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Rh/Si0, as well as Ir/SiO», catalysts showed excellent activity for NO reduction with H» in the presence of O,

and SO,.

In particular, the coexistence of O, and SO, was essential for NO reduction to occur.

FT-IR mea-

surements of the adsorbed species on Rh/SiO, catalyst indicated that NO adsorption was completely inhibited by
SO, in the absence of O, but the adsorption of NO occurred on the vacant sites formed by the oxidation of SO, to

SOs in the presence of O,.

NO reduction with H, probably proceeds via NH, intermediate species as for NH3-

SCR. SiO; was the most effective support for rhodium. Other supports such as Al.Oz were not effective, pos-
sibly because activation of H» is hindered on more cationic rhodium (Rh‘s*) due to the presence of adsorbed SO3 or

NOj species on the supports.
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Table 1

265

NO Reduction with H; over Various Metal Catalysts on Silica Supports

NO conv. to N (N2O) [%]

H, conv. [%]

Catalyst SO, 150 200 300 400 500 600 150 200 300 400 500 600
(dispersion) [ppm] [C] [C]
0.5% Ru/SiO, 0 00)  0(0) 10) 200 1(0) 0 1 13 50 74

(0.25) 20 0(2) 10) 2000  4(0) 2(0) 1 4 23 61 75
0.5% Pd/SiO, 0 13(5) 31) o) 300 5(1) 100 100 100 100 100
(0.37) 20 1(0) 2(1) 1(1) 1(1) 1(1) 16 100 100 100 100
0.5% Pt/SiO, 0 1634 5100 12 20)  2(1) 1(1) 77 100 100 100 100 100
(0.46) 20 1(0) 10) 44  50) 1(1) 1(1) 2 4 100 100 100 100
0.5% Rh/SiO, 0 30) 1720 10(1) 8(0)  6(1) 6 51 70 91 100
(0.53) 20 51)  48(5)  52(1)  28(1) 101 10 75 88 100 100
0.5% Ir/SiO, 0 00)  40) 112 11(1)  14(0) 0 2 28 66 80
(0.72) 20 54)  4528) 35(8)  17(1)  12(1) 6 90 97 100 100
Reaction conditions: NO = 1000 ppm, H, = 3000 ppm, O, = 0.65%, SO, = 0 or 20 ppm, H,O = 10%, W/F = 0.0267 g-s-cm™.
H0.04¢g, FAFE 90 cm’min!, HMEER (W/F) £ 0.0267 100 o pros, v
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Time on stream / min

Conditions: NO = 1000 ppm, H> = 3000 ppm, O, = 0.65%,
S0, =0 or 20 ppm, H,0 = 10%, W/F = 0.0267 g-s-cm~, 300C.
Il NO conversion to N,, 4 NO conversion to N,O, A H, con-
version.

Fig. 1 Response of NO and H» Conversion to the Intermittent

Feed of SO, over 0.5% Rh/SiO, Catalyst in the
Presence of 0.65% O,
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Conditions: NO = 1000 ppm, H> = 3000 ppm, O, = 0 or 0.65%,
S0, =20 ppm, H,0 = 10%, W/F = 0.0267 g-s-cm™, 300C.

W NO conversion to N,, € NO conversion to N>O, A H, con-
version.

Fig. 2 Response of NO and H, Conversion to the Intermittent
Feed of O, over 0.5% Rh/SiO, Catalyst in the Presence
of 20 ppm SO»
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Conditions: NO = 1000 ppm, H, = 0-12000 ppm, O, = 0-10%,
SO, =0 or 20 ppm, H,O = 10%, W/F = 0.0267 g'S'cm’3, 300C.
SO; conc.: @ 20 ppm, O 0 ppm. O, conc.: Il 0.65%, @ 1.3%,
A39%, 9 10%.

Fig. 3 Effect of O, and H, Concentration on NO Reduction
with Hy over 0.5% Rh/SiO, Catalyst in the Presence

and Absence of SO»
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Conditions: NO = 1000 ppm, H, = 3000 ppm, O, = 0.65%, SO, =
0-20 ppm, H,0 = 10%, W/F = 0.0267 g-s-cm™, 300C.

Il NO conversion to N, € NO conversion to N>O, & H, con-
version.

