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APPENDICES

Appendix A Calculation of Catalysts Composition

The catalysts composition is calculated base on the Si/Al ratio of HZSM-5 
equal to 20.

The formula of HZSM-5 with Si/Al ratio 20 is represented by AlSi2()042H. 
The formula weight of HZSM-5 is 1260 g/mol.
The molecular weight of InCh is 221 g/mol.
The catalysts was prepared base on 5 g of HZSM-5.
The weight of loaded InCh is represented by

5x221xn 
m = โ260

Where ท = required In/Al ratio
m = weight of InCh required

The prepared catalysts was using the composition as shown in Table AT

Table A1 The ingredients of prepared catalysts

In/Al ratios- HZSM-5 (g) i n c , 3 ( g ) Loading (wt. %)

0.1 5.00 0.0877 1.7

0.3 5.00 0.2631 5.0

0.5 5.00 0.4385 8.1

1.0 5.00 0.8770 14.9
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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.

0 0.05 0.1 0 .15 0 .2  0.25
In je c t io n  v o lu m e  (m L )

Figure B1 Response area from GC FID as a function of injection volume of 
methane.
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Figure B2 Response area from GC FID as a function of injection volume of 
benzene.

Figure B3 Response area from GC FID as a function of injection volume of toluene.
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I n je c t io n  v o lu m e  (n L )

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

Figure B5 Response area from GC FID as a function of injection volume of m- 
xylene.
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I n je c t io n  v o lu m e  ( fiL )

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 ท / ,1Density(g/ml)
' - < * ™ /» MW(g/mol) Response factor 

(Area/mol)

Methane 150669 - - - 3685027598

Benzene 354754464 0.88 403130073 78 31444145673

Toluene 339434893 0.87 390155049 92 35894264547

/7-Xylene 326341167 0.86 379466473 106 40223446165

m-Xylene 331883881 0.86 385911490 106 40906617891

O-Xylene 336617430 0.88 382519807 106 40547099523
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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 p-xylene to represent and calculate amount of that chemicals.

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

1.  1.Reaction condition
- '

Flow CO 
adjustmen

ntroller 
t (ml/min) catalyst

weight
(8)WHSV (h 1) M/B.recdratio Methane Oxygen

1.8 45 21.0 9.0 0.940

19 15.0 15.0

6.6 45 21.0 9.0 0.250

105 25.5 4.5

13.2 45 21.0 9.0 0.125
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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 N2 treatment at 350 ๐c  and N2 carrier 
using In/Al ratio 0.5, WHSV 6.6 IT1 and methane to benzene feed ratio 45 at reaction 
temperature 300 ๐c

Tim e
on

stream
(m in)

i i :f§; ■. FID  a rea
Total

a rom atic
(nm ol)

i

™,I
arom atic
p ro duc t
(pm ol)

•
Benzene

conversion(% )

selectivity (%)R eactan ts P roducts
: ,

M ethaneI f  r  z
1

Benzene TToluene
i:5$*' .

C9+ Toluene
■

.

o th e r

10 '31792 6233.2*' 4.6 0 0 0.19836 0.00013 0 0 6 5 1 0 0 0
40 31932 6239.6 6.9 0 0 0.19863 0.00019 0.097 1 0 0 0
70 31825 6262.3 6.8 0 0 0.19935 0.00019 0.095 1 0 0 0
100 31763 6225.6 6.5 0 0 0.19817 0.00018 0.091 1 0 0 0
130 31774 6178.1 6.6 0 0 0.19666 0.00018 0.093 1 0 0 0
160 31561 6120.1 66 0 0 0.19482 0.00018 0.094 1 0 0 0

Table C2 The results of the reaction with N2 treatment at 350 °c and N2 carrier 
using In/Al ratio 0.5, WHSV 6.6 h'1 and methane to benzene feed ratio 45 at reaction 
temperature 350 °c

.Tim e
on

stream
(m in)

! f e i l l :,T 3 ) a rea ■“ ร
1 # 1G  *

T otal
a rom atic

(pm ol)

ไ!§๗®^เ^
Total

arom atic

(nm ol)

