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APPENDICES

Appendix A Calculation of Catalysts Composition

The catalysts composition is calculated based on the SiCh/AECb ratio of 
HZSM-5 equal to 23, 30, 50, 80 and 280.

The formula of HZSM-5 with SiCb/AECE ratio 23 is represented by 
AlSili 5O25H.

The formula of HZSM-5 with SiCE/AECE ratio 30 is represented by 
AlSi150 32H.

The formula of HZSM-5 with SiCE/AECb ratio 50 is represented by 
AlSi25 0  52H.

The formula of HZSM-5 with SiCE/AECE ratio 80 is represented by 
AlSi4o082H.

The formula of HZSM-5 with SiCE/AECE ratio 280 is represented by 
AlSi,4o0282H.

Example of the weight of loaded 1ท2 0 3 is represented by

5x277.6xn 
m== 750

Where ท = required In/Al ratio
m = weight of 1ท2 0 3 required

The formula weight of HZSM-5 with SiCE/AECE ratio 23 is 750 g/mol. 
The molecular weight of 1ท2 0 3 is 277.6 g/mol.
The catalysts was prepared base on 5 g of HZSM-5.
The prepared catalysts were using the composition as shown in Table Al.
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Table Al The ingredients of prepared catalysts

S i02/Al20 3
ratio In/Al ratios HZSM-5 (g) 1 ท 2 อ 3  ( g )

Loading 
(wt. %)

0.1 5.00 0.0925 1.8

23 0.3 5.00 0.2776 5.2
0.5 5.00 0.4627 8.5
1.0 5.00 0.9255 15.6
0.1 5.00 0.0723 1.4

30 0.3 5.00 0.2169 4.1
0.5 5.00 0.3615 6.7
1.0 5.00 0.7230 12.6
0.1 5.00 0.0445 0.9

50 0.3 5.00 0.1335 2.6
0.5 5.00 0.2225 4.3
1.0 5.00 0.4449 8.2
0.1 5.00 0.0282 0.6

80 0.3 5.00 0.0846 1.7
0.5 5.00 0.1411 2.7
1.0 5.00 0.2822 5.3
0.1 5.00 0.0082 0.2

280 0.3 5.00 0.0246 0.5
0.5 5.00 0.0410 0.8
1.0 5.00 0.0820 1.6
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Appendix B Calibration Data and Feed Flow Adjustment

The calibration curve and regression equation of raw materials and some 
products is shown below. The response factors used for calculate the products 
amount that derived from the slope of calibration curve is also shown.

Figure B1 Response area from GC FID as a function of injection volume of 
methane.
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Injection volume (แ-L)

Figure B2 Response area from GC FID as a function of injection volume of 
benzene.

45000

0 0.02 0.04 0.06 0.08 0.1
Injection volume (nL)

Figure B3 Response area from GC FID as a function of injection volume of toluene.
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Figure B4 Response area from GC FID as a function of injection volume of 77- 
xylene.

Figure B 5  R e s p o n s e  a r e a  f ro m  G C  F ID  a s  a  f u n c t io n  o f  in je c t io n  v o lu m e  o f  m -

x y le n e .
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Figure B6 Response area from GC FID as a function of injection volume of o- 
xylene.

Table B1 The response factor calculated from calibration curve of each substances

Chemicals Slope(Area/ml)Density(g/ml) (Area/g) MW(g/mol) Response factor 
(Area/mol)

M eth a n e 150669 - - - 3685027598
B e n z e n e 354754464 0.88 403130073 78 31444145673
T o lu e n e 339434893 0.87 390155049 92 35894264547

/7 -x y le n e 326341167 0.86 379466473 106 40223446165
772-xylene 331883881 0.86 385911490 106 40906617891
0 -x y le n e 336617430 0.88 382519807 106 40547099523

The value of response factors calculated from the calibration curve that 
shown in Table B1 is further used in the products quantification for each chemical. 
For the non-calibrated chemicals found during the analysis would use the response 
factor of /7-xylene to represent and calculate amount of that chemicals.
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In the case of feed adjustment, the feed flow controller and catalyst weight 
in various reaction conditions is shown in Table B2.

Table B2 Flow controller adjustment and catalyst weight in various reaction 
conditions

Reaction condition Flow controller 
adjustment (ml/min) catalyst

weight
(g)M/B feed 

ratio WHSV (h 1) Methane Oxygen

23 2.8 5 5 0.16
70 2.8 5 5 0.20

2.8 8 2 0.22
104 6.1 8 2 0.10

12.3 8 2 0.05
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Appendix c Raw Data of Reaction Results

The reaction results as a raw data of GC FID peak area and calculated data 
are shown below.

Table Cl The results of the reaction with O2 treatment at 350 °c and N2 carrier 
using SiCb/AFCb ratio 50, In/Al ratio 0.5, WFISV 2.8 IT1 and methane to benzene 
feed ratio 70 at reaction temperature 350 °c

T im e
on

s tr e a m
(m in )

F ID  area

T o ta l
a r o m a tic

(p m o l)

T o ta l
a r o m a tic
p r o d u c t
(p m o l)

B e n z e n e
c o n v e r s io n

(% )

