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APPENDICES

Appendix A Calculation of NO conversion and N2/N. O selectivity.

yip* Temp Control
Feed: _1
NO |
NH3—.’_ ...................
0O,
He i

Vent

By pass feed '.!
zer

Figure AL SCR process flow diagram (for calculation).

Fe = Flowrate into reactor (ml/min)

y° = Volume fraction 0fNO in F0

F' = Flowrate out from reactor (ml/min)

y' = Volume fraction 0ofNO in F'

F* = Flowrate after water trapping (ml/min)
y* = Volume fraction 0fNO in F"

1 NO Conversion

NO Conversion Y nok® -y "NOF*

y ‘noF



ol

2. Volume fraction of N?Q
Volume fraction of N.O in product can be determined by O. halance
0. halance

In reactor
2y «o2F° +Y “noF°

Out reactor
2y RF +y NOF +2yN2F +yNOF +yHQF

YN0 2y W +y N - Y+ 10 +2y N2 +yHp

3. Volume fraction of HQ

|f water amount produced perrun - = Ag
Testing temperature = TK
Running time = tmin
Volume of water produced = Ag* 00821 Limol K* TK
18 g/mol* . atm
B liter
Volume of water produced permin- = B g* 1000 ml
tmin
V mlfs
y HY) VIF'
4. N.INO, N.O/NO, and FbO/NO selectivity
N2NO Selectivity = Ve
y NOjy-y'ho
N20/NO Selectivity =
y No* 7 yND
H20/NO Selectivity =
y N ~y;~y ND
5 N7IN-O Selectivity
N2IN20 Selectivity yk

yn2~Yy no



Appendix B Raw data.

Table BL The d-spacing of all pillared-clays

A

Types of pillared clay 20 () d-spacing (A)
1 DA-clay
- Dried 110°c 2.65 32.90
- Calcined 250°c 314 28.11
- Calcined 300°c 3.78 23.36
- Calcined 350°c 11.26* 7.86*
Calcined 400°c 11.28* 786*
- Calcined 500°c 42 62* 2.11*
2. PWi.-clay
Dried 6.02 14,67
- Calcined 250°c 6.02 14.67
Calcined 350°c 11.86* 746*
- Calcined 500°c 42.92* 2.11*
3. SiWi.-clay
Dried 6.02 14.67
- Calcined 250°c 6.02 14.67
Calcined 350°c 8.92* 9.91*
- Calcined 500°c 42.74* 2.11*

*dlata taken from the first peak observed



1 41 1% 4calcined at 50CPC
11 ijll I 1 PUSIWnCkoxPhO
1 HPW0mcalcined at 50fC
1 HsPW 120040
0 10 20 30 40 50
I 20

Figure Bl XRD patterns of fresh H3PW 12040, H3P W 12040 calcined at 500°c, fresh
4 1 12040, and H4SiW i2040 calcined at 500°c.



Table B2 BET characterization

Catalyst Surface area
(m2g)
1. DA-clay
Calcined 350°c 48.71
Calcined 500°c 125.60
2. PW]2-clay
Calcined 350°¢ 78.99
Calcined 500°c 107.90
3. Siw 12-clay
Calcined 350°c 17.87
Calcined 500°c 116.30

Pore volume
(cclg)

0.14
0.26

0.25
0.24

0.17
0.18

Average pore

N

diameter (A)

114.60
82.68

127.40
90.53

86.52
109.2



Table B3 SCR activity test of 0.1 g DA-clay calcined at 250°c for 12 hours

Temperature  NO Conversion
(°C) (%)
150 1.6
200 1.5
250 2.2

N2 M0 selectivity

Selectivity (%)

N 2a N20b N02 H 20
99.8 0.2 0 0
99.8 0.2 0 0
99.8 0.2 0 0

No201 2selectivity

Table B4 scr activity test of0.1g PW i2-clay calcined at 250°C for R nours

Temperature  NO Conversion
(°C) (%)
150 5.6
200 5.1
250 6.2

N2 M0 selectivity

Selectivity (%)

