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Abstract

The selective reduction of NO with hydrogen (H,-SCR) over platinum group metal catalysts in the presence of O, is overviewed.

Pt and Pd show high activity at low temperatures. The acidity of the support material greatly affects NO reduction activity and

selectivity to N,/N,O. Although the activity of Ir and Rh for H,-SCR is low, coexisting SO, in the reaction gas considerably

promotes NO reduction. The best support for Ir and Rh is SiO,. Li and Zn additives improve the activity of Ir/SiO, and Rh/SiO,,

respectively, by maintaining the active reduced metal state.
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Table. 1. Activity of various catalysts for H,-SCR.

Reaction conditions

Tonax NO reduction efficiency Ref.

NO (ppm) H, (%) 0, (%) Other gases W/F(gsem®)or  (°C) NO conv. (%)  Selectivity
GHSV (h™)

Pt (PZ-1-168) 2,760 0.9 0.91 1,100hT 166 91 na. 9]

2% Pt/SDB 1,000 1.0 3.20 3,000 h”! 45° 90 n.a. [11]
2% Pt/mordenite 2,000 0.6 6.00 10% CO,, 5% H,0 n.a. 120 80 n.a. [7]

2% Pt-Mo-Na/SiO, 2,000 0.6 6.00 10% CO,, 5% H,O n.a. 190 36 N»/N,O=0.4 [71

1% P/ALO5 1,000 0.4 6.00 0.03 gsem™ 120 75 30% N,, 70% N,O  [13]
1% Pt/0.27Na/Al,O; 1,000 0.4 6.00 0.03 gscm"3 120 90 30% N,, 70% N,O [13]
1% Pt/ALLO5 500 0.2 6.00 0.03 gscm'3 140 50 50% N, 50% N,O [15]
1% PY/SiO, 500 0.2 10.0 0.03 gscm™ 90 75 25% N,, 75% N,O  [15]
1% Pt/ALLO5 800 0.3 10.0 0.24 gscm'3 80 92 40% N,, 60% N,O [16]
1% PUTiO,-ZrO, 800 0.3 6.70 0.24 gscm™ 90 90 55% N,, 45% N,O  [16]
1% Pt/SiO, 1,000 0.5 6.70 0.03 gscm"3 75 44 8% N, 92% N,O [18]
1% Pt/Si0,-Al,0; 1,000 0.5 6.70 0.03 gscm'3 75 58 19% N, 81% N,O [18]
1% PYMFI 1,000 0.5 2.00 0.03 gscm™ 75 37 45% Ny, 55% N,O  [18]
3% Pt/ZrO,+H-ZSM5 (1:3) 1,000 1.0 10.0 0.12 gscm'3 127 100 78% N, 22% N,O [19]
1% Pt/(SngoFey)P20O; 1,000 0.4 6.70 0.12 gscm’3 140 90 45% Ny, 18% NH;, [21]

37% N,O

1% Pt/Si-MCM-41 1,000 0.5 6.70 0.03 gscm"3 100 60 60% N,, 40% N,O [22]
1% PYAI-MCM-41 1,000 0.5 6.70 0.03 gscm™ 120 80 85% Ny, 15% N,O  [22]
1% Pt/ZSM-5 1,000 0.5 10.0 0.03 gscm'3 120 81 69% N,, 31% N,O [23]
1% Pt/CeO, 1,000 0.4 5.00 0.30 gscm’3 100 80 40% N,, 60% N,O [24]
0.1% Pt/LaysCey sMnO; 2,500 1.0 5.00 5% H,0 80,000 h 140 82 87% Ny, 13% N,O  [25]
0.1% Pt/Lay7Sro,Cey,FeO; 2,500 1.0 5.00 5% H,O 80,000 h 160 90 92% N, 8% N,O [26]
0.1% Pt/Ce-Mg-O 2,500 1.0 5.00 80,000 h™ 150 94 80% N, 20% N,O  [28]
1% Pd/TiO, 1,000 0.3 5.00 10% H,O 0.18 gscm - 100 51 21% N,, 79% N,O [32]
Pd/MFI 1,000 0.8 2.00 0.02 gsem N 100 70 100% N, [33]
0.5% Pd/Ti-Pillared Clay 500 0.3 10.0 0.1% CO 0.03 gscm™ 140 76 90% Ny, 10% N,O  [34]
1% Pd-5% V,05/20% TiO,-AL, 05 500 0.4 10.0 0.03 gscm - 150 98 92% N, 8% N,O [35]
0.5% Pd/LaCoO5 2,500 1.0 5.00 0.09 gscm™ 150 100 78% N,, 22% N,O  [36]
Lag sSrg,FegoPdy 05 1,000 1.0 5.00 20,000 h™ 130 75 n.a. [37]
1% Pd/K,0-6TiO, 1,000 0.5 5.00 0.06 gscm 164 41 76% Ns, 24% N,O [38]
0.5% Ir/SiO, 1,000 0.3 0.65 20ppm SO,, 10% H,0  0.0267 gsem™ 300 73 61% Ny, 39% N,O  [40]
0.5% RW/SiO, 1,000 0.3 0.65 20ppm SO,, 10% H,0  0.0267 gscm 3 300 53 91% N, 9% N,O [40]
5% Ir-Li/SiO, 1,000 0.6 5.00 20ppm SO,, 6% H,O 0.0267 gsem™ 250 65 N>/N,O =3/1 [43]
5% Rh-Zn/Si0, 1,000 0.6 5.00 20ppm SO,, 6% H,O 0.0267 gscm N 300 55 N,/N,O = 6/1 [44]

