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APPENDICES

Appendix A Scanning Electron Microscopy Micrographs

Figure Al SEM image of HZ5 (20.0 kv 8.7mm x30.0k)
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Figure A3 SEM image of 2S0HZ5 (10.0 kv 8.7mm x30.0K).
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Figure A4 SEM image of 2BiHZ5 (10.0 kv 8.7mm x30.0k)
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Appendix B Raman Spectra
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Figure B2 Raman spectrum of 2GallZ5 catalyst in the 200-1000 cm"L
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Figure B3 Raman spectrum of 1PHZ5 catalyst in the 200-1000 cm'1
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Figure B4 Raman spectrum of 4PHZ5 catalyst in the 200-1000 cm'L

67



Intensity

1000 800 600 400 200
Raman Shift/cm-1

= B5 Raman spectrum of 1SbHZ5 catalyst in the 200-1000 cm'1

Intensity
© e = =
(o] - N E= (o)}

o
o

o
>

©
[N

o

1000 800 600 400 200
Raman Shift/cm-1

Figure B6 Raman spectrum of 4SbHZ5 catalyst in the 200-1000 cm'L
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18

Intensity

1000 800 600 400 200

Raman Shift/cm -1

Figure B8 Raman spectrum of 4BHIZ5 catalyst in the 200-1000 ¢cm'L

69



70

Appendix C Product Distribution and Product Yield Calculation

Total weight of any products

Yield (wt /o) j otajweight of converted hioethanol * 100

Table C1 Product distribution and product yields from the two consecutive layers of
catalysts

Catalyst 2GaHZ5 2Gallz5:X 2GaHZ5Y 2GaHZ5:)p
Ethanol conversion (wt %) 96.5 96.0 96.1 96.1
Feed ethanol (ml/h) 2.00 4.00 4.00 4.00
Feed ethanol (ml) 16.0 32.0 32.0 32.0
Feed ethanol(g)* 12,6 25.2 25.2 25.2
Converted ethanol (g) 122 24.2 24.3 24.3
Product distribution (g)
Oil 0.85 1.26 148 1.15
Gas 6.48 13.0 12.9 133
Water 4.86 9.94 9.85 9.83
Other** 0.45 1.02 0.98 0.98
Product yield (wt %)
Oil 6.95 519 6.09 4.76
Gas 53.2 53.8 53.3 54.8
Water 39.9 41.0 40.6 40.5

*Ethanol concentration is 99.5 viv %
**Unconverted bio-ethanol
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Table c2 Product distribution and product yields from HZ5, 1PHZ5, 2PHZ5,
3PHZ5, and 4PHZ5 catalysts

Catalyst HZ5  1PHZ5 2PHZ5 3PHZ5 4PIIZ5
Ethanol conversion (wt %)  97.0 97.0 97.0 96.9 96.9
Feed ethanol (ml/h) 2.00 2.00 2.00 2.00 2.00
Feed ethanol (ml) 16.0 16.0 16.0 16.0 16.0
Feed ethanol(g)* 12.6 12.6 12.6 12.6 12.6

Converted ethanol (g) 12.2 12.2 12.2 12.2 12.2

Product distribution (g)

Oil 0.75 0.87 0.71 0.53 0.35
Gas 6.41 6.55 6.64 6.82 1.27
Water 5.08 4,82 4.88 4.38 4,61
Other** 0.38 0.38 0.38 0.39 0.39
Product yield (wt %)
Qil 6.13 1.07 5.80 4.35 2.88
Gas 52.4 53.5 54.3 55.8 59.5
Water 415 39.4 39.9 39.9 3T

*Ethanol concentration is 99.5 v/v %
**Unconverted hio-ethanol
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Table c3 Product distribution and product yields from HZ5, ISbHZ5, 2ShHZ5

