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in  th e  c a ta ly t ic  d e h y d r a t io n  o f  e th a n o l  to  e th y le n e .  M ic r o p o r o u s  a n d  
M e s o p o r o u s  M a te r ia ls . 1 1 6 (1 ) , 2 1 0 - 2 1 5 .
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Figure A2 XRD pattern of 5Ge’B37.
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F i g u r e  A 3  X R D  p a t te r n  o f  5 G e ’B 3 0 0 .

Figure A4 XRD pattern of 5Ga’B27.
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Figure A6 XRD pattern of 5Ga’B300.



Appendix B Product Distribution

T a b l e  B 1 P ro d u c t  d i s t r ib u t io n  o v e r  B 2 7 , B 3 7 , a n d  B 3 0 0

C a t a l y s t B  2 7 B  3 7 B  3 0 0
B i o - e th a n o l  c o n v e r s io n  ( % ) 9 7 .4 9 7 .4 9 7 .4
P r o d u c t  y i e ld  ( w t  % )

G a s 7 5 .8 6 3 .0 8 1 .5
O i l 5 .0 5 7 .2 7 5 .4 3
W a t e r 1 9 .2 2 9 .7 13.1

G a s  c o m p o s i t io n  ( w t  % )
M e t h a n e 0 .9 9 1.65 0 .0 0

E t h y l e n e 8 5 . 9 8 0 .4 9 4 .6
E t h a n e 5 .61 6 .2 9 1 .69
C 3 5 .8 5 8 .8 8 2 .8 2
C 4 1 .6 6 2 .8 0 0 .91
c o 2 0 .0 0 0 .0 0 0 .0 0

O i l  c o m p o s i t io n  ( w t  % )
O x y g e n a t e  c o m p o u n d 1 .28 0 .0 4 4 .0 8
N o n - a r o m a t i c s 0 .0 0 0 .9 6 17 .2
B e n z e n e 11 .3 0 .6 7 3 6 .2
T o l u e n e 2 4 .0 7 .6 4 0 .0 0

O -X y le n e 1 2 :0 8 .0 2 7 .1 3
m - X y le n e 1 0 .9 10 .5 5 .7 2
p - X y le n e 2 1 .3 7 .81 1 2 .6

E th y l b e n z e n e 2 .9 3 5 .5 3 2 .0 5
C 9  A r o m a t i c s 1 4 .4 3 4 .0 12 .3
C 1 0 +  A r o m a t i c s 1 .98 2 4 .9 2 .7 2

P e t r o l e u m  f r a c t i o n  in  o i l  ( w t  % )
G a s o l in e 7 0 .0 6 5 .5 9 4 .7
K e r o s e n e 18.1 3 1 .0 3 .2 8
G a s  o il 1 1 .9 3 .5 0 2 .0 2

D a ta  w e r e  ta k e n  a t  th e  e ig h th  h o u r  o f  t im e - o n - s t r e a m
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Table B2 Product distribution over all Ga203-modified catalysts

C a t a l y s t 5 G a 'B 2 7 5 G a 'B 3 7 5 G a 'B  3 0 0
B i o - e th a n o l  c o n v e r s io n  ( % ) 9 7 .4 9 7 .4 9 7 .4
P r o d u c t  y i e ld  ( w t  % )

G a s 8 3 .7 7 5 .4 7 8 .6
O i l 3 .9 2 6 .4 8 3 .11
W a t e r 1 2 .4 18.1 18 .3

G a s  c o m p o s i t i o n  ( w t  % )
M e t h a n e 1 .3 4 1 .28 0 .0 0

E t h y l e n e 87 .1 7 3 .8 9 5 .5
E t h a n e 5 .2 7 6 .1 6 1 .53
C 3 '5 .1 0 1 3 .4 2 .2 7
C 4 1 . 2 2 5 .4 0 0 .41
c o 2 0 .0 0 0 .0 0 0 .9 9

O i l  c o m p o s i t io n  ( w t  % )
O x y g e n a t e  c o m p o u n d 0 .4 3 4 .7 1 4 5 .1
N o n - a r o m a t i c s 0 .1 7 18 .8 . 0 .0 0

B e n z e n e 4 .1 2 1.05 9 .3 4
T o l u e n e 1 2 .8 0 .9 2 7 .3 9
O -X y le n e 1 1 .9 2 .9 2 4 .9 0
m - X y le n e 11 .5 2 .4 6 4 .2 5
p - X y le n e 2 3 .4 4 .3 5 8 .8 4  -
E t h y l b e n z e n e 2 .6 8 10 .3 1 .1 8
C 9  A r o m a t i c s 2 6 .9 1 5 .6 1 4 .4
C 1 0 +  A r o m a t i c s 6 .0 2 3 9 .0 4 .5 7

P e t r o l e u m  f r a c t i o n  in  o il ( w t  % )
G a s o l i n e 6 3 .8 6 2 .2 8 7 .7