S e le c t iv ity  (% )
R e a c ta n ts P r o d u c ts

M e th a n e B e n z e n e T o lu e n e C 8 C 9 + T o lu e n e o t h e r

10 8 7 7 5 .8 1 0 0 3 .2 0 .1 3 0 0 0 .0 3 1 9 1 3 . 6 2 E - 0 6 0 .0 1 100 0
4 0 8 6 6 6 .8 9 7 6 . 4 0 0 0 0 .0 3 1 0 5 0 0 .0 0 100 0
7 0 8 7 2 1 .9 9 7 5 .7 0 0 0 0 .0 3 1 0 3 0 0 .0 0 100 0
1 0 0 8 7 0 5 .1 9 5 9 .4 0 0 0 0 .0 3 0 5 1 0 0 .0 0 100 0
1 3 0 8 7 5 5 .0 9 7 4 .5 0 0 0 0 . 0 3 0 9 9 0 0 .0 0 100 0
1 6 0 8 7 6 7 .5 9 5 6 .8 0 0 0 0 .0 3 0 4 3 0 0 .0 0 100 0

Table C2 The results of the reaction with H2 treatment at 700 ๐c  and N2 carrier 
using SiCVAFCb ratio 50, In/Al ratio 0.5, WHSV 2.8 h '1 and methane to benzene 
feed ratio 70 at reaction temperature 350 °c

T im e
on

s tr e a m
(m in )

F ID  area

T o ta l
a r o m a tic

(fim o l)

T o ta l
a r o m a tic
p r o d u c t
(p m o l)

B e n z e n e
c o n v e r s io n (% )

S e le c t iv ity  (% )
R e a c ta n ts P r o d u c ts

M e th a n e B e n z e n e T o lu e n e C 8 C 9 + T o lu e n e O th e r

10 8 8 6 4 .9 9 7 3 .5 1 .1 0 0 0 0 . 0 3 0 9 9 3 .0 6 E - 0 5 0 .1 0 1 0 0 0
4 0 8 8 0 7 9 4 6 .3 0 .2 9 0 0 0 . 0 3 0 1 0 8 . 0 8 E - 0 6 0 .0 3 1 0 0 0
7 0 8 7 7 7 .6 9 5 4 .6 0 .1 5 0 0 0 . 0 3 0 3 6 4 . 1 8 E - 0 6 0 .0 1 1 0 0 0
1 0 0 8 7 5 0 .7 9 8 7 .3 0 .1 0 0 0 0 . 0 3 1 4 0 2 . 7 9 E - 0 6 0 .0 1 1 0 0 0
1 3 0 8 7 9 6 .2 9 5 9 .9 0 .0 9 0 0 0 .0 3 0 5 3 2 . 4 0 E - 0 6 0 .0 1 1 0 0 0
1 6 0 8 7 7 4 .4 9 6 2 .1 0 .0 6 0 0 0 . 0 3 0 6 0 1 .6 2 E - 0 6 0 .0 1 10 0 0
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Table C3 T h e  r e s u l t s  o f  th e  r e a c t io n  w i th  แ 2 t r e a tm e n t  a t  7 0 0  °c f o l lo w e d  b y  O 2

t r e a tm e n t  a t  3 5 0  °c a n d  N 2 c a r r ie r  u s in g  S iÛ 2 /A l 2 0 3  r a t io  5 0 , In /A l r a t io  0 .5 , W H S V
2 .8  h '1 a n d  m e th a n e  to  b e n z e n e  f e e d  ra t io  7 0  a t  r e a c t io n  te m p e r a tu r e  3 5 0  °c

T im e
on

s tr e a m
(m in )

F ID  ar e a

T o ta l
a r o m a tic

(p m o l)

T o ta l
a r o m a tic
p r o d u c t
(p m o l)

B e n z e n e
c o n v e r s io n (% )

S e le c t iv ity  (% )
R e a c ta n ts P r o d u c ts

M e th a n e B e n z e n e T o lu e n e C 8 C 9 + T o lu e n e O th e r

10 8 7 9 0 .2 9 9 4 .7 1 7 .2 0 6 .7 0 .0 3 2 2 8 0 . 0 0 0 6 5 2 .0 0 7 4 .2 1 2 5 .7 9
4 0 8 7 3 0 .4 9 9 9 .1 5 .6 0 0 .8 0 .0 3 1 9 5 0 . 0 0 0 1 8 0 .5 5 8 8 .1 9 1 1 .8 1
7 0 8 7 1 0 .9 1 0 0 0 .4 3 .1 0 0 .1 0 . 0 3 1 9 0 0 .0 0 0 0 9 0 .2 8 9 8 .4 1 1 .5 9
1 0 0 8 7 5 7 .8 9 9 5 .8 1 .9 0 0.0 0 . 0 3 1 7 2 0 . 0 0 0 0 5 0 .1 7 1 0 0 .0 0 0 .0 0
1 3 0 8 6 8 8 .4 9 5 7 .7 1 .5 0 0.0 0 . 0 3 0 5 0 0 .0 0 0 0 4 0 .1 4 1 0 0 .0 0 0 .0 0
1 6 0 8 7 4 4 .7 9 6 6 .1 1 0 0 .0 0 .0 3 0 7 5 0 . 0 0 0 0 3 0 .0 9 1 0 0 .0 0 0 .0 0

Table C4 The results of the reaction with H2 treatment at 600 ๐c  followed by O2 

treatment at 350 °c and N2 carrier using SiCVAkCb ratio 50, In/Al ratio 0.5, WHSV
2.8 h '1 and methane to benzene feed ratio 70 at reaction temperature 350 °c

T im e
on

str ea m
(m in )

F ID  area

T o ta l
a r o m a tic

(p m o l)

T o ta l
a r o m a tic
p r o d u c t
(p m o l)

B e n z e n e
c o n v e r s io n (% )