'ร
Benzene

conversion(% )

selectivity (% )
-R eactan ts p roducts

M ethane Benzene ™  น . . ,
7

ร ® # #
C8

-"C9+J Toluene
•- 4 .■1, •;# o th e r

fé s Ê ?10 32995 6515.8 76.1 0 0 0.20934 0.00212 1.013 1 0 0 0
40 33037 6486.9 51.9 0 0 0.20775 0.00145 0.696 1 0 0 0
70 33018 6656.5 39.8 0 0 0.21280 0.00111 0.521 1 0 0 0
100 32904 6566.4 31.7 0 0 0.20971 0.00088 0.421 1 0 0 0
130 32919 6566.6 28.4 0 0 0.20962 0.00079 0.377 1 0 0 0
160 33017 6643.6 26.1 0 0 0.21201 0.00073 0.343 1 0 0 0
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Table C3 The results of the reaction with N2 treatment at 350 °c and N2 carrier
using In/Al ratio 0.5, WHSV 6 . 6  IT1 and methane to benzene feed ratio 45 at reaction
temperature 400 °c

Tim e
on

stream
(m in)

■ %

FID  area 1 p g  f f z  ,1

Total
arom atic

(nmol)

Total
arom atic
p roduct
(nm ol)

I-
Benzene

conversion(% )

V ช ุ! ; ! ' ; ! -

selectivity (%)'R eactants r roducts • Jt ; - Vfp:

M ethane Benzene' 54- 4 1 , Toluene C 8 C9+ l  ‘ i* 1,Toluene;C O ther

10 31875 5641.4 186.9 4.23 3 17 0.18480 0.00539 2.917 96.604 " 3396
40 31893 5855.6 74 0 0.89 0 18831 0.00208 1.107 98.938 1.062
70 31960 5881.7 46 0 0 0.18833 0.00128 0.680 1 0 0 0
100 31606 5894.5 32.7 0 0 0.18837 0.00091 0.484 1 0 0 0
130 31729 5958.5 22.9 0 0 0.19013 0.00064 0.336 1 0 0 0
160 31837 5974.4 12.3 0 0 0.19034 0.00034 0.180 1 0 0 0

Table C4 The results of the reaction with 0 2 treatment at 350 °c and N2 carrier 
using In/Al ratio 0.5, WHSV 6.6 h '1 and methane to benzene feed ratio 45 at reaction 
temperature 350 °c
r T V ' H

Tim e
on

stream
(m in) :

: F ID  area
Total

arom atic
(nm ol)

’ ; l f , 1 *  1

Total
arom atic
p roduct
(nm ol)

Benzene
conversion(% )

' selectivity (% )■ jf ร ฺ :R eactants roducts
- ,  • 
M ethane Benzene c . . 4 -C9+ Toluene

-

-
O ther

w" c : ะ--;f i  '.fvfS-'v : 5' 10 32711 6672.9 51.1 0 0 0.21364 0.00142 0 . 6 6 6 1 0 0 0
40 32825 6668.7 42.1 0 0 0.21325 0.00117 0.550 1 0 0 0

70 32660 6741.6 37.9 0 0 0.21546 0.00106 0.490 1 0 0 0

100 32600 6627.3 34.1 0 0 0.21171 0.00095 0.449 1 0 0 0

130 32571 6719.1 31.6 0 0 0.21456 0.00088 0.410 1 0 0 0

160 32780 6735.2 29.6 0 0 0.21502 0.00082 0.384 1 0 0 0
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Table C5 The results of the reaction with H2 treatment at 350 °c and N2 carrier
using In/Al ratio 0.5, WHSV 6.6 h" 1 and methane to benzene feed ratio 45 at reaction
temperature 350 ๐c

Tim e
on

stream
(m in)
■ '

F ID area f l i A S
1ร

arom atic
(nm ol)

‘ A

'
Total

arom atic
p ro duc t
(pm ol)

Benzene
conversion(% )

selectivity (% )R eactan ts r roducts lÆ ii Ail

M ethane m i i .
l i t

C8 C9+
พ ® f

Toluene
é

ช ุ- . /
o th e r

10 33058 6282.5 13.5 0 0 0.20017 0.00038 0.188 1 0 0 o '
40 32940 6249.7 12.4 0 0 0.19910 0.00035 0.174 1 0 0 0
70 32888 6420.4 8.9 0 0 0.20443 0.00025 0 . 1 2 1 1 0 0 0
100 32662 6417.7 6.7 0 0 0.20429 0.00019 0.091 1 0 0 0
130 32898 6457 5.8 0 0 0.20551 0.00016 0.079 1 0 0 0
160 32884 6420.1 4.6 0 0 0.20430 0.00013 0.063 1 0 0 0