N 2a N20b NO02 h 20
99 .4 0.6 0 0
99.6 0.4 0 0
99.9 0.1 0 0

N 20110 selectivity

Table BS scr activity testof 0.1 g SiW i2-clay calcined at 250°¢ for 12 hours

Temperature  NO Conversion

( (%)
150 5.9
200 6.3
250 6.3

aN 2/IN20 selectivity

Selectivity (%)
N 2a N20b N 02 h 20

99.9 0.1 0 0
99.7 0.3 0 0
99.8 0.2 0 0

A 2011 2 selectivity



Table B6 SCR activity test of 0.1 g DA-clay calcined at 350°c for 12 hours

Temperature  NO Conversion Selectivity (%)
(°C) (%) N 2a N20b N 02 h 20
150 6.2 99.8 0.2 0 0
200 6.2 99.5 0.5 0 0
250 6.2 99.7 0.3 0 0
300 6.6 99.7 0.3 0 0
350 6.6 99.5 0.5 0 0

N2 N0 selectivity  *7220/ 2 selectivity

Table B7 scr activity test of 0.1 g PWi2-clay calcined at 350°c for 12 hours

Temperature  NO Conversion Selectivity (%)
( (%) N 2a N 20 b N 02 h 20
150 6.1 99.9 0.1 0 0
200 6.2 g 0.1 0 0
250 6.3 ey 0.3 0 0
300 6.0 99.9 0.1 0 0
350 6.2 99.9 0.1 0 0

“N2/IN20 selectivity  *"20/172 selectivity

Table B8 scr activity test of 0.1 g SiW i2-clay calcined at 350°c for 12 hours

Temperature  NO Conversion Selectivity (%)
(°C) (%) N 2a N20b  NO02 h 20
150 6.2 99.6 0.4 0 0
200 6.3 99.4 0.6 0 0
250 6.2 99.8 0.2 0 0
300 6.3 99.7 0.3 0 0
350 6.7 99.9 0.1 0 0

aN2/IN20 selectivity h ™o /™ selectivity



Table B9 SCR activity test of 0.1g DA-clay calcined at 500°¢ for 12 hours

Temperature  NO Conversion Selectivity (%)
( (%) N 2a N20b no:? h 20
150 10.3 99.7 0.3 0 0
200 11.8 99.8 0.2 0 0
250 11.8 99.8 0.2 0 0
300 147 99.6 0.4 0 0
350 16.2 99.8 0.2 0 0
400 19.1 99.4 0.6 0 0
450 20.6 99.6 0.4 0 0

dN2/N2o selectivity ™ 20122 selectivity

Table BIO SCR activity test 0f0.1g PWiz-clay calcined at 500°¢ for 12 hours

Temperature  NO Conversion Selectivity (%)
( (%) N 2a N20b no: h 20
150 11.8 99.7 0.3 0 0
200 13.2 99.7 0.3 0 0
250 13.4 99.8 0.2 0 0
300 15.0 99.7 0.3 0 0
350 19.0 99.6 0.4 0 0
400 26.5 99.4 0.6 0 0
450 31.2 99.4 0.6 0 0

aNIND selectivity  h*O/T selectivity



Table BII' SCR activity test of 0.1 g SiWiz-clay calcined at 500°C for 12 hours

Temperature ~ NO Conversion Selectivity (%)
(°C) (%) N 2a N20b no? h 20
150 10.3 99.5 0.5 0 0
200 11.8 99.4 0.6 0 0
250 11.8 99.4 0.6 0 0
300 17.9 99.8 0.2 0 0
350 185 99.3 0.7 0 0
400 22.1 99.4 0.6 0 0
450 26.5 99.3 0.7 0 0

aN2/N20 selectivity hN20/N 2 selectivity

Table B12 SCR activity test of 0.1 g DA-clay calcined at 900°c for 12 hours

Temperature  NO Conversion Selectivity (%)
(°C) (%) N 2a N20b no:? h 20
150 5.7 99.9 0.1 0 0
200 7.6 99.6 0.4 0 0
250 7.6 99.7 03 0 0
300 8.7 99.5 05 0 0
350 9.4 99.8 0.2 0 0
400 11.8 99.6 0.4 0 0
450 151 99.9 0.1 0 0