S e le c t iv ity  (% )
R e a c ta n ts P r o d u c ts

M e th a n e B e n z e n e T o lu e n e C 8 C 9 + T o lu e n e O th e r

10 8 8 8 6 .0 1 0 2 8 .2 1 5 .7 0 8 ,1 0 0 .0 3 3 3 4 0 .0 0 0 6 4 1 .9 2 6 8 .4 7 3 1 .5 3
4 0 8 8 1 7 .4 1 0 4 7 .7 5 .0 0 0 .8 0 0 .0 3 3 4 8 0 .0 0 0 1 6 0 .4 8 8 7 .5 1 1 2 .4 9
7 0 8 9 1 6 .8 1 0 5 5 .5 3 .0 0 0 .0 6 0 .0 3 3 6 5 0 .0 0 0 0 9 0 .2 5 9 8 .1 6 1 .8 4

1 0 0 8 8 7 7 .1 1 0 5 9 .5 2 .0 0 0 .0 0 0 .0 3 3 7 5 0 .0 0 0 0 6 0 .1 7 1 0 0 .0 0 0 .0 0
1 3 0 8 8 1 4 .6 1 0 3 5 .5 1 .3 0 0 .0 0 0 .0 3 2 9 7 0 .0 0 0 0 4 0 .1 1 1 0 0 .0 0 0 .0 0
1 6 0 8 8 7 3 .2 1 0 5 4 .0 1 .0 0 0 .0 0 0 .0 3 3 5 5 0 .0 0 0 0 3 0 .0 8 1 0 0 .0 0 0 .0 0
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Table C5 T h e  r e s u l t s  o f  th e  r e a c t io n  w i th  H2 t r e a tm e n t  a t  800 ๐c  f o l lo w e d  b y  O2

t r e a tm e n t  a t  350 °c a n d  N2 c a r r ie r  u s in g  Si02/Al2Û3 r a t io  50, In /A l r a t io  0.5, W H S V
2.8 h '1 a n d  m e th a n e  to  b e n z e n e  fe e d  ra t io  70 a t r e a c t io n  te m p e r a tu r e  350 °c

T im e
on

s tr e a m
(m in )

F ID  area
T o ta l

a r o m a tic
(n m o l)

T o ta l
a r o m a tic
p r o d u c t
(p m o l)

B e n z e n e
c o n v e r s io n (% )

S e le c t iv ity  (% )
R e a c ta n ts P r o d u c ts

M e th a n e B e n z e n e T o lu e n e C 8 C 9 + T o lu e n e O th e r

10 8 9 6 6 .8 9 2 0 .9 1 3 .3 0 6 .4 0 0 . 0 2 9 8 2 0 .0 0 0 5 3 1 .7 8 6 9 .9 6 3 0 .0 4
4 0 8 9 3 5 .6 9 3 2 .7 4 .5 0 0 .7 4 0 .0 2 9 8 1 0 . 0 0 0 1 4 0 .4 8 8 7 .2 5 1 2 .7 5
7 0 8 8 5 7 .9 9 1 7 .6 2 .6 0 0 .1 2 0 .0 2 9 2 6 0 . 0 0 0 0 8 0 .2 6 9 6 .0 4 3 .9 6
1 0 0 8 8 5 6 .8 9 4 6 .9 1 .7 0 0 .0 0 0 .0 3 0 1 6 0 .0 0 0 0 5 0 .1 6 1 0 0 .0 0 0 .0 0
1 3 0 8 9 4 1 ,7 9 4 2 .8 1 .2 0 0 .0 0 0 .0 3 0 0 2 0 .0 0 0 0 3 0 .1 1 1 0 0 .0 0 0 .0 0
1 6 0 8 9 8 6 .3 9 5 1 .1 0 .9 0 0 .0 0 0 . 0 3 0 2 7 0 .0 0 0 0 3 0 .0 8 1 0 0 .0 0 0 .0 0

Table C6 The results of the reaction with H2 treatment at 700 ๐c  followed by O2 

treatment at 350 ๐c  and N2 carrier using SiCh/AhCb ratio 50, In/Al ratio 0.5, WHSV
2.8 h '1 and methane to benzene feed ratio 70 at reaction temperature 300 °c

T im e
on

s tr e a m
(m in )

F ID  a rea

T o ta l
a r o m a tic

(p m o l)

T o ta l
a r o m a tic
p r o d u c t
(p m o l)

B e n z e n e
c o n v e r s io n (% )

S e le c t iv ity  (% )
R e a c ta n ts P r o d u c ts

M e th a n e B e n z e n e T o lu e n e C 8 C 9 + T o lu e n e O th e r

10 8 9 3 8 .0 1 0 1 4 .3 12.8 0 4 .4 0 0 . 0 3 2 7 2 0 . 0 0 0 4 7 1 .4 2 7 6 .5 3 2 3 .4 7
4 0 8 8 4 5 .3 1 0 1 4 .6 5 .0 0 0 .7 6 0 . 0 3 2 4 2 0 . 0 0 0 1 6 0 .4 9 8 8 .0 6 1 1 .9 4
7 0 8 8 3 1 .2 9 8 3 .5 3.1 0 0 .0 7 0 . 0 3 1 3 7 0 .0 0 0 0 9 0 .2 8 9 8 .0 2 1 .9 8
1 0 0 8 8 4 1 .8 1 0 1 4 .9 2 .4 0 0 .0 0 0 .0 3 2 3 4 0 . 0 0 0 0 7 0 .2 1 1 0 0 .0 0 0 .0 0
1 3 0 8 7 6 6 .8 1 0 0 2 .3 1.8 0 0 .0 0 0 .0 3 1 9 3 0 . 0 0 0 0 5 0 .1 6 1 0 0 .0 0 0 .0 0
1 6 0 8 8 3 2 .8 1 0 1 3 .6 1.6 0 0 .0 0 0 .0 3 2 2 8 0 .0 0 0 0 4 0 .1 4 1 0 0 .0 0 0 ,0 0
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Table C 7  T h e  r e s u l t s  o f  th e  r e a c t io n  w i th  แ 2 t r e a tm e n t  a t  7 0 0  ๐c  f o l lo w e d  b y  <ว2

