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APPENDICES

Appendix A Calculation o f Methane Conversion and Product Selectivity
A. 1 %CH4 Conversion 

1. Definition of CH4 Conversion

Total mol o f  CHa in — Total mol o f  CHa nut% CH^Conversion = --------------- ~ r  ------- ------—  X 100 (1)Total mol o f CHa,in

2. Total mol o f  CHa,in can be replaced by the term Total c  since 
the source of total carbon are derived from only methane and Total c  in CHa,out 
can be replaced by c  in unreacted CH4.

Therefore, the eq. (1) becomes;

Total c  — c  in unreacted CHa _ _ ท \% CHAConversion = ------------------—ๆ----------------- X 100 ^ ''Total C

3. Carbon balance with no coke formation:
Total c  = Total c in = Total Cout (obtained from all carbon in outlet stream) 
Hence, Total c  — c  in unreacted CHa in etT (2) can be replaced by 
T Otai c  in all Products

Thus eq. (2) becomes;

Total c  in all Products n t% CH4Conversion ------------ - , ■ -—----- X 100  ̂ ’Total C

Example; for the reaction in case of the blank tube 
1. The resulting peak area from online GC of all chemicals in the

exhaust stream listed below:
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Table Al Peak area of exhaust stream

FID TCD
CH4 C2H6 C2H4 CH3Br CH2Br2 CO

1 1808.5 0 38.8 1126.4 79.7 932.7

2. Change area to ftiol by multipling with response factor of each 
substance.

Table A2 Response factor (obtained from Calibration Data)

Substance Response factor(mol/area)
c h 4 4.5969E-10
c 2h 6 3.4581E-10
C2H4 3.4151E-10

CH3Br 1.0000E-09
CH2Br2 5.0000E-10

CO 5.6853E-10

Table A3 Mol of each chemical species in the exhaust stream

Mol
c h 4 C2H6 C2H4 CH3Br CH2Br2 CO

5.42827E-06 0 1.32506E-08 1.1264E-06 3.985E-08 5.30274E-07

3. Total mol of c  was calculated by
= mol of CcH4+ 2(mol of Cc2H6 ) + 2(mol of Cc2H4) + mol of 

CcH3Br+ mol of CcH2Br2 + mol of Cco 
c  in product_was calculated by
= 2(mol of Cc2H6 ) + 2(mol of Cc2H4) + mol of CcH3Br+ mol of 

CcH2Br2 + mol of Cco
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Accordingly, the methane conversion calculated from eq. (3) was 
shown in the below table

Table A4 Methane conversion

Total mol of c c  in product % CH4 Conversion
7.15129E-06 1.72302E-06 24.0939

A.2 %CH3Br Selectivity

% CH3Br Selectivity =  — m° ] ° f C? sBr,—  X 100Total mol of Product

Example;
1. Mol of CH3Br (shown in Table A3)

= 1.1264E-06 mol
2. Total mol of Product was calculated by

= ทไฝ of Cc2H6 + mol of Cc2H4 + mol of CcH3Br+ mol of 
CcH2Br2 + mol of Cco

Table A5 Total mol of Product

Mol Total mol of
C2H6 € 2 H 4 CH3Br CH2Br2 CO product

0 1.32506E-08 1.1264E-06 3.985E-08 5.30274E-07 1.70977E-06

% CH3Br Selectivity = 112„6l t ~ 06 X 100 = 65.88 %ช J  1.70977E—06

A.3 %CO Selectivity
*The conceptual calculation of %CO Selectivity is the same as %CH3Br Selectivity.
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Appendix B Calculation of Catalyst Composition

The Rh/Si02 catalyst was prepared by incipient wetness impregnation 
method which means support containing the same pore volume as the volume of the 
solution that was added.

Example 2 g of 0.5 wt% Rh/Si02 catalyst 
= 2 g (Rh20 3 + Si02) of 0.5 % (Rh° พ/พ to Rh20 3 +Si02)

Rh20 3 form must be involved in this case due to small amount of catalyst prepared.
Step 1 ะ wt. Rh°

wt. of Rh° 0 . 0 1 0 0 g
Step 2: wt. Rh20 3

MW of Rh° 102.9100 g/mol
MW of Rh20 3 253.8200 g/mol
wt. of Rh20 3 0.0123 g

Step 3: wt Si02
wt. of Support (Si02) 1.9877 g

Step 4: wt RhCl3*3H20
MW of RhCl3*3EI20 263.3103 g/mol
g of RhCl3*3H20 0.0256 g

(assay > 99.9% trace metal basis)
Corrected weight 0.0258 g

Step 5: Lacttice water
Lattice water 0.0052 ml
(neglible) -

Step 6 : Volume of Si02
From BET surface analysis, total pore volume of Si02 is
2.1606 ml/g
Volume of Si02 4.2925 ml

Step 7: Water required
Impregnation volume (100% pore volume)
Water required for RhCl3*3H20 4.2925 ml
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Table B1 The ingredients of prepared catalyst

L o a d in g  (w t % ) S i 0 2( g ) R h C l3* 3 H 20  ( g ) R e q u ir e d  w a te r  ( m l )
0.1 2 0 . 0 0 5 2 4 . 3 1 6 0
0 .3 2 0 . 0 2 5 8 4 .2 9 2 5
0 .5 2 0 .0 1 5 5 4 .3 0 5 2
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Appendix c  Calibration Data and Feed Flow Calibration

The response factors of methane (CH4) ethane (C2H6) ethylene (C2H4), 
and carbon monoxide (CO) were determined by using the Single Point External 
Standard assuming analyte response to be linear over a range of concentrations. This 
method requires a known amount of analytes and record the peak area. The peak area 
of each substrate was calculated from average areas. The volume of each online 
injection equals to 2.5 ml which subsequently converted to mol bases on an ideal 
gas. Then calculate a response factor using an equation below.

Response Factor = --------area

Table Cl The response factors calculated from the Single Point External Standard

No./
Retention time

Methane Ethane Ethylene Carbon monoxide
3.49 4.46 5.02 9.34

1 22225.7 295.6 299.1 180.7
2 22315.9 294.3 297.9 180.5
3 22222.5 297.2 301.1 178.2
4 296.3 300.2 180.4

Area 22254.7 295.85 ' 299.575 179.95
Volume(l) 0.00025 0.0000025 0.0000025 0.0000025

Mol 1.023E-05 1.023E-07 1.023E-07 1.023E-07
Response factor 

(mol/area) 4.5969E-10 3.4581E-10 3.4151E-10 5.6853E-10

For methyl bromide (CEFBr) and dibromomethane (CFEB^), the 
response factors were determined by using the Multiple Point External Standard. The 
samples used in this method cover the expected analyte concentration range. Use 
a line fitting algorithm such as point to point, linear least squares, or quadratic least 
squares to produce a calibration curve. The response factor used for calculation the
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products amount were derived from the the reciprocal of slope of calibration curve as 
shown in Figure Cl and Figure C2.

(mol)

Figure Cl Response factors from GC FID as a function of injection volume of 
methyl bromide.

