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APPENDICES 
Appendix A

Table A1 R aw  data obtained from the screening o f  catalysts in Library I using eight 
tubular flo w  reactors

N o C a ta ly s t

R e la t iv e  ra t io  o f  
e le m e n ta l  

lo a d in g  (% ) R e m a rk
S c re e n in g  re s u l ts  a t  6 5 0 ° c

P d P t L a T im e
(m in ) % C o n v e rs io n % S e le c tiv i ty

15 0.00 100
83 0.00 100

1 C M B a re 151 0.00 100
M o n o li th 2 1 9 0.00 100

2 8 7 0.00 100
355 0.00 100
24 0.00 100

W a s h c o a te d
9 2 0.00 100

2 C 2 2 160 0.00 100
M o n o lith 2 2 8 0.00 100

2 9 6 0.00 100
3 6 4 0.00 100
32 9 9 .5 100

M e th o d  A
100 9 9 .0 100

3 C 1 9 A 80 20 168 9 8 .7 100
(P d -b a s e d ) 2 3 6 9 9 .7 100

3 0 4 9 8 .0 100
3 7 2 96 .81 100
41 9 9 .9 100

M e th o d  B
109 100 100

4 C 1 9 B 8 0 20 177 100 100
(P d -b a s e d ) 2 4 5 100 100

3 1 3 100 100
381 100 100
4 9 9 7 .7 100
117 9 7 .4 100

5 C 1 7 A 60 20 20 M e th o d  A 185 9 7 .0 100
(P d -b a s e d ) 2 5 3 9 6 .3 100

321 9 5 .9 100
3 8 9 9 5 .9 100
58 9 8 .9 100
126 9 9 .0 100

6 C 1 7 B 6 0 20 20 M e th o d  B 194 9 8 .5 100
(P d -b a s e d ) 2 6 2 9 8 .2 100

3 3 0 9 7 .8 100
3 9 8 96.1 100

N o te :  M e th o d  A : w a s h c o a te d  m o n o li th  w a s  c a lc in e d  a t  500°c a n d  re -c a lc in e d  a t  900°c fo r  3 h rs  a f te r
m e ta l lo a d in g .

M e th o d  B : w a s h c o a te d  m o n o li th  w a s  c a lc in e d  a t  900°c a n d  r e -c a lc in e d  a t  900°c fo r  3 h rs  a f te r  
m e ta l lo a d in g .
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Table A l  continued

N o C a ta ly s t

R e la t iv e  ra t io  o f  
e le m e n ta l  

lo a d in g  (% ) R e m a rk
S c re e n in g  re s u l ts  a t  650°c

P d P t L a T im e
(m in ) % C o n v e rs io n % S e le c t iv i ty

7 C 0 2 A - 80 2 0 M e th o d  A  
(P t-b a s e d )

66 4 4 .2 100
134 4 4 .9 100
202 4 4 .5 100
2 7 0 4 3 .6 100
3 3 8 4 3 .3 100
4 0 6 3 0 .2 100

8 C 0 2 B - 80 2 0 M e th o d  B 
(P t-b a s e d )

75 3 4 .9 100
143 3 3 .7 100
211 2 8 .2 100
2 7 9 2 7 .3 100
3 4 7 17.9 100
4 1 5 18 .6 100

N o te :  M e th o d  A : w a s h c o a te d  m o n o li th  w a s  c a lc in e d  a t 500°c a n d  r e - c a lc in e d  a t  900°c fo r  3 h rs  a f te r  
m e ta l  lo a d in g .

M e th o d  B : w a s h c o a te d  m o n o li th  w a s  c a lc in e d  a t  900°c a n d  r e -c a lc in e d  a t  900°c fo r  3 h rs  a f te r  
m e ta l lo a d in g .



Table A2 Raw data obtained from the screening of catalysts in Library II using eight tubular flow reactors

N o C a ta ly s t P d  lo a d in g  
(% w t)

S c re e n in g  r e s u lts  a t  350°c S c re e n in g  r e s u lts  a t  400°c S c re e n in g  re s u l ts  a t  4500°c
T im e
(m in ) % C o n v e rs io n % S e le c t iv i ty T im e

(m in ) % C o n v e rs io n % S e le c t iv i ty T im e
(m in ) % C o n v e rs io n % S e le c t iv i ty

1 ML1 1%
15 0 .0 0 100 15 84.03 100 15 0 .0 0 100
83 0 .0 0 100 83 1.50 100 83 0 .0 0 100
151 0.53 100 151 1.75 100
219 0.41 100 219 0.87 100

287 1.02 100

2 M L2 2 %
24 0 .0 0 100 24 0 .0 0 100 24 0 .0 0 100
92 0 .0 0 100 92 0 .8 6 100 92 0 .0 0 100
160 0.43 100 160 1.31 100
228 0.30 100 228 1.07 100

296 0.90 100

3 M L3 4%
32 19.6 100 32 76.2 100 32 98.6 100
100 16.9 100 100 43.1 100 100 93.0 100
168 15.6 100 168 36.3 100
236 1 2 .0 100 236 26.4 100

