.3 8.0
Water 2.49 3.63 1.85 3.09
Other** 0.06 0.13 0.10 . 031

Product yield (wt %)

oil - 7.07 3.52 113 18.7
Gas i &ad 70.0 75.2 58.6
W ater 19.1 26.4 135 22.6

*Ethanol concentration is 99.5 viv %
**Unconverted bio-gthanol



Table B2 Product distribution and product yields from HBeta(27), P/HBeta(27),
Sh/HBeta(27), and Bi/HBeta(27) catalysts

Catalyst HBeta(27) P/HBeta(27) Sh/HBeta(27) Bi/HBeta(27)
Ethanol conversion (wt %) 96.7 9.1 98.5 99.7
Feed ethanol (ml/h) 2.00 2.00 2.00 2.00
Feed ethanol (ml) 16.9 16.0 173 16.6
Feed ethanol (g)* 133 12.6 137 131
Converted ethanol (g) 12.9 12,5 135 131

Product distribution (g)

oil 0.21 0.55 0.68 0.62
Gas - 10.5 9.71 9.52 9.30
Water 2.13 2.23 3.27 3.14
Other** 0.44 0.12 0.20 0.04

Product yield (wt %)

oil 160 4.43 5.06 4.74
Gas 80.7 1Q.9 69.4 68.0
W ater 16.3 16.3 23.9 23.0

*Ethanol concentration is 99.5 viv %
**Unconverted bio-ethanol
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Table B3 Product distribution and product yields from HY/(30), P/HY/(30),
SH/HY(30), and Bi/HY (30) catalysts

Catalyst HY(30) PHY(30) Sb/HY(30)  BilHY(30)
Ethanol conversion (wt %) 99.5 99.0 99.3 97.8
Feed ethanol (mi/h) 2.00 2.00 2.00 2.00
Feed ethanol (ml) 17.0 172 17.2 15.6
Feed ethanol (g)* 13.4 13.6 13.6 123
Converted ethanol (g) 134 135 135 12.1

Product distribution (g)

oil 0.46 0.48 0.62 0.72
Gas 11.1 116 - 104 8.79
W ater 179 1.36 2.49 2.56
Other** 0.07 0.13 0.10 0.28

Product yield (wt %)

0il 3.47 3.55 4.62 6.00
Gas 85.0 84.9 75.7 64.3
W ater 13.7 9.9 18.2 18.7

*Ethanol concentration is 99.5 viv %
**Unconverted hio-ethanol



Table B4 Product distribution and product yields from HZ5(80), P/HZ5(80).

Sb/HZ5(80), and Bi/HZ5(80) catalysts

Catalyst
Ethanol conversion (wt %)
Feed ethanol (ml/h)
Feed ethanol (ml)
Feed ethanol (g)*
Converted ethanol (g)

Product distribution (g)
Qil
Gas
Water
Other**

Product yield (wt %)
Qil
Gas
Water

HZ5(80) PIHZ5(80) SWHZ5(80) BilHZ5(80)

91.7
2.00
159
126
123

150
1.97
2.82
0.29

1217
61.1
216

*Ethanol concentration is 99.5 v/v %

**Unconverted bio-ethanol

99.1
2.00
155
123
122

0.54
9.31
2.31
011

4.45
67.9
16.8

9%.1
2.00
158
125
122

1
8.55
1.9
0.23

1401
62.3
143

99.0
2.00
16.0
126

12,5

2.31
8.34
1.86
0.13

18.50
61.0
136

101



Table B5 Product distribution and product yields from HZ11(75), PIHZ11(75),
SHIHZI 1(75), and Bi/HZI 1(75) catalysts

Catalyst
Ethanol conversion (wt %)
Feed ethanol (ml/h)
Feed ethanol (ml)
Feed ethanol (g)*
Converted ethanol (g)

Product distribution (g)
Qil
Gas
Water
Other**

Product yield (wt %)
Qil
Gas
Water

*Ethanol concentration is 99.5 viv %

**nconverted bio-ethanol

HZ11(5) PIHZILTE) SHIHZI LTS Bil HZ11(TS)

9.5

2.00
156
123
118

0.52
1.93
3.30
0.55

4.4
60.8
253

98.0

2.00
J7.9
142
139

0.61
108
2.52
0.28

4.38
184
184

95.6

2.00
156
123
117

0.46
8.86
243
0.54

3.92
64.5
177

96.8

2.00
159
125
121

0.55
9.12
185

041

4.53
11
135

102
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Appendix ¢ Compositions in Gas Products

Table Cl Gas composition as a function of time on stream for |I25(30) catalyst

Composition (mol %)