Table C6 The results of the reaction with H2 treatment at 350 °c followed by 02 
treatment at 350 ๐c  and N2 carrier using In/Al ratio 0.5, WHSV 6.6 h '1 and methane 
to benzene feed ratio 45 at reaction temperature 350 °c
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Table C l  The results of the reaction with N2 treatment at 450 °c and N2 carrier
using In/Al ratio 0.5, WHSV 6 . 6  h' 1 and methane to benzene feed ratio 45 at reaction
temperature 350 °c

Tim e
on

stream
(m in)

i M jty T s

F ID area
Total

arom atic
(pmol)

’ :  '

™ „
arom atic
p ro duc t
(pmol)Ç g j f  1

Ë; \ i I I I
Benzene

conversion(% )

selectivity (% )R ear .เท p roducts

M ethanef i l i a l en T ,Tolueneฒ เ p C 8

A ;  ■ / 3
C9+

: :
Toluene

* Î l ’ / ' V
o th e r

10 33007 6630.9 46.4 0 0 0.21217 0.00129 0.609 1 0 0 0
40 33239 6716.9 37 0 0 0.21464 0.00103 0.480 1 0 0 0
70 33090 6790.9 33.2 0 0 0.21689 0.00092 0.426 1 0 0 0
100 32970 6812.8 30.1 0 0 0.21750 0.00084 0.386 1 0 0 0
130 32987 6701 28 0 0 0.21389 0.00078 0.365 1 0 0 0
160 32906 6574.5 25.7 0 0 0.20980 0.00072 0.341 1 0 0 0

Table C8 The results of the reaction with O2 treatment at 450 °c and N2 carrier 
using In/Al ratio 0.5, WHSV 6.6 h'1 and methane to benzene feed ratio 45 at reaction 
temperature 350 °c

Tim e
on

stream
(m in)

p  •ไ

R , .«
17*

tants

1
1 1 6

T otal 
arom atic  

(pm ol) c
r  '  ■ :

T otal
arom atic
p ro duc t
(pm ol)

Benzene
conversion(% )

■ f 1 t *
’ M  m

selectivity (% )
V? TA 4  ; ■ "

.
Benzene Toluene

0

C9+ Toluene
'

O ther
r

10 33044 L 6710.5 68 0 0 0 .2 1530 0.00189 0.880 1 0 0 0
40 33118 6633.4 50.7 0 0 0.21237 0.00141 0.665 1 0 0 0
70 33052 6634.8 41.1 0 0 0.21215 0.00115 0.540 1 0 0 0
100 33083 6688.9 35.5 0 0 0.21371 0.00099 0.463 1 0 0 0
130 32975 6644.9 31.3 0 0 0.21220 0.00087 0.411 1 0 0 0
160 32961 6695.4 28.6 0 0 0.21373 0.00080 0.373 1 0 0 0
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Table C9 The results of the reaction with แ 2 treatment at 450 °c and N2 carrier
using In/Al ratio 0.5, WHSV 6 . 6  h' 1 and methane to benzene feed ratio 45 at reaction
temperature 350 ๐c

Tim e
on

stream
(m in)g " f t

F D a re a
T otal

arom atic
(pm oijA < 

■

.■ พ *  ’ 
T ota l 

a rom atic  
p ro duc t 
'(pm ol)

■ พ'?^,พ'?
Benzene

conversion(% )

W m n

selectivi ty (% )R eactants Produets ย ู; r*
m mM ethane Benzene

A
Toluene?

c 8
p Toluene. 'พ —  A, Ï O th erพÿ-10 33248 6542.5 14 9 0 0 0.20848 0.00042 0.199 1 0 0 0

40 33319 6649.8 6 0 0 0.21165 0,00017 0.079 1 0 0 0
70 33139 6550.6 4.4 0 0 0.20845 0.00012 0.059 1 0 0 0
100 33079 6558.4 3.7 0 0 0.20868 0.00010 0.049 1 0 0 0
130 33001 6513.3 3.2 0 0 0.20723 0.00009 0.043 1 0 0 0
160 30002 6499.8 3 0 0 0.20679 0.00008 0.040 1 0 0 0

Table CIO The results of the reaction with H2 treatment at 450 °c followed by O2 
treatment at 350 ๐c  and N2 carrier using In/Al ratio 0.5, WHSV 6.6 IT1 and methane 
to benzene feed ratio 45 at reaction temperature 350 °c
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Table C ll The results of the reaction with N2 treatment at 350 °c and 100% Ü2

carrier using In/Al ratio 0.5, WHSV 6 . 6  h' 1 and methane to benzene feed ratio 45 at
reaction temperature 350 °c