3SbHZ5, and 4ShHZ5 catalysts

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

Product distribution (g)
0il
Gas
Water
Other**

Product yield (wt %)
Oil
Gas
Water

HZ5
97.0
2.00
16.0
12,6
12.2

0.75
6.41
5.08
0.38

6.13
524
41.5

*Ethanol concentration is 99.5 v/v %

**Unconverted hio-ethanol

IShHZ5
96.2
2.00
16.0
12.6
121

0.84
6.54
4.76
0.47

6.94
53.9
39.2

2ShHZ5
96.2
2.00
16.0
12.6
121

0.95
6.41
478
0.48

1.87
52.8
39.3

3ShHZ5
9.1
2.00
16.0
12.6
121

0.79
6.55
4.80
0.49

6.48
54.0
39.6

4ShHZ5
96.2
2.00
16.0
12.6
121

0.74
6.70
4.70
0.48

6.06
55.2
38.7
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Table ca Product distribution and product yields from HZ5, IBiHZ5, 2BiHZ5,

3BiHZ5, and 4BiHZ5 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 %)
Oil
Gas
W ater

HZ5
97.0
2.00
16.0
12.6
12.2

0.75
6.41
5.08
0.38

6.13
524
41.5

*Ethanol concentration is 99.5 v/iv %

**Unconverted bio-ethanol

IBiHZ5
96.2
2.00
16.0
12.6
121

0.79
6.95
4.80
0.49

6.50
54.0
39.5

2BiHZ5
96.1
2.00
16.0
12.6
121

0.81
6.54
4.19
0.49

6.66
53.9
39.4

3BTHZ5
96.2
2.00
16.0
12.6
121

0.76
6.60
478
0.49

6.29
54.3
39.4

4BiHZ5
96.2
2.00
16.0
12.6
121

0.76
6.63
4.76
0.47

6.23
54.6
39.2
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Appendix D Compositions in Gas Products

Table D1 Gas composition as a function of time on stream for 2GaHZ5 catalyst

Composition (mol %)

Component @60 @120 @180 @240 @300 @360 @420 (@480
mn min min min min min minmin

CH4 46.1 445 430 483 401  3HS5 339 345
C02 124 127 15 165 142 120 120 212
Ethylene 486 492 532 561 603 684 737 849
Ethane 152 151 149 141 146 141 140 122
Propylene  0.00 000 000 000 000 270 302 33l
Propane 215 227 283 165 251 289 297 201
Butylene 000 000 000 000 000 000 000 000
Butane ~ 0.00 000 000 000 000 000 000 0.0
100 100 100 100 100 100 100 100

Table D2 Gas composition as a function of time on stream for 2GaHZ5:X catalyst

Composition (mol %)

Component @60 @120 @180 @240 @300 @360 @420 (@480
mn min  min  min min min min min

CH4 393 370 330 300 302 260 270 252
C02 103 955 837 775 782 769 755 765
Ethylene 000 000 220 298 35 387 392 42
Ethane 152 153 146 146 151 151 144 159
Propylene 000 000 000 000 000 000 000 0.00
Propane 351 381 418 447 &2 413 411 410
Butylene 000 000 000 000 000 000 000 000
Butane ~ 0.00 0.00 000 000 000 000 0.00 0.0

| 100 100 100 100 100 100 100 100
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Table D3 Gas composition as a function of time on stream for 2GaHZ5:Y catalyst

Composition (mol %)
Component @60 @120 @180 @240 @300- @360 @420 (@480
mn min min min min min min min
CH4 $H1 3%2 38 381 2 5 299 299
C02 101 997 102 984 965 103 924 987
Ethylene 544 595 544 592 68 739 732 173
Ethane 145 150 141 135 147 144 142 145
Propylene  0.00 000 000 000 000 286 307 359
Propane 348 338 374 377 366 326 363 345
Butylene 000 0.0 000 000 000 000 000 000
Butane ~ 0.00 0.00 000 000 000 000 0.00 000
| | 100 100 100 100 100 100 100 100