(mol)

Figure C2 Response factors from GC FID as a function of injection volume of 
dibromomethanes.



Table C2 The response factors calculated from the Multiple Point External Standard
C h em ica ls R e te n tio n  tim e S lo p e  (a rea /m o l) R esp onse  fa c to r  (m o l/a rea )

M ethy l b ro m id e 12.50 1E+09 IE -0 9
D ib ro m o m eth an es 21 .03 2 E + 09 5E -10



Appendix D Raw Data of Reaction Results

T h e  r e a c t io n  r e s u l t s  a s  a  r a w  d a ta  o f  G C  F ID  a n d  T C D  p e a k  a r e a  a n d  c a lc u la t e d  d a ta  a r e  s h o w n  b e lo w .

Table D1 T h e  r e s u l t s  o f  th e  r e a c t io n  w i th  2 0  m l /m in  o f  C H 4 , 5 m l /m in  o f  O 2 , 5 m l /m in  o f  N 2 , 6 .5  m l/h  o f  4 8  w t%  H B r /H 2 0 ,  r e a c t io n  
te m p e r a tu r e  6 6 0  °c, a n d  2  g  o f  S i 0 2

T O S F I D T C D % c h 4
C o n v e r s i o n

' %  S e le c t iv i ty
m in h c h 4 C 2 H 6 C 2 H 4 C H 3B r C H 2 B r 2 C O C 2 H 6 c 2 h 4 C H 3B r C H 2 B r 2 C O
3 0 0 .5 1 3 3 5 2 .9 0 9 .8 3 1 5 .5 0 2 3 9 8 .6 2 1 .5 5 0 0 . 2 0 1 8 .7 5 0 8 1 .0 5
6 4 1 . 1 1 2 6 4 1 .3 0 9 .8 6 8 3 .6 13 .5 2 3 1 6 .2 2 5 .7 4 0 0 .1 7 3 4 .0 0 0 .3 4 6 5 .5 0
98 1 . 6 1 2 9 1 2 .3 0 9 .2 8 1 6 .1 1 9 .6 2 1 1 3 .3 2 5 .5 2 0 0 .1 5 4 0 .1 9 0 .4 8 5 9 .1 7

132 2 . 2 1 2 3 4 1 .9 0 9 .9 7 9 1 .8 18.1 2 1 5 2 .1 2 6 .3 6 0 0 .1 7 3 9 .0 5 0 .4 5 6 0 .3 4
166 2 . 8 1 2 1 2 3 .2 0 1 1 .9 8 8 9 .5 2 7 .2 2 2 1 7 .6 2 8 .0 4 0 0 .1 9 4 1 .0 3 0 .6 3 5 8 .1 6
2 0 0 3 .3 1 2 1 2 0 .9 Q 1 1 .7 9 3 0 .4 2 9 .5 2 1 0 6 .8 2 7 .8 5 0 0 .1 9 4 3 .3 4 0 .6 9 5 5 .7 9
2 3 4 3 .9 1 1 9 6 8 0 12 .5 9 8 6 .8 3 1 .8 2 0 7 9 .2 2 8 .5 0 0 0 . 2 0 4 5 .0 8 0 .7 3 5 4 .0 0
2 6 8 4 .5 1 2 6 6 7 .5 O' . 9 .7 991 3 0 .3 17 2 3 2 5 .4 9 0 0 .1 7 4 9 .8 2 0 .7 6 4 9 .2 5
3 0 2 5 .0 1 1 8 9 8 .2 0 11 .5 1 0 1 7 .7 3 3 .5 2 0 2 0 2 8 .6 0 0 0 .1 8 4 6 .5 4 0 .7 7 5 2 .5 2
3 3 6 5 .6 1 2 2 4 0 .6 0 1 0 . 2 9 6 4 .3 3 2 .9 1 8 9 7 .8 2 6 .8 6 0 0 .1 7 4 6 .7 4 0 .8 0 5 2 .3 0
3 7 0 6 . 2 1 2 1 1 4 .9 0 9 .8 9 6 2 .2 3 0 1 8 0 7 .6 2 6 .5 4 0 0 .1 7 4 7 .9 1 0 .7 5 5 1 .1 7
4 0 4 6 .7 1 2 0 7 0 .2 0 7 .8 9 9 3 3 1 .9 17 0 0 .1 2 6 .3 1 0 0 .1 3 5 0 .2 0 0 .8 1 4 8 .8 6
4 3 8 7.3 1 2 5 1 1 .4 0 6 . 6 8 9 1 .5 2 6 .3 1 7 3 3 .5 2 4 .7 8 0 0 . 1 2 4 7 .1 1 0 .6 9 5 2 .0 8

O''o



Table D2 The results of the reaction with 20 ml/min of CH4 , 5 ml/min of 0 2, 5 ml/min of N2, 6.5 ml/h of 48 wt% HBr/H20 , reaction
temperature 660 ๐c , and 2 g of AI2O3

T O S F I D T C D % c h 4 %  S e le c t iv i ty
m in h C H 4 C 2 H 6 C 2 H 4 C H 3B r C H 2 B r 2 C O C o n v e r s i o n C 2 H 6 C 2 H 4 C H j B r C H 2 B r 2 C O
3 0 0.5 1 2 7 2 2 0 15.1 4 0 .7 0 2 2 2 6 .8 1 8 .3 8 0 0 .3 9 3 .1 0 0 9 6 .5 0
6 4 1 . 1 1 2 5 0 9 .5 0 18 .3 3 5 .6 0 2 6 6 7 .6 2 1 .3 9 0 0 .4 0 2 .2 8 0 9 7 .3 1
9 8 1 . 6 1 2 9 7 9 .8 0 14.1 2 9 .2 0 2 4 8 8 .9 1 9 .5 9 0 0 .3 3 2 . 0 2 0 9 7 .6 5
132 2 . 2 1 2 4 0 6 .8 0 2 2 2 0 .3 0 2 7 1 3 .5 2 1 .6 7 0 0 .4 8 1 .2 9 0 9 8 .2 3
166 2 . 8 1 2 5 9 9 .9 0 2 0 . 1 18 0 2 7 0 0 2 1 .2 9 0 O'4 4 1 .15 0 9 8 .4 1
2 0 0 3.3 1 2 5 4 4 .3 0 19 14 0 2 8 3 0 .3 2 2 . 1 0 0 0 .4 0 0 . 8 6 0 9 8 .7 4
2 3 4 3 .9 1 2 6 8 3 .9 0 2 3 .1 0 0 2 9 9 4 .5 2 2 .7 6 0 0 .4 6 0 . 0 0 0 9 9 .5 4
2 6 8 4 .5 1 3 4 2 5 .4 0 16.1 1 2 . 8 0 2 6 8 5 .9 2 0 .0 8 0 0 .3 6 0 .8 3 0 9 8 .8 2
3 0 2 5 .0 1 3 8 2 4 .5 0 2 0 . 1 0 0 2 6 2 1 .9 1 9 .1 4 0 0 .4 6 0 0 9 9 .5 4
3 3 6 5 .6 1 3 8 7 2 .3 0 1 7 .4 0 0 2 6 0 6 .3 1 8 .9 8 0 0 .4 0 0 0 9 9 .6 0
3 7 0 6 . 2 1 3 4 2 8 0 2 1 .9 0 0 2 7 7 6 .4 2 0 .5 2 0 0 .4 7 0 0 9 9 .5 3
4 0 4 6 .7 1 3 8 3 8 .2 Q 19 .8 0 0 2 7 6 1 .7 1 9 .9 3 0 0 .4 3 0 0 9 9 .5 7
4 3 8 7.3 1 3 7 6 3 0 2 0 .4 0 0 2 6 9 3 .1 1 9 .6 3 0 0 .4 5 0 0 9 9 .5 5
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Table D3 The results of the reaction with 20 ml/min of CH4 , 5 ml/min of O2 , 5 ml/min of N2 , 6.5 ml/h of 48 wt% HBr/H20 , reaction
temperature 660 °c , and 2 g of ZSM-5