@0 @120 @180 @240 @300 @360 @420 @480

Companent mn mn mn mMn  mn -mn  mn
CH4 0.00 120 199 178 176 154 124 118
C02 0.00 21 8.35 811 942 183 .01 6.76
Ethylene 100 121 118 129 156 155 16.0 171
Ethane 000 211 138 133 126 128 118 118
Propylene 000 325 2.39 271 6.51 417 381 4.09
Propane 000 388 4Ll 416 334 39.8 416 41.1
Butylene 000 076 1.59 211 N\l 2.85 3.68 3.90
Butane 000 000 114 145 211 163 3.60 3.58

I 100 100 100 100 100 100 100 100

Table C2 Gas composition as a function of time on stream for P/HZ5(30) catalyst

Composition (mol %)
@60 @120 @180 @240 @300 @360 @420 (@480
Component min min min min min min min min
CH4 0.00 2.98 0.00 0.00 0.00 0.00 0.00 0.00
C02 0.00  0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ethylene 948 92.7 96.5 96.8 97.2 97.2 97.4 97.4
Ethane 0.00 0.78 0.70 0.67 0.65 0.65 0.64 0.65
Propylene  5.15 2.70 2.07 1.79 1.49 1.45 1.34 1.25
Propane 0.00  0.00 0.00 0.00 0.00 0.00 0.00 0.00
Butylene ~ 0.00  0.00 0.00 0.00 0.00 0.00 0.00 0.00
Butane 0.00 0.80 0.73 0.72 0.65 0.67 0.65 0.66
£ 100 100 100 100 100 100 100 100
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Table C3 Gas composition as a function of time on stream for Sb/HZ5(30) catalyst

Composition (mol %)
@60 @120 @180 @240 @300 (@360 (@420 @480

Component  min min min min min min min min
CH4 35.6 16.4 18.7 155 14.3 135 125 7.36
Co02 19.6 14.1 10.6 9.53 9.11 8.81 8.14 4.98

Ethylene 6.10 106 - 117 13.7 154 155 17.2 32.7
Ethane 27.8 22.0 15.7 144 13.9 13.6 13.1 10.1
Propylene 0.00 2.73 3.14 3.75 4.44 4.63 5.04 10.7
Propane 10.9 34.2 37.4 39.1 38.3 38.4 38.1 28.3
Butylene 0.00 0.00 1.48 2.41 2.83 3.29 3.67 3.12
Butane 0.00 0.00 1.15 161 179 2.24 2.23 2.69
/A 100 100 100 100 100 100 100 100

Table C4 Gas composition as a function of time on stream for Bi/HZ5(30) catalyst

Composition (mol %)

@60 @120 @180 @240 @300 (@360 @420 (@480

Component  min inin min min ,  min min min min
CH4 21.3 115 154 13.7 128 122 111 10.4
Co02 49.3 10.2 9.35 8.48 8.04 7.83 1.11 6.60

-Ethylene 15.6 17.9 16.5 17.6 18.7 19.7 20.8 22.0
Ethane 13.8 13.2 12.6 12.4 12.4 124 123 12.2
Propylene  0.00 4.95 4.96 5.32 592 6.85 1.13 1.82
Propane 0.00 37.3 36.0 36.7 35.9 34.2 34.5 33.0
Butylene 0.00 3.04 3.08 3.54 3.84 4.16 4.39 4.54
Butane 0.00 1.92 2.10 2.27 2.40 2.69 2.64 3.36

Z 100 100 100 100 100 100 100 100
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Table C5 Gas composition as a function of time on stream for HBeta(27) catalyst

Component
CH4
C02

Ethylene
Ethane
Propylene
Propane
Butylene
Butane
Z

@60
min
24.5
34.2
19.9
10.5
10.8
0.0
0.0
0.0
100

@120
min
10.6
2.95
30.2
20.8
2.90
26.5
2.88
3.12
100

@180
min
6.20
1.67
58.1
173
3.85
10.8
2.05
0.00
100

Composition (mol %)

@240
min
371
1.07
73.2
115
426,
3.95
1.00
131
100

@300
min
3.55
0.00
19.1
10.0
4.23
2.48
0.59
0.00
100

@ 360
min
2.55
0.00

84.2 -

1.54
3.91
1.47
0.35
0.00
100

@420
min
1.88
0.00
89.1
5.58
3.47
0.00
0.00
0700
100

@480
min
151
0.00
90.2
433
2.99
0.54
0.00
0.47
100

Table C6 Gas composition as a function of time on stream for P/HBeta(27) catalyst