Table D4 Gas composition as a function oftime on stream for 2GaHZ5:P catalyst

Composition (mol %)
Component @60 @120 @180 @240 @300 @360 @420 @480
mn min min min min min min min
CH4 365 362 358 356 PS5 32 304 30
C02 796 801 824 817 810 800 885 9.8
Ethylene 293 305 314 323 345 406 486 529
Ethane 141 141 141 141 141 140 139 143
Propylene 000 000 000 000 000 000 000 0.0
Propane 385 386 387 389 389 408 419 404
Butylene 000 000 0.00 000 000 000 000 0.0
Butane ~ 0.00 000 000 000 000 000 000 000
7 100 100 100 100 100 100 100 100
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Table D5 (Gas composition as a function of time on stream for HZ5 catalyst

Composition (mol %)
Component @60 @120 @180 @240 @300 @360 @420 (@480
min min min min min min min min
CH4 472 341 311 323 363 289 265 248
C02 221 143 L4 147 L 1420 136 132
Ethylene 123 136 146 156 163 173 181 205
Ethane 409 338 330 345 382 332 324 316
Propylene 659 662 650 642 622 627 623 601
Propane 065 000 000 000 000 000 000 0.00
Butylene 566 665 705 697 713 721 719  7.26
Butane 442 523 552 508 519 514 522 522
| 100 100 100 100 100 100 100 100

Table 1)6 Gas composition as a function of time on stream for 1PHZ5 catalyst

Composition (mol %)

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

CH4 183 189 147 139 134 136 135 137

C02 440 451 385 390 432 440 380 433

Ethylene 175 172 170 167 168 177 179 194
Ethane 206 169 196 199 208 225 208 L7
Propylene 556 567  60.3  6L.0  60.8 509 609 594
Propane 147 000 000 000 000 000 000 000
Butylene 070 102 219 248 259 210 180 197
Butane 000 000 000 000 000 000 000 000
| 00 100 100 1200 100 100 100 100



Table b7 Gas composition as a function of time on stream for 2PHZ5catalyst

Component

CH4
C02
Ethylene
Ethane
Propylene
Propane
Butylene
Butane

£

Table D8 Gas composition as a function of time on stream for 3PHZ5 catalyst

Component
I
CH4
C02
Ethylene
Ethane
Propylene
Propane
Butylene
Butane

@60
min
25.1
138
20.9
4.65
21.9
1.80
3.33
2.01
100

@60
min
1.64
1.57
52.7
1.90
39.7
0.00
2.45
0.00
100

@120
min
30.6
136
2.4
4.62
24.6
0.00
185
2.24
100

@120
min
1.60
139
53.3
114
36.4
0.00
3,50
2.66
100

@180
min
25.8
126
22.6
4.64
28.7
0.00
3.60
2.00
100

@180
min
291
167
53.7
0.88
34.0
0.00
3.58
3.23
100

Composition (mol %)

240
min
2.9
116
23.2
4.10
325
0.00
3.92
2.1
100

@300
min
190
109
23.6
478
35.0
0.00
433
241
100

@360
min
190
108
24.1
5,05
34.2
0.00
4.09
2.19
100

Composition (mol %)

240
min
441
2.36
52.9
101
351
0.00
3.12
111
100

@300
min
4.95
2.60
54.9
0.92
32.0
0.00
347
125
100

@360
min
9.72
217
5.2
0.72
30.3
0.00
3.48
132
100

@420
min
16.0
104
23.6
4.89
371
0.00
452
378
100

@420
min
15.38
3.10
19.2
0.00
315
0.00
0.85
0.00
100

7

@480
min
15.1
9,67
234
4.90
38.0
0.00
480
420
100

@480
min
1213
271
50.1
071
30.4
0.00
2.84
1.04
100
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Table D9 Gas composition as a function oftime on stream for 4PHZ5catalyst