304 27.1 100

4 M L4 5%
41 22.5 100 41 78.8 100 41 99.3 100
109 15.9 100 109 51.4 100 109 95.3 100
177 1 2 .6 100 177 25.7 100
245 10.5 100 245 2 0 .0 100

313 24.7 100

5 M L5 7%
49 13.3 100 49 77.6 100 49 96.5 100
117 10.5 100 117 57.9 100 117 93.4 100
185 10.4 100 185 28.9 100
253 8.43 100 253 34.5 100

321 28.2 100

ooK>



Table A2 continued

No Catalyst Pd loading 
(%wt)

รcreening results at 350°c Screening results at 400°c Screening results at 4500°c
Time
(min) %Conversion %Selectivity Time

(min) %Conversion %Selectivity Time
(min) %Conversion %Selectivity

6 ML6 8%
58 16.9 100 58 80.5 100 58 97.5 100
126 12.3 100 126 50.9 100 126 92.5 100
194 13.9 100 194 46.6 100
262 11.0 100 262 27.4 100

330 23.9 100

7 ML7 10%
66 37.0 100 66 93.2 100 66 99.0 100
134 18.3 100 134 80.2 100 134 98.0 100
202 17.1 100 202 61.4 100
270 13.5 100 270 42.6 100

338 31.8 100

8 ML8 12%
75 33.4 100 75 96.1 100 75 99.6 100
143 18.1 100 143 90.8 100 143 98.5 100
211 10.6 100 211 73.9 100
279 14.5 100 279 68.6 100

347 52.9 100

๐ 0
UJ



Table A3 Raw data obtained from the screening of catalysts in Library III using eight tubular flow reactors

N o C a ta ly s t s

R a t i o  o f  e le m e n ts  
lo a d in g  ( % )

S c r e e n in g  D a ta
T  =  400°c T = 450°c T = 500°c T = 550°c T  =  600°c T = 800°c

P d P t L a T im e
(m in ) %  C o n v . %  C o n v . T im e

(m in ) %  C o n v . T im e
(m in ) %  C o n v . T im e

(m in ) %  C o n v . T im e
(m in )

%  C o n v .
T im e

1 C 01 0 .0 0 1.00 0 .0 0

15 0 .0 0 15 0 .0 0 15 3 .3 8 15 7 .5 4 15 4 8 .9 15 100
83 0 .0 0 83 0 .0 0 83 3 .5 4 83 8 .1 2 83 5 5 .0 83 100
151 0 .0 0 151 0 .0 0 151 3 .6 7 151 7 .7 4 151 5 4 .9 151 100
2 1 9 0 .0 0 2 1 9 0 .0 0 2 1 9 3.51 2 1 9 7 4 6 2 1 9 5 6 .5 2 1 9 100
2 8 7 0 .0 0 2 8 7 0 .0 0 2 8 7 3 .2 8 2 8 7 7 .3 3 2 8 7 5 3 .3 2 8 7 100
3 5 5 0 .0 0 355 0 .0 0 355 3 .2 9 3 55 7 .3 2 3 5 5 5 1 .7 355 100
4 2 3 0 .0 0 4 2 3 0 .0 0 4 2 3 3 .2 9 4 2 3 6 4 3 4 2 3 4 9 .8 4 2 3 100

2 C 0 2 0 .0 0 0 .8 0 0 .2 0

15 0 .0 0 15 0 .0 0 15 3 35 15 5 .4 8 15 12.4 15 8 9 .9
83 0 .0 0 83 0 .0 0 83 0 .0 0 83 4 .8 8 83 11.7 83 8 9 .9
151 0 .0 0 151 0 .0 0 151 0 .0 0 151 4.41 151 11 .0 151 100
2 1 9 0 .0 0 2 1 9 0 .0 0 2 1 9 0 .0 0 2 1 9 5 .2 6 2 1 9 9 .9 2 2 1 9 100
2 8 7 0 .0 0 2 8 7 0 .0 0 2 8 7 0 .0 0 2 8 7 4 .8 2 2 8 7 10.3 2 8 7 100
3 5 5 0 .0 0 3 5 5 0 .0 0 355 0 .0 0 3 5 5 4 76 3 5 5 10.2 355 100
4 2 3 0 .0 0 4 2 3 0 .0 0 4 2 3 0 .0 0 4 2 3 3 .6 0 4 2 3 10.4 423 100

3 C 0 3 0 .0 0 0 .6 0 0 .4 0

2 4 0 0 0 2 4 0 .0 0 2 4 0 .0 0 24 6 .2 5 2 4 6 .1 9 24 100
9 2 0 .0 0 9 2 0 .0 0 9 2 0 0 0 92 6 .3 2 9 2 6 .9 4 92 100
160 0 .0 0 160 0 .0 0 160 0 .0 0 160 6 .1 2 160 6 .6 6 160 100
2 2 8 0 .0 0 2 2 8 0 .0 0 2 2 8 0 .0 0 2 2 8 6 .1 5 2 2 8 5 .4 2 228 100
2 9 6 0 .0 0 2 9 6 0 .0 0 2 9 6 0 .0 0 2 9 6 5 78 2 9 6 4 .5 5 2 9 6 100
3 6 4 0 .0 0 364 0 0 0 3 6 4 0 .0 0 3 6 4 5 .7 5 3 6 4 4 .3 3 3 6 4 100
4 3 2 0 .0 0 4 3 2 0 0 0 4 3 2 0 .0 0 4 3 2 5 .5 8 4 3 2 3.81 4 3 2 1 00

