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Selective Catalytic Reduction of NO, by Ethanol and Removal of By-
products over Combined Catalyst Ag Al,O;+Cu Ce x Al,O3

SONG Xiaoping ZHANG Changbin HE Hong”
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Abstract The selective catalytic reduction of NO, by ethanol and the removal of by-products CO and unburned
hydrocarbons were studied over Ag AlLO;+ Cu Ce x+ ALO; x molar ratio of Ce to Al combined cata-
lysts. The combined catalysts showed similar NO, reduction activity to Ag Al O; in the temperature range of
200 — 350 C. CO oxidation capabilities of the oxidation catalysts were improved with increasing Ce Al ratio.
Cu CeO, showed the best oxidation activity of CO but caused obvious decrease of NO, conversion when it was
directly placed after Ag Al,O;. Ag AlLO;+Cu Ce 0.15 Al,O; was the best in the combined catalysts con-
sidering the conversions of NO, CO and hydrocarbons. The Cu Ce x Al,O; oxidation catalysts were charac-
terized by BET surface area measurement X-ray diffraction H, temperature-programmed reduction and X-ray
photoelectron spectroscopy. The results showed that the interaction between Cu and Ce is the main factor caus-
ing the improvement of CO oxidation.

Key words silver alumina oxidation catalyst copper oxide cerium oxide nitrogen oxide ethanol selective

catalytic reduction carbon monoxide unburned hydrocarbons

HC-SCR NO, NO, =3 Ag Al O;
45
HC HC-SCR
2007-11-09.
. Tel 010 62849123 Fax 010 62923563 E-mail honghe@rcees. ac. cn.
863 2006AA060304 2006AA06A304 973

2004CB719503 .



6 Ag ALO; +Cu Ce = ALO; NO, 525
Ag ALO; NO, Ce Al O,
N, CcO® Ag ALO;+ Cu Ce x AlLO;
78 , NO, CO
Ag Al O, CO :
He X XRD BET
. Erdnen 6 Hp-TPR X
Ag ALO; 150 ~ 600 XPS Cu Ce = AlLO;
C CO Ce
NO, . Miyadera ’ Co
Ag ALO; + CuSO, TiO, + Pt TiO, 1
NO, CO
NH; HCN 1.1
Ag ALO; 13 .
N,O NH; CH;CN  HCN NO, o Ag ALO; Ag 4%
NO, NO, . Ag
co uc
NO. . Cu Ce x ALO; Ce Al
‘o Ag AL+ Ca ALOS 0.01 0.06 0.15 0.30
ALO; 2 h
SCR .
] 120 C
NO, o 500C 4h  CeO, ALO;
Ag ALO; NO, Ce + ALO; z=0.01 0.06 0.15
Cu ALO; 3030 Ce = ALO;
T 400 C
CO - 100% Cu Ce 2 ALO; 2=0.01 0.06 0.15 0.30 .
350 C Cu ALO; Cu CeO,
Ag ALO; 171 450 C  2h CeO,
- Kono- A0, 112 .
va 10 Ag ALO; + Ag-H- 59 Cu
ZSM-5 1:1 NO, CO 1.2
NO, BET Quantachrome Quan-
o 350 C tasorb-18 -196 C
N,
O D MAX-RB
NO, 40 kV 100 mA
Cu K, A=0.154 056 nm 20
CeO, 10°~90° 4° min.
H,-TPR 4 mm
CeO, Cu  Ni 200 mg 40~ 60
CeO, HPR20 Hiden Analyt-
CeO, ic Ltd m e 2 H,
11 12 H,
Ce H, TPR



