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APPENDICES

A p p e n d ix  A  P ro d u ct D istr ib u tion

T a b le  A1 Product distribution over metallic Co and:Co304-modified AI2O3

Catalyst Non-catalysts A120 3 Co C03O4
E th a n o l co n v ers io n  (% ) ■ y  : ’ ริ: V- ; ' v  *2 I t •. ร :. |. />■

99.2 98.7 99.1 98.9
P r o d u c t  y ie ld  (w t% ) ■; M: ' ; ÀJÏt* ,■ d H KGas yield 82.6 76 3 86.8 82.0
liquid yield 6.20 3.10 2.20 2.70
water 11.2 20.6 11.0 15.3

G as c o m p o s itio n  (w t% ) mm
Methane 0.00 0.00 5.50 3.20
Ethylene 99.1 96.0 64.5 81.3
Ethane 0.60 0.50 2.30 1.20
Propylene 0.20 1.00 3.20 2.20
propane 0.00 0.00 0.00 0.00
Butylene 0.10 0.50 0.80 0.70
Butane 0.00 0.00 0.00 0.00

O il c o m p o s itio n  (w t% ) ■ **' น ,  t -»

Oxygenates 89.0 92.1 88.4 95.5
•Non-aromatics 1.44 0.60 0.00 0.00
Benzene 4.28 5.20 8.47 2.08
Toluene 0.31 0.60 ^  0.94 0.40
o-Xylene 0.02 0.20 0.23 0.10
m-Xylene 0.03 0.20 0.03 0.10
p-Xylene 0.20 0.20 0.50 0.10
Ethylbenzene 0.12 0.40 0.29 0.30
C9-Aromatics 0.10 0.10 0.65 0.40
C10+-Aromatics 4.53 0.40 0.48 1.00
P e tr o le u m  fra c tio n  (w t% ) - ^ ' ' ~ 'โ Y;i SffES

Gasoline 90.3 82.9 76.1 90.7
Kerosene 1.06 4.80 8.42 1.36
Gas oil 1.30 3.98 6.89 1.69
LVGO 0.30 0.54 0.55 0.43
HVGO 0.00 0.00 0.00 0.00
Data were taken at the eighth hour of time-on-stream
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T a b le  A2 Product distribution over metallic Fe and Fe303-modified AI2O3

Catalyst Non-catalysts AI2O3 Fe Fe20 3
E th a n o l co n v ers io n  (% )

99.2 98.7 97.4 98.3
P r o d u c t  y ie ld  (w t% )
Gas yield 82.6 76.3 88.9 89.0
liquid yield 6.20 3.10 2.70 3.40
water 11.2 20.6 8.4 17.6
G as c o m p o sitio n  (w t% ) ร เ  ’ ~ ร้-' i *r‘
Methane 0.00 0.00 3.10 2.30
Ethylene 99.1 96.0 78.6 82.7
Ethane 0.60 0.50 2.40 1.90
Propylene 0.20 1.00 2.40 1.70
propane 0.00 0.00 0.00 0.00
Butylene 0.10 0.50 0.80 0.60
Butane 0.00 0.00 0.00 0.00

0.00 0.00 12.10 10.80
O il c o m p o s it io n  (w t% ) ,  ' เ  .  ร'..À V >***’■ ’ -
Oxygenates 89.0 92.1 777 95.5
Non-aromatics 1.44 0.60 0.00 0.00
Benzene 4.28 5.20 17.30 2.60
Toluene 0.31 0.60 1.10 0.10
O-Xylene 0.02 0.20 0.20 0.10
m-Xylene 0.03 0.20 0.30 0.10
p-Xylene 0.20 0.20 0.30 0.10
Ethylbenzene 0.12 0.40 0.50 0.40
C9-Aromatics 0.10 0.10 1.40 0.70.
C 10+-Aromatics 4.53 0.40 1.10 0.60
P e tr o le u m  fra c tio n  (w t% )
Gasoline 90.3 82.9 75.6 90.7
Kerosene 1.06 4.80 12.3 1.36
Gas oil 1.30 3.98 7.70 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 AI2O3