4 C 0 4 0 .0 0 0 .4 0 0 .6 0

2 4 0 .0 0 2 4 0 .0 0 2 4 0 .0 0 2 4 6 .8 3 2 4 12.2 24 9 9 .2
9 2 0 .0 0 9 2 0 .0 0 9 2 0 .0 0 92 5 .8 0 9 2 12.4 92 9 9 .4
160 0 .0 0 160 0 .0 0 160 0 .0 0 160 5 .7 4 160 12.1 160 100
2 2 8 0 .0 0 2 2 8 0 .0 0 2 2 8 0 .0 0 2 2 8 6 .1 7 2 2 8 11.3 228 100
2 9 6 0 .0 0 2 9 6 0 .0 0 2 9 6 0 .0 0 2 9 6 5 .5 9 2 9 6 10.7 2 9 6 100
3 6 4 0 .0 0 364 0 .0 0 3 64 0 .0 0 3 6 4 5 .03 3 6 4 10.8 3 64 100
4 3 2 0 .0 0 4 3 2 0 .0 0 4 3 2 0 .0 0 4 3 2 4 .1 3 4 3 2 1 0 5 4 3 2 100

5 C 0 5 0 .0 0 0 .2 0 0 .8 0

32 0 .0 0 3 2 0 .0 0 32 0 .0 0 3 2 4 .0 5 3 2 7 .4 5 32 9 7 .4
100 0 .0 0 100 0 .0 0 100 0 .0 0 100 0 .0 0 100 6 .8 0 100 9 8 .2
168 0 .0 0 168 0 .0 0 168 0 .0 0 168 0 .0 0 168 6 .6 9 168 9 5 .9
2 3 6 0 .0 0 2 3 6 0 .0 0 2 3 6 0 .0 0 2 3 6 0 0 0 2 3 6 6 .2 8 2 3 6 9 4 .8
3 0 4 0 .0 0 3 0 4 0 .0 0 3 0 4 0 .0 0 3 0 4 0 .0 0 3 0 4 6.61 304 9 3  0
3 7 2 0 .0 0 3 7 2 0 .0 0 3 7 2 0 .0 0 372 0 .0 0 3 7 2 6 .3 0 372 9 0 .9
4 4 0 0 .0 0 4 4 0 0 .0 0 4 4 0 0 ,0 0 4 4 0 0 ,0 0 4 4 0 6 .2 6 4 4 0 8 9 .4



Table A3 continued

N o C a ta ly s t s

R a t io  o f  e le m e n ts  
lo a d in g  ( % )

S c r e e n in g  D a ta
T =  400°c T =  450°c T  =  500°c T  =  5S0°C T  =  600°c T  =  800°c

P d P t L a T im e
(m in ) %  C o n v . %  C o n v . T im e

(m in ) %  C o n v . T im e
(m in ) %  C o n v . T im e

( m in i %  C o n v . T im e
(m in ) %  C o n v .

T im e

6 C 0 6 0 .0 0 0 .0 0 1.00

3 2 0 .0 0 32 0 .0 0 32 0 .0 0 32 0 .0 0 32 9 .9 2 32 63.1
100 0 .0 0 100 0 .0 0 100 0 .0 0 100 0 .0 0 100 7 .4 3 100 6 2 .3
168 0 .0 0 168 0 .0 0 168 0 .0 0 168 0 .0 0 168 7 .3 2 168 60.1
2 3 6 0 .0 0 2 3 6 0 .0 0 2 3 6 0 .0 0 2 3 6 0 .0 0 2 3 6 5 .7 3 2 3 6 6 4 .2
3 0 4 0 .0 0 304 0 .0 0 3 0 4 0 .0 0 3 0 4 0 .0 0 3 0 4 5 .6 0 3 0 4 5 9 .5
3 7 2 0 .0 0 372 0 .6 0 3 7 2 0 .0 0 3 7 2 0 .0 0 3 7 2 4 .7 5 372 65.1
4 4 0 0 0 0 4 4 0 0 .0 0 4 4 0 0 0 0 4 4 0 0 .0 0 4 4 0 3.31 4 4 0 6 3 .0