Composition (mol %)
Component @60 @120 @180 @240 @300 @360 @420 (@480
mn min min min  min min min min
CH4 168 167 177 162 173 169 180 191
C02 481 547 572 496 864 776 777 7.0
Ethylene 523 514 474 417 453 450 436 420
Ethane 15 146 151 135 166 173 168 169
Propylene 245 249 2716 298 2711 286 290 301
Propane 000 000 000 000 000 000 000 000
Butylene ~ 0.00 0.0 000 000 000 000 000 0.00
Butane ~ 0.00 000 000 000 000 000 000 000
100 100 100 100 100 100 100 100

Table DIO Gas composition as a function of time on stream for IShHZ5 catalyst

Composition (mol %)
Component @60 @120 @180 @240 @300 @360 @420 (@480
min - min  min min-min min_ min min
CH4 212 280 269 251 194 183 177 163
C02 716 644 642 793 670 700 722 694
Ethylene 774 894 907 929 106 124 127 142
Ethane 172 172 160 160 150 156 152 151
Propylene 359 327 381 401 353 421 461 434
Propane 372 361 378 3717 448 425 426 432
Butylene 000 000 000 000 000 000 000 0.00
Butane ~ 0.00 0.00 000 000 000 000 000 000
X 100 100 100 100 100 100 100 100
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Table b 11 Gas composition as a function of time on stream for 2SbHZ5 catalyst

Composition (mol %)

Component @60 @120 @180 @240 (@300 @360 @420 (@480
min  min  min min min min minmin

CH4 300 241 242 238 214 26 232 264
C02 131 878 991 914 867 886 93 121
Ethylene 918 953 887 103 110 114 113 115
Ethane 212 176 176 173 164 165 192 182
Propylene 365 363 423 427 436 456 494 508
Propane 228 364 351 352 382 360 320 267
Butylene  0.00 000 000 000 000 000 000 000
Butane ~ 0.00 000 000 000 000 000 000 0.0
7 100 100 100 100 100 100 100 100

Table D12 Gas composition as a function of time on stream for 3ShHZ5 catalyst

Compaosition (mol %)
1Component @60 @120 @180 (@240 @300 @360 @420 @480
mn min min  min_ min min min min
CH4 286 294 302 324 36 297 292 258
C02 108 105 100 91 125 18 111 130
Ethylene 802 788 776 804 789 846 868 924
Ethnae 206 200 197 186 208 201 189 196
Propylene 3.09 3.04 291 319 328 349 380 424
Propane 289 291 294 288 239 264 283 281
Butylene 000 000 000 000 000 000 000 000
Butane ~ 0.00 000 000 000 000 000 000 0.0
| 100 1200 100 100 100 100 100 100
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Table D13 (as composition as a function of time on stream for 4ShHZ5 catalyst

Composition (mol %)
Component @60 @120 @180 @240 @300 @360 @420 @480
mn  min min min min min min min
CH4 294 296 302 287 282 305 310 310
C02 11 109 106 106 107 103 104 106
Ethylene 573 570 586 59 597 624 633  6.16
Ethane 212 211 192 183 182 178 181 177
Propylene 298 311 340 320 322 341 337 34l
Propane 296 296 307 332 337 317 308 312
Butylene 000 000 0.00 000 000 000 000 000
Butane 000 000 000  0.00 000 000 000 0.0
E 100 100 100 100 100 100 100 100

Table D14 Gas composition as a function of time on stream for IBIHZ5 catalyst

: Composition (mol %)

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

CH4 355 239 101 283 227 209 22 202

co2 293 111 82 123 124 112 108 104

Ethylene 124 116 937 940 985 975 784 839
Ethane 970 109 159 129 126 126 138 128

Propylene 575 398 489 392 541 576 350 381
propane 000 240 389 345 325 359 386 435
Butylene 732 146 360 350 464 397 428 0.5
Buthane  0.00 000 000 000 000 000 000 000

7 100 100 100 100 100 100 100 100
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Table D15 Gas composition as a function of time on stream for 2BiHZ5 catalyst