T O S F I D T C D % c h 4 %  S e le c t iv i ty
m in h C H 4 C 2 H 6 c 2h 4 C H 3B r C H 2 B r 2 C O C o n v e r s i o n C 2 H 6 C 2 H 4 C H 3B r C H 2 B r 2 C O
3 0 0 .5 1 4 3 8 6 .4 0 19 .3 0 0 1 9 7 4 .9 1 4 .6 6 0 0 .5 8 0 0 9 9 .4 2
6 4 1 . 1 1 2 3 4 8 .1 0 3 3 .8 I 8 .4 ' 0 3 3 8 2 .7 2 5 .7 1 0 0 .5 9 0 .9 4 0 9 8 .4 7
9 8 1.6 1 3 7 9 5 .2 0 3 2 .2 2 0 .5 0 2 9 5 0 .4 2 1 .3 3 0 0 .6 4 1 .2 0 0 9 8 .1 6
132 2 .2 1 2 6 2 5 .8 0 4 0 .6 17 0 3 0 0 9 .8 2 3 .2 3 0 0 .8 0 0 .9 8 0 9 8 .2 3
166 2 .8 1 3 5 5 6 .6 0 3 3 .3 2 2 .4 0 2 3 4 4 .1 18 .11 0 0 .8 3 1 .6 4 0 9 7 .5 3
2 0 0 3.3 1 2 6 9 5 .6 0 5 0 .3 2 0 .8 0 2 8 2 3  8 2 2 .1 5 0 1 .05 1 .2 7 0 9 7 .6 9
2 3 4 3 .9 1 2 7 7 2 .8 0 5 6 .3 2 1 .7 0 2 6 3 3 .1 2 0 .9 6 0 1 .25 1.41 0 9 7 .3 4
2 6 8 4 .5 1 3 1 5 7 .8 0 5 3 .8 2 0 .4 0 2 5 0 0 1 9 .6 4 0 1 .2 6 1 .4 0 0 9 7 .3 4
3 0 2 5 .0 1 3 5 5 7 .1 0 5 5 .8 2 3 .5 0 2 3 8 9 .3 1 8 .5 6 0 1 .36 1 .68 0 9 6 .9 6
3 3 6 5 .6 1 2 4 9 5 .9 0 6 2 .2 2 4 0 2 6 0 6 .5 2 1 .2 3 0 1 .3 9 1 .5 7 0 9 7 .0 4
3 7 0 6 .2 1 2 3 8 5 .9 0 6 0 .8 2 4 .2 0 2 6 1 7 .3 2 1 .4 4 0 1 .35 1 .5 8 0 9 7 .0 7
4 0 4 6 .7 1 2 5 1 2 .8 0 6 0 .9 2 7 .4 0 2 5 7 3 .4 2 1 .0 3 0 1 .38 1.81 0 9 6 .8 1
4 3 8 7.3 1 2 8 0 2 .3 0 6 1 .3 2 8 .7 0 2 4 6 3 .2 2 0 .0 0 0 1 .4 4 1 .9 8 0 9 6 .5 8

CT\NJ



Table D4 The results of the reaction with 20 ml/min of CH4, 5 ml/min of <ว2 , 5 ml/min of N2, 6.5 ml/h of 48 wt% HBr/H20 , reaction
temperature 660 ๐c , and 2 g of Activated carbon

TOS F IT ) TCD %c h 4 % Selectivity
min h CH4 C2H6 c 2h 4 CH3Br CH2Br2 CO Conversion C2H6 c 2h  4 CH3Br CH2Br2 CO
3 0 0 .5 1 2 4 5 7 .4 0 0 0 0 1 8 2 7 .3 1 5 .3 6 1 0 0 0 0 1 0 0
6 4 1 . 1 1 1 3 5 5 .6 0 0 0 0 2 1 9 0 .6 1 9 .2 6 0 0 0 0 1 0 0
98 1 . 6 1 1 1 3 6 .7 0 0 0 0 2 2 6 8 .3 2 0 . 1 2 0 0 0 0 1 0 0
132 2 . 2 1 0 8 7 8 .8 0 0 0 0 2 1 8 6 .7 19.91 0 0 0 0 1 0 0
166 2 . 8 1 1 6 7 6 .7 0 0 0 0 2 0 2 9 .4 1 7 .6 9 0 0 0 0 1 0 0
2 0 0 3 .3 1 1 4 1 2 .2 0 0 0 0 2 0 8 9 .6 1 8 .4 6 0 0 0 0 1 0 0
2 3 4 3 .9 1 1 5 4 7 .1 0 0 0 0 2 0 0 4 .9 1 7 .6 8 0 ' 0 0 0 1 0 0
2 6 8 4 .5 1 0 8 7 6 .1 0 0 0 0 2 4 3 9 2 1 ,7 1 0 0 . 0 0 1 0 0
3 0 2 5 .0 1 0 9 6 1 .2 0 0 0 0 2 2 7 8 .5 2 0 .4 5 0 0 0 0 1 0 0
3 3 6 5 .6 1 0 9 9 0 .6 0 0 0 0 2 2 8 6 .4 2 0 .4 6 0 0 0 0 1 0 0
3 7 0 6 . 2 1 0 2 5 5 .4 0 0 0 0 2 4 1 7 .1 2 2 .5 7 0 0 0 0 1 0 0
4 0 4 6 .7 1 0 5 5 9 .8 0 0 0  ’ 0 2 3 5 7 .3 2 1 .6 4 0 0 0 0 1 0 0
4 3 8 7.3 1 0 8 6 9 .7 0 0 0 0 2 2 7 7 .3 2 0 .5 8 0 0 0 0 1 0 0



Table D5 The results of the reaction with 20 ml/min of CH4, 5 ml/min of O2 , 5 ml/min of N2, 6.5 ml/h of 48 wt% HBr/H20 , reaction
temperature 400 °c