Component
CH4
Co02

Ethylene
Ethane
Propylene
Propane
Butylene
Butane
/A

@60
min
12.9
8.25
59.1
7.95
6.36
4.52
0.94
0.00
100

@120

min
1.06
0.00
88.1
2.84
4.62
1.76
0.88
0.78
100

@180

min
0.93
0.00
90.9
2.84
3.33
0.92
0.48
0.58
100

Composition (mol %)

@240
min
0.76
0.00
94.1
2.43
2.12
0.00
0.00
0.00
100

@300
min
0.00
0.00
95.3
2.23
2.43
0.00
0.00
0.00
100

@360
min
0.00
0.00
96.1
1.89
2.09
0.00
0.00
0.00
100

@420
min
0.00
0.00
95.9
176
1.86
0.00
0.00
0.43
100

@48(1
min
0.00
0.00
96.6
11
1.72
0.00
0.00
0.00
100
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Table c1 Gas composition as a function of time on stream for Sb/HBeta(27)
catalyst

Composition (mol %)
@60 @120 @180 @240 @300 @360 @420 (@480

Component  min min min min min mill min min
CH4 12.6 9.37 5.35 2.88 2.19 1.82 1.20 1.12
C02 8.09 381 1.94 122 1.03 0.91 0.76 0.71

Ethylene 57.9 47.8 66.5 80.2 855 883 92.3 93.0
Ethane 7.79 20.7 14.76 8.79 6.43 5.09 3.06 2.72
Propylene 6.23 2.57 3.48 3.74 3.45 3.13 2.28 2.03
Propane 443 128 5.91 212 1.13 0.73 0.00 0.00
Butylene 0.92 1.62 1.18. 0.55 0.30 0.00 0.00 0.00
Butane 1.99 1.38 0.85 048 0.00 0.00 0.40 0.40

| 100 100 100 100 100 100 100 100

Table C8 Gas composition as a function of time on stream for Bi/HBeta(27) catalyst

Composition (mol %)
@60 @120 @180 @240 @300 @360 @420 @480

Component  min min min min min min min min
CH4 0 14.0 4.08 2.55 1.90 1.90 147 1.36
C02 0 291 0.00 0.00 0.00 0.00 0.00 0.00

Ethylene 100 46.8 77.5 86.5 90.2 91.6 935 94.2
Ethane 0 215 11.3 6.92 4,98 453 3.46 2.95
Propylene 0 1.86 274 2.60 2.29 193 1.57 151
Propane 0 124 358 1.16 0.60 0.00 0.00 0.00
Butylene 0 060 078 0.31 0.00 0.00 0.00 0.00
Butane 0 000 000 0.00 0.00 0.00 0.00 0.00
z 100 100 100 100 100 100 100 100
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Table C9 Gas composition as a function of time on stream for MY(30) catalyst

Composition (mol %)
@60 @120 @180 @240 @300 @360 @420 (@480

Component  min min min min min min min min
CH4 25.3 129 11.4 7.87 5.99 4.10 294 3.42
C02 26.0 3.17 3.04 2.58 2.30 2.06 1.85 245

Ethylene 145 28.7 36.3 53.2 63.9 74.2 80.8 79.6
Ethane 26.3 42.7 428 3.8 24.0 16.3 11.5 12.2
Propylene 7.92 140 1.26 191 2.17 2.46 2.30 2.33
Propane 0.00 8.74 4.61 2.65 1.62 0.94 0.57 0.00
Butylene 0.00 1.39 0.61 0.00 0.00 0.00 0.00 0.00
Butane 0.00 0.98 0.00 0.00 0.00 0.00 0.00 0.00

z 100 100 100 100 100 100 100 100

Table CIO Gas composition as a function of time on stream for P/HY(30) catalyst

Composition (mol %)
@60 @120 @180 @240 @300 @360 @420 @480

Component  min min min min min min min min
CH4 114 2.28 0.95 0.88 0.74 0.62 0.66 0.00
C02 7.26 2.25 1.17 1.15 1.02 0.92 1.00 1.07

Ethylene 69.1 88.6 93.6 94.0 94.8 954 95.1 95.6
Ethane 6.66 3.70 231 223 1.99 1.76 1.85 1.90
Propylene -5.59' 272 1.60 1.46 1.22 112 114 1.20
Propane 000 000 000 000 0.00 0.00 0.00 0.00
Butylene 000 049 033 030 0.22 0.23 0.22 0.23
Butane 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

z 100 100 100 100 100 100 100 100
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Table CI'1 Gas composition as a function of time on stream for Sb/HY(30) catalyst