Component

CH4
C02
Ethylene
Ethnae
Propylene
Propane
Butylene
Butane

z

@60
min
38.8
10.7
1.03
17.6
3.81
22.0
0.00
0.00
100

@120
min
28.9
102
9.33
16.6
354
315
0.00
0.00
100

@180
min
24.2
.50
112
15.7
429
344
169
0.00
100

Composition (mol %)

@240 @300 @360 @420 (@480
min min min min min
23 184 170 135 116
938 828 737 651 592
117 139 162 186 200
167 161 158 151 142
144 539 632 738 896
339 33 31 350 345
150 256 324 398 476
000 000 000 000 000
00 100 100 100 100

Table 1)16 Gas composition as a function oftime on stream for 3BiHZ5 catalyst

[
Component

CH4
C02
Ethylene
Ethane
Propylene
Propane
Butylene
Butane

z

@60
min
28.6
9.97
10.0
16.9
4.19
30.2
0.00
0.00
100

@120
min
213
791
120
156
5.12
35.9
2.12
0.00
100

@180
min
177
730
140
152
6.05
36.7
2.96
0.00
100

Composition (mol %)

@240 @300 @360 @420 @480
min min min min min
147 117 108 100 100
643 563 538 486 6.9
160 185 202 226 231
147 139 140 135 135
676 768  9.08 1138 1464
376 378 35 325 216
382 481 503 518 501
000 000 000 000 0.0
100 100 100 100 100



Tahle D17 Gas composition as a function of time on stream for 4BiHZ5 catalyst

Component

CH4
C02
Ethylene
Ethane
Propylene
Propane
Butylene
Butane

@60
min
40.6
16.7
6.18
22.3
4.24
10.0
0.00
0.00
100

@120
min
331
14.2
9.36
196
470
19
000
0.00
100

@180
min
278
144
133
172
489
2.4
0.00
0.00
100

Composition (mol %)

240
min
183
115
198
135
B.61
25.9
2.38
0.00
100

@300
min
126
9,52
265
108
133
21
3.18
0.00
100

@360
min
8.08
7.24
32.9
B.57
179
217
3.62
0.00
100

@420
min
6.00
6.04
38.0
7.29
213
179
3.43
0.00
100

@480
min
6.13
5,09
1.6
7.19
23
139
2.92
0.00
100
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Appendix E Compositions in Liquid Products

Table El Oil composition from the two consecutive layers of catalysts

Composition (\vt%)

Component 2GaHZ5 2GaHZ5:X 2GaHZ5Y 2GaHZ5:p
Non-aromatic 0.94 1.97 2.08 2.01
Benzene 14.79 8.04 1175 9.49
Toluene 19.78 15.68 17.65 14.62
0-Xylene 0.00 0.00 0.00 0.00
m-Xylene 28.49 14,93 24.22 20.11
p-Xylene 11.82 1.07 12.59 9.35
Ethylbenzene 1.92 4.73 3.44 1.70
C9 5.45 9.08 9.07 8.73
C10+ 16.82 38.49 19.20 33.99
BTEX/total aromatics 0.77 0.50 0.70 0.55
p-Xylene/total aromatics 0.12 0.07 0.13 0.09

Table E2 Oil composition from HZ5, 1PHZ5, 2PHZ5, 3PHZ5, and 4PHZ5 catalysts

Composition (wt %)

Companent HZ5  1PHZ5 2PHZ5 3PHZ5  4PHZS
Non-aromatic 1.92 1.37 1.15 0.96 1.22
Benzene 14.26 1.46 9.46 8.15 6.55
Toluene 28.19 9.87 12.82 16.88 13.04
0-Xylene 0.00 0.00 0.00 0.00 0.00
m-Xylene 25.01 13.46 16.53 21.56 15.33
p-Xylene 10.84 11.37 13.38 13.39 11.81
Ethylbenzene 2.11 5.21 4.68 3.84 3.11