t r e a tm e n t  a t  3 5 0  °c a n d  N 2 c a r r ie r  u s in g  S i0 2 /A l 2 0 3  r a t io  5 0 , In /A l r a t io  0 .5 , W H S V
2.8 h '1 a n d  m e th a n e  to  b e n z e n e  fe e d  r a t io  7 0  a t  r e a c t io n  te m p e r a tu r e  4 0 0  °c

T im e
on

str ea m
(m in )

F ID  ar e a

T o ta l
a r o m a tic

(p m o l)

T o ta l
a r o m a tic
p r o d u c t
(p m o l)

B e n z e n e
c o n v e r s io n (% )

S e le c t iv ity  (% )
R e a c ta n ts P r o d u c ts

M e th a n e B e n z e n e T o lu e n e C 8 C 9 + T o lu e n e O th e r

10 8 9 4 4 .2 9 8 8 .3 1 3 .7 0 1 4 .3 0 0 .0 3 2 1 7 0 .0 0 0 7 4 2 .2 9 5 1 .7 7 4 8 .2 3
4 0 8 8 2 7 .9 9 3 4 .0 4 .1 0 2 .9 0 0 .0 2 9 8 9 0 .0 0 0 1 9 0 .6 2 6 1 .3 0 3 8 .7 0
7 0 8 8 7 6 .4 9 9 4 .0 2 .3 0 0 .7 9 0 .0 3 1 7 0 0 . 0 0 0 0 8 0 .2 6 7 6 .5 4 2 3 .4 6
1 0 0 8 9 2 0 .8 9 9 7 .7 1 .5 0 0 .3 7 0 .0 3 1 7 8 0 .0 0 0 0 5 0 .1 6 8 1 .9 6 1 8 .0 4
1 3 0 8 8 7 4 .2 1 0 1 8 .9 0 .9 0 0 .1 8 0 .0 3 2 4 3 0 .0 0 0 0 3 0 .0 9 8 4 .7 1 1 5 .2 9
1 6 0 8 8 4 2 .7 1 0 1 3 .7 0 .6 0 0 .0 8 0 .0 3 2 2 6 0 .0 0 0 0 2 0 .0 6 8 8 .5 6 1 1 .4 4

Table C8 The results of the reaction with H2 treatment at 700 °c followed by O2 

treatment at 350 ๐c  and N2 carrier using Si0 2 /Al2 0 3  ratio 50, In/Al ratio 0.5, WHSV
2.8 h '1 and methane to benzene feed ratio 70 at reaction temperature 450 ๐c

T im e
on

str e a m
(m in )

F ID  area

T o ta l
a r o m a tic

(jim o l)

T o ta l
a r o m a tic
p r o d u c t
(p m o l)

B e n z e n e
c o n v e r s io n

( % )

S e le c t iv ity  (% )
R e a c ta n ts P r o d u c ts

M e th a n e B e n z e n e T o lu e n e C 8 C 9+ T o lu e n e O th e r

10 8 9 2 2 .4 9 8 3 .9 1 2 .7 0 1 6 .6 0 0 . 0 3 2 0 6 0 .0 0 0 7 7 2 .3 9 4 6 .1 6 5 3 .8 4
4 0 8 8 9 0 .8 1 0 0 7 .5 4 .5 0 5 .5 0 0 . 0 3 2 3 0 0 .0 0 0 2 6 0 .8 1 4 7 .8 3 5 2 ,1 7
7 0 8 8 3 5 .9 1 0 2 1 .3 2 .1 0 1 .8 0 0 . 0 3 2 5 8 0 .0 0 0 1 0 0 .3 2 5 6 .6 6 4 3 .3 4
1 0 0 8 8 9 9 .3 1 0 3 5 .0 1.1 0 0 .7 4 0 . 0 3 2 9 6 0 .0 0 0 0 5 0 .1 5 6 2 .4 9 3 7 .5 1
1 3 0 8 8 6 6 .6 1 0 1 3 .3 0 .7 0 0 ,3 5 0 .0 3 2 2 5 0 .0 0 0 0 3 0 .0 8 6 8 .3 9 3 1 .6 1
1 6 0 8 8 0 9 .0 1 0 3 8 .3 0 .5 0 0 .2 2 0 . 0 3 3 0 4 0 . 0 0 0 0 2 0 .0 6 7 2 .9 7 2 7 .0 3
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Table C 9  T h e  r e s u l t s  o f  th e  r e a c t io n  w ith  H 2 t r e a tm e n t  a t  7 0 0  ๐c  f o l lo w e d  b y  O 2

t r e a tm e n t  a t  3 5 0  °c a n d  N 2 c a r r ie r  u s in g  S iC V A ^ C b  ra t io  5 0 , In /A l r a t io  0 .5 , W H S V
2 .8  h '1 a n d  m e th a n e  to  b e n z e n e  f e e d  ra t io  7 0  a t  r e a c t io n  te m p e r a tu r e  5 0 0  °c

