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APPENDICES

Appendix A Calibration Curves for Methane and Gas Product

10000

Methane concentration (nioi%)

Figure A1 The relationship between methane concentration (CH4) and peak area.

Figure A2 The relationship between volume of ethylene (C2H4) and peak area.
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Figure A3 The relationship between volume of propylene (QHft) and peak area. 

Appendix B Calibration Curves for Flow Meter

Figure B1 The relationship between bubble flow meter and methane air flow meter.
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Appendix c  Experimental Data of Catalytic Activity Tests for Methane 
Dehydrogenation and Coupling to Ethylene

Table Cl Catalytic activity test of HZSM-5 catalyst using 20% methane as a feed at 
reaction temperature 750 °C, with GHSV 1500 ml/g/h under atmospheric pressure

TOS
(min)

CH4 conversion 
(mol%)

Ethylene selectivity 
(%)

Propylene selectivity
(%) .

15 12.38 0 0

- 30 20.17 0 0

60 15.00 0 0

90 13.59 0 0

1 2 0 11.49 0 0

150 8.56 0 0

180 9.00 0 0

Table C2 Catalytic activity test of l%Ni/HZSM-5 catalyst using 20% methane as a 
feed at reaction temperature 750 ๐C, with GHSV 1500 ml/g/h under atmospheric 
pressure

TOS
(min)

CH4 conversion 
(mol%)

Ethylene selectivity 
(%)

Propylene selectivity
(%)

15 15.03 0 0

30 28.48 0 1 0 0 . 0 0

60 25.15 43.12 56.88
90 24.62 31.03 68.97

1 2 0 16.11 10.63 89.37
150 6.84 12.91 87.09
180 0 0 0
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Table C3 Catalytic activity test of 3%Ni/HZSM-5 catalyst using 20% methane as a
feed at reaction temperature 750 °c, with GHSV 1500 ml/g/h under atmospheric
pressure

TOS
(min)

CEE conversion 
(mol%)

Ethylene selectivity 
(%)

Propylene selectivity
(%)

15 16.10 0 0

30 29.29 0 1 0 0 . 0 0

60 29.83 0 1 0 0 . 0 0

- 90 24.07 0 1 0 0 . 0 0

1 2 0 14.72 0 1 0 0 . 0 0

150 3.48 0 0

180 0 0 0

Table C4 Catalytic activity test of l%Ni/HZSM-5 catalyst using 20% methane as a 
feed at reaction temperature 800 ๐c, with GHSV 1500 ml/g/h under atmospheric 
pressure

TOS
(min)

CH4 conversion 
(mol%)

Ethylene selectivity 
(%)

Propylene selectivity 
(%)

15 23.49 0 0

30 29.02 1 0 0 . 0 0 0

60 28.27 1 0 0 . 0 0 0

90 33.37 1 0 0 . 0 0 0

1 2 0 35.74 1 0 0 . 0 0 0

150 28.11 1 0 0 . 0 0 0

180 14.07 1 0 0 . 0 0 0
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Table C5 Catalytic activity test of HZSM-5 (HF) catalyst using 20% methane as a
feed at reaction temperature 750 °c, with GHSV 1500 ml/g/h under atmospheric
pressure

TOS
(min)

CH4 conversion 
(mol%)

Ethylene selectivity 
(%)

Propylene selectivity
(%)

15 13.97 0 0

30 18.26 0 0

60 17.65 0 0

' 90 15.80 0 0

1 2 0 16.70 0 0

150 18.26 0 0

180 10.35 0 0

Table C6  Catalytic activity test of l%Ni/HZSM-5 (HF) catalyst using 20% methane 
as a feed at reaction temperature 750 ๐c, with GHSV 1500 ml/g/h under atmospheric 
pressure

TOS
(min)

CI I4 conversion 
(mol%)

Ethylene selectivity 
(%)

Propylene selectivity
(%)

15 17.58 0 0

30 24.67 0 0

60 22.69 19.41 80.59
90 20.90 22.53 77.47

1 2 0 17.08 27.85 72.15
150 14.95 38.53 61.47
180 11.75 42.61 57.39
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Table C7 Catalytic activity test of 3%Ni/HZSM-5 (HF) catalyst using 20% methane
as a feed at reaction temperature 750 ๐c , with GHSV 1500 ml/g/h under atmospheric
pressure

TOS
(min)

CPI4 conversion 
(mol%)

Ethylene selectivity 
(%)

Propylene selectivity
(%)

15 15.70 0 0

30 28.77 0 1 0 0 . 0 0

60 26.33 0 1 0 0 . 0 0

- 90 28.41 0 1 0 0 . 0 0

1 2 0 27.45 0 1 0 0 . 0 0

150 27.73 0 1 0 0 . 0 0

180 13.59 0 0

Table C8 Catalytic activity test of l%Ni/HZSM-5 catalyst using pure methane as a 
feed at reaction temperature 750 ๐c, with CiHSV 1500 ml/g/h under atmospheric 
pressure

TOS
(min)

CH4 conversion 
(mol%)

Ethylene selectivity 
(%)

Propylene selectivity 
(%)

15 17.23 0 0

30 8.04 0 0

60 9.83 0 0

90 1 0 . 0 2 0 0

1 2 0 1.93 0 0

150 1.76 0 0

180 1.76 0 0
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Appendix I) Calculation of Carbon Balanced of Methane
From the Methane conversion of HZSM-5 at 750°c, the carbon balanced of 

methane is calculated as follows: 
c  in le t
CFI4 inlet obtained from methane calibration curve

= 1.84x1 O' 6 mol
c  lost in reaction
At TOS 15 min. the CH4 conversion = 12.38 mol%
Therefore, CH4 lost in reaction = (12.38x1.84x1 O'6)/100

= 2.28x10"7 mol
The amount of c  in CH4 which is used in reaction

= 2.28x10‘7 m o l X 12 g /m o l  

= 2.74xl0"6 g
For 15 min reaction, the amount of c=  2.74x1 O' 6 g xl5 min

= 4.11x1 O' 5 g
For TOS 30, 60,90.120.150 and 180 min, The amount of c  is shown as Table Dl. 
Table Dl The amount of c  in methane reaction using HZSM-5

TOS CFI4 conversion The amount of c
(min) (mol%) (g)

15 12.38 4.11x10°
30 20.17 6.69x10°
60 15.00 4.98x10°
90 13.59 4.51x10°

1 2 0 11.49 3.81x10°
150 8.56 2.84x10°
180 9.00 2.99x10°

Total c 3.00x1 O' 4

So, Accumulation of c  through course of reaction is 3.00x1 O’4 g
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F r o m  c o k e  f o r m a t io n  o b ta in e d  fr o m  T P O  t e c h n iq u e s ,  th e  a m o u n t  o f  c o k e  fo r m a t io n  

u s in g  H Z S M - 5  is  0 .1 1  w t%
T h e r e f o r e ,  th e  a m o u n t  o f  c in  0 .2  g  H Z S M - 5 =  ( 0 .1 1  * 0 .2 ) /1 0 0

=  2 .2 0 * 1  O'4 g

A c c o r d in g  to  th e  a m o u n t  o f  c lo s t  in  r e a c t io n  a n d  c in  s p e n t  H Z S M - 5 ,  it s h o w s  th a t  

I I Z S M - 5  c a n  b e  o n ly  c o n v e r t e d  m e th a n e  to  c o k e .
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