Fig. 4 Effect of SO, and H>O Concentration on NO Reduction
with H, over 0.5% Rh/SiO, Catalyst
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Table 2 Reactions over Rh or Ir Catalysts on Silica Supports

NO conv. to N (N2O) [%]

Reductant conv. [%]

Catalyst Reaction 200 300 400 500 600 200 300 400 500 600
[C] [TC]

0.5% Rh/Si0, NO-CO-0, 0(0) 11 22) 2(0) 1(0) 2 47 86 9% 100
NO-CO-0,80,  0(0) 0(0) 3(1) 7(1) 2(0) 0 2 11 67 97

CO-0, 98 100 100 100

CO-0,-S0, 50 73 82 91

NO-C;Hg-0> 1(0) 1) 16(7)  15(3) 6(1) 0 1 71 99 100
NO-C3Hs-05-SO» 1(0) 6(1)  10(2) 41) 0 21 48 96

C3Hg-0, 62 100 100 100

C3Hg-02-S0, 27 62 78 84

0.5% Ir/Si0;  NO-CO-O, 10)  234) 9(2) 3(0) 6 66 98 99
NO-CO-0,S0,  O(l)  23(7)  499)  31(3) 41) 1 23 98 99 100

NO-C;Hg-0» 0(0) 10)  612)  91(D) 1 3 37 98
NO-C3Hs-0,-S0, 202) 247 45 81(Q) 1 27 76 100

Reaction conditions: NO = 0 or 1000 ppm, CO(C3He) = 3000 (1000) ppm, O, = 0.65%, SO, = 0 or 20 ppm, H>O = 10%, W/F = 0.0267

g'S'cm'3.

I/Si0y 1, JElZ#E L7z X912, KFEICERS F—@birHEe
TuY Ly ERETAE LZEICL, SO, DIAFIC X o Ttk
A1 L7225, RWSIOx iE—R LikESL 7u ¥ L v 2 #EITHl &
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A L7z, F72, 347 SO, O e BLE X — B Lk ERe 71
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BALRDOETIE, SO, IE0 ) Tld7Za <, NODHKEFEIZL>TH
#2Z % T &Y NO-CO(C3Hg)-0 JUBiEF 20 & b2 % 5%, NO &
SO, DT HIAF CEEALEIZ S ST 3 5, /Si0, LT, &
DM EIAFTHRT 2 D123k LT, RWSIO, £ THERITHFEDE
HATE LV, EMERIZ X 5T, 20X 2BEITH O RS
IEWDSET ABLIIOWTIE, HBARHZ LSS, F4E
S E %> TR,
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PAHTAMBEE 225 2 LA oz, KRIZ, BV Y AHERED
TGV R E B % X7z, Fig. 513, 20 ppm SO, 4T,
FrE % 025~30% O TEILE ¢/ L ED NO B L UKFE
EALEOHERBZ /R L TWwd, NORILEDRA L % 5 ik
1, SIEFEIC LD SRS BATT AN E R LA, FO
EPEL VI 30% OWAEEBRVTIZIZR—& %Y, #53% T
B otz REFALEDIMEEROHIME & B ITHIK L, B
BWTNOBILEMET T 501%, BIEDOKEOEEFEmRILD
HEDBEIMT A0 L EZ 5N,
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ML LT, FEZTRTIVIFEOEEIHEH S, BEICER
LEnTns,
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Conditions: NO = 1000 ppm, H, = 3000 ppm, O, = 0.65%, SO, =
20 ppm, H,O = 10%, W/F = 0.0267 g*s-cm™.

Rh loading amounts: % 30%, 4 5%, 2%, A 1%, @ 0.5%,
¥ 0.25%.

Fig. 5 Effect of Rh Loading on NO and H, Conversion over
Rh/SiO; Catalysts
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LHIENFEIFENS,

3.2. NO ZBEIRETRICHE OB

3.2.1. RESHOH ZDOFADKICEK B4

SO, AF T CORRLAMEFMEOER ZH O 2T 52 L %
Hegk LT, FIMGOHTIC & 2 SUSH LT 2 DB % 47
o720 FDOFER, A ARIFR T AT DINIT ¥ ' =T 05
H &7z, Fig. 612, fillfif & LT 5% RW/SiO, % Jvy, NO-H,,
NO-H»-S0», NO-H»-0,, 3 X ¥ NO-H,-0,-SO, ] Jin % # &
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Table 3 NO Reduction with H; over 5% Rh on Various Supports

NO conv. to N (N2O) [%] H, conv. [%]

Catalyst O, SO, 200 300 400 500 600 200 300 400 500 600
(dispersion) [%] [ppm] [C] [C]
RWSiO, 065 0 1) 3(1) 5(0) 7(0) 8(0) 18 85 100 100 100
(0.11) 0.65 20 6(3)  437)  330) 12(2) 11(1) 2 93 100 100 100
0 0  790)  67(0)  830)  100(0)  100(0) 60 68 56 43 42

0 20 0(0) (1) 12) 2(3) 11(3) 0 3 9 36 78

RWALO; 065 0 1(1) 1(1) 1(0) 2(0) 16(0) 15 100 100 100 100
0.27) 065 20 1(1) 6(5) 5(3) 4(0) 3(0) 6 85 100 100 100
RWTIO, 065 0 1(0) 1(1) 1(0) 2(0) 2(0) 28 100 100 100 100
(0.07) 0.65 20 12) (1) 2(5) 1(4) 1(5) 4 85 100 100 100
RWZiO, 065 0 1(1) 1(0) 2(0) 2(0) 2(0) 26 100 100 100 100
(0.08) 0.65 20 1) 6(4) 3(2) 21) 2(0) 9 50 100 100 100
RWZSM-S 065 0 21) 6(1) 6(1) 6(0) 4(0) 17 100 100 100 100
(0.12) 0.65 20 22)  24(7) 10(2) 6(1) 4(1) 11 64 100 100 100

Reaction conditions: NO = 1000 ppm, H» = 3000 ppm, Oz = 0 or 0.65%, SO, = 0 or 20 ppm, H,0 = 10%, W/F = 0.0267 g-s-cm™.