7 C 0 7  ' 0 .2 0 0 .8 0 0 .0 0

15 6 0 8 15 3 8 .2 15 6 7 .3 15 8 7 .7 15 29 .1 15 100
83 9 .5 8 83 4 4 .8 83 82 .5 83 9 4 .8 83 9 3 .0 83 100
151 9 ,9 4 151 4 9 .2 151 89 .2 151 9 6 .2 151 92.1 151 100
2 1 9 10.5 2 1 9 5 4 .0 2 1 9 91.1 2 1 9 9 8 .0 2 1 9 9 1 .2 2 1 9 100
2 8 7 10 .8 2 8 7 5 6 .4 287 9 1 .6 2 8 7 9 8 .4 2 8 7 9 0 .6 287 100
3 5 5 11.5 3 55 5 4 .7 355 9 1 .4 3 55 9 8 .0 355 9 0 .2 355 100
4 2 3 12.1 4 2 3 5 6 .6 4 2 3 9 1 .6 4 2 3 9 7 .7 4 2 3 8 9 .9 423 100

8 C 08 0 .2 0 0 .6 0 0 ,2 0

24 8 .0 4 24 3 7 .2 2 4 6 4 .8 2 4 87.1 2 4 8 2 .2 24 100
9 2 9 .5 5 92 4 3 .5 92 7 9 ,9 9 2 8 9 7 92 8 8 .7 92 100
160 9 .9 4 160 4 6 .7 160 87.1 160 8 9 .4 160 9 0 2 160 100
2 2 8 10 .2 2 28 5 0 .2 228 89.3 2 2 8 8 8 .6 2 2 8 9 1 .0 228 100
2 9 6 10 .0 2 9 6 5 2 .2 2 9 6 90.1 2 9 6 8 8 .9 2 9 6 9 0 .3 2 9 6 100
3 6 4 10.8 364 5 1 .6 364 89 .8 3 6 4 8 7 .7 3 6 4 89.1 364 100
4 3 2 11 .2 4 3 2 5 3 .3 4 3 2 8 9 .9 4 3 2 8 7 .4 4 3 2 8 9 .6 4 3 2 100

9 C 0 9 0 .2 0 0 .4 0 0 .4 0

41 6 .4 6 41 2 3 .2 41 51.1 41 7 2 .5 41 6 9 9 41 9 8 .3
109 6 .0 3 109 2 7 .6 109 5 8 .6 109 7 5 .4 109 7 8 .9 109 9 8 .2
177 6 9 6 177 3 0 .3 177 6 5 .2 177 7 4 .9 177 8 4 4 177 9 8 .3
2 4 5 6.71 245 3 0 .6 245 7 0 .0 2 4 5 74.1 2 4 5 8 3 .8 245 9 8 .0
313 5 .9 4 313 3 1 .7 313 7 2 .6 3 1 3 73.1 313 8 9 .7 313 97.1
381 6 .7 7 381 33.1 381 7 4 .2 381 7 2 .6 381 8 9 .3 381 9 6 .7
4 4 9 6 .8 7 4 4 9 3 5 .5 4 4 9 7 5 .2 4 4 9 7 2 .6 4 4 9 88  9 4 4 9 9 6 .2

10 C IO 0 .2 0 0 .2 0 0 .6 0

41 12.5 41 4 8 .3 41 7 2 .4 41 89 .3 41 6 7 .6 41 95.1
109 9 .0 9 109 5 1 .0 109 7 9 .4 109 8 8 .7 109 7 1 .5 109 9 4 .4
177 8 .4 8 177 54.1 177 8 4 .6 177 8 9 .0 177 7 3 .6 177 9 2 .0
2 4 5 8 31 245 5 6 .6 2 45 7 9 .4 2 4 5 9 2 .5 2 4 5 7 4 .7 2 45 85 .7
3 1 3 7 .1 4 313 5 9 .3 3 13 7 7 .8 313 9 2 .5 313 7 5  7 313 8 9 9
381 7 .8 4 381 6 1 .9 381 7 9 .9 381 9 0 .8 381 7 6 .4 381 8 8 .6
4 4 9 11.6 4 4 9 6 4 .5 4 4 9 86 .3 4 4 9 8 9 .9 4 4 9 7 6 .8 4 4 9 87 .5



Table A3 continued

N o C a ta ly s t s
R a t io  o f  e le m e n ts  

lo a d in g  (%)
S c r e e n in g  D a ta

T = 400°c T = 450°c T = 500°c T = 550°c T = 600°c T = 800°c
P d P t L a T im e

(m in ) %  C o n v . %  C o n v . T im e
(m in ) %  C o n v . T im e

(m in ) %  C o n v . T im e
(m in ) %  C o n v . T im e

(m in ) %  C o n v .T im e

11 C l l 0 2 0 0 .0 0 0 .8 0

4 9 11.7 6 6 9 .6 9 66 2 8 .2 66 4 7 .0 4 9 9 6 .9 4 9 8 8 .4
117 13.1 134 9 .1 5 134 2 6 .2 134 4 3 .9 117 9 6 9 117 9 0 .6
185 12 .9 2 0 2 9 .2 3 2 0 2 2 5 .5 2 0 2 4 2 .6 185 9 6 .7 185 9 0 0
2 5 3 13.1 2 7 0 8 9 6 2 7 0 2 4 .8 2 7 0 4 1 ,4 2 5 3 9 6  5 2 5 3 88.1
321 12 .9 3 3 8 14.4 338 3 0 .0 3 3 8 4 0 .4 321 9 6 4 321 8 8 .6
3 8 9 11.4 4 0 6 16 .0 4 0 6 3 1 .4 4 0 6 3 9 .9 3 8 9 9 6 .2 3 8 9 8 8 .0
4 5 7 10.3 4 7 4 2 2 .7 4 7 4 3 0 .0 4 7 4 3 9 .8 4 5 7 9 6 .0 4 5 7 8 7 .3