526 29

200 mg 500 C 30 ml min
20% O, He 1h
He 1h 30 ml min  5%H,
Ar 10 C min TPR
XPS ESCALAB Mark Il
VG D ALK, =1486.6 eV z
C15=285.0 ¢V £
1.3
(4)
(3)
20 ~40 E2I ‘WWMM
o o )
150~600 C . (1) N\
¢ NO =0.08% ¢ O, = 0 20 30 40 50 e 70 s %
10% ¢ CO =0.06% ¢ CHsOH =0.1565% 260/(°)
¢ HHO =10% N, 1 CuCe x ALO; XRD
2 L min. Fig 1 XRD patterns of the Cu Ce x Al,Os oxidation
catalysts x = Ce Al molar ratio
1 Cu ALO; 2 Cu Ce 0.01 ALO;
3 Cu Ce 0.06 ALO; 4 Cu Ce 0.15 ALO;
Ag A1203 5 Cu Ce 0.30 ALO; 6 Cu CeO,
Ag ALO; + Cu . Cu CeO, . Ce Cu
Ce X Alz()g Ag Alz()g CU Ce X A1203
ALO; 3 . NO, Monitor Labs
9841  NO, CO
Agilent 6890 TCD 5A
GC-MS
1 CuCex ALO,
Agilent 6890N-5973N GC-MS Table 1  Surface area of the oxidation catalysts
of Cu Ce x AlLO;s
2 Catalyst BET surface area m’ g
Cu ALO; 229.2
2.1 Cu Ce 0.01 ALO; 178.9
2.1.1 XRD BET Cu Ce 0.06 AlLO; 237.6
Cu Ce =« A1203 Cu Ce 0.15 ALO; 328.4
XRD BET 1 1. Cu Ce 0.30 ALO; 160.6
Cu CeO, 85.3
1 CU A1203 Y-A1203 . Ce
’Y-Alzo:g Ce Ce CLl Ce X A1203
7-ALO; : Cu Ce
Cu Ce z ALO; Cu CeO, x  ALOs H,-TPR  XPS
CeO, Ce 2.1.2 H,-TPR
Al . CuO 2 Cu Ce =x A1203 Hz-TPR
Cu Ce Al H,-TPR
s . Cu ALO; 271°C  302°C
1 Ce Ce Al=0.01 a B Ce a
CU A1203 . B . Ce Al
Ce 0.06 Y . Ce Al 0.30

Ce Al 0.15 0.



6 Ag ALO; +Cu Ce = ALO; NO, 527
CeO, 19 CeO,
A CuO H, CO
ﬂ © B v Ce0;
) B 9 CuO . Cu
2 e ©) Ce Al
g -—_‘/\ 6 Cu
= B @ Ce Ce4+ Ce3+ 12 21~23 . Ce4+
________/B\ Q) Ced” CO
w @ TPR Cu Ce
_________,,/\‘ ) . Ce Cu  CeO,
0o 2(|)o ."‘ 3(|)o HH 4(|)o T 00 CuO
Temperature (‘C) Cu Ce
2 CuCex ALO; H,-TPR Ce Cu  Ce
Fig2 H,-TPR profiles of Cu Ce = Al,Oy oxidation catalysts
I Cu ALO; 2 Cu Ce 0.01 ALO; 2.1.3 XPS
3 CuCe 0.06 ALO; 4 Cu Ce 0.15 ALO; 3 CuCe x ALO; Cu2p
5 CuCe 0.30 ALO; 6 Cu CeO, Ce 34 XPS . 34 Cu ALO;
Cu H,-TPR 933.8 eV Cu 2p32
H, CuO  Cu 2p3, 22 CuO
933.2~934.2 eV . 944.2 eV
. v-ALO; 1000 C Cu 5%
H, 16 500 C H,-TPR . Cu,O  Cu2p;3, Cu, O
ALO; Cu ALO; 932.8~933.2 eV Cu
¥-AlL O, CuO AL O4
Cu o Cu ALO; Ce CuO  XPS CuO
Cu ALO;  XRD CuO CeO, 2 B
o ALO; CuO Ce CiO  Cu
. Cu Al 2p23 CuO
Al O CuO H,-TPR
Yamamoto V7 . CuO  H,- CeO, CuO Cu Ce
TPR 203 C 18 x  ALO; XPS H,-TPR
B B XPS Ce
ALO; CuO CuO  Cu2pys
XRD CuO CuO
o B Cu ALO; Cu,O . Ce 3d XPS Ce*™"
Al O; CuO 3d;, 882.3 888.9 §898.3 eV 3ds, 900.6
Ce Ce Al 0.01 Cu Ce 907.6 916.7 eV 6 Cu Ce x
0.01 ALO; CuO CeO, AL O; Ce Cett
CuO B . Ce 2.2
Y 2.2.1 CO
Ce
CuO . Ce Al Y Cu Ce x ALO; Cu CeO, Cu ALO;4
CuO . Al O4 CeO, CuO CO 4