T im e
on

str e a m
(m in )

F ID  area
T o ta l

a r o m a tic
(p m o l)

T o ta l
a r o m a tic
p r o d u c t
(p m o l)

B e n z e n e
c o n v e r s io n

( % )

S e le c t iv ity  (% )
R e a c ta n ts P r o d u c ts

M e th a n e B e n z e n e T o lu e n e C 8 C 9 + T o lu e n e O th e r

10 8 9 8 1 .8 9 4 8 .2 12.8 0 2 1 .3 0 0 . 0 3 1 0 4 0 .0 0 0 8 9 2 .8 5 4 0 .2 4 5 9 .7 6
4 0 8 9 9 9 .5 9 8 6 .0 4 .0 0 5 .9 0 0 . 0 3 1 6 2 0 .0 0 0 2 6 0 .8 2 4 3 .1 7 5 6 .8 3
7 0 8 9 3 0 .7 9 7 4 .6 2.0 0 2.20 0 .0 3 1 1 1 0.00011 0 .3 5 5 0 .4 6 4 9 .5 4
100 8 8 7 5 .3 1 0 3 3 .3 1 .3 0 0 .9 3 0 . 0 3 2 9 2 0 .0 0 0 0 6 0 .1 8 6 1 .0 4 3 8 .9 6
1 3 0 8 9 6 4 .9 9 6 9 .3 0.8 0 0 .4 4 0 . 0 3 0 8 6 0 . 0 0 0 0 3 0 .1 1 6 7 .0 8 3 2 .9 2
1 6 0 8 8 8 6 .9 9 6 8 .9 0.8 0 0 .3 7 0 . 0 3 0 8 4 0 .0 0 0 0 3 0 .1 0 7 0 .6 7 2 9 .3 3

Table CIO The results of the reaction with H2 treatment at 700 °c and O2 carrier 
using Si0 2/Al20 3  ratio 50, In/Al ratio 0.5, WHSV 2.8 h '1 and methane to benzene 
feed ratio 70 at reaction temperature 350 °c

T im e
on

str e a m
(m in )

F ID  ar e a

T o ta l
a r o m a tic

(p m o l)

T o ta l
a r o m a tic
p r o d u c t
(p m o l)

B e n z e n e
c o n v e r s io n

( % )

S e le c t iv ity  (% )
R e a c ta n ts P r o d u c ts

M e th a n e B e n z e n e T o lu e n e C 8 C 9 + T o lu e n e O th e r

10 8 9 6 3 .0 9 4 6 .8 1 5 .4 0 8.20 0 . 0 3 0 7 4 0 .0 0 0 6 3 2 .0 6 6 7 .7 9 3 2 .2 1
4 0 8 8 9 1 .3 9 4 3 .2 12.2 0 5 .7 0 0 .0 3 0 4 8 0 . 0 0 0 4 8 1 .5 8 7 0 .5 8 2 9 .4 2
7 0 8 8 7 4 .5 9 4 4 .1 1 1 .4 0 3 .1 0 0 . 0 3 0 4 2 0 . 0 0 0 3 9 1 .3 0 8 0 .4 7 1 9 .5 3
100 8 8 7 1 .1 9 3 3 .2 10.6 0 1 .9 0 0 .0 3 0 0 2 0 .0 0 0 3 4 1 .1 4 8 6 .2 1 1 3 .7 9
1 3 0 8 8 2 5 .5 9 5 2 .7 10.1 0 0 .8 2 0 . 0 3 0 6 0 0 .0 0 0 3 0 0 .9 9 9 3 .2 4 6 .7 6
1 6 0 8866,1 9 2 7 .5 9 .5 0 0 .6 4 0 .0 2 9 7 8 0 . 0 0 0 2 8 0 .9 4 9 4 .3 3 5 .6 7
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Table C ll  The results of the reaction with H2 treatment
using SiCVAbCb ratio 50, In/Al ratio 0.1, WHSV 2.8 h '1
feed ratio 70 at reaction temperature 350 °c

at 700 ๐c  and O2 carrier
and methane to benzene

T im e
on

str ea m
(m in )

F ID  ar e a

T o ta l
a r o m a tic

(แ |ฑ 0 เ)

T o ta l
a r o m a tic
p r o d u c t
(p m o l)

B e n z e n e
c o n v e r s io n(%)

S e le c t iv ity  (% )
R e a c ta n ts P r o d u c ts

M e th a n e B e n z e n e T o lu e n e C 8 C 9 + T o lu e n e O th e r

10 9000.1 871.6 3.3 0 2.49 0,02787 0.00015 0 .5 5 5 9 .7 6 40,24
40 8949.6 862.7 3.4 0 2.10 0.02758 0.00015 0 .5 3 6 4 .4 7 35.53
70 8850.2 860.9 3.0 0 1.40 0.02750 0.00012 0 .4 3 7 0 .6 0 29.40
100 8858.4 896.7 3.0 0 1.10 0.02863 0.00011 0 .3 9 7 5 .3 5 24.65
130 8880.3 873.5 2.7 0 0.65 0.02787 0.00009 0 .3 3 8 2 .3 2 17.68
160 8864.7 895.3 2.6 0 0.49 0.02856 0.00008 0 .3 0 8 5 .6 0 14,40

Table C12 The results of the reaction with H2 treatment at 700 ๐c  and O2 carrier 
using S i02/Al20 3 ratio 50, In/Al ratio 0.3, WHSV 2.8 h'1 and methane to benzene 
feed ratio 70 at reaction temperature 350 °c

