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APPENDICES

Appendix A Product Distribution

Table A1 Product distribution over metallic Co and:Co304-modified Al203

Catalyst Non-catalysts, AI03  Co, C0304
Ethanol conversion (%) v ~ . e
9I9.2 987 %91 989
Product yield (wt% VL , Aitt. dH K
caeyieg ) 826 63 8o gt
liquid yield 6.20 310 220 270
water 112 20.6 110 153
Gas composition (wt%) nm
Methane 0.00 000 550 320
Ethylene 99.1 9%.0 645 813
Ethane 0.60 050 230 120
Propylene 0.20 100 320 220
ropane 0.00 000 000 0.00
utylene 0.10 050 080 0.70
Butane 0.00 000 000 0.0
Oil composition (wt%) el
Oxygenates: 89.0 9.1 884 955
*Non-aromatics 1.44 060 000  0.00
Benzene 4.28 520 847 208
Toluene 0.31 060 ~ 094  0.40
0-Xylene 0.02 020 023 010
m-Xylene 0.03 020 003 010
E—Xylene 0.20 020 050 010
thylbenzene 0.12 040 029 030
C9-Aromatics 0.10 010 065 0.0
C10+-Aromatics 453 040 048  1.00
Petroleum fraction (wt%) Yi STES
Gasoline 90.3 829 761 907
Kerosene 1.06 4.80 842 136
Gas oil 1.30 398 689 169
LVGO 0.30 054 055 043
HVGO 0.00 000 000 0.0

Data were taken at the eighth hour of time-on-stream
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Table A2 Product distribution over metallic Fe and Fe303-modified Al203

Catalyst Non-catalysts Al03  Fe  FeD3
Ethanol conversion (%)
99.2 98.7 974 98.3
Product yield (wt%)
Gas yield 82.6 76.3 88.9 89.0
liquid yield 6.20 3.10 2.0 340
water 11.2 20.6 8.4 176
Gas composition (wt%) - |
Methane 0.00 0.00 3.10 2.30
Ethylene 9.1 96.0 78,0 82.1
Ethane 0.60 0.50 240 190
Propylene 0.20 1.00 240 1.70
ropane 0.00 0.00 0.00 0.00
utylene 0.10 0.50 0.80 0.60
Butane 0.00 0.00 0.00 0.00
000 0.00 1210 10.80
Qil composition (wt%) A -
Oxygenates 89.0 2.1 171 95.5
Non-aromatics 1.44 0.60 0.00 0.00
Benzene 4,28 5.20 1730 2.60
Toluene 0.31 0.60 110 010
O Xylene 0.02 0.20 0.20 0.10
ylene 0.03 0.20 0.30 0.10
E X Iene 0.20 0.20 0.30 0.10
thylbenzene 0.12 040 050 040
C9-Aromatics 0.10 0.10 140 0.0,
C 10+-Aromatics 453 0.40 110 0.60
Petroleum fraction (wt%)
Gasoline 90.3 82.9 756 907
Kerosene 1.06 4.80 12.3 1.36
Gas oil 1.30 3.98 1.10 1.69
LVGO 0.30 0.54 0.57 0.43
HVGO 0.00 0.00 0.00 0.00

Data were taken at the eighth hour of time-on-stream



Table A3 Product distribution over metallic Ni and NiO-modified al203

Catalyst Non-catalysts
Ethanol conversion (%)

Product yield (wt%) ifliA" ;-

Gas yield 82.6
liquid yield 6.20
water 112
Gas composition (wt%)
Methane 0.00
Ethylene 99.1
Ethane 0.60
Propylene 0.20
ropane 0.00
utylene 0.10
Butane 0.00
Oil composition (wt%) B/ [Pered 1
Oxygenates: 89.0
Non-aromatics 144
Benzene 4.28
Toluene 0.31
0-Xylene 0.02
m-Xylene 0.03
-Xylene 0.20
thylbenzene 0.12
C9-Aromatics 0.10
C10+-Aromatics 453
Petroleum fraction (wt%)
Gasoline 90.3
Kerosene 1.06
Gas oil 1.30
LVGO 0.30
HVGO 0.00