Composition (mol %)
@60 @120 @180 @240 @300 @360 @420 (@480

Component  min min min min min min min min
CH4 39 11.3 6.49 323 431 1.67 0.66 1.37
C02 1.80 191 1.27 0.99 159 0.85 1.00 1.06

Ethylene 80.3 39.0 61.6 79.5 78.7 89.2 95.1 91.8

Ethane 9.27 37.6 26.0 13.1 13.1 6.46 1.85 452

Propylene 294 161 215 230 2.33 1.60 114 122

Propane 1.17 6.29 2.10 0.65 0.00 0.00 0.00 0.00

Butylene 0.61 124 0.38 0.22 0.00 0.26 0.22 0.00
Butane 0.00 103 0.00 0.00 0.00 0.00 0.00 0.00 .

| 100 100 100 100 100 100 100 100

Table C].Z Gas composition as a function of time on stream for Bi/HY(30) catalyst

Composition (mol %)

@60 @120 @180 @240 @300 @360 @420 (@480

Component  min min min min min min min min
CH4 0.00 12.0 5.78 3.15 4.26 1.86 150 131
C02 0.00 1.93 121 0.93 0.00 0.00 0.00 1.01
Ethylene 100 434 66.7 80.0 80.8 88.7 91.0 91.2
Ethane 000 345 219 122 125 7.14 5.49 4.62
Propylene 0.00 146 ' 242~ 232 2.47 1.68 141 1.22
Propane 0.00 5.07 1.73 0.61 0.00 0.00 0.00 0.00
Butylene 0.00 0.76 0.31 0.25 0.00 0.00 0.00 0.00
Butane 0.00 0.99 0.00 0.57 0.00 0.64 0.60 0.66

I 100 100 100 100 100 100 100 100
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Table C13 Gas composition as a function of time on stream for HZ5(80) catalyst

Composition (mol %)
@60 @120 @180 @240 @300 @360 @420 (@480
Component  min min min min min min min min
CH4 0.00 23.4 18.7 17.2 147 12,0 10.2 8.99
€02 0.00 0.00 191 2.36 320 327 3.27 3.18
Ethylene 100 174 15.0 15.4 16.9 19.1 21.0 22.1
Ethane 0.00 141 12.9 128 124 11.8 114 111
Propylene  0.00 4.74 3.57 3.55 4.68 5.34 6.16 .17
Propane 0.00 39.1 44.9 45.3 44.5 44.1 42.7 40.9
Butylene 0.00 1.27 1.55 1.78 250 3.8 3.75 4.14
Butane 0.00 0.00 147 154 111 1.28 1.54 181
Z 100 100 100 100 100 100 100 100

Table Cl14 Gas composition as a function of time on stream for P/HZ5(80) catalyst

Composition (mol %)
@60 @120 @180 @240 @300 @360 @420 @480
Component  min min min min min min min min
CH4 000 224 000 000 000 000 0.00 0.00
C02 0.00 000 0.0 000 000 000 000 0.00
Ethylene 100 959 986 986 987 986  98.6  98.6
Ethane 000 067 052 051 051 054 053 055
Propylene  0.00 088 062 059 000 -000 0.00 0.00
Propane 000 0.00 000 000 054 060 057 056
Butylene 000 032 029 028 024 027 028 0.29
Butane 0.00 000 0.0 000 000 000 000 0.00
Z 100 100 100 100 100 100 100 100
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Table CI5 Gas composition as a function oftime on stream for Sh/HZ5(80) catalyst

Composition (mol %)

@60 @120 @180 @240 @300 @360 @420 (@480

Component  min min min min min min min min
CH4 000 264 19.2 182 155 132 121 11.1
C02 0.00 0.00 4.37 525 5.44 5.45 524 5.17
Ethylene 100 43.4 144 16.6 18.2 201 217 23.7
Ethane 0.00 30.2 13.2 13.0 11.9 111 10.5 104
Propylene 0.00 0.00 3.64 455 5.87 7.02 835 9.45
Propane 0.00 0.00 41.1 385 38.0 36.9 34.9 34.0
Butylene 0.00 0.00 2.22 2.18 2.98 3.70 4.28 4.60
Butane 0.00 0.00 1.88 1.67 2.18 262 294 1.63
100 100 100 100 100 100 100 100

Table C16 Gas composition as a function of time on stream for Bi/HZ5(80) catalyst

Composition (mol %)