Tim e
on

stream
(m in)

■

F ID  area

(™mol)9

Total
arom atic
product
(pmol)

M MBenzene
convcrsion(% )

selectivity (% )
•R eactants Products

M ethane
i¥H£t'Ü

Toluene C» C9+พ ^  ‘
>1"

Toluene O ther

10 33118 " 6095 17.1 0 34.1 0.19516 0.00132 0.679 35.977 64 ()2
40 32879 5824 59.7 0 21.7 0.18742 0.00220 1.175 75.525 24.48
70 33019 6072.2 67 0 12.1 0.19528 0.00217 1.110 86.111 13.89
100 32973 6146.5 65.4 0 10.5 0.19756 0.00208 1.054 87.468 12.53
130 32740 6227.4 60.3 0 8.63 0.19994 0.00189 0.948 88.675 11.33
160 32581 6306 8 55.1 0 6.7 0.20227 0.00170 0.841 90.211 9.789

Table C12 The results of the reaction with O2 treatment at 350 °c and 100% O2 

carrier using In/Al ratio 0.5, WHSV 6.6 h'1 and methane to benzene feed ratio 45 at 
reaction temperature 350 ๐c

\ . FID  area
Toeal

arom atic
(pm ol)■

Total
arom atic
‘product

(pmol)

A? ,* '. • ■ -A, ; SbT- รูเแใ . 
Benzene 

conversion(% )

selectivity (%)/f jft.T':»;". - ;Tim e 
on 1 

stream  
(m in)

R eactants Products

M ethane
7;:

■1
Benzene

■
Toluene C8

•,,0'll
i s t /Aoj. ' I lh v ;  ■Toluene

HKI. %
O ther
.

10 32827 6316.4 34.7 32 0.20264 0.00176 0.870 54.857 45 14
40 33026 6287.1 56.5 0 27.4 0.20220 0.00226 1.115 69.795 30.21
70 32798 6242.5 50.7 0 18.7 0.20040 0.00188 0.937 75.227 24.77
100 32780 6354.2 44.6 0 11.9 0.20362 0.00154 0.755 80.795 19.21
130 32773 6351 42.3 0 8.4 0.20336 0.00139 0.682 84.947 15.05
160 32731 6553 8 40.9 0 8.3 0.20977 0.00135 0.642 84.667 15.33
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Table C13 The results of the reaction with แ 2 treatment at 350 °c and 100% O2

carrier using In/Al ratio 0.5, WHSV 6 . 6  h' 1 and methane to benzene feed ratio 45 at
reaction temperature 350 °c

Tim e
FID  area i f V A  .ไ น #

lo ta .
arom atic

“

T otal
arom atic
p ro duct
(pm ol)

- selectivity (% )
l i  /*■•' พ :R eactan ts p

~ - 1 roducts
stream
(m in)

เ ^ เ ^
M ethane MBenzene’••• ijt- if

Toluene C8 C9+ conversion(% ) 
ไ •
'

. ' -
Toluene
’

;
O ther

's; S’ปีท!?, i? „• ■’ •10 32974.8 4847.5 200.1 1.7 62.8 0.16134 0.00718 4.449 77.661 22.339
40 33044.2 5527.6 138.3 0 19 0.18012 0.00433 2.401 89.079 10.921
70 32967.8 5798.2 97.7 0 8.4 0.18733 0.00293 1.564 92.874 7.126
100 32851.7 5967.5 70.7 0 5.9 0.19190 0.00212 1.103 93.069 6.931
130 32972.3 6009.9 52.7 0 3.4 0.19268 0.00155 0.806 94.556 5.444
160 33125.1 6057.3 40.5 0 2.7 0.19383 0.00120 0.617 94.385 5.615

Table C14 The results of the reaction with แ 2 treatment at 350 ๐c  and 2% O2 carrier 
using In/Al ratio 0.5, WHSV 6.6 h '1 and methane to benzene feed ratio 45 at reaction 
temperature 350 °c

F ID area
'ร '̂ ^ ^ ''"

Total
arom atic

(pm ol)

. -

Total
arom atic
p roduct
(pm ol)

Benzene
conversion(% )

. V :  -■selectivity (% );. v SJX*',' Î  V •’T im e
on

stream  
(m in ) 1

R eactants ' roducts .
i i i f P lM ethane

f i;  ?Benzene Toluenefe l l  " -li'W i f c . » , Toluene
■ V .