C9 5.15 19.56 16.76 12.30 12.78

C10+ 12.52 31.64 25.22 22.90 35.50
BTEX/total aromatics 0.80 0.47 0.57 0.64 051
p-Xylene/total aromatics 0.11 0.11 0.13 0.13 0.12
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Table E3 Qil composition from HZ5, ISbHZ5, 2ShHZ5, 3SbHZ5, and 4SbHZ5
catalysts

Composition (wt’/o)

Component HZ5 ISbHZ5 2SbHZ5 3SbHZ5  4SbHZ5
Non-aromatic 1.92 1.44 0.93 1.17 0.97
Benzene 1426 6.16 8.54 7.63 8.08
Toluene 28.19  20.86 15.61 12.82 14.44
0-Xylene 0.00 0.00 0.00 0.00 0.00
m-Xylene 2501 26.00 16.34 18.53 17.49
p-Xylene 10.84 7.96 10.64 10.11 9.85
Ethylbenzene 2.11 4.25 2.75 2.84 2.09
C9 5.15 13.23 10.34 9.95 6.99
C10+ 1252 20.10 34.85 36.95 40.07

100 100 100 100 100
BTEX/total aromatics 0.80 0.65 0.54 0.52 0.52
p-Xylene/total aromatics 0.1 0.08 0.11 0.10 0.10

Table E4 Oil composition from HZ5, IBiHZ5, 2BiHZ5, 3BiHZ5, and 4BiHZ5
catalysts

Composition (wt°/o)

Component HZ5 1BIHZ5 2BiHZ5 3BiHZ5  4BiHZ5
Non-aromatic 1.92 0.98 1.12 0.86 0.94
Benzene 1426 8.38 8.46 11.55 7.36
Toluene 28.19 1993 13.07 16.93 1433
0-Xylene 0.00 0.00 0.00 0.00 0.00
m-Xylene 2501 2243 16.86 17.18 21.88
p-Xylene 1084 920 1.56 6.57 1.75
Ethylbenzene 2.11 4,00 1.49 1.04 1.29
C9 5.15 8.92 5.90 6.00 6.08
C10+ 1252  26.16 45.54 39.88 40.37

100 100 100 100 100
BTEX/total aromatics 0.80 0.64 0.47 0.53 0.53
p-Xylene/total aromatics ~ 0.11 0.09 0.08 0.07 0.08



Appendix F True Boiling Point Curves

Table FI True boiling point curves from the two consecutive layers of catalysts

% OFF Boiling point ( C)
’ 26aHZ5 2GaHZ5:X 2GaHZ5:Y 2GaHZ5:p

0 62.8 61.3 61.2 61.0
5 1.3 2.0 1.6 1.1
10 /18 12.6 2.1 1.6
15 2.3 13.6 2.1 2.1
20 6.2 98.5 4.8 2.1
25 98.7 98.8 98.5 15.4
30 99.0 99.0 98.7 98.1
35 99.2 99.2 98.9 98.3
40 99.4 99.4 99.1 98.7
45 99.6 99.6 99.5 99.1
50 99.8 99.8 100.1 99.3
55 100.0 100.2 1224 99.5
60 122.3 1240 125.1 123.5
65 126.1 A 125.7 1245
10 126.4 1454 128.5 128.3
75 1453 148.3 1458 190.5
80 148.9 169.3 163.8 1916
85 179.3 173.6 1914 210.7
90 220.8 210.0 213.0 233.1
95 342.2 228.9 233.0 269.4

100 411.0 390.5 3712.3 37173



86

Table FI' True boiling point curves from the two consecutive layers of catalysts
(Continue)

100
90
80
“ 26aHZ5
70
Fg 60 -B-2GaHZ5:X
20 -*-2GaHZ5:Y
40
30 2GaHZ5:p
20
10
0 - e
0 100 200 300 400 500

Temperature ( C)

Table F2 petroleum cuts obtained from the two consecutive layers catalytic systems