12 C 1 2 0 .4 0 0 6 0 0 .0 0

4 9 9 .4 4 58 3 0 .2 4 9 6 7 .4 4 9 8 4 ,9 4 9 81.1 4 9 100
117 9  87 126 3 8  5 117 7 5 .9 117 87 .3 117 87 .7 117 100
185 9.71 194 4 2 .0 185 8 1 .0 185 87 .3 185 8 9 9 185 100
2 5 3 10.2 2 6 2 4 4 .5 2 5 3 83.1 2 5 3 87.1 2 5 3 88  0 2 5 3 100
321 9 .9 7 3 3 0 5 0 ,5 321 8 3 9 321 8 7 .0 321 8 8 .7 321 100
3 8 9 11.1 398 5 5 .2 3 8 9 8 4 .2 3 8 9 8 6 .9 3 8 9 8 6 .7 3 8 9 100
4 5 7 11.5 4 6 6 5 8 .8 4 5 7 8 4 .7 4 5 7 8 7 .0 4 5 7 8 6 0 4 5 7 100

13 C 13 0 .4 0 0 .4 0 0 .2 0

3 2 6 4 7 3 2 3 5 .6 3 2 5 9 .2 32 7 5 .6 32 9 5 .2 32 100
100 6.71 100 3 9 .0 100 6 8 .3 100 7 7 .9 100 94.1 100 100
168 6 .9 8 168 42.1 168 7 4 .7 168 7 8 .4 168 9 3 .5 168 100
2 3 6 7 61 2 3 6 4 5 .0 2 3 6 7 7 .8 2 3 6 7 7 .7 2 3 6 93.1 2 3 6 100
304 7 .4 9 3 0 4 4 5 .7 3 0 4 7 9 .6 3 04 77.1 304 9 2 .6 3 0 4 100
3 7 2 7.91 372 43.1 3 7 2 7 9 .2 3 7 2 7 6 .5 372 9 2 .2 3 7 2 100
4 4 0 8 .1 0 4 4 0 4 4 .2 4 4 0 8 0 6 4 4 0 7 6 .3 4 4 0 9 2 .0 4 4 0 100

14 C 1 4 0 .4 0 0 .2 0 0 .4 0

58 14 8 58 3 5 .0 58 6 7 .9 58 7 5 .2 58 9 3 .2 58 8 9 .3
126 1 4 .9 126 37  8 126 7 3 .7 126 7 5 .7 126 9 3  8 126 9 0 .9
194 14 .0 194 3 9 .6 194 7 5 .8 194 74.1 194 9 3 .8 194 93.1
2 6 2 13.5 2 6 2 4 2 .5 2 6 2 7 6 .5 2 6 2 7 2 .9 2 6 2 92.1 2 6 2 8 7 .2
3 3 0 14.4 3 3 0 4 3 .6 3 3 0 7 6 .4 3 3 0 7 1 .6 3 3 0 93.1 3 3 0 8 2 ,8
3 9 8 13,6 3 9 8 4 5 .9 398 7 6 2 3 98 7 1 .6 398 9 0 9 3 9 8 7 9 .7
4 6 6 13.9 4 6 6 4 5 .0 4 6 6 7 5 9 4 6 6 7 1 .4 4 6 6 9 0 .4 4 6 6 7 7 .2

15 C 15 0 .4 0 0 0 0 0 .6 0

58 15.7 58 5 0 .5 58 8 3 .3 58 9 6 7 58 9 7 .9 58 9 6 .8
126 10.5 126 4 5 .6 126 7 6 .8 126 9 5 .0 126 9 6 .2 126 9 8 .5
194 10.7 194 4 5 .0 194 72 .3 194 9 5 .0 194 95.1 194 9 8 .2
2 6 2 13.2 262 4 3 .5 2 6 2 7 4 .2 2 6 2 9 2 .6 2 6 2 9 3 .7 2 6 2 9 8 .5
330 13.1 330 4 3 .0 3 3 0 7 4 .4 3 3 0 9 0 .9 3 3 0 9 2 .8 3 3 0 9 5 .8
398 13.8 398 4 2 .2 3 9 8 7 3 .3 3 9 8 9 0 .4 3 9 8 9 1 .5 3 9 8 9 3 .2
4 6 6 11.6 4 6 6 4 1 .7 4 6 6 7 5 .2 4 6 6 9 1 .9 4 6 6 9 0 .6 4 6 6 9 1 .5



Table A3 continued

N o C a ta ly s t s

R a t io  o f  e le m e n ts  
lo a d in g  ( % )

S c r e e n in g  D a ta
T =  400°c T = 450°c T = 500°c T  =  550°c T  =  600°c T  =  800°c

P d P t L a T im e
(m in ) %  C o n v . %  C o n v . T im e

(m in ) %  C o n v . T im e
(m in ) %  C o n v . T im e

(m in ) %  C o n v . T im e
(m in ) %  C o n v .