T im e
on

s tr e a m
(m in )

K ID  area

T o ta l
a r o m a tic

(p m o l)

T o ta l
a r o m a tic
p r o d u c t
(p m o l)

B e n z e n e
c o n v e r s io n(%)

S e le c t iv ity  (% )R e a c ta n ts P r o d u c ts

M e th a n e B e n z e n e T o lu e n e C8 C9+ T o lu e n e O th e r

10 8880.7 910.4 9.1 0 6.4 0.02937 0.00041 1 .4 1 6 1 .4 4 38.56
40 8911.6 938.2 9.9 0 5.4 0.03025 0.00041 1 .3 6 6 7 .2 6 32.74
70 8790.4 913.6 9.1 0 2.9 0.02938 0.00033 1 .1 1 7 7 .8 6 22.14
100 8822.4 927.0 8.5 0 2.2 0.02977 0.00029 0 .9 8 8 1 .2 4 18.76
130 8821.3 923.0 8.1 0 1.6 0.02962 0.00027 0 .9 0 8 5 .0 1 14.99
160 8825.7 911.0 7.9 0 1.3 0.02922 0.00025 0 .8 6 8 7 .2 0 12.80
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Table C13 The results of the reaction
using S i02/Al20 3 ratio 50, In/Al ratio 1
feed ratio 70 at reaction temperature 350

with H2 treatment 
.0, WHSV 2.8 h'1
°c

at 700 °c and 0 2 carrier
and methane to benzene

T im e
on

str ea m
(m in )

F ID  ar e a

T o ta l
a r o m a tic

(fim o l)

T o ta l
a r o m a tic
p r o d u c t
(p m o l)

B e n z e n e
c o n v e r s io n(%)

S e le c t iv ity  (% )
R e a c ta n ts P r o d u c ts

M e th a n e B e n z e n e T o lu e n e C8 C9+ T o lu e n e O th e r

10 8943.9 778.7 14.5 0.09 0.44 0.02518 0.00042 1 .6 6 9 6 .8 5 2.62
40 8869.7 728.7 22.3 0.56 1.90 0.02386 0.00069 2 .8 8 9 0 .3 5 6.87
70 8791.0 723.4 19.0 0.25 1.60 0.02358 0.00058 2 .4 4 9 1 .8 8 6.90
100 8798.2 741.4 16.3 0 1.30 0.02406 0.00049 2 .0 2 9 3 .3 6 6.64
130 8875.6 738.5 13.4 0 0.90 0.02388 0.00040 1 .6 6 9 4 .3 5 5.65
160 8842.5 723.5 10.5 0 0.50 0.02331 0.00030 1 .3 1 9 5 .9 2 4.08

Table C14 The results of the reaction with H2 treatment at 700 °c and 0 2 carrier 
using S i02/Al20 3 ratio 50, In/Al ratio 1.0, WHSV 2.8 h'1 and methane to benzene 
feed ratio 23 at reaction temperature 350 °c

T im e
on

str ea m
(m in )

F ID  area

T o ta l
a r o m a tic

(n m o l)

T o ta l
a r o m a tic
p r o d u c t
(p m o l)

B e n z e n e
c o n v e r s io n(%)

S e le c t iv ity  (% )
R e a c ta n ts P r o d u c ts

M e th a n e B e n z e n e T o lu e n e C 8 C 9 + T o lu e n e O th e r

10 6151.5 1840.8 34.7 0.48 3.7 0.05961 0.00107 1 .8 0 9 0 .3 0 8.59
40 6169.8 1829.8 27.2 0.21 3.6 0.05904 0.00085 1 .4 4 8 8 .9 0 10.50
70 6135.4 1840.4 24.1 0 3.5 0.05929 0.00076 1 .2 8 8 8 .5 3 11.47
100 6130.2 1781.3 21.5 0 3.4 0.05733 0.00068 1 .1 9 8 7 .6 3 12.37
130 6173.9 1797.8 19.5 0 3.1 0.05779 0.00062 1 .0 7 8 7 .5 8 12.42
160 6123.6 1810.4 17.6 0 3.0 0.05814 0.00056 0 .9 7 8 6 .8 0 13.20
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Table C l5 The results of the reaction with H 2 treatment
using S i02/Al20 3 ratio 50, In/Al ratio 1.0, WHSV 2.8 h '1
feed ratio 104 at reaction temperature 350 ๐c

at 700 ๐c  and 0 2 carrier
and methane to benzene

T im e
on

str ea m
(m in )

F ID  a rea

T o ta l
a r o m a tic

( lim o l)

T o ta l
a r o m a tic
p r o d u c t
(p m o l)

B e n z e n e
c o n v e r s io n(%)

S e le c t iv ity  (% )
R e a c ta n ts P r o d u c ts

M e th a n e B e n z e n e T o lu e n e C 8 C 9+ T o lu e n e O th e r

10 9426.8 572.6 12.9 0 0.54 0.01858 0.00037 2 .0 1 9 6 .4 0 3.60
40 9355.7 500.4 22.1 0.8 0.48 0.01656 0.00065 3 .9 1 9 5 .1 1 1.84
70 9435.9 504.8 20.4 0.48 0.40 0.01665 0.00060 3 .5 8 9 5 .3 5 1.67
100 9318.1 484.9 17.9 0.61 0.10 0.01594 0.00052 3 .2 7 9 5 .6 0 0.48
130 9434.7 513.8 16.4 0.19 0.25 0.01681 0.00047 2 .8 2 9 6 .4 0 1.31
160 9382.2 502.6 14.0 0 0.58 0.01639 0.00040 2 .4 7 9 6 .4 3 3.57