T O S F I D T C D V 0 C H 4 %  S e l e c t i v i t y
m i n h ท S3 C 2 H 6 C 2 H 4 C H 3 B r C H 2 B r 2 C O C o n v e r s i o n C 2 H 6 c 2 h 4 C H 3 B r C H 2 B r 2 C O
3 0 0 .5 1 4 4 0 7 .6 0 0 4 9 .6 0 0 0 .7 4 0 0 1 0 0 0 0
6 4 1 . 1 1 3 8 8 5 .5 0 0 19 0 0 0 .3 0 0 0 1 0 0 0 0
9 8 1 . 6 1 4 0 6 1 .1 0 0 13.3 0 0 0 . 2 1 0 0 1 0 0 0 0
13 2 2 . 2 1 4 6 3 0 .7 0 0 1 0 . 2 0 0 0 .1 5 0 0 1 0 0 0 0
16 6 2 . 8 1 4 0 2 6 .6 0 0 12 .7 0 0 0 . 2 0 0 0 1 0 0 0 0
2 0 0 3 .3 1 3 3 4 3 .5 0 0 1 7 .2 p 0 0 .2 8 0 0 1 0 0 0 0
2 3 4 3 .9 1 3 4 9 8 .8 0 0 10.3 0 0 0 .1 7 0 0 1 0 0 0 0
2 6 8 4 .5 1 3 6 1 3 .5 0 0 1 2 . 2 0 0 0 .1 9  1 0 0 1 0 0 0 0
3 0 2 5 .0 1 3 3 4 9 .7 0 0  ' 1 1 6 0 0 0 .1 9 0 0 1 0 0 0 0
3 3 6 5 .6 1 3 4 8 6 .7 0 0 11 .5 0 0 0 .1 9 0 0 1 0 0 0 0
3 7 0 6 . 2 1 3 0 3 2 .5 0 0 14 0 0 0 .2 3 1 0 0 1 0 0 0 0
4 0 4 6 .7 1 3 1 0 8 .6 0 0 17 .6 0 0 0 .2 9 0 0 1 0 0 0 0
4 3 8 7.3 1 3 1 6 6 .3 0 0 13 .9 0 0 0 .2 3 0 0 1 0 0 0 0

ON-U



Table D6  The results of the reaction with 20 ml/min of CH4 , 5 ml/min of 0า, 5 ml/min of N2 , 6.5 ml/h of 48 wt% HBr/H2 0 , reaction
temperature 500 ๐c

TOS FID TCD %CH4 % Selectivity
min h CH4 C2H6 C2H4 CH3Br CH2Br2 CO Conversion C2H6 C2H4 CH3Br CH2Br2 CO
3 0 0 .5 1 4 3 4 9 .3 0 0 3 5 9 .7 2 7 .3 1 2 4 .3 6 .31 0 0 8 1 .0 1 3 .0 7 1 5 .9 2
6 4 1 . 1 1 4 2 1 4 .5 0 0 2 6 9 .3 2 2 . 8 8 8 . 6 4 .8 2 0 0 8 1 .3 4 3 .4 4 15 .21
98 1 . 6 1 4 6 1 9 .4 0 0 3 0 2 .9 2 3 .4 1 0 1 . 2 5 .2 5 0 0 8 1 .4 0 3 .1 4 1 5 .4 6

132 2 . 2 1 3 7 7 4 .4 0 0 3 4 6 .6 3 1 .3 1 3 5 .9 6 .4 9 0 0 7 8 .8 6 3 .5 6 1 7 .5 8
166 2 . 8 1 3 4 2 3 .9 0 0 3 9 5 .1 3 6 15 9 .1 7 .5 4 0 0 7 8 .4 6 3 .5 7 1 7 .9 6
2 0 0 3.3 1 3 2 2 3 .2 0 0 4 1 0 .8 4 2 1 7 7 .5 8 .0 6 0 0 7 7 .1 1 3 .9 4 1 8 .9 4
2 3 4 3 .9 1 3 1 1 7 .2 0 0 4 1 9 .9 4 4 .2 1 8 5 .2 '8 .3 2 0 0 7 6 .7 2 4 .0 4 1 9 .2 4
2 6 8 4 .5 1 2 8 2 0 .1 0 0 3 8 0 .2 3 8 .7 1 5 8 .3 7 .6 7 0 0 7 7 .6 6 3 .9 5 1 8 .3 8
3 0 2 5 .0 1 3 0 3 5 .8 0 0 3 5 9 .5 3 7 .3 1 4 1 .7 7 .11 0 0 7 8 .3 7 4 .0 7 1 7 .5 6
3 3 6 5 .6 1 3 3 5 5 .4 0 0 3 4 6 .5 3 3 .3 1 3 4 .2 6 . 6 8 0 0 7 8 .8 5 3 .7 9 1 7 .3 6
3 7 0 6 . 2 1 3 1 3 5 0 0 3 6 7 .4 3 4 .8 1 4 1 .8 7 .1 6 0 0 7 8 .9 4 3 .7 4 1 7 .3 2
4 0 4 6 .7 1 3 0 7 3 .8 0 0 3 8 3 39 .1 1 4 8 .4 7 .4 9 0 0 7 8 .6 6 4 .0 2 1 7 .3 3
4 3 8 7.3 1 3 2 2 2 .2 0 0 3 7 3 .2 38 .1 147 7 .2 6 0 0 7 8 .4 3 4 .0 0 1 7 .5 6

l On
นก



Table D7 The results of the reaction with 20 ml/min of CH4 , 5 ml/min of O2, 5 ml/min of N2 , 6.5 ml/h of 48 wt% HBr/H20, reaction
temperature 600 ๐c