T im e

16 C 1 6 0 .6 0 0 .4 0 0 .0 0

6 6 5 .4 6 6 6 4 0 .5 66 82 .3 6 6 9 5 .7 6 6 9 3 .9 66 9 6 .8
134 11.1 134 4 1 .8 134 8 4 .6 134 9 6  1 134 9 4 .3 134 8 9 .2
2 0 2 11.0 2 0 2 4 7 .8 2 0 2 89 .2 2 0 2 9 6 .4 2 0 2 9 3 .9 2 0 2 88.1
2 7 0 12.3 2 7 0 4 6 .3 2 7 0 9 0 .8 2 7 0 9 4 .6 2 7 0 9 3 .8 2 7 0 8 7 7
3 3 8 12.3 3 3 8 4 8 .5 338 9 0 .4 3 38 9 4 .4 3 3 8 9 3 .8 338 87.1
4 0 6 13.6 4 0 6 4 9 .2 4 0 6 8 5 .6 4 0 6 9 6 .0 4 0 6 9 4 .0 4 0 6 8 7 .9
4 7 4 10.5 4 7 4 52.1 4 7 4 8 2 .2 4 7 4 9 6 .8 4 7 4 9 3 .4 4 7 4 85 .5

17 C 17 0 .6 0 0 .2 0 0 .2 0

6 6 2 3 .2 6 6 4 3 .3 6 6 7 3 .5 6 6 7 7  4 6 6 9 6 9 66 9 6 .0
134 2 3 .0 134 4 5 .7 134 7 6 .4 134 7 8 .2 134 9 7 .0 134 96.1
2 0 2 2 1 .8 202 4 7 .6 2 0 2 7 7 7 2 0 2 7 6 .9 2 0 2 9 6 .9 2 0 2 9 4 .6
2 7 0 2 2 .0 2 7 0 4 9 .5 2 7 0 7 8 .2 2 7 0 7 4 .8 2 7 0 9 6 .0 2 7 0 9 1 .7
3 3 8 2 3 .4 338 4 8 .9 3 3 8 7 7 .7 3 3 8 7 4 .4 3 3 8 9 6 .7 338 89 .3
4 0 6 2 3 .6 4 0 6 4 9  4 4 0 6 78 .5 4 0 6 74.1 4 0 6 9 0 .7 4 0 6 88 .3
4 7 4 2 3 .9 4 7 4 49.1 4 7 4 7 8 .4 4 7 4 74.1 4 7 4 9 0 .0 4 7 4 8 6 .9

18 C 1 8 0 .6 0 0 .0 0 0 .4 0

41 17.4 41 4 0 .8 41 6 1 .0 41 8 8 .0 41 9 9 .6 41 100
109 15.5 109 3 8 .5 109 5 5 .9 109 8 5 .0 109 9 8 .2 109 100
177 2 1 .6 177 3 6 .8 177 5 3 .8 177 84.1 177 9 8 .2 177 100
2 4 5 15.4 245 3 5 .7 2 4 5 5 0 .4 2 4 5 82 .8 2 4 5 9 7 .6 245 9 5 .4
3 1 3 14.4 313 3 0 .7 3 13 50.1 3 1 3 81 .8 3 1 3 9 7 3 313 9 6 .4
381 14.5 381 2 5 .9 381 4 6 .0 381 81.1 381 9 6 .8 381 9 8 .7
4 4 9 15.3 4 4 9 2 5 .7 4 4 9 4 7 .3 4 4 9 80 .5 4 4 9 9 6 .3 4 4 9 100

19 C 1 9 0 .8 0 0 .2 0 0 .0 0

75 2 6 .6 75 5 6 .0 75 84.1 75 8 9 9 75 9 8 .2 75 9 0 .0
143 2 6 .0 143 5 4 .6 143 8 3 .5 143 89 .7 143 9 7 .7 143 9 1 .8
211 2 4 .3 211 5 6 .9 211 8 2 .3 211 89.1 211 9 7 .3 211 9 0 .4
2 7 9 2 4 .8 2 7 9 5 7 .9 2 7 9 81 .7 2 7 9 8 8 .4 2 7 9 9 7 .2 2 7 9 9 3 .4
3 4 7 2 5 .6 347 5 8 .0 347 81 7 3 4 7 8 7 .0 3 4 7 9 6 .7 3 4 7 9 0 .3
4 1 5 2 6 .6 4 1 5 5 8 .4 4 1 5 80.1 4 1 5 8 6 .6 4 1 5 9 6 .3 415 8 8 .0
4 8 3 2 6 .3 4 8 3 5 8 .0 4 8 3 7 9 .9 483 8 6 .0 4 8 3 9 6 .3 483 8 7 .5