. @60 @120 @180 @240 @300 @360 @420 (@480
Component  min min min min min min min min
CH4 000 258 224 192 221 189 17.0 16.5
C02 0.00 6.58 0.00 5.38 0.00 4.83 454 4.48
Ethylene 100 31.3 38.0 28.3 304 24.2 23.1 23.6
Ethane 0.00 20.3 21.3 17.2 17.2 159 152 15.1
Propylene 0.00 4.75 0.00 5.95 6.08 5.66 6.13 6.27
Propane 0.00 11.2 183 24.0 24.3 20.2 324 324
Butylene 0.00 0.00 0.00 0.00 0.00 1.38 1.69 1.66
Butane 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
£ 100 100 100 100 100 100 100 100



Table CI7 Gas composition as a function of time on stream for HZ] 1(75) catalyst

Composition (mol %)
@60 @120 @180 @240 @300 @360 @420 (@480
Component  min min min min min min min min
CH4 23.3 1.33 1.92 1.52 132 119 112 1.02
Co02 0.00 2.09 1.65 1.40 1.25 117 111 1.03
Ethylene 50.7 502 - 589 63.9 68.0 70.6 75.1 75.8
Ethane 12.7 4.00 3.47 3.14 2.93 281 2.76 2.60
Propylene - 13.2 30.3 28.0 24.7 21.7 198 18.4 16.5
Propane 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Butylene 0.00 0.99 0.69 0.48 0.37 0.29 0.00 1.74
Butane 0.00 5.06 539" 491 441 4.14 151 138
Z 100 100 100 100 100 100 100 100

Table C].8 Gas composition as a function of time on stream for P/HZ].].(75) catalyst

Composition (mol %)
@60 @120 @180 @240 -@300 @360 @420 (@480
Component  min min min min min min min min
CH4 6.69 26.2 12.1 10.9 9.55 8.29 7.63 7.69
X02 4.41 4.53 4.68 3.78 3.16 2.52 2.36 2.37
Ethylene 12.9 57.6 68.5 71.8 713.9 78.2 78.3 75.0
Ethane 2.90 2.52 2.90 2.81 2.76 2.67 2.71 2.75
Propylene 1.18 6.71 7.67 6.74 6.12 4.75 491 4.76
Propane 3.40 0.00 0.00 0.00 0.00 0.00 0.00 4.99
Butylene 1.43 1.46 0.92 1.14 1.60 1.38 1.72 1.29
Butane 1.05 0.92 3.24 2.83 2.89 2.18 2.36 11
/A 100 100 100 100 100 100 100 100
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Table C19 Gas composition as a function of time on stream for Sb/HZII(75)

catalyst
Composition (mol %)
@60 @120 @180 @240 @300 @360 @420 (@480
Component  min min min mill min min min min
CH4 0.00 2.25 0.00 0.00 000 0.00  0.00 0.00
€02 0.00 0.00 0.00 0.00 0.00 0.00+ 0.00 0.00

Ethylene 100 82.0 80.2 80.6 83.4 84.4 84.9 86.2
Ethane 0.00 1.12 1.20 1-15 1.03 1.03 0.96 0.92

Propylene 0.00 12.6 15.9 155 143 13.4 12.0 11.0
Propane 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Butylene 0.00 1.23 1.66 1.65 0.50 0.48 1.28 115
Butane 0.00 0.80 112 1.10 0.74 0.71 0.86 0.77

X 100 100 100 100 100 100 100 100

Table C20 Gas composition as a function of time on stream for Bi/HZI 1(75)

catalyst

Composition (mol %)
@60 @120 @180 @240 @300 @360 @420 @480
Component  min min min min min min min min
CH4 0.00 118 M3 119 109 089 080 0.00
Co02 0.00 2.48 1.29 1.16 107 0.00  0.00 0.00
Ethylene 100 62.9 73.3 75.8 78.4 829 845 86.3
Ethane 0.00 2.92 221 2.07 1.98 1.78 1.72 1.69
Propylene  0.00 155 18.8 17.0 15.0 125 11.2 10.3
Propane 0.00 2.59 0.00 0.00  0.00 0.00  0.00 0.00
Butylene 0.00 1.80 181 1.67 150 121 112 1.04
Butane 0.00 0.00 1.16 106 092 0.74 071 0.66
X 100 100 100 100 100 100 100 100



Appendix D Compositions in Liquid Products

Table D1 Qil compositions from HZ5(30), PIHZ5(30), Sb/HZ5(30). and
Bi/HZ5(30) catalysts

Component Composition (Wt%)
HZ530)  PIHZ5(30)  SbHZ5(30)  BilHZ5(30)