TOS FID TCD %c h 4 % Selectivity
min h c h 4 C2H6 C2H4 CH3Br CH2Br2 CO Conversion C2H6 C2H4 CH3Br CH2Br2 CO
3 0 0 .5 1 3 7 0 6 .7 0 , 1 1 . 2 1 0 2 3 .3 9 5 .4 3 9 1 .9 1 7 .1 2 0 0 .2 9 7 8 .8 6 3 .6 8 1 7 .1 7
6 4 1 . 1 1 3 4 0 9 .2 0 7 .7 9 3 8 .9 87 .1 3 7 2 .2 1 6 .2 9 0 0 . 2 2 7 8 .4 6 3 .6 4 1 7 .6 8
9 8 1 . 6 1 3 7 8 2 .2 0 6 . 8 8 3 9 .9 6 9 .3 3 4 3 .3 1 4 .5 0 0 0 . 2 2 7 8 .3 5 3 .2 3 18 .2 1
132 2 . 2 1 3 6 1 8 .2 0 0 8 4 7 .1 7 0 .4 3 3 6 .3 1 4 .6 4 0 0 7 8 .9 1 3 .2 8 17 .81
166 2 . 8 1 3 9 0 6 0 0 8 3 7 .5 6 7 .7 3 1 9 .1 1 4 .1 4 0 0 7 9 .5 5 3 .2 2 1 7 .2 3
2 0 0 3 .3 1 4 1 1 6 .1 0 0 7 8 6 .5 6 0 .7 2 9 6 .5 1 3 .1 8 0 0 7 9 .8 1 3 .0 8 17 .1 1
2 3 4 3 .9 1 4 1 3 8 .1 0 0 8 1 2 .3 6 1 .7 3 1 6 .3 1 3 .6 0 0 0 7 9 .4 1 3 .0 2 1 7 .5 8
2 6 8 4 .5 1 4 3 1 1 .7 0 0 7 8 5 .7 5 8 .9 2 8 5 .2 1 2 .9 3 0 0 8 0 .4 0 3 .01 1 6 .5 9
3 0 2 5 .0 1 3 4 9 9 .4 0 0 8 6 8 .7 6 8 .9 3 3 6 .5 1 4 .9 9 0 0 7 9 .3 7 3 .1 5 1 7 .4 8
3 3 6 5 .6 1 3 6 2 5 .1 0 0 8 4 8 .1 6 6 . 2 3 5 4 .4 1 4 .7 4 0 0 7 8 .3 3 3 .0 6 18 .6 1
3 7 0 6 . 2 1 3 7 4 3 .4 0 0 8 2 0  6 6 4 .9 3 1 1 .1 1 4 .0 2 0 0 7 9 .6 8 3 .1 5 1 7 .1 7
4 0 4 6 .7 1 3 7 7 3 0 0 7 9 8 .7 6 2 2 9 7 .4 1 3 .6 3 0 0 7 9 .9 7 3 .1 0 1 6 .9 3
4 3 8 7 .3 1 2 7 1 4 .8 0 0 8 4 3 .4 7 1 .8 3 5 3 .1 1 5 .6 0 0 0 7 8 .0 9 3 .3 2 1 8 .5 9

ONOn



Table D8  The results of the reaction with 20 ml/min of CH4 , 5 ml/min of O2, 5 ml/min of N2 , 6.5 ml/h of 48 wt% HBr/H20 , reaction
temperature 660 ๐c

T O S F I D T C D % c h 4 %  S e le c t iv i ty
m in h C H 4 C 2 H 6 C 2 H 4 C H 3B r C H 2 B r 2 C O C o n v e r s i o n C 2 H 6 C 2 H 4 C H 3B r C H 2 B r 2 C O
3 0 0 .5 1 1 8 0 8 .5 0 3 8 .8 1 1 2 6 .4 7 9 .7 9 3 2 .7 2 4 .0 9 0 0 .7 7 6 5 .8 8 2 .3 3 3 1 .0 1
6 4 1 . 1 1 1 7 1 0 .8 0 3 0 1 5 1 8 .3 1 4 5 .9 8 8 6 2 8 .2 1 0 0 ,4 9 7 2 .1 2 3 .4 7 2 3 .9 3
98 1 . 6 1 1 8 3 4 .5 0 3 0 .5 1 4 4 7 1 3 3 .2 8 4 0 .9 2 7 .0 0 0 0 .5 2 7 2 .2 7 3 .3 3 2 3 .8 8
132 2 . 2 1 1 7 6 0 .8 0 2 9 .4 1 3 8 7 1 2 4 .7 7 9 4 .6 2 6 .2 2 0 0 .5 3 7 2 .5 7 3 .2 6 2 3 .6 4
166 2 . 8 1 1 7 7 9 .8 0 2 6 .4 1 3 6 2 .4 1 1 6 .5 7 9 1 .2 2 5 .8 6 0 0 .4 8 7 2 .4 9 3 .1 0 2 3 .9 3
2 0 0 3 .3 1 2 1 3 5 .3 0 3 5 .2 1 2 8 4 .4 1 0 4 .8 8 0 1 .8 2 4 .5 7 0 0 .6 7 7 1 .1 7 2 .9 0 2 5 .2 6
2 3 4 3 .9 1 1 8 4 4 .6 0 3 3 .7 1 2 9 2 .3 1 0 3 .8 8 1 0 .4 2 5 .1 3 0 0 .6 3 7 1 .1 4 2 . 8 6 2 5 .3 6
2 6 8 4 .5 1 1 8 7 2 .4 0 3 0 .7 1 2 9 4 .2 1 0 0 . 6 7 9 0 .5 2 4 .9 6 0 0 .5 8 7 1 .7 2 2 .7 9 2 4 .9 1
3 0 2 5 .0 1 2 0 1 9 .5 0 3 5 .5 1 2 4 0 .9 9 3 .8 8 1 0 .5 2 4 .2 9 0 0 .6 9 7 0 .4 8 2 . 6 6 2 6 .1 7
3 3 6 5 .6 1 2 0 1 2 . 6 d 3 4 .2 1 2 9 8 .4 9 7 .3 8 3 4 .7 2 5 .0 4 0 0 .6 4 7 0 .8 2 2 .6 5 2 5 .8 9
3 7 0 6 . 2 1 2 2 1 3 .1 0 , 3 3 .4 12 5 6 .1 9 2 .9 8 1 1 .8 2 4 .1 4 0 0 .6 4 7 0 .7 5 2 .6 2 2 5 .9 9
4 0 4 6 .7 1 2 3 4 0 .8 0 4 5 .4 1 2 6 1 .8 9 2 .6 8 7 9 .2 2 4 .4 8 0 0 .8 5 6 9 .2 0 2 .5 4 2 7 .4 1
4 3 8 7 .3 1 1 7 9 6 .8 0 4 0 .9 1 1 4 3 .4 8 4 .8 8 0 5 .3 2 3 .5 6 0 0 .8 4 6 8 .9 8 2 .5 6 2 7 .6 2
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Table D9 The results of the reaction with 20 ml/min of CH4 , 5 ml/min of 0 2, 5 ml/min of N2 , 6.5 ml/h of 48 wt% HBr/H20 , reaction
temperature 700 °c