NAND selectivity — 2/N2selectivity



Table B13 SCR activity test 0f 0.1 g PWi-clay calcined at 900°c for 12 hours

Temperature  NO Conversion Selectivity (%)
( (%) N 2a N20b no: h 20
150 13.2 99.4 0.6 0 0
200 13.2 99.4 0.6 0 0
250 147 99.5 0.5 0 0
300 16.3 99.8 0.2 0 0
350 176 99.6 0.4 0 0
400 20.7 99.2 0.8 0 0
450 26.0 99.4 0.6 0 0

aN2IN20 selectivity * wo~2 selectivity

Table B14 SCR activity test of 0.1 g SiW i2-clay calcined at 900°c for 12 hours

Temperature  NO Conversion Selectivity (%)
( (%) N2a N20b no:? h 20
150 1.1 99.4 0.6 0 0
200 11 99.9 0.1 0 0
250 8.3 99.7 0.3 0 0
300 9.9 99.8 0.2 0 0
350 10.6 99.2 0.8 0 0
400 159 99.1 0.9 0 0
450 17.3 99.1 0.9 0 0

N ano0 Selectivity h™o/” selectivity



Table B15 SCRactivity test of 0.1 g Fe-DA-clay calcined at 500°c for 12 hours

Temperature  NO Conversion Selectivity (%)
( (%) N 2a N20b no? h 20
150 11.8 99.7 0.3 0 0
200 124 99.4 0.6 0 0
250 124 99.7 0.3 0 0
300 14.7 99.7 0.3 0 0
350 19.1 99.6 0.4 0 0
400 26.5 99.5 0.5 0 0
450 30.9 99.2 0.6 0 0

aN2/N2o selectivity  hNao /N2 selectivity

Table B16 SCR activity test of 0.1 g Fe-PW iz-clay calcined at 500°c for 12 hours

Temperature  NO Conversion Selectivity (%)
( (%) N 2a N20b no:?2 h 20
150 11.8 99.8 0.2 0 0
200 13.2 99.8 0.2 0 0
250 137 99.8 0.2 0 0
300 15.7 99.5 0.5 0 0
350 20.6 99.6 0.4 0 0
400 30.9 99.7 0.3 0 0
450 39.9 99.4 0.6 0 0

dNAND selectivity ' [20/N2selectivity
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Table B17 SCR activity test of 0.1 g Fe-SiWiz-clay calcined at 500°c for 12 hours

Temperature
(C)
150
200
250
300
350
400
450

aN2/N20 selectivity

Table B18 SCR activity test of 0.2 g Fe-DA-clay calcined at 500°C for 12 hours

Temperature

(C)
150
200

250
300
350
375

400
450

NO Conversion
(%)
11.8
11.8
11.8
18.2
19.1
25.1
29.4

NO Conversion
(%)
15.6
16.5
17.1
19.3
24.1
26.5
31.2
35.6

N 2a
99.4
99.9
99.5
99.7
99.7
99.6
99.4

N2 0 /N2 selectivity

N 2a
99.6
99.6
99.7
99.6
99.0
99.0
99.1
99.0

aNANZ) selectivity h"O/T" selectivity

Selectivity (%)

N20b
0.6
0.1
0.5
0.3
0.3
0.4

0.6

Selectivity (%)

N20Db
0.4
0.4
0.3
0.4
10
10
0.9
10

no?

n

0

0

h 20



Table B19 SCR activity test of 0.29 Fe-PW]-clay calcined at 500°c for 12 hours

Temperature
(C)
150
200
250
300
350
375
400
450

aN2/N20 selectivity

NO Conversion

(%)
16.0
179
18.4
224
26.6
29.1
36.9
46.3

N 2a
99.8
99.8
99.1
99.1
99.3
99.2
99.0
99.2

k™ol selectivity

Selectivity (%)

N20b
0.2
0.2
0.9
0.9
0.7
0.8
1.0

0.8

no?

0

0

h 20

62

Table B20 SCR activity test of 0.2 g Fe-SiWiz-clay calcined at 500°C for 12 hours

Temperature
(°C)
150
200
250
300
350
375
400
450

aN?IN20 selectivity

NO Conversion

(%)
15.6
16.0
16.0
231
24.6
26.9
304
34.3

N 2a
99.7
99.7
99.2
99.4
99.3
99.3
99.3
99.0

N 20hkna selectivity

Selectivity (%)

Na(r
0.3
0.3
0.8
0.6
0.7
0.7
0.7

1.0

no?z

0

0

0

h 20
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