O ther

10 33247 6351.6 85.5 105 J 5.39 0.20454 0.00254 1.243 9 3  71 6.29
40 33153 6492.5 70.9 0 5.03 0.20858 0.00210 1.007 94.046 5.954
70 33089 6466.6 62.8 0 5.46 0.20754 0.00189 0.908 92.8 7.200
100 33024 6489.3 47.6 0 5.2 0.20783 0.00146 0.700 91.117 8.883
130 33228 6512.3 42.8 0 5.3 0.20843 0.00132 0.635 90.049 9.951
160 33211 6555.8 40.5 0 5.3 0.20975 0.00126 0.601 89.543 1046
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Table C15 The results of the reaction with แ 2 treatment at 350 °c and 21% O2

carrier using In/Al ratio 0.5, WHSV 6 . 6  h' 1 and methane to benzene feed ratio 45 at
reaction temperature 350 ๐c

Tim e

'■ .

R eac 

M eth an e  1

F
(ants

ID a rea
p1

Toluene

redacts

■ ' Ï
S i

« ร

■
T otal

a rom atic
p ro duc t
(pm ol)

Benzene
. ร ะ ะ , . , ,

m w m  '
Toluene

ร % )

O ther

io 33511 5919.5 126.7 0.9 467 0 19297 0.00471 2.442 74.892 25.1 r
40 33372 6062.3 118.3 0 36.7 0.19700 0.00421 2.136 78.318 21.68
70 33504 6115 106.6 0 22.5 0.19800 0.00353 1.782 84.15 15.85
100 33375 6189.1 91 0 15.6 0.19975 0.00292 1.463 86.732 13.27
130 33533 6261.7 76.6 0 12.2 0.20157 0.00244 1.209 87.556 12.44
160 33292 6208.1 64.4 0 9.6 0.19947 0.00203 1.019 88.259 11,74

Table C16 The results of the reaction with H2 treatment at 350 °c and 100% O2 
carrier using In/Al ratio 0.1, WHSV 6.6 h '1 and methane to benzene feed ratio 45 at 
reaction temperature 350 °c

T-Tim e
on

stream
(min)

Reac

M ethane

F
tan ts
t  k  A
Benzene

. 5

ID a rea

F

T oluene

roducts

1

W i l l

C9+ (nmol):

T otal
a rom atic
p ro d u c t
(pm ol)

Benzene
conversion(% )

W t
| | / c

selectivi

Toluene
' ' ๕ i t  \

ty (% )

o th e r

10 33373 53126 48.3 0 53.1 04 7162 0.00267 1.553 50.478 49.52
40 33357 5719.5 33.4 0 26.7 0.18349 0.00159 0.869 58.365 41.64
70 33183 5964.6 23.1 0 13.6 0.19067 0.00098 0.515 65.557 34.44
100 33252 6165.1 20.1 0 8.6 0.19684 0.00077 0.393 72.369 27.63
130 33388 6228.1 17.5 0 6.2 0,19871 0.00064 0.323 75.979 24.02
160 33237 6266.6 13.6 0 4.6 0.19979 0.00049 0.247 76.815 23.19
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Table C l7 The results of the reaction with H2 treatment at 350 °c and 100% O2

carrier using In/Al ratio 0.3, WHSV 6 . 6  h' 1 and methane to benzene feed ratio 45 at
reaction temperature 350 °c

iT im e
m : : w F ID  a rea .

1 » ,
arom atic arom atic

p roduct
(pm ol)

• • • ( ''is

1 L
Benzene

cbnversion(% )■ ■f-.v; . - -

.
selectivity (% ).