TOS FID TCD %CH4 % Selectivity
min h CH4 C2H6 C2H4 CH3Br CH2Br2 CO Conversion C2H6 C2H4 CH3Br CH2Br2 CO
3 0 0 .5 1 3 5 7 7 .5 16.1 2 1 7 1 0 8 0 .7 4 3 .1 1 0 8 5 .7 2 3 .2 3 0 .31 4 .1 1 5 9 .9 0 1 .1 9 3 4 .2 1
6 4 1 . 1 1 2 4 6 4 .8 0 9 4 .6 1 3 6 1 .9 8 4 .6 1 1 7 8 .8 2 7 .2 6 0 1 .53 6 4 .5 2 2 . 0 0 3 1 .7 5
98 1 . 6 1 1 9 9 1 .3 • 0 78 .1 1 2 6 4 .9 7 0 .5 1 0 6 7 .6 2 6 .3 0 0 1 .3 8 6 5 .3 0 1 .8 2 3 1 .3 4
132 2 . 2 1 1 9 6 9 .3 0 6 6 .5 1 3 6 8 .2 7 1 .8 1 0 3 8 .7 2 7 .1 1 0 1 . 1 2 6 7 .7 1 1 .78 2 9 .2 2
166 2 . 8 1 2 3 6 0 .9 0 7 6 .8 1 2 2 3 .8 6 2 .2 1 0 1 6 .8 2 4 .9 7 0 1.41 6 5 .7 2 1 .6 7 3 1 .0 5
2 0 0 3 .3 1 2 6 4 9 0 7 8 .4 1 2 2 4 .5 5 7 .6 1 0 1 8 .5 2 4 .5 5 0 1 .4 4 6 5 .7 6 1 .55 3 1 .1 0
2 3 4 3 .9 12 08 1 0 6 9 .2 1 2 5 6 5 9 .5 1 0 4 6 .8 2 5 .8 3 0 1 .2 4 6 5 .8 4 1 .5 6 3 1 .2 0
2 6 8 4 .5 1 2 3 2 4 .9 0 6 7 .2 1 2 9 7 .4 5 9 .2 9 8 0 .8 2 5 .4 7 0 1 . 2 0 6 7  91 1.55 2 9 .1 9
3 0 2 5 .0 1 1 6 3 3 .5 0 7 0 .9 1 2 2 1 6 2 .8 1 1 5 8 .6 2 6 .8 8 0 1 .25 6 2 .9 9 1 .6 2 3 3 .9 8
3 3 6 5 .6 1 1 7 9 9 .8 0 7 2 .2 1 1 7 5 .7 61 .1 1 0 8 0 2 5 .6 9 0 1 .33 6 3 .6 3 1 .65 3 3 .2 3
3 7 0 6 . 2 1 1 8 7 2 .8 0 6 7 .7 1 2 4 4 .5 61 .1 1 0 9 5 .4 2 6 .3 2 0 1 . 2 0 6 4 .6 9 1 .5 9 3 2 .3 7
4 0 4 6 .7 1 1 9 5 3 .7 0 6 2 .7 1 2 4 2 .3 6 1 .4 961 2 5 .3 6 0 1 .1 6 6 7 .3 9 1 .67 2 9 .6 4
4 3 8 7.3 1 2 1 3 8 .7 0 70 .1 1 2 0 3 .6 5 9 1 0 2 9 .9 2 5 .1 2 0 1 .3 0 6 5 .2 2 1 .6 0 3 1 .7 3

On๐0

I



Table DIO T h e  r e s u l t s  o f  th e  r e a c t io n  w i th  2 0  m l /m in  o f  C H 4 , 10 m l /m in  o f  N 2 , 6 .5  m l /h  o f  4 8  w t%  H B r /H 2 0 , r e a c t io n  te m p e r a tu r e  
4 0 0  ๐c , a n d  2  g  o f  0 .5  w t%  R h / S i 0 2- c a lc in e d  a t  4 5 0  °c 6  h

TOS FID TCD %c h 4 % Selectivity
min h CH4 C2H6 C2H4 CH3Br CH2Br2 CO Conversion c 2h  6 c 2h 4 CH3Br CH2Br2 CO
3 0 0 .5 1 4 2 8 0 0 0 0 0 0 0 0 0 0 0 0
6 4 1 . 1 1 4 3 7 3 .5 0 0 0 0 0 0 0 1 0 0 0 0
98 1 . 6 1 4 2 9 3 .2 0 0 0 0 0 0 0 0 0 0 0
132 2 . 2 1 5 4 2 5 .9 0 0 0 0 0 0 0 0 ' 0 0 0
166 2 . 8 1 4 9 4 0 .5 0 0 0 0 0 0 0 0 0 0 0
2 0 0 3 .3 1 5 0 9 9 .5 0 0 0 0 0 0 0 0 0 0 0
2 3 4 3 .9 1 4 62 1 0 0 0 0 0 0 0 0 0 0 0
2 6 8 4 .5 1 4 7 8 3 .2 0 0 0 0 0 0 0 0 0 0 0
3 0 2 5 .0 1 5 3 1 0 .6 0 0 0 0 0 0 0 0 0 0 0
3 3 6 5 .6 1 5 5 9 3 .7 0 0 0 0 0 0 0 0 0 0 0
3 7 0 6 . 2 1 5 5 4 9 .6 0 0 0 0 0 0 0 0 0 0 0

o\
<0

I



Table D ll The results of the reaction with 20 ml/min of CH4 , 3.5 ml/min of 0 2, 7.5 ml/min of N2 , 6.5 ml/h of 48 wt% HBr/H20 ,
reaction temperature 400 °c , and 2 g of 0.5 wt% Rh/Si0 2 -calcined at 450 °c  6  h

TOS FID TCD %c h 4 % Selectivity
min h c h 4 C2H6 C2H4 CH3Br CH2Br2 CO Conversion C2H6 c 2h 4 CH3Br CH2Br2 CO
3 0 0 .5 1 2 1 1 3 .2 0 0 9 8 .9 0 71 .1 2 .4 4  ' 0 0 7 0 .9 9 0 2 9 .0 1
6 4 1 . 1 1 2 3 5 7 .6 0 0  . 1 1 3 .4 0 4 5 .3 2 .3 9 0 0 8 1 .4 9 0 18 .51
9 8 1 . 6 1 1 7 0 0 .9 0 0 103.1 0 39 .1 2 .2 8 0 0 8 2 .2 6 0 1 7 .7 4
1 3 2 2 . 2 1 1 8 8 9 .5 0 0 1 0 9 .8 0 4 5 .2 2 .4 2 0 0 8 1 .0 3 0 1 8 .9 7
166 2 . 8 1 1 8 5 0 .3 0 0 1 0 9 .5 0 4 4 .4 2 .41 0 0 8 1 .2 7 0 1 8 .7 3
2 0 0 3.3 1 1 9 3 5 .8 0 0 1 0 7 .7 0 4 7 .9 2 .4 0 0 0 7 9 .8 2 0 2 0 .1 8
2 3 4 3 .9 1 1 8 4 8 .5 0 0 1 0 1 . 8 0 3 5 .5 2 .1 9 0 0 8 3 .4 5 0 1 6 .5 5
2 6 8 4 .5 1 1 9 7 9 .8 0 0 1 0 8 .6 0 4 4 2 .3 7 0 0 8 1 .2 8 0 1 8 .7 2
3 0 2 5 .0 1 2 2 4 5 .3 0 0 113 0 4 3 .5 2 .3 9 0 0 8 2 .0 4 0 1 7 .9 6
3 3 6 5 .6 1 2 4 4 0 .2 0 0 123.1 0 4 4 .9 2 .5 3 0 Q 8 2 .8 2 0 1 7 .1 8
3 7 0 6 . 2 1 1 6 1 6 .7 0 0 1 2 5 .9 0 4 8 .9 2 .8 0 0 0 8 1 .9 1 0 1 8 .0 9



Table D12 The results of the reaction with 20 ml/min of CH4 , 5 ml/min of O2 , 5 ml/min of N2 , 6.5 ml/h of 48 wt% HBr/H2 0 , reaction
temperature 400 °c  , and 2 g of 0.5 wt% Rh/Si0 2 -calcined at 450 °c  6 h