Table C16 The results of the reaction with H2 treatment at 700 °c and 0 2 carrier 
using Si0 2/Al20 3  ratio 50, In/Al ratio 1.0, WHSV 6.1 h'1 and methane to benzene 
feed ratio 104 at reaction temperature 350 °c

T im e
on

str ea m
(m in )

F ID  ar e a

T o ta l
a r o m a tic

(jim o l)

T o ta l
a r o m a tic
p r o d u c t
(p m o l)

B e n z e n e
c o n v e r s io n(%)

S e le c t iv ity  (% )
R e a c ta n ts P r o d u c ts

M e th a n e B e n z e n e T o lu e n e C 8 C 9 + T o lu e n e O th e r

10 9397.2 683.6 14.7 0.17 0.08 0.02216 0.00042 1 .8 8 9 8 .5 2 0.48
40 9369.4 669.8 12.7 0.08 0.50 0.02167 0.00037 1 .7 0 9 6 .0 7 3.38
70 9365.5 678.8 10.0 0 0.44 0.02188 0.00029 1 .3 2 9 6 .2 2 3.78
100 9355.3 627.6 7.8 0 0.34 0.02018 0.00023 1 .1 2 9 6 .2 6 3.74
130 9342.6 655.0 6.5 0 0.21 0.02102 0.00019 0 .8 9 9 7 .2 0 2.80
160 9336.8 645.5 5.1 0 0.11 0.02067 0.00014 0 .7 0 9 8 .1 1 1.89



75

Table C l7 The results of the reaction with H2 treatment at 700 °c and 0 2 carrier
using Si0 2/Al20 3  ratio 50, In/Al ratio 1.0, WHSV 12.3 h~! and methane to benzene
feed ratio 104 at reaction temperature 350 ๐c

T im e
on

str ea m
(m in )

F ID  ar e a

T o ta l
a r o m a tic

(n m o l)

T o ta l
a r o m a tic
p r o d u c t
(p m o l)

B e n z e n e
c o n v e r s io n(%)

S e le c t iv ity  (% )R e a c ta n ts P r o d u c ts

M e th a n e B e n z e n e T o lu e n e C8 C9+ T o lu e n e O th e r

10 9434.3 788.7 6.4 0 0.15 0.02526 0.00018 0 .7 2 9 7 .9 5 2.05
40 9390.3 754.9 7.5 0 0.22 0.02422 0.00021 0 .8 9 9 7 .4 5 2.5570 9426.5 743.6 6.6 0 0.19 0.02384 0.00019 0 .7 9 9 7 .5 6 2.44
100 9336.1 750.3 6.0 0 0.16 0.02403 0.00017 0 .7 1 9 7 .6 8 2.32
130 9349.6 785.4 5.3 0 0.14 0.02513 0.00015 0 .6 0 9 7 .7 0 2.30
160 9415.3 766.8 4.6 0 0.12 0.02452 0.00013 0 .5 3 9 7 .7 3 2.27

Table C18 The results of the reaction with H2 treatment at 700 °c and 0 2 carrier 
using Si0 2/Al20 3  ratio 23, In/Al ratio 1.0, WHSV 2.8 h'1 and methane to benzene 
feed ratio 104 at reaction temperature 350 °c

T im e
on

s tr e a m
(m in )

F ID  area

T o ta l
a r o m a tic

(p m o l)

T o ta l
a r o m a tic
p r o d u c t
(p m o l)

B e n z e n e
c o n v e r s io n(%)

S e le c t iv ity  (% )R e a c ta n ts P r o d u c ts

M e th a n e B e n z e n e T o lu e n e C8 C 9+ T o lu e n e O th e r

10 9425.2 610.7 10.7 0 1.90 0.01977 0.00035 1 .7 5 8 6 .3 2 13.68
40 9406.3 595.4 6.5 0 1.15 0.01914 0.00021 1 .1 0 8 6 .3 6 13.64
70 9351.1 600.2 4.0 0 0.70 0.01922 0.00013 0 .6 7 8 6 .4 9 13.51
100 9354.3 623.9 2.3 0 0.40 0.01992 0.00007 0 .3 7 8 6 .5 7 13.43130 9358.0 652.1 1.5 0 0.25 0.02079 0.00005 0 .2 3 8 7 .0 5 12.95
160 9335.0 654.7 1.0 0 0.16 0.02085 0.00003 0 .1 5 8 7 .5 1 12.49
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Table C19 The results of the reaction with H2 treatment
using S i02/Al20 3 ratio 30, In/Al ratio 1.0, WHSV 2.8 If1
feed ratio 104 at reaction temperature 350 ๐c

at 700 °c and 0 2 carrier
and methane to benzene

T im e
on

s tr e a m
(m in )

F ID  a rea

T o ta l
a r o m a tic

(p m o l)

T o ta l
a r o m a tic
p r o d u c t
(p m o l)

B e n z e n e
c o n v e r s io n(%)