Catalyst Non-catalysts AI2O3 Ni NiO
E th a n o l co n v ersio n  (%) •

99.2 98.7 99.3 98.9
P r o d u c t  y ie ld  (w t% ) ifliA 'น ิ;-^^ , - f?*-ไ.*-» l l r fGas yield 82.6 76.3 87.8 83.5
liquid yield 6.20 3.10 3.90 3.20
water 11.2 20.6 8.4 13.4

G a s co m p o sitio n  (w t% ) , พ  V
Methane 0.00 0.00 24.90 3.10
Ethylene 99.1 96.0 43.8 80.6
Ethane 0.60 0.50 2.20 2.60
Propylene 0.20 1.00 0.70 2.30
propane 0.00 0.00 0.00 0.00
Butylene 0.10 0.50 0.30 0.70
Butane 0.00 0.00 0.00 0.00

O il co m p o sitio n  (w t% ) f‘' ร  \ '' _ - 1  น5 y -  ' 1 ■

Oxygenates 89.0 92.1 84.9 89.8
Non-aromatics 1.44 0.60 0.20 0.30
Benzene 4.28 5.20 10.20 5.70
Toluene 0.31 0.60 0.80 1.20
O-Xylene 0.02 0.20 0.10 0.30
m-Xylene 0.03 0.20 0.20 0.30
p-Xylene 0.20 0.20 0.50 0.30
Ethylbenzene 0.12 0.40 0.40 0.30
C9-Aromatics 0.10 0.10 1.10 0.90
C10+-Aromatics 4.53 0.40 1.60 0.86
P e tr o le u m  fraction  (w t% ) ...

Gasoline 90.3 82 9 86.2 92.0
Kerosene 1.06 4.80 2.84 2.84
Gas oil 1.30 3.98 2.07 2.07
LVGO 0.30 0.54 0.50 0.50
HVGO 0.00 0.00 0.00 0.00
Data were taken at the eighth hour of time-on-stream
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Table A4 Product distribution over metallic Cu and Cu20 -modified AI2O3

Catalyst Non-catalysts A120 3 Cu Cu20
E th a n o l co n v ersio n  (%) .Vพ*.&!k -พ?$

99.2 98.7 97.7 98.4
P r o d u c t y ie ld  (w t% ) zwt Si â; ■ çi
Gas yield 82.6 76.3 69.4 79.7
liquid yield 6.20 3.10 5.30 4.70
water 11.2 20.6 25.3 15.7

G a s co m p o sitio n  (w t% ) 'ฟ้': '
Methane 0.00 0.00 0.60 0.00
Ethylene 99.1 96.0 93.5 95.1
Ethane 060 0.50 0.90 1.00
Propylene 0.20 1.00 1.10 0.90
propane 0.00 0.00 0.00 0.00
Butylene 0.10 0.50 0.40 0.30
Butane 0.00 0.00 0.00 0.00

O il co m p o sitio n  (w t% ) - X È - ร •
Oxygenates 89.0 92.1 87.2 88.9
Non-aromatics 1.44 0.60 0.40 0.20
Benzene 4.28 5.20 3.40 7.40
Toluene 0.31 0.60 1.10 0.90
O-Xylene 0.02 0.20 0.40 0.20
m-Xylene 0.03 0.20 0.40 0.30
p-Xylene 0.20 0.20 0.50 0.30
Ethylbenzene 0.12 0.40 0.30 0.20
C9-Aromatics 0.10 - 0.10 2.10 0.86c 10+-Aromatics 4.53 0.40 4.30 0.70
P e tr o le u m  fra c tio n  (w t% ) ' * 1 1  1- ■ - ;13'I 1
Gasoline 90.3 82.9 91.7 95.8
Kerosene 1.06 4.80 2.13 0.97
Gas oil 1.30 3.98 2.28 1.29
LVGO 0.30 0.54 0.46 0.33
HVGO 0.00 0.00 0.00 0.00
Data were taken at the eighth hour of time-on-stream



Table A5 Product distribution over metallic Pd and PdO-modified AI2O3

Catalyst Non-catalysts A I2O 3 Pd PdO
E th a n o l con version  (%) . m m •iiftfiïi AlA»:

99.2 98.7 99.3 97.6
P r o d u c t y ie ld  (w t% ) -<-»* ■»Î* - *- รุ *ï * ■ 'ik % .