T O S F I D T C D % C H 4 %  S e le c t iv i ty
m in h C H 4 C 2 H 6 C 2 H 4 C H 3B r C H 2 B r 2 C O C o n v e r s io n C 2 H 6 C 2 H 4 C H 3B r C H 2 B r 2 C O
3 0 0 .5 1 4 9 1 9 .2 0 0 2 4 9 .6 0 8 0 .3 4 .1 3  1 0 0 8 4 .5 4 0 . 0 0 1 5 .4 6
6 4 1 . 1 1 4 2 5 6 .4 0 0 2 4 8 .7 8 .4 9 2 .7 4 .4 6 0 0 8 1 .3 8 1 .3 7 1 7 .2 5
9 8 1 6 1 4 6 2 4 .3 0 0 2 7 7 .8 1 2 7 2 .4 4 .6 1 0 0 8 5 .4 9 1 .85 1 2 .6 7
132 2 . 2 1 4 2 5 8 .6 0 0 2 6 7 .2 13 5 4 .7 4 .4 4 0 0 8 7 .6 6 2 .1 3 1 0 . 2 0
166 2 . 8 1 4 1 5 7 .2 0 0 2 6 6 .1 1 3 .2 5 2 .7 4 .4 4 0 0 8 7 .9 2 2 .1 8 9 .9 0
2 0 0 3.3 1 4 5 0 9 0 0 2 4 5 .3 13.1 3 5 .8 3 9 2 0 0 9 0 .1 2 2 .41 7 .4 8
2 3 4 3 .9 1 4 5 9 3 .9 0 0 2 5 6 .6 13 3 8 .3 4 .0 7 0 0 9 0 .0 7 2 .2 8 7 .6 4
2 6 8 4 .5 1 4 7 4 9 .6 0 0 2 5 2 .5 13.1 2 9 .7 3 .9 1 0 0 9 1 .5 1 2 .3 7 6 . 1 2
3 0 2 5 .0 1 4 7 7 7 .2 0 0 2 4 6 1 2 .9 2 2 . 1 3 .7 5 0 0 9 2 .8 3 2 .4 3 4 .7 4
3 3 6 5 .6 1 3 8 5 7 .2 0 0 2 4 5 .8 1 2 . 8 2 4 .8 4 .0 1 0 0 9 2 .3 0 2 .4 0 5 .2 9
3 7 0 6 . 2 1 3 9 9 9 .4 0 0 2 4 5 .6 1 2 .4 2 0 . 6 3 .9 3 0 0 9 3 .2 0 2 .3 5 4 .4 4



Table D13 The results of the reaction with 20 ml/min of CH4, 6 ml/min of 0 2, 4 ml/min of N2 , 6.5 ml/h of 48 wt% HBr/H20 , reaction
temperature 400 °c  , and 2 g of 0.5 wt% Rh/SiC>2-calcined at 450 °c  6 h

T O S F I D T C D % c h 4 %  S e le c t iv i ty
m in h C H 4 C 2 H 6 c 2 h 4 C H 3B r C H 2 B r 2 C O C o n v e r s io n C 2H  6 C 2 H 4 C H 3B r C H 2 B r 2 C O
3 0 0 .5 1 1 7 9 8 0 0 1 2 0 . 6 0 1 7 7 .3 3 .9 2 0 0 5 4 .4 7 0 4 5 .5 3
6 4 1 . 1 1 1 4 4 5 .2 0 0 1 5 1 .9 0 1 0 6 .6 3.-88 0 0 7 1 .4 8 0 2 8 .5 2
98 1 . 6 1 1 2 9 8 .5 0 0 1 4 5 .4 0 1 0 6 9 3 .8 2 0 0 7 0 .5 2 0 2 9 .4 8
132 2 . 2 1 1 4 8 7 .1 0 0 153 0 1 1 9 .3 4 .0 1 0 0 6 9 .2 9 0 3 0 .7 1
166 2 . 8 1 1 7 7 5 .9 0 0 15 4 .1 0 1 0 3 .9 3 .7 9 0 0 7 2 .2 9 0 2 7 .7 1
2 0 0 3.3 1 2 1 3 1 .8 0 0 1 5 8 .5 0 9 6 .6 3 .6 9 0 0 7 4 .2 7 0 2 5 .7 3
2 3 4 3 .9 1 2 2 2 0 .4 0 0 1 6 7 .9 0 1 1 1 . 1 3 .9 5 0 0 7 2 .6 6 0 2 7 .3 4
2 6 8 4 .5 1 1 7 0 1 .5 0 0 1 6 7 .7 0 1 1 2 . 1 4 .1 2 0 0 7 2 .4 6 0 2 7 .5 4
3 0 2 5 .0 1 1 7 2 7 .8 0 0 1 6 8 .6 0 1 0 5 .8 4 .0 7 0 0 7 3 .7 0 0 2 6 .3 0
3 3 6 5 .6 1 1 3 7 6 .2 0 0 16 8 .1 0  ' 1 0 9 .9 4 .2 2 0 0 7 2 .9 0 0 2 7 .1 0
3 7 0 6 . 2 1 1 5 9 0 .7 0 0 1 7 5 .6 6 .5 1 0 7 .8 4 .3 1  ' 0 0 7 3 .1 2 1 .35 2 5 .5 2

I
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Table D14 The results o f the reaction with 20 ml/min o f CH4, 5 ml/min of (ว2, 5 ml/min o f N 2, 6.5 ml/h o f 48 wt% HBr/H20 , reaction
temperature 400 °c  , and 2 g o f 0.3 wt% Rh/Si02-calcined at 450 °c  6 h

TOS FID TCD %c h 4 % Selectivity
min h CH4 C2H6 C2H4 CH3Br CH2Br2 CO Conversion C2H6 c 2h 4 CH3Br CH2Br2 CO
3 0 0 .5 1 1 8 4 4 .5 0 0 1 2 2 .7 2 7 .4 81 .1 3 .2 4 0 0 6 7 .2 3 7 .51 2 5 .2 6
6 4 1 . 1 1 3 5 5 7 .6 0 0 1 4 8 .9 0 1 3 1 .3 3 .4 6 0 0 6 6 .6 1 0 3 3 .3 9
98 1 . 6 1 1 6 0 9 0 0 1 2 6 .2 0 5 9 .5 2 .9 1 0 0 7 8 .8 6 0 2 1 .1 4
132 2 . 2 1 2 4 7 9 0 0 1 2 9 .7 0 5 0 .8 2 .6 9 0 0 8 1 .7 9 0 18 .21
16 6 2 . 8 1 2 2 7 6 .5 0 0 1 1 5 .7 0 3 4 .4 2 .3 4 0 0 8 5 .5 4 0 1 4 .4 6
2 0 0 3 .3 1 3 0 4 1 .5 0 0 1 2 2 .5 0 0 2 . 0 0 0  • 0 1 0 0 0 0
2 3 4 3 .9 1 2 8 6 4 .1 0 0 1 1 9 .6 0 0 1 .98 0 0 1 0 0 0 0
2 6 8 4 .5 1 2 1 3 2 .3 0 0 1 0 0 .5 0 0 1 .7 7 0 0 1 0 0 0 0
3 0 2 5 .0 1 2 1 4 0 .6 0 0 1 0 2 .5 0 0 1 .8 0 0 0 1 0 0 0 0  •
3 3 6 5 .6 1 1 7 1 1 0 0 9 9 .6 0 0 1 .8 2 0 0 1 0 0 0 0
3 7 0 6 . 2 1 1 5 9 2 0 0 1 0 3 .9 0 0 1.91 0 0 1 0 0 0 0