Oxygenate 0.18 18.60 0.29 127
Non-aromatic 10.45 5.21 2.55 311
Benzene 128 148 056 - 0.25
Toluene 3.10 4,98 1.25 5.30
0-Xylene 6.52 6.10 137 1.48
m-Xylene 9.87 2.59 8.58 .13
p-Xylene 4.66 2.55 430 5.04
Ethylbenzene 103 1.29 355 1.98
C9 26.35 2.23 38.78 28.62
C10+ 35.96 48.92 32.17 38.61
BTEXItotal aromatics 0.30 0.33 0.26 0.29

p-Xylene/total aromatics ~ 0.172 0.102 0.168 0.181

Table 1)2 Oil compositions from HBeta(27), P/HBeta(27), Sh/HBeta(27), and,
Bi/HBeta(27) catalysts

Composition (wt %)

Component - peta(o7)  PIHBeta(27)  SbIHBeta(2T) BilHBeta(2)
Oxygenate 103 3.63 1.02 143
Non-aromatic 0.00 0.00 0.44 0.57
Benzene 30.02 29.25 8.95 14.76
Toluene 34.83 2140 21,66 23.73
0-Xylene 9.26 3.80 11.06 9.32
m-Xylene 1067 5.56 1491 11.86
p-Xylene 8.33 4.46 10.90 9.96
Ethylbenzene 1.18 141 3.32 3.15
C9 2.70 451 16.44 15.29
C10+ 197 19.97 11.30 9.93
BTEX/total aromatics 0.95 0.75 0.72 0.74

p-Xylene/total aromatics ~ 0.088 0.062 0.154 0.137
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Table 03 Oil compositions from HY(30), P/HY(30), Sb/HY(30), and, Bi/HY(30)
catalysts

Composition (wt %)

Component ivian) PIHY(30) SIHY(30) Bi/HY(30)
Oxygenate 0.71 131 1.38 13.87
Non-aromatic 3.52 187 127 110
Benzene 490 4562 4281 3281
Toluene 31.34 18.00 2138 19.08
O-Xylene 440 3.88 5.32 6.31
m-Xylene 5.12 4.02 6.19 6.20
p-Xylene 385 2.92 4.75 5.16
Ethylbenzene 127 102 138 1.3

9 0.88 2.66. 186 5.13
C10+ 400 12.69 1.67 8.98

BTEX/total aromatics ~ 0.9 0.83 0.90 0.83
p-Xylene/total aromatics -~ 0.042 0.039 0.058 0.073

Table D4 Oil composition from HZ5(80), P/HZ5(80), Sb/HZ5(80), and Bi/HZ5(80)
catalysts

Composition (wt %)

Component -y 7ciar) o/ Hz5(0) bl HZ5(80)  Bil HZ5(80)
Oxygenate 0.01 25.94 0.00 0.14
Non-aromatic 9.76 0.00 15.00 22.6
Benzene 0.24 0.00 3.39 0.00
Toluene 9.54 1.76 2947 9.61
0-Xylene 15.24 1.10 5.04 3.92
o-Xylene 14.80 2.14 2.54 2.62
p-Xylene 5.79 6.93 6.43 6.14
Ethylbenzene 5.08 2.75 16.52 128
C9 2549 1.15 13.62 155
C10+ 14.05 44.43 8.00 26.6
BTEXItotal aromatics 0.56 0.30 0.75 0.53

p-Xylene/total aromatics 0114 0.317 0.101 0.175
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Table D5  Qil composition from HZ] 1(75), PHZL1(75), Sb/HZI 1(75), and
Bi/HZ5(75) catalysts

Composition (vt %)

Component\17145) p/ HZIL(TE)  SbiHZI 1(75) Bif HZ1A(TS)
Oxygenate 0.04 7.03 0.03 0.00
Non-aromatic 140 12.85 L 3.89
Benzene 198 3.19 15.03 8.2
Toluene 2.94 0.05 29.40 9.25
O-Xylene 12.83 9.74 1066 - 21.81
m-Xylene 221 1358 22.04 23.22
p-Xylene 132 15.86 9.77 478
Ethylbenzene D 1171 4,94 1112
C9 222 18.50 6.36 17.14
C10+ 5.57 1.49 0.00 0.59
BTEX/total aromatics 0.68 0.68 0.94 0.82

p-Xylene/total aromatics ~ 0.226 ).293 0.106 0.061



Appendix E True Boiling Point Curves

Table E1 True boiling point curves from HZ5(30), PIHZ5(30), Sh/HZ5(30),
BilHZ5(30)

Boiling point (°C)