Gas yield 82.6 76.3 93.6 94.4
liquid yield 6.20 3.10 1.90 2.80
water 11.2 20.6 4.5 2.8
G a s com p osition  (w t% ) ะ!**',? พ ุ;  -V;

Methane 0.00 0.00 1.90 2.10
Ethylene 99.1 96.0 86.7 84.2
Ethane 0.60 0.50 2.50 2.70
Propylene 0.20 1.00 1.50 1.60
propane 0.00 0.00 0.00 0.00
Butylene 0.10 0.50 0.40 0.60
Butane 0.00 0.00 0.00 0.00
O il com p osition  (w t% ) :it t
Oxygenates 89.0 92.1 39.4 75.5
Non-aromatics 1.44 0.60 0.40 0.10
Benzene 4.28 5.20 42.40 16.40
Toluene 0.31 0.60 1.30 1.00
O-Xylene 0.02 0.20 1.30 0.30
m-Xylene 0.03 0.20 0.90 0.60
p-Xylene 0.20 0.20 0.90 0.30
Ethylbenzene 0.12 0.40 0.5Û 0.40
C9-Aromatics • 0.10 0.10 0.50 1.10c 10+-Aromatics 4.53 0.40 12.40 4.30
P etro leu m  fraction  (w t% ) -■  S'$r£* * £  r x *• ร , '  '.J -

Gasoline 90.3 82.9 52.2 56.4
Kerosene 1.06 4.80 22.4 11.6
Gas oil 1.30 3.98 21.4 27.7
LVGO 0.30 0.54 0.53 0.82
HVGO 0.00 0.00 0.00 0.00
Data were taken at the eighth hour of time-on-stream



Table A6 Product distribution over metallic Cr and CrCb-modified AI2O3

Catalyst Non-catalysts AI2O3 Cr C r03
E th a n o l co n v ersio n  (% ) . - r  -Bit: : ■

9 9 .2 98.7 98.1 99.4
P ro d u c t y ie ld  (พ t% ) ? ใ'T  -•
Gas yield 82.6 76.3 85.5 88.3
liquid yield 6.20 3.10 2.30 2.90
water 11.2 20.6 12.2 8.8

G as com p osition  (w t% ) '''ร!iiftiÿr
Methane 0.00 0.00 3.70 6.80
Ethylene 99.1 96.0 82.9 68.7
Ethane 0.60 0.50 1.50 2.20
Propylene 0.20 1.00 2.10 3.90
propane 0.00 0.00 0.00 0.00
Butylene 0.10 0.50 0.60 1.00
Butane 0.00 0.00 0.00 0.00

O il com p osition  (w t% ) P l S s iM ; ;
Oxygenates 89.0 92.1 80.6 73.6
Non-aromatics 1.44 0.60 0.20 3.00
Benzene 4.28 5.20 10.90 2.70
Toluene 0.31 0.60 1.80 2.40
o-Xylene 0.02 0.20 0.00 2.50
m-Xylene 0.03 0.20 0.70 0.10
p-Xylene 0.20 0.20 0.70 2.30
Ethylbenzene 0.12 0.40 1.10 2.00
C9-Aromatics 0.10 0.10 1.90 4.80
C 10+-Aromatics 4.53 0.40 1.20 6.60
P etro leu m  fra c tio n  (w t% ) ฟ ิฒ £  §ช็ฒรฒ? mlifeém&mm

Gasoline 90.3 82.9 77 .6 82.4
Kerosene 1.06 4.80 6.73 8.29
Gas oil 1.30 3.98 7.51 5.87
LVGO 0.30 0.54 0.52 0.46
HVGO 0.00 0.00 0.00 0.00
Data were taken at the eighth hour of time-on-stream



A p p en d ix  B A m o u n t o f  E le m e n t L o a d in g  (พ t% )

T a b le  B1 Amount of element loading (wt%)

S a m p le E lém en t L o a d in g  
(w t% )

Cobalt 4.85
Iron 5.12

Nickel 5.01
Copper 4.96

Palladium 1.02
Chromium 5.15

D e term in ed  u s in g  X R F
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A p p en d ix  G X -ra y  D iffra c tio n  P a ttern s

F igu re  C l  XRD pattern of Ni-modified catalysts.

10 20 30 40 50 60 70 80
20

F igu re  C2 XRD pattern of Cu-modified catalysts.
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F ig u re  C3 XRD pattern of Pd-modified catalysts.
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