2 0 C 2 0 0 .8 0 0 .0 0 0 .2 0

4 9 2 7 .8 4 9 5 2 .2 4 9 7 6 .4 4 9 9 7 .0 4 9 9 7 .8 4 9 80 .5
117 2 5 .3 117 4 8 .9 117 6 9  8 117 9 5 .3 117 9 6 .2 117 8 0 .9
185 2 3 .4 185 46 .1 185 6 5 .5 185 9 4 .3 185 9 4 .6 185 8 0 .6
2 5 3 2 3  2 2 5 3 4 5 .7 2 5 3 6 2 .3 2 53 9 2 .5 2 5 3 9 3 .7 253 7 7 .0
321 2 2 .4 321 4 3  6 321 5 7 .3 321 9 1 .2 321 9 2 .6 321 7 5 .8
3 8 9 2 2 .5 3 8 9 4 8 .6 3 8 9 5 0 .3 3 8 9 9 0 .3 3 8 9 9 1 .5 3 8 9 7 7 .2
4 5 7 2 0 .9 4 5 7 4 9 .0 4 5 7 5 3 .7 4 5 7 8 9 .4 4 5 7 9 0 .8 4 5 7 7 6 .6



Table A3 continued

N o C a ta ly s t s
R a t io  o f  e le m e n ts  

lo a d in g  ( % )
S c r e e n in g  D a ta

T =  400°c T =  450°c T = 500°c T  =  550°c T  =  600°c T = 800°c
P d P t L a T im e

(m in ) %  C o n v . %  C o n v . T im e
(m in ) %  C o n v . T im e

(m in ) %  C o n v . T im e
(m in ) %  C o n v . T im e

(m in ) %  C o n v .T im e

21 C 21 1.00 0 .0 0 0 .0 0

58 42.1 75 3 8 .6 75 7 0 .0 75 9 5 .7 58 100 58 100
126 3 7 .9 143 34.1 143 6 3 .5 143 9 4 .3 126 9 9 .4 126 100
194 3 6 .2 211 3 2 .3 211 5 9 .6 211 9 2 .4 194 9 8  7 194 100
2 6 2 35.1 2 7 9 3 2 .2 2 7 9 56.1 2 7 9 9 1 .7 2 6 2 9 8 .3 2 6 2 99.1
3 3 0 3 3 .7 347 4 9 .9 3 47 5 9 .0 3 4 7 9 0 0 3 3 0 9 7 .8 3 3 0 9 9 .0
3 9 8 3 3 .0 4 1 5 6 0 .5 4 1 5 5 8 .8 4 1 5 88 9 3 98 9 7 .6 3 9 8 100
4 6 6 3 2 .3 483 6 0 7 4 8 3 5 6 .8 4 8 3 8 8 .7 4 6 6 9 7 .0 4 6 6 100

22 C 2 2 W a s h c o a te d  M o n o li th

6 6 0 ,0 0 75 0 .0 0 75 0 .0 0 75 0 .0 0 6 6 0 .0 0 66 9 7 .9
134 0 .0 0 143 0 .0 0 143 0 .0 0 143 0 .0 0 134 0 .0 0 134 98.1
2 0 2 0 .0 0 211 0 .0 0 211 0 .0 0 211 0 .0 0 2 0 2 0 0 0 2 0 2 9 8 .7
2 7 0 0 .0 0 2 7 9 0 .0 0 2 7 9 0 .0 0 2 7 9 0 .0 0 2 7 0 0 .0 0 2 7 0 9 9 .2
3 3 8 0 .0 0 347 0 .0 0 3 47 0 .๓ 3 4 7 0 .0 0 3 38 0 .0 0 338 9 8 .9
4 0 6 0 .0 0 4 1 5 0 .0 0 4 1 5 0 .0 0 4 1 5 0 .0 0 4 0 6 0 .0 0 4 0 6 9 8 .5
4 7 4 0 .0 0 483 0 .0 0 4 8 3 0 .0 0 4 8 3 0 .0 0 4 7 4 0 .0 0 4 7 4 9 8 .9

23 C 23 O n ly  q u a r tz  w o o l

75 0 .0 0 75 0 .0 0 75 0 .0 0 75 0 .0 0 75 0 .0 0 75 2 2 .6
143 0  0 0 143 0 .0 0 143 0 .๓ 143 0 .0 0 143 0 .0 0 143 2 8 .9
211 0 .0 0 211 0 .0 0 211 0 .๓ 211 0 0 0 211 0 .0 0 211 21.1
2 7 9 0 .0 0 2 7 9 0 .0 0 2 7 9 0 .๓ 2 7 9 0 .0 0 2 7 9 0 .0 0 2 7 9 19.0
3 4 7 0 .0 0 3 4 7 0 .0 0 3 47 0 .0 0 3 4 7 0 .0 0 347 0 .0 0 347 18.1
4 1 5 0 .0 0 4 1 5 0 .0 0 4 1 5 0 .0 0 4 1 5 0 .0 0 4 1 5 0 .0 0 4 1 5 2 0 .4
4 8 3 0 .0 0 4 8 3 0 .0 0 4 83 0 .0 0 4 8 3 0 .0 0 4 8 3 0 .0 0 4 8 3 12.3

ooÔO
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A p p e n d ix  B

System schematic:

M i x e d  G a s  
02 
N 2

c h 4

Streams details:
♦  S tr e a m  # 0 : V o lu m e t r ic  f l o w  rate: Fo

C o m p o s i t io n s :  -  M e th a n e  fr a c t io n : yMe,0
- O x y g e n  fr a c t io n : y o 2 ,o
- N i t r o g e n  fr a c t io n : yN2,0

♦  S tr e a m  # 1 : V o lu m e t r ic  f l o w  rate: F ,
C o m p o s i t io n s :  - M e th a n e  fr a c t io n : yMe,l

- O x y g e n  fr a c t io n : y o 2 ,i
- N i t r o g e n  fr a c t io n : yN2,i
-  C a r b o n  d io x id e : y c 0 2 ,i
-  C a r b o n  m o n o x id e : y c o .1

-  W a ter : yH 20,l

♦  S tr e a m  # 2 : V o lu m e t r ic  f l o w  rate: f 2
C o m p o s i t io n s :  -  M e t h a n e  fr a c t io n : y  Me,2

- O x y g e n  fr a c t io n : y o 2,2

- N i t r o g e n  fr a c t io n : yN2,2
- C a r b o n  d io x id e : y c o 2,2

-  C a r b o n  m o n o x id e : y c o ,2

c m 3/m in

c m 3/m in

c m 3/m in
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Assumptions:
-  n o  N O x  fo r m a t io n  d u r in g  th e  c o m b u s t io n  s in c e  th e  c o m b u s t io n  i s  o c c u r r e d  

b e l o w  1500°c

- th e  a n a ly z e d  c o m p o s i t io n s  r e c e iv e d  fr o m  G C  a re  th e  c o m p o s i t io n s  o f  th e  

s tr e a m  # 2

Conversion:

C o n v e r s io n  = I n it ia l  m e th a n e  f e d  -  R e s id u a l  m e th a n e  
I n it ia l  m e th a n e  fe d

X100%

P Fr or o
RT„ ■ yM,(e,0

P Fr ir i
R T ,

P Fr or o
R Ï ;

M e,l

- X100%
■ y M e,0

Assume: P r e s s u r e  r e m a in s  c o n s ta n t  a lo n g  th e  c o m b u s t io n  r e a c t io n ,  th u s

C o n v e r s io n  =
r-j—' J  M e , บ  n p  M e , l

---- ------------------ X100%
—  ■ yr n  J  M e,0 
*0

C a r b o n  b a la n c e d  a r o u n d  th e  r e a c to r

M l
R T 0 y M e,0 = (y M e,l +  y C 02.1 +  y C O ,l )

Assume: P r e s s u r e  r e m a in s  c o n s ta n t  a lo n g  th e  c o m b u s t io n  r e a c t io n ,  s o

- f (yM e,l +  y c o 2 , i+  yco.i)
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Therefore, the conversion  can be written in the n ew  form o f  evaluated data as
b elow ,

C onversion  =
y  (y M e , l  + y C02.1 + y C O , l  ) _ y  ■ y M e , l  

TjT" (y M e , i  + y C02,i + y co,i)

x io o %

But, the evaluated com p osition s from GC are the com p osition s o f  stream #2. 
Therefore, carbon and m ethane balances are needed  in order to convert these  
com p osition s to the flue com p osition  from  the reactor.

Carbon balanced around the water trapper

ไ̂ โ- (y M e , 2  + yc02,2 +  y C O , 2 )  = y  (y M e , l  +  y C02,l +  Yco.1 )

M ethane B alanced around W ater Trapper:

^  y M e ,2 y M e , li 2 t,

Thus,

C onversion  =
^ r ( y M e , 2  + y c 0 2 , 2  +  y C O , 2 )  —  y  ■ y M e , 2 
j_2__________________________________ t l ________

y  (y M e ,2 +  y C 0 2 . 2  +  y C O , 2 )

X 1 0 0 %

yco2-2+yco’2---- X 100%
y Me, 2 +  y C02,2 +  y CO,2
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Selectivity:

S electiv ity M ole o f  C 0 2 generated
C O ,

S electiv ity

M ole o f  C H 4 consum ed

P,F,
1),,, y C 0 2 . 1  K I,

P0 F0

RTo
P,F,

y M e , 0  y M e , l  
K11

P,F,
T -J  < -p  y C O , lK lj

C O M o . y _ M . y
/  M e , 0  y M e , lRTn RT,

, and

Thus,

% Selectivity Selectivity to C 0 2
c o 2 / c o Selectivity to CO + Selectivity to C O 2

- X 1 0 0 %

yC02,i
y c o , i +  y C02,i

-xioo%

From  CO  and CO 2 balanced around the water trapper, w e can rewrite the 
above equation as,

yc02,: -x io o %Selectiv ity y CO,2 + yc02,2
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