Jê ÿW ÿ- ;%■  H it  ■-R eactan ts * roduets
stream
(m in) M ethane

V  m  /
Benzene TolueneÏ ฟ้ ' 5 •; j C8 C9+ Toluene

■ '•พ .
O ther

U r #10 25476 4052.7 69.1 0 66,4 013246 0.00358 2.700 53.836 46.16
40 25608 4411.8 52.2 0 33.6 0.14260 0.00229 1.606 63.516 36.48
70 25523 4623 6 38 0 10.8 0.14837 0.00133 0.895 79.769 20.23
100 25402 4525.1 27.1 0 6.6 0.14483 0.00092 0.635 82.147 17.85
130 25099 4557.9 19 0 4.2 0.14559 0.00063 0.435 83.524 16.48
160 25373 4632.9 13.8 0 2.6 0.14779 0.00045 0.304 85.607 14.39

Table C18 The results of the reaction with H2 treatment at 350 °c and 100% O2 
carrier using In/Al ratio 1.0, WHSV 6.6 h'1 and methane to benzene feed ratio 45 at 
reaction temperature 350 °c
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Table C19 The results of the reaction with H2 treatment at 350 °c and 100% O2

carrier using In/Al ratio 1.0, WHSV 1.8 h" 1 and methane to benzene feed ratio 45 at
reaction temperature 350 °c

•
Tim e

on
stream
(m in)

F UDarea T..ÉI4® Ï P -1 ki i kf
T otal

arom atic
(nm ol)

- :

Total
arom atic
product
(nmol)<

iAA - u y  . J
Benzene

conversion(% )

selectivity (%)
R eactants P roducts แ

M ethane Benzene
:

Toluene C8 O. ฒ  p . f
Toluene o th e r

.
10 32526 3455.5 262.3 83 117 0.12031 0.01041 8.655 70.177 29.82
40 32828 4253 137.4 0 135 0.14245 0.00719 5.050 53.209 46.79
70 32935 4793.8 135.2 0 96.9 0.15863 0.00618 3.893 60.991 39.01
100 32812 5313.5 131.5 0 54.8 0.17401 0.00503 2.888 72.893 27.11
130 32868 5710.4 112.5 0 9.4 0.18497 0.00337 1.821 93.061 6.939
160 32582 5867.4 89.8 0 6.1 0.18925 0.00265 1.402 94.285 5.715

Table C20 The results of the reaction with H2 treatment at 350 ๐c  and 100% O2 

carrier using In/Al ratio 1.0, WHSV 13.2 h'1 and methane to benzene feed ratio 45 at 
reaction temperature 350 °c

- F 1) a rea  , A i r .  y  ฒ ่ฒ T
T ota l

arom atic
(nm ol)

T . , „
arom atic
product
(nm ol)

Benzene
conversion(% )

1  ; T ,  ■

selectivity (% )
-eac tants Products

stream  
(m in ) „

• ' . y
M „ h „ , ; •' / Benzene Toluene C8 c e

mToluene
V

O ther

10 33364 5954.4 235.2 5.3 17 0.19647 0.00711 3.617 92.199 7.801
40 33239 6213.1 125.3 1.8 17.4 0.20156 0.00397 1.969 87.971 12.03
70 33355 6343.5 92.7 1 5.9 0.20449 0.00275 1.347 93.771 6.229
100 32952 6330.9 73.7 0 4.7 0.20351 0.00217 1.066 94.616 5.384
130 33233 6344 61.1 0 4 0.20356 0.00180 0.885 94.48 5.520
160 33202 6383.4 51.7 0 3 0.20452 0.00151 0.741 95.077 4.923
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Table C21 The results of the reaction
carrier using In/Al ratio 1.0, WHSV 6.6
reaction temperature 350 °c

with แ 2 treatment at 350 ๐c  and 100% O2 
h'1 and methane to benzene feed ratio 19 at

Tim e
on

stream  
(๓ in, M ethane

F
tan ts

| % â § É l lBenzene
*ç

"ท »
r

«ร;'
■ ■ vISlOvToluene

roducts

C8

?

C9+
M .

V ' MTotal
arom atic
product
(pmol)

ท ุ. ' # / !
Benzene

conversion(% )
; v

y A V.»selectivi
-̂: -รุ*'- . —

Toluene

ty (% )

'■ •i
o th e rV;.-

10 27071 10922 ' 402.7 4.4 55 1 " 036003 0 0 1 2 7 0  K 3.527 88.351 11.65
40 27174 11762 178.1 1.1 37.2 0.37996 0.00591 1.557 83.892 16.11
70 27218 12021 121.1 0 20.1 0.38617 0.00387 1.003 87.077 12.92
100 27110 12121 92.5 0 15.6 0.38846 0.00297 0.763 86.897 13.10
130 27107 12214 74.7 0 13.9 0.39086 0.00243 0.621 85.76 14.24
160 27173 12303 62.1 0 11.5 0.39327 0.00202 0.513 85.818 14.18

Table C22 The results of the reaction with H2 treatment at 350 °c and 100% O2 

carrier using In/Al ratio 1.0, WHSV 6.6 h '1 and methane to benzene feed ratio 105 at 
reaction temperature 350 ๐c

Tim e
un

F D a rea
T . , „

arom atic
(pm ol)

.