- Boiling point wt %
Fraction (%f 2GaHZ5  2GaHZ5:X 2GaHZ5Y 2GaHZ5:p
Gasoline <149 80.0 75.2 75.9 1.7
Kerosene 149-232 10.4 19.9 18.9 18.1
Gas oil 232-343 4.60 3.43 4.20 8.66
LVGO 343-371 2.03 0.87 101 1.30

HVGO >371 2.91 0.60 0.05 0.29
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Table F3 True boiling point curves from HZ5, 1PHZ5, 2PHZ5, 3PHZ5, and 4PHZ5

catalysts

% OFF

10
15
20
25
30
35
40
45
50
55
60
65
70
75
80
85
90
95
100

HZ5
59.1

78.5

83.1

107.5
107.8
108.1
108.3
108.5
108.6
108.8
132.9
134.9
135.2
1355
135.7
135.9
140.4
150.8
168.3
206.8
527.9

Boiling point 19c)

IPHZ  2PHZ5 3PHZ5 4PHZ5

17.5

78.5

19.2

107.1
107.7
108.0
108.1
108.3
108.5
108.7
108.9
133.0
135.0
1353
i
139.2
140.7
168.3
204.2
226.0
505.5

58.1
71.9
76.8
99 .4
99.7
99.5
100.1
100.3
100.5
111.0
116.7
1242
127.4
127.5
130.5
1972
138.8
148.7
212.4
366.2
533.1

55.0
55.8
56.7
57.9
59.7
61.2
63.1
73.0
75.0
95.3
96.4
1014
101.5
101.7
102.0
107.3
130.4
147.7
231.4
356.2
543.1

52.8
53.3
53.8
54 .4
54.9
55.4
55.9
56.5
57.0
58.7
60.5
63.9
69.1
74.6
92.7
100.7
102.3
133.5
176.6
524.3
564.4



Table F3 True boiling point curves from HZ5, 1PHZ5, 2PHZ5, 3PHZ5, and 4PHZ5
catalysts (Continue)

100
90
80
70
60
50

0s 40

30
20
10

0

—
RS

—o—HZ5

—a—|PHZ
i~ 2PHZ5
—»—3PHZS
i —-4PHZS
{4! - - =

100 200 300 400 500 600

Temperature (°C)

Table F4 petroleum cuts obtained from HZ5 1PHZ5, 2PHZ5, 3PHZ5, and 4PHZ5

catalysts

Fraction

Gasoline
Kerosene
Gas oil
LVGO
HVGO

Boiling point Wt %
(°C) HZ5  1PHZ5 2PHZ5 3PHZS 4PHZ5
<149 841 815 850 851 868
149-232 113 136 561 495 4.00
232-343 173 199 361 445 1.60
343-371 044 050 090 092 040
>371 244 241 486 460 120
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Table F5 True boiling point curves from HZ5, ISbHZ5, 2ShHZ5, 3SbHZ5, and
4ShHZ5 catalysts

Boiling point (°c)
0
WOFF 1175 1sbHZ5  2SbHZ5 3SHHZ5  4SbHZS

0 59.1 61.0 57.4 59.9 60.1
5 78.5 74.4 59.5 74.0 1.7
10 83.1 75.5 61.9 14.7 12.2
15 107.5 101.3 12.6 15.2 76.3
20 107.8 101.6 13.2 101.1 98.8
25 108.1 101.8 100.4 101.4 99.1
30 108.3 102.0 100.7 101.6 99.3
35 108.5 102.2 100.9 101.8 99.5
40 108.6 102.4 101.0 102.0 99.7
45 108.8 102.6 101.2 102 2 99.9
50 132.9 102.7 101.4 102.4 100.0
55 134.9 127.1 102.0 102.6 1253
60 135.2 128.5 121.7 128.2 126.1
65 135.5 128.7 128.0 128.5 126.3
70 135.7 128.9 128.1 128.7 129.2
15 135.9 129.1 128.6 132.1 148.9
80 1404 132.4 132.0 152.7 192.0
85 150.8 154 5 157.5 195.9 211.0
90 168.3 195.6 185.6 214.9 211.9
95 206.8 214.8 217.4 217.9 234 .4