-4



Table D15 The results of the reaction with 20 ml/min of CH-I, 5 ml/min of <ว2 , 5 ml/min of N2, 6.5 ml/h of 48 wt% HBr/H20 , reaction
temperature 400 °c  , and 2 g of 0.3 wt% Rh/Si02-calcined at 900 ๐c  10 h

TOS FID TCD %c h 4 % Selectivity
min h CH4 C2H6 C2H4 CH3Br CH2Br2 CO Conversion C2H6 C2H4 CH3Br CH2Br2 CO
3 0 0 .5 1 2 5 1 0 .7 0 0 3 8 .5 0 0 0 . 6 6 0 0 1 0 0 0 0
6 4 1 . 1 1 2 1 9 3 .2 0 0 5 3 .7 0 0 0 .9 5 0 0 1 0 0 0 0
9 8 1 . 6 1 1 6 4 3 .9 0 0 4 3 .6 0 0 0 .81 0 0 1 0 0 0 0

13 2 2 . 2 1 1 8 8 4 0 0 3 5 .7 0 0 0 .6 5 0 0 1 0 0 0 0

166 2 . 8 1 1 6 0 5 .1 0 0 4 4 .5 0 0 0 .8 3 0 0 1 0 0 0 0
2 0 0 3 .3 1 1 8 2 7 .1 0 0 4 0 .5 0 0 0 .7 4 0 0 1 0 0 0 0
2 3 4 3 .9 1 2 0 6 9 ______ 0 4 3 .3 0 0 0 .7 7 0 0 1 0 0 0 0
2 6 8 4 .5 1 1 5 8 4 .8 0 0 4 9 .7 0 0 0 .9 2 0 0 1 0 0 0 0
3 0 2 5 .0 1 1 8 4 0 .5 0 . 0 4 2 .4 0 0  , 0 .7 7 0 0 1 0 0 0 0
3 3 6 5 .6 1 2 0 6 9 0 0 5 1 .9 0 0 0 .9 3 0 0 1 0 0 0 0
3 7 0 6 . 2 1 1 8 6 3 0 0 4 8 .9 0 0 0 .8 9 0 0 1 0 0 0 0



Table D16 The results of the reaction with 20 ml/prin of CH4, 5 ml/min of <ว2, 5 ml/min of N2, 6.5 ml/h of 48 wt% HBr/H20, reaction
temperature 400 ๐c  , and 2 g of 0.5 wt% Rh/Si02-calcined at 900 °c  10 h

TOS FID TCD %c h 4 % Selectivity
min h c h 4 C2H6 c 2h 4 CH3Br CH2Br2 CO Conversion C2H6 C2H4 CH3Br CH2Br2 CO
3 0 0 .5 1 2 6 9 7 .1 0 0 35 0 5 0 .7 1 .0 8 0 0 5 4 .8 4 0 4 5 .1 6
6 4 1 . 1 1 2 0 1 6 .6 0 0 4 4 .3 0 0 0 .8 0 0 0 1 0 0 0 0
9 8 1 . 6 1 1 7 8 9 .8 0 0 35  9 0 0 0 . 6 6 0 0 1 0 0 0 0
132 2 . 2 1 1 5 6 4 .5 0 0 3 8 .7 0 0 0 .7 2 0 0 1 0 0 0 0
16 6 2 . 8 1 1 7 5 7 .2 0 0 41 0 0 0 .7 5 0 0 1 0 0 0 0
2 0 0 3.3 1 1 9 5 8 .6 0 0 5 0 .2 0 0 0 .9 0 0 0 1 0 0 0 0
2 3 4 3 .9 1 2 1 4 6 0 0 4 5 .3 0 0 0 .8 0 0 0 1 0 0 0 0
2 6 8 4 .5 1 2 3 6 7 .4 0 0 53 0 0 0 .9 2 0 0 1 0 0 0 0
3 0 2 5 .0 1 2 5 2 1 .7 0 0 4 5 .8 0 0 0 .7 9 0 0  ’ 1 0 0 0 0
3 3 6 5 .6 1 2 5 6 9 .5 0 0 49 .1 0 0 0 .8 4 0 0 1 0 0 0 0
3 7 0 6 . 2 1 2 0 2 4 .1 0 0 5 7 .8 0 0 1 .03 0 0 1 0 0 0 0

hyi
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Table D17 The results of the reaction with 20 ml/min of CH4 , 5 ml/min of O2 , 5 ml/min of N2 , 6.5 ml/h of 48 wt% HBr/H2 0 , reaction
temperature 400 °c  , and 2 g of S i0 2

T O S F I D T C D % c d 4 %  S e le c t iv i ty
m in h C H 4 C 2 H 6 C 2 H 4 C H 3B r C H 2B r 2 C O C o n v e r s io n C 2 H 6 C 2 H 4 C H j B r C H 2 B r 2 C O
3 0 0 .5 1 5 0 8 3 .4 0 0 1 9 4 .7 7 .8 2 5 .6 2 .9 8 0 0 9 1 .3 4 1 .83 6 .8 3
6 4 1 . 1 1 4 8 2 2 .8 0 0 1 6 1 .7  1 7 4 1 .1 2 .6 9 0 0 8 5 .7 5 1 . 8 6 1 2 .3 9
98 1 . 6 1 4 3 7 7 .4 0 0 1 2 6 .4 0 0 1 . 8 8 0 0 1 0 0 0 0
132 2 . 2 1 3 4 6 0 .6 0 0 1 0 2 .3 0 0 1.63 0 0 1 0 0 0 0
166 2 . 8 1 3 8 0 3 .8 0 0 9 9 .5 0 0 1 .5 4 0 0 1 0 0 0 0

2 0 0 3.3 1 3 9 2 2 .4 . 0 0 1 0 3 .4 0 0 1 .5 9 0 0 1 0 0 0 0
2 3 4 3 .9 1 4 2 7 9 0 0 9 4 .9 0 0 1 .43 0 0 1 0 0 0 0

2 6 8 4 .5 1 3 3 5 5 .4 0 0 93 0 0 1 .49 0 0 1 0 0 0 0
3 0 2 5 .0 1 3 6 6 0 .7 0 0 9 7 0 0 1 .5 2 0 0 1 0 0 0 0
3 3 6 5 .6 1 3 7 6 6 .7 0 0 9 3 .2 0 0 1.45 0 0 1 0 0 0 0
3 7 0 6 . 2 1 3 8 4 4 .6 0 0 9 4 .7 0 0 1 .4 7 0 0 1 0 0 0 0

ON
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