BOFF U750y pHzs(0) Sh/HZ5(30) BilHZ5(30)
0 67.2 518 62.3 5.9
5 10 R.1 709 709
10 124 M.1 2.8 137
15 9.8 55.2 80.3 93.8
20 938 %.3 994 1004

25 99.6 574 1005 1015
30 100.3 58.4 1013 1024

3 1009 595 102 1032
40 1014 65.9 102.7 104
45 1019 9.1 1033 104.7

sl 1024 1349 1038 1053
%5 102.8 1632 1043 1059
60 1032 176.2 1049 1279
65 1254 1828 1254 1292
/0 127 1876 1271 1304
6 1219 1929 1287 1314
80 1286 203.7 1296 1336
& 1303 2152 130.7 1514
90 1332 2234 1329 168 7.
% 1548 261.8 1553 2124
100 216.2 424.9 281.3 303.4
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Figure El True boiling point curves from HZ5(30), PIHZ5(30), Sh/HZ5(30),
BilHZ5(30).

Tahle E2 Petroleum cuts obtained from the HZ5(30), PIHZ5(30), Sh/HZ5(30),
BilHZ5(30).

_ N & wt %

Fractfon Boiling point (°C) HZS%BO) p/stg,o) sb/HZSSSO) Bi/HZS&?)O)

Gasoline <149 93.66 ) % s

Kerosene 149-232 441 38.48 Vil L
Gas oil 232-343 187 6.42 2.09 3.92
LVGO 343-371 0.00 0.89 0.00 0.00

HVGO >311 0.00 172 0.00 0.00
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Table E3 True hoiling point curves from HBeta(27). p/ HBeta(27), Sh/ HBeta(27),

Bi/ HBeta(27)

% OFF

0

Boiling point ( C) |
HBeta%Z?é P/HBeta%Z?% Sb/HBeta%Z?% B|/HBetaE()227L)1

/A 3 2
63.4 4.3 99.6
64.4 954 932"
69.5 56.5 9.3
122 59.3 101.2
133 & 1233
148 98.6 124
99.2 1034 1254
99.6 1275 1283

101.2 1409 1303
1251 1713 1461
1268 1843 1526
129 1947 156
1334 2033 1725
1592 7.1 190
186 2141 196.7
212.2 228.6 216.8
230 243 239.5
2543 210.9 251.6
314 3493 283.5
524.1 522.1 434.8

54.3
6l
904
98.4
101
1237
1248
126 9
1293
145.6
1512
1547
166.1
1804
1938
201.8
210.8
230.1
267.2
498.3
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HBeta(27)
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Figure E2 True boiling point curves from HBeta(27), p/ HBeta(27), Sb/ HBeta(27),
Bi/ HBeta(27) catalysts.

Table E4 Petroleum cuts obtained from HBeta(27), p/ HBeta(27), Sb/ HBeta(27),
Bi/ HBeta(27) catalysts.

Fraction Boilir;g g :
point (°C) ~ HBeta(27) P/HBeta(27) Sb/HBeta(27) Bil HBeta(27)
Gasoline <149 68.02 46.33 52.23 53.04
Kerosene 149-232 17.39 6.03 3112 371.22
Gas ol 232-343 10.28 29.86 13.62 6.38
LVGO 343-371 0.66 6.98 0.93 0.61

HVGO >371 3.65 10.80 211 2.75



Table E5 True hoiling point curves from HY(30), P/HY(30), Sb/HY(30), and

Bi/HY(30) catalysts.

% OFF

0

5

10
15
20
25
30
3
40
45
0
50
60
65
/0
6
80
&
0
%
100

g

5.9
6l
62.1
63.2
64.2
69.3
66.4
67.5
68.5
69.6
10.7
L7
128
139
6
16
919
2439
518.6
569.1

Boiling point ( C)
Sh/HY(30) Bi/HYé30)
528 526 -

o/ HY (30)
56.3
58.6
59.9

61
62.1
63.2
64.2
65.3
66.4
739
1742
226.6
352.3
363.8
3144
384.6
392.2
402
4142
442 4
564.6

5.3
N4
h6.5
57.6
1 58.6
5.7
60.8
61.9
62.9
64
65.1
66.2
67.2
68.3
733
971
1779
214.3
267
568

55
56J
57.6
58.6
59.7
60.8
61.9
62.9

64
6.1
66.2
67.2
68.3
69.4
12.2
154
1331
221.6
2634
570.1

120
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Figure E3 True boiling point curves from HY(30), P/HY(30), Sb/HY(30), and
Bi/HY(30) catalysts.

Table E6 Petroleum cuts obtained from HY(30), P/HY(30), Sb/HY(30), and
Bi/HY(30) catalysts.