100 527.9 5023 501.8 529.8 512.6
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Table F5 True boiling point curves from HZ5, ISbHZ5, 2ShHZ5, 3ShHZ5, and

4ShHZ5 catalysts (Continue)

100

90

80

70

fe 60
50
A4l
30

20

10

Table Fs Ppetroleum cuts

4ShHZ5 catalysts

Fraction  BOiling point
(°C)
Gasoline <149
Kerosene 149-232
Gas oil 232-343
LVGO 343-371

HVGO >371

200

HZ5
84.1
113
1.73
0.44
2.44

300

460 ol
Temperature (°C)

500

wt %

—e—HZ5

—=— |SbHZ5

-2SbHZS

—«3SbHZ5

—+—4SbHZ5

600

obtained from HZ5, ISbHZ5, 2SbHZ5, 3ShHZ5, and

ISbHZ5 2SbHZ5 3ShHZ5 4SbHZ5

83.8
11.5
1.93
0.49
2.28

83.3
11.9
1.95
0.49
2.30

79.1
16.1
1.78
0.45
2.55

75.0
19.5
2.49
0.50
2.54
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Table F7 True boiling point curves from HZ5, IBiHZ5, 2BiHZ5, 3BiHZ5, and
4BIHZ5 catalysts

_ Boiling point (-c)
WOFF p75  18iHZs 2BiHZ5 3BHZS  4BIHZS

0 59.1 56.8 71.8 71.6 70.9
5 78.5 59.4 12.9 12.1 12.1
10 83.1 60.2 74.3 73.2 99.1
15 107.5 61.1 100.1 8.4 99.7
20 107.8 61.9 100.4 80.0 99.9
25 108.1 63.4 100.6 90.2 100.0
30 108.3 66.3 100.8 100.4 100.2
35 108.5 13.8 101.0 100.6 100.4
40 108.6 100.5 101.2 100.8 100.6
45 108.8 100.9 101.4 101.0 100.8
50 132.9 101.4 127.1 108.4 125.0
55 134.9 127.6 127.5 117.6 126.9
60 135.2 128.1 127.7 128.1 127.2
65 1355 132.4 130.7 132.4 127.4
10 135.7 153.3 149.6 1493 130.6
15 135.9 164.3 176.9 178.6 158.1
80 140.4 178.3 194.7 184.9 188.8
85 150.8 196.2 205.5 215.7 194.2
90 168.3 219.9 213.9 218.4 213.1

95 206.8 246.7 234.7 244.6 215.3
100 527.9 423.9 440.2 4443 448.4
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Table F7 True boiling point curves from HZ5, IBiHZ5, 2BiHZ5, 3BiHZ5, and

4BiHZ5 catalysts (Continue)

100 - e ——l
90 - i
80 - =75
70 -
= g 4 —a— | BiIHZS5
=~
c: 50 ‘ «—2BiHZS
S 40 A
3t ——3BiHZ5
20 ——4BiHZ5
10 -
0 200 300 400 500 600

Temperature (°c)

Table Fs Petroleum cuts obtained from HZ5, IBiHZ5, 2BUTZ5, 3BiHZS5,
4BIHZ5 catalysts

Fraction  Boiling point _ Wt s | A
(C) HZ5 IBiHZ5 2BiHZ5 3BiHZ5 4BIHZ5
Gasoline <149 84.1 69.0 69.8 69.9 73.3
Kerosene 149-232 11.3 23.3 24.5 22.1 22.0
Gas oil 232-343 1.73 5.46 3.28 4.87 2.38
LVGO 343-371 0.44 0.79 0.68 0.70 0.60

HYGO >371 2.44 1.49 1.68 1.84 1.66

and
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