S e le c t iv ity  (% )
R e a c ta n ts P r o d u c ts

M e th a n e B e n z e n e T o lu e n e C 8 C 9+ T o lu e n e O th e r

10 9407.1 520.5 14.6 0 2.20 0.01701 0.00046 2 .7 1 8 8 .1 5 11.85
40 9387.2 574.0 6.8 0 0.95 0.01847 0.00021 1 .1 5 8 8 .9 2 11.08
70 9343.3 575.9 5.3 0 0.79 0.01848 0.00017 0 .9 1 8 8 .2 6 11.74
100 9333.9 577.5 4.1 0 0.60 0.01850 0.00013 0 .7 0 8 8 .4 5 11.55
130 9260.0 579.8 2.6 0 0,35 0.01852 0.00008 0 .4 4 8 9 .2 8 10.72
160 9338.5 587.1 1.4 0 0.18 0.01871 0.00004 0 .2 3 8 9 .7 1 10.29

Table C20 The results of the reaction with H2 treatment at 700 °c and 0 2 carrier 
using S i02/Al2C>3 ratio 80, In/Al ratio 1.0, WHSV 2.8 h'1 and methane to benzene 
feed ratio 104 at reaction temperature 350 °c

T im e
on

s tr e a m
(m in )

F ID  a rea

T o ta l
a r o m a tic

(p m o l)

T o ta l
a r o m a tic
p r o d u c t
(p m o l)

B e n z e n e
c o n v e r s io n(%)

S e le c t iv ity  (% )R e a c ta n ts P r o d u c ts

M e th a n e B e n z e n e T o lu e n e C 8 C 9+ T o lu e n e O th e r

10 9506.1 657.8 7.6 0 0.60 0.02115 0.00023 1 .0 7 9 3 .4 2 6.58
40 9520.4 621.4 9.6 0 0.46 0.02004 0.00028 1 .3 9 9 5 .9 0 4.10
70 9446.1 646.0 9.8 0 0.43 0.02083 0.00028 1 .3 6 9 6 .2 3 3.77
100 9478.2 631.1 9.4 0 0.21 0.02034 0.00027 1 .3 1 9 8 .0 5 1.95
130 9418.5 617.4 9.1 0 0.17 0.01989 0.00026 1 .3 0 9 8 .3 6 1.64
160 9386.9 616.7 9.1 0 0.08 0.01987 0.00026 1 .2 9 9 9 .2 7 0.73
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Table C21 The results of the reaction with H2 treatment at 700 °c and O2 carrier 
using S i02/Al20 3 ratio 280, In/Al ratio 1.0, WHSV 2.8 h'1 and methane to benzene 
feed ratio 104 at reaction temperature 350 °c

T im e
on

str ea m
(m in )

F ID  area

T o ta l
a r o m a tic

(แ |ฑ 0 เ)

T o ta l
a r o m a tic
p r o d u c t
(p m o l)

B e n z e n e
c o n v e r s io n(%)

S e le c t iv ity  (% )R e a c ta n ts P r o d u c ts

M e th a n e B e n z e n e T o lu e n e C8 C9+ T o lu e n e O th e r

10 9599.3 573.5 0.14 0 0.60 0.01824 3.90E-06 0 .0 2 1 0 0 .0 0 0.00
40 9506.5 599.1 0.73 0 0.46 0.01907 2.03E-05 0 .1 1 1 0 0 .0 0 0.00
70 9360.1 611.5 0.92 0 0.43 0.01947 2.56E-05 0 .1 3 1 0 0 .0 0 0.00100 9461.2 615.2 0.98 0 0.21 0.01959 2.73E-05 0 .1 4 1 0 0 .0 0 0.00
130 9444.6 603.4 0.88 0 0.17 0.01921 2.45E-05 0 .1 3 1 0 0 .0 0 0.00160 9449,8 588.0 0.89 0 0.08 0.01872 2.48E-05 0 .1 3 1 0 0 .0 0 0.00



78

Appendix D Raw Data of Catalysts Characterization

The temperature program desorption (TPD) characterization results is 
shown in Figure Dl.

Figure Dl Temperature program desorption (TPD) profiles of catalyst with various 
In/Al ratios.
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The desorption temperature and peak area, calculated from integration 
program (fityk) using Gaussian curve from obtained TPD profile, are shown in Table 
Dl.

Table D l Desorption temperature and peak area of HZSM-5 catalysts

Acid sites
Area

HZSM-5,
S i0 2/Al20 3

23
HZSM-5,

S i0 2/Al20 3
30

HZSM-5, 
S i0 2/Al20 3 

50
HZSM-5, 

S i0 2/Al20 3 
80

HZSM-5,
S i0 2/Al20 3

280
Weak acid 1.4 2.8 2.3 3.1 0.4
Strong
acid

41.2 37.2 31.6 23.9 7.7

Total acid 42.6 40.0 33.9 27.0 8.1

Table D2 Desorption temperature and peak area of HZSM-5 and In/HZSM-5 with 
Si02/Al20 3 50

Area Area of In/HZSM-5, S i0 2/Al20 3 50
Acid sites HZSM-5,

S i0 2/Al20 3
50

In/Al ratio 
0.1

In/Al ratio 
0.3

In/Al ratio 
0.5

In/Al ratio 
1.0

Weak acid 2.3 2.5 3.1 1.3 0.7
Strong
acid

31.6 34.5 28.6 15.3 5.3

Total acid 33.9 37 31.7 16.6 6

The calculation of acidity from TPD peak area used the calibration factor 
from propylene to calculate.

The area of propylene per mole from the calibration is equal to 7.672 X  106 
The weight of used catalysts is 0.0500 g.
The acidity of catalysts in pmol/g was calculated by
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Acidity ütmol/g) = (7 672 area/^ )x (0,05Ô01 )

The acidity of the catalyst is already shown in Table 4.5 and 4.6.
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