Eraction Boiling wt % .
point ( C) HY(30) P/HY(30) Sh/HY (30) Bi/HY (30)
Gasoline <149 86.88 48.74 83.21 85.84
Kerosene 149-232 273 6.77 847 4.77
Gas ail 232-343 220 411 458 5.68
LVGO 343-371 0.51 8.77 0.47 0.46

HVGO ~371 7.69 31.60 3.27 3.25
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Table E7 True boiling point curves from HZ5(80), PIHZ5(80), and Sh/HZ5(80),
Bi/HZ5(80) catalysts

Boiling point ( C)

% OFF L75(80) piHZ5(80)  SbIHZ5(80)  BiMZ5(80)
0 0L.7 5 h8.2 08.1
) 705 5.1 705 709
10 9.7 61.2 748 13
15 93.7 o/ 924 915
20 96.5 107.7 -95.4 95.6
25 9.1 1432 975 9.1
30 98.8 163.3 98.5 98.8
35 994 176.1 99.2 995
40 999 180.7 99.7 1004
45 1004 1905 100.2 100.6
50 1009 200 100.7 101.2
5 1184 204.6 1011 1017
60 1219 2079 119 1187
65 1245 2222 1223 122.6
10 126.3 2264 1248 1255
5 127 2324 1264 126.7
80 1286 249.1 1215 128.6
85 1418 268.6 129 149.3
90 155.2 289.6 1438 1817
95 2055 3171 185.7 206.8

100 295.2 425.6 2043 245
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Figure E4 True boiling point curves from HZ5(80), PIHZ5(80), Sh/HZ5(80), and
Bi/HZ5(80) catalysts.

Table E8 Petroleum cuts obtained from HZ5, IBiHZ5, 2BiHZ5, 3BiHZ5, and
ABIHZ5 catalysts

Fraction Boiling point (°C) wt % ,
HZ5(80) P/HZ5(80) Sh/HZ5(80) Bi/HZ5(80)
Gasoline <149 84.1 69.0 69.8 69.9
Kerosene 149-232 11.3 233 245 22.7
Gas oail 232-343 I-73 5.46 3.28 4.87
LVGO 343-371 0.44 0.79 0.68 0.70

HVGO >371 244 149 1.68 1.84
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Table E9 True boiling point curves from HZ11(75), PIHZ11(75), and Sb/HZI 1(75),
Bi/HZI 1(75) catalysts

% OFF

H211§75) PIHZ11(75) Sh/HZI1(75) BilHZI1(75)
58 54.3 56.9 574

1.3
92,6
93.9
9.9
1138
116
1169
1176
118
1186
1239
1271
1381
1459
1548
176
1%1
216.3
242.8
311

Boiling point (°C)
60.6 60.8
1.7 63.4
88.3 67.5
95.2 16
1127 939
1156 %
1173 1137
1185 1157
1241 116.2
1311 116.6
1394 1186
150.8 1233
160.9 137
168.7 1379
1784 146.1
187.2 1708

198 2118
2108 2335
249.4 2644
3185 418.6

60.6
904
a5
94.5
1123
1142
1151
115.7
1162
1166

17

1217
1228
136.6
1313
1446
1598
1848
2435
329.7
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Figure E5 True boiling point curves from HZ11(75), PIHZ11(75), Sh/HZI 1(75),
and Bi/HZI 1(75) catalysts.

Table £10 Petroleum cuts obtained from HZ11(75). PIHZ11(75), Sb/HZI 1(75),
and Bi/HZI 1(75) catalysts

Boiling paint wt %

Fraction (C) HZI 4(7) - PIHZLA(75) ~ SbIHZI 4(75)  BilHZI 1(79)
Gasoline <149 71.74 59.21 90.03 81.45
Kerosene 149-232 21.22 33.54 7.10 1257
Gas oil 232-343 1.04 7.25 2.87 5.98
LVGO 343-371 0.00 0.00 0.00 0.00

HVGO >371 0.00 0.00 0.00 0.00



Appendix F Xylene Isomer Spectra From GCxGC-MS/TOF

Figure FI- Deconvoluted peak of m,p-xylene from using GCxGC-MS/TOF.

Deconvoluted peak area = 2,621,351,427

p-Xylene peak area = 736,372,132

TO-Xylene peak area = 1,884.479,295

wt.% of;;,71-Xylene = 20.34 wt.%

wt.% ofp-Xylene = 20.34x (736,872,132 /2,621,351,427) = 5.73 wt.%
wt.% of m-Xylene = 20.34x (1,884,479,295/2,621,351,427) =14.6 wt.%
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