528 29
100 F Fe—
80 -
z S Orefef @
5 )
k] <
. >< -
40 -
20
1 I L n L 1 1 1 L L 11 1 0 | " w— I I 1 1 n " " 1 1 1 1 I L
925 930 935 940 945 50 100 150 200 250
E,/ eV Temperature ('C)
- - 4 CuCe x ALO; co
Ce 3ds, Ce 3ds,
b
® l | I | | Fig 4 Conversion of CO with reaction temperature during the
CO oxidation process over Cu Ce x AlLOj;
© 1 Cu ALO; 2 Cu Ce 0.01 ALO;
3 Cu Ce 0.06 ALO; 4 Cu Ce 0.15 ALO;
2 5 Cu Ce 0.30 ALO; 6 Cu CeO,
§ Reaction conditions ¢ CO =0.1% ¢ O, =10% N, as
=
- balance total flow=2000 ml min GHSV=350000 h™'.
(5)
4
Wi H,-TPR 2 Ce
WMWM Cu Ce
(2)
O s o NI S VN - 0 . CU Aleg CU Ce 001 AIZO@
PNy AR S A bt i s e
870 880 890 900 910 920 H,-TPR  XPS
E,/ eV CuO CeO,
3 CuCex ALO; Cu2p  Ce3d XPS CuO _ Ce Al
Fig3 Cu2p a and Ce3d b XPS spectra of
Cu Ce = ALO; CeO; CuO
1 Cu ALO; 2 Cu Ce 0.01 ALO; Ce Al
3 Cu Ce 0.06 AlLO; 4 Cu Ce 0.15 ALO; .
(/602
5 Cu Ce 0.30 ALO; 6 Cu CeO,
CO
Ce H,-TPR  XPS . Cu
CO Ce Al 0.01 0.30 CO Ce CcO
100% CO 250 C 136 Cu ALO; Cu Ce = ALO;
¢ Cu CeO, co 200 C co
89 C. 200~ 500 C
1 BET Ce CcO
Cu Ce x ALO; Cu Ce = ALO;
Cu CeO, NO,
CO
Cu Ce = ALO; SCR

CO Ag A12 03



6 Ag ALO;+ Cu Ce x

Al Os NO, 529
2.2.2  Ag ALO;+Cu Ce x Al 5b Ag ALO;
NO, CO NO, CO.
5 Ag ALO;+Cu Ce = ALO; CO
NO, CO 0 Ce CO .
5 a 200 ~350 C Ce Al CO
Ce Al 0.01 0.30 100 % 480 C 230 C.
NOI Ag A1203 Cu Ce x A1203 CO
350 C Cu CO .
CCOZ Ag A1203 Ag A1203 + Cu CO Ce Al
CQOQ NOl Ag AIZ O3
CO SCR
CO
SCR HC
250 OC Ag A1203
8 CO
g CO HC
——3)
—o—(4)
= CO O
—=(6) CO, HO
——(7)
= T CO CO
200 300 400 500 600
Temperature ('C) co
Cu CeO, CO
1o NO, 20 %
sol Cu Ce 0.15 ALO; 270 C 100 % CO
i 200~ 350 C NO,
£ 0 NO,
g r NOJ CO Ag A1203
= 0 +Cu Ce 0.15 ALO;
. 2.2.3  Ag ALO,+Cu Ce 0.15 ALO,
150 A N T
200 300 400 500 600
Temperature (C) CO
5 SCR NO, a Ag A1203 + Cu Ce 0.15 A1203
CO b NOJ
Fig 5 Changes of NO, a and CO b conversion with
reaction temperature during the SCR process of 6 Ag A1203
NO, with ethanol on different catalysts Ag AL O;
1 Ag ALO; 2 Ag ALO;+Cu ALO; 3 Ag ALOs+ Cu Ce NO,
0.01 ALO; 4 Ag ALO;+ Cu Ce 0.06 ALO; 5 Ag "
ALO;+ Cu Ce 0.15 ALO; 6 Ag ALO; + Cu Ce 0.30
ALO; 7 Cu CeO, 400 C .
Reaction conditions ¢ NO = 0.08% ¢ CHOH = 250 C
0.1565% ¢ O, =10% ¢ CO =0.06% ¢ H,O =10% 00 