K e r o s e n e 2 5 .2 33 .1 8 .0 6

G a s  o il 1 1 . 0 4 .7 4 4 .2 5

Data were taken at the eighth hour of time-on-stream
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Table B3 Product distribution over all GeCb-modified catalysts

C a t a l y s t 5 G e 'B 2 7 5 G e 'B 3 7 5 G e 'B  3 0 0
B i o - e t h a n o l  c o n v e r s io n  ( % ) 9 7 .4 9 7 .4 9 7 .4
P r o d u c t  y i e ld  ( w t  % )

G a s 8 0 .9 6 8 .5 7 0 .2
O i j 5 .0 4 4 .6 2 4 .8 1
W a t e r 14.1 2 6 .8 2 5 .0

G a s  c o m p o s i t i o n  ( w t  % ) _

M e t h a n e 5 .5 7 1 .4 4 0 .1 6
E t h y l e n e 7 7 .4 8 5 .7 7 9 .6
E t h a n e 7 .1 6 4 .6 2 1 4 .7
C 3 7 .7 2 6 .7 0 3 .6 1  ■
C 4 2 .1 9 2 .5 5 1 .5 8
c o 2 0 .0 0 0 .0 0 0 .3 0

O i l  c o m p o s i t i o n  ( w t  % )
O x y g e n a t e  c o m p o u n d 0 .7 4 0 .2 0 1 0 .5
N o n - a r o m a t i c s 0 .0 0 1 .0 4 1 .1 8
B e n z e n e 6 .2 4 0 .5 5 2 4 .1
T o l u e n e 14.1 6 . 1 1 2 2 .8

O -X y le n e 1 1 .7 6 .5 8 9 .2 8
m - X y le n e 1 0 .5 6 .7 0 6 .6 7
p - X y le n e 2 1 . 6 7 .4 3 13.1
E t h y l b e n z e n e 2 .6 4 4 .9 3 3 .3 8
C 9  A r o m a t i c s 2 7 .0 2 5 .5 8 .2 7
C 1 0 +  A r o m a t i c s 5 .4 5 4 1 .0 0 .6 3

P e t r o l e u m  f r a c t i o n  in  o i l  ( w t  % )
G a s o l i n e 5 9 .9 5 8 .4 6 9 .8

K e r o s e n e 2 5 .1 3 6 .7 2 4 .3

G a s  o i l 1 5 .0 4 .9 1 5 .8 5

Data were taken at the eighth hour of time-on-stream
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Table B4 Product distribution over Ga2Û3-and GeC>2 modified MSU catalysts

C a t a l y s t M S U 5 G a M S U 5 G e M S U
B i o - e th a n o l  c o n v e r s io n  ( % ) 9 7 .3 9 7 .3 9 7 .3
P r o d u c t  y i e ld  ( w t  % )
G a s 7 7 .4 7 9 .6 7 5 .3
O i l 4 .4 7 5 .1 7 6 .9 5
W a t e r 18 .2 15 .2 1 7 .7
G a s  c o m p o s i t i o n  ( w t  % )
M e t h a n e 0 .4 4 0 .6 5 0 .2 5
E th y l e n e 9 3 .6 9 2 .8 9 4 .4
E t h a n e 1 .38 1 .36 1 .5 2
C 3 2 .6 6 2 .2 3 1.91
C 4 1.71 1 .67 1 .6 2
c o 2

O il  c o m p o s i t i o n  ( w t  % )
O x y g e n a t e  c o m p o u n d 4 .3 2 9 2 .4 9 .5 4
N o n - a r o m a t i c s 2 .0 5 1.63 3 .8 9
B e n z e n e 2 .3 5 5 .9 4 2 .0 2

T o lu e n e 4 .3 3 0 .0 0 0 .0 0

O -X y le n e 9 .61 0 .0 0 9 .3 9
m - X y le n e 8 .6 9 0 .0 0 7 .6 5
p - X y le n e 18 .5 0 .0 0 1 3 .6
E t h y l b e n z e n e 1 .8 0 .0 0 1 .6 6

C 9  A r o m a t i c s 2 8 .0 0 .0 0 2 2 . 2

C 1 0 +  A r o m a t i c s 2 0 .4 0 .0 0 30 .1
P e t r o l e u m  f r a c t i o n  in  o i l  ( w t  % )
G a s o l in e 4 8 .5 8 1 .7 5 1 .5
K e r o s e n e 4 7 .2 14 .4 4 4 .5
G a s  o il 4 .2 8 3 .8 5 3 .9 9

Data were taken at the eighth hour of time-on-stream
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A p p e n d ix  c  T r a n s m i s s i o n  E l e c t r o n  M i c r o s c o p y

F i g u r e d  T E M  im a g e  o f  B 3 7  (x lO O k  lO O kV ).

Figure C2 TEM image of MSU (xlOOk lOOkV).
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