NO+H2£02+S02

1000 |- 5%Rh/SiO,

3 NO
a 800 1912cm™ wl | 001
~
¢
S 600 | 0%-S02 006 oW
o
r 00§
T B ™|
= 400
-g 004
© = /
o X[ NHs
z 966cm” o
0 :ﬂ__—/- o .S b rm—on |
- - - L}
I L . 002 (
i
0 100 200 300 400 500 600

H,~SO,-NO
H,-SO,

3500 3000 2500 2000 1500 1000

Javenumbers cm-1)

Temperature / 'C

Conditions: NO = 970 ppm, H> = 3000 ppm, O, = 0 or 0.65%,
SO, =0 or 20 ppm, W/F = 0.0267 g-s-cm™.
NO (1912 cm™): ll NO-H,, @ NO-H»-O,, A NO-H,-SO,, ¢

(A) in the absence of SO, (B) in the absence of O,.

NO-H>-0>-S0.. Conditions: NO = 0 or 1000 ppm, H> = 3000 ppm, O, = 0 or
NH; (966 cm™): [] NO-H,, O NO-H»-0,, & NO-H,-SO,, & 0.65%, SO, =0 or 20 ppm.
NO-H>-0>-S0..

Fig. 7 IR Spectra of Species Adsorbed on 5% Rh/SiO, Catalyst

Fig. 6 Product Components of NO Reduction with H, over at 200C

0.5% Rh/SiO, Catalyst Analyzed by FT-IR
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Conditions: NO = 0 or 1000 ppm, H, = 3000 ppm, O, = 0 or
0.65%, SO, = 20 ppm.

Fig. 8 IR Spectra of Adsorbed Species on 5% Rh/SiO, Catalyst
in the Presence of O, and SO, at 200C

i
N Iooz mﬂh o NO 1698 l o1
isior | W Aot NOx.SOx
3 1696 1;’3 " 1696 1170 | |1008]
; ﬁﬁ’l\w R i 1535
L -1 Al203 \Ju .2 ;‘} ‘
i \/ rlali! 1y [ 1607|1583 13391281 I
 Tioe Aok | Tios MFH “\‘_\
w0z . 1251
I | 1783 70 1142) o
1859 ), 1031
; I 5783 i .
_M N ‘,'.Iu-,),k%‘w W ZSM 5 \/‘L
aomowmo s 3 o e w0 0
— [——

Conditions: NO = 1000 ppm, H> = 3000 ppm, O, = 0.65%, SO, =
20 ppm.

Fig. 9 IR Spectra of Adsorbed Species on Various 5% Rh Cata-
lysts Supported on Various Supports at 200C
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0.65%, SO> = 0 or 20 ppm, HO = 10%, W/F = 0.0267 g*s*
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Fig. 10 Relationship between H, Conversion and Wavenumber
of Adsorbed NO during Reduction with H, over
Various 5% Rh Catalysts
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Table 4 NO; Reduction with Various Reductants over 0.5% Rh/SiO, Catalyst

Reactions

NO; conv. to N> (N20) [%]

Reductant conv. [%]

200 300 400 500 600 200 300 400 500 600

[C] [C]
NO, H, 0, 2(0) 4(0) 2(0) 1(0) 1(1) 9 54 100 100 100
NO,-H,-0,-S0, 3(0) 23(2) 35(1) 22(0) 7(0) 11 74 9 100 100
NO,-CO-0, 2(0) 2(0) 1(0) 1(0) 1(0) 2 35 100 100 100
NO,-CO-0,-SO, 0(0) 0(0) 1(0) 1(0) 0(0) 1 6 25 65 100
NO,-C3Hy-02 0(0) 2(0) 17(5) 21(1) 4(0) 0 1 74 97 98
NO,-C3Hg-0,-SO, 0(0) 0(0) 1(1) 2(1) 3(1) 0 0 8 27 72

Reaction conditions: NO> = 997 ppm, H»(CO, CsHg) = 3000 (3000, 1000) ppm, O> = 0.65%, SO, = 0 or 20 ppm, H.O = 10%, W/F =

0.0267 g*s-cm™.
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—M=—M— —M— M-
*+Oz
O O
|S 0 H: | H\ _H NO
e N —s 0 N = N2 + H20
- M= M- - M- M-
Fig. 11 Proposed Reaction Scheme for NO Reduction with Ha

over Rh/SiO; Catalyst in the Presence of O, and SO,
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