 The temperature may be higher due to reaction heat.
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Fig. 1. Catalytic activity of 1% Pt/SiO, and 1% Pt/Al,O, for
H,-SCR. NO=500ppm, H,=0.2%, 0,=6%, W/F=0.03gscm™.
Adapted from [15].
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Fig. 2. Catalytic activity of 1% Pd/AlL,O;, 1%Pd/TiO,,
1%Pt/Al,O, and 1% Pt/TiO, for H,-SCR. NO=500ppm,
H,=0.3%, 0,=5%, H,0=10%, W/F=0.18gscm™. Adapted from
[32].
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Table 2. Activity of SiO,-supported platinum group catalysts for H,-SCR in the presence and absence of SO,. Adapted from [39]

SO, NO conversion to N, (N,0O) (%)

(ppm) 150°C 200°C

300°C 400°C 500°C 600°C

0.5% PtSiO, 0 16 (34)  5(10)

20 1 (0) 1 (0)
0.5% Pd/SiO, 0 13 (5)
20 1(0)
0.5% Ru/SiO, 0 0 (0)
20 0(2)
0.5% [r/Si0, 0 0 (0)
20 5(4)
0.5% RW/SiO, 0 3 (0)
20 5(3)

1(2) 2 (1) 2(1) 1(1)
4(4) 503) 1(1) 1(1)
3(1 0 (1) 3(0) 5(D
2(1) 1(1) 1 (1) 1(1)

0 (0) 1(0) 2(0) 1 (0)
1 (0) 2(0) 4 (0) 2(0)
4 (0) 11 (2) 11 (1) 14 (0)
45(28)  35(8) 17 (1) 12 (1)
17 (2) 10 (1) 8 (0) 6 (1)

48 (5) 52 (1) 28 (1) 10 (1)

NO = 1000 ppm, H, = 0.3%, O, = 0.65%, H,0 = 10%, W/F = 0.0267 gscm".

Table 3. Several unit reactions over 0.5% Ir/SiO,. Adapted from [39]

NO conversion to N, (N,0) (%)

H, conversion (%)

300°C 400°C 500°C 300°C 400°C 500°C
NO-H, 44 (0) 89 (0) 98 (0) 82 47 40
NO-H,-SO, 0 (0) 1(1) 2(3) 2 7 22
NO-H,-0, 4 (0) 11 (2) 11 (1) 2 28 66
NO-H,-0,-SO, 45 (28) 35(8) 17 (1) 90 97 100
NO,-H,-0, 1 (0) 2 (0) 5 (0) 12 23 48
NO,-H,-0,-S0, 3 (0) 9 (0) 11 (1) 20 56 85
H,-0, 23 43 68
H,-0,-SO, 69 83 100

NO = 1000 ppm, NO, = 1000 ppm, H, = 0.3%, O, = 0.65%, H,O = 10%, W/F = 0.0267 gscm".
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Fig. 3. Effect of (A) alkali metal additives and (B) alkaline earth metal additives (M/Ir=1/3) on the activity of 5 wt% Ir/SiO, for H,-
SCR in the presence of SO,. NO=1000 ppm, H,=0.6%, 0,=5%, SO,=20ppm, H,0=6%, W/F=0.0267 gscm™. Adapted from [42].
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