Data were taken at the eighth hour of time-on-stream

Al203
98.7

763

3.10
206

0.00
96.0
0.50
1.00
0.00
0.50
0.00

921
0.60
5.20
0.60
0.20
0.20
0.20
040
0.10
040

829

4.80
3.98
0.54
0.00

Ni

e
30
3.90
84

: V
24.90

438
2.20
0.70
0.00
0.30
0.00

849
0.20
10.20
0.80
0.10
0.20
0.50
0.40
110
1.60

86.2

outo ™
oSS~

NiO
98.9

83.5
3.20
134

3.10
80.6
2.60
2.30
0.00
0.70
0.00

89.8
0.30
5.10
1.20
0.30
0.30
0.30
0.30
090
0.86

92.0
2.84
2.07
0.50
0.00



Table A4 Product distribution over metallic Cu and Cuzo-modified Al20s

Catalyst NonCALa/sts
Ethanol conversion (0/() V%%/(

99.2 I?{J
Product yield (wt% Wt Si
Gas y|eIdy e ‘ 82.6 3
liquid yield 6.20 3.10
Water 112 206,
Gas composition (wt%) '
Methane 0.00 0.00
Ethylene 99.1 9.0
Ethane 060 0.50
Propylene 0.20 1.00
ropane 0.00 0.00
utylene 0.10 0.50
Butane 0.00 0.00
Oil composition (wt%) 'X
Oxygenates 89.0 921
Non-aromatics 144 0.60
Benzene 4.28 5.20
Toluene 0.31 0.60
0-Xylene 0.02 0.20
m-Xylene 0.03 0.20
-Xylene 0.20 0.20
thylbenzene 0.12 0.40
9-Aromatics 0.10 - 0.10
C 10+-Aromatics NIUB; 0.40
Petroleum fraction wt%) +,. . [ ,]3'
Gasoline 90.3 82.9
Kerosene 1.06 4.80
Gas oil 1.30 3.98
LVGO 0.30 0.54
HVGO 0.00 0.00

Data were taken at the eighth hour of time-on-stream

cu Cud
97.7 98.4
69.4  T79.7
530  4.70
253 157
060 0.00
93.5 95.1
0.90 1.00
110 0.90
0.00 8 88
0.40

0. 0.00

g o0

87.2 88.9
040  0.20
3.40 140
110 090
040  0.20
040  0.30
050 0.30
030 0.20
210  0.86
4.30 0.70
91.7 95.8
213 097
2.28 1.29
046 033
000 0.0
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Table A5 Product distribution over metallic Pd and PdO-modified A1203

Catalyst Non-catalysts  A1.0s  Pd
Ethanol conversion (%) : m
w2 1", o3

Product yield (wt%) <y - * '
Gas yield 82.6 763 936
liquid yield 6.20 310 190
water 11.2 20.6 45
Gas composition (wt%) =7 .

Methane 0.00 0.00 190
Ethylene 99.1 9%.0 867
Ethane 0.60 050 250
Propylene 0.20 100 150
ropane 0.00 0.00  0.00

utylene 0.10 050 040
Butane 0.00 0.00 0.0
Oil composition (wt%)
Oxygenates 89.0 21 394
Non-aromatics 1.44 060 040
Benzene 4,28 520 4240
Toluene 0.31 060 130
0-Xylene 0.02 020 130
m-Xylene 0.03 020 090
-Xylene 0.20 020 090

thylbenzene 0.12 040 05U
(C9-Aromatics ® 0.10 010 050
C 10+-Aromatics 453 040 1240
Petroleum fraction (wt% )
Gasoline 90.3 829 522
Kerosene 1.06 480 224
(as oil 1.30 398 24
LVGO 0.30 054 053
HVGO 0.00 0.00 0.0

Data were taken at the eighth hour of time-on-stream
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Table A6 Product distribution over metallic Cr and CrCb-modified Al203

Ethanol conversion (%)

Product yield ( t%)

Gas yiel

Catalyst

liquid yield

Water

Gas composition (wt%)

Methane
Ethylene
Ethane
Propylene
Eropane
utylene
Butane

Oil composition (Wt%)

Oxygenates
Non-aromatics

Benzene
Toluene
0-Xylene
m-Xylene
-Xylene

thylbenzene
C9-Aromatics.
C 10+-Aromatics

Petroleum fraction (wt%)

Gasoling
Kerosene
Gas oll
LVGO
HVGO

Data were taken at the eighth hour of time-on-stream

Non-catalysts

99.2

A

82.6
6.20
112

0.00
9.1
0.60
0.20
0.00
0.10
0.00

89.0
1.44
4.28
0.31
0.02
0.03
0.20
0.12
0.10
4.53

90.3
1.06
1.30
0.30
0.00

AI203

6.3
3.10
206

" liftiyr

0.00
96.0
0.50
1.00
0.00
0.50
0.0
PISsi
92.1
0.60
520
0.60
0.20
0.20
0.20
0.40
0.10
0.40

829
4.80
3.98
0.54
0.00

Cr

- g5y B

85.5
2.30
122

3.70
82.9
1.50
2.10
0.00
0.60
0.00

806'

0.20
10.90
1.80
0.00
0.70
0.70
1.10
1.90
120

1.6
6.73
1.91
0.52
0.00

Cr03
99.4
88.3

2.90
8.8

2.20
390
0.00
1.00

0.00
136
3.00
2.70
2.40
2.50
0.10
2.30
2.00
4.80
6.60
824
8.29
5.87
0.46
0.00



Appendix B Amount of Element Loading ( t%)

Table BL Amount of element loading (wt%)

Elément Loading

Sample (Wi%%)
Cohalt 485
Iron 5.12
Nickel 501
Copper 4.9
Palladium 1.02
Chromium 515

Determined using XRF
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Appendix G X-ray Diffraction Patterns
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Figure C2 XRD pattern of Cu-modified catalysts.
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Figure C3 XRD pattern of Pd-modified catalysts.
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