Total
arom atic
product
(pmol)

.. I l l

Benzene
convcrsion(% )

selectivity (% )t a n . * roducts .

s tream  
(m in ) - M ethane Benzene

■ ■ ■
Toiuene

ท ุ/ร ร แ พ :
€8 C 9+

;

’
Toluene

■
O th er

10 36833 4 2326.1 287.5 15.4 7 . 6 0.08255 0.00858 10.392 93.361 6.639
40 36931 2523.4 217.6 6.4 1 0 . 2 0.08673 0.00647 7.466 93.626 6.374
70 36674 2611.8 174.6 4 7 0 0 8 8 2 0 0.00514 5.825 94.677 5.323
100 36835 2680.2 145.8 2.9 5 . 1 0.08950 0.00426 4.761 95.332 4.668
130 36828 2709 124.1 2.1 4 . 5 0.08977 0.00362 4.034 95.469 4.531
160 36583 2698.1 105.5 1.6 3 . 1 0.08886 0.00306 3.439 96.177 3.824
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Appendix D Raw Data of Catalysts Characterization

The temperature program desorption (TPD) characterization results is 
shown in Figure Dl. The peak in the range of 150 to 200 °c represented to the weak 
Bronsted acid while the peak in the range of 220 to 300 °c represented to the strong 
Bronsted acid.

1 5 0  2 0 0  2 5 0  3 0 0  3 5 0  4 0 0  4 5 0  5 0 0

Tem perature (°C)

Figure D l 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 Dl Desorption temperature and peak area

s&Acid
sites

1 K i | f .

ร:;'? ร!ร.'; J ; :i  At VHZSM-5 In/Al ratio In/Al ratio 
0.3

In/Al ratio 
0.5

In/Al ratio 
1.0

Temp
. < °Q

Area
■

Temp
(°C) Area Temp

(°C) Area Temp
(°C) èArea

H  T ;:T :
Temp
( ° C ) Area

206.6 5.56 204.9 5.73 198.8 8.70 202.9 3.67 227.9 1.57

284.4 42.65 284.6 42.56 288.9 29.27 285.6 8.66 314.9 3.69

305.0 12.78 310.6 15.35 344.0 16.69 378.0 11.87 371.3 2.16

Weak
acid 5 .5 6 5 .7 3 8 .7 0 3 .6 7 1 .57

Strong
acid 5 5 .4 3 5 7 .9 1 4 5 .9 6 2 0 .5 3 5 .8 5

a°c!d‘ 6 0 .9 9 6 3 .6 4 5 4 .6 5 2 4 .1 9 7 .4 2

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 0.0400 g.
The acidity of catalysts in pmol/g was calculated by

Acidity Gunol/g) = (7.672 a r e a / 1̂ “ ) x ( 0 .0 4 0 0  gj

The acidity of the catalyst is already shown in Table 4.4.
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The temperature program oxidation (TPO) characterization results are 
shown in Table D2.

The calibration factor was calculated by using CO2 calibration.
The injection loop valve is 100 pL.
Mole of injected CO2 calculated from ideal gas law.

n = (0.082T ^ Z mS ) ^ 98K) = ■4087 ,̂m01

The calibration factor is represented by

Calibration factor = - ■ -2 ■ -4.087 pmol

The amount of carbon deposition determined by the area from TPO result 
divided by the calibration factor. Carbon deposition is calculated as the weight of 
carbon observed per weight of catalyst used.

Table D2 Calculation of carbon deposition from TPO

Spent
catalyst
carrier

* *

^1- ■ 5TPO
result
(area)

%โ: vO; 
C 0 2

calibration
(area)- :

Calibration
(area/(nnol)

Carbon
(mg)

l "  '  •• t ■
catalyst

used
(mg)

Carbon
deposition

(%)

n 2 33059 16595 4060 8.142 0.0977 20.4 0.48

2% 0 2 215948 16671 4079 52.95 0.6353 21.6 2.94

21% 0 2 606698 14805 3622 167.5 2.010 20.2 9.95

100% 0 2 745863 13201 3230 230.9 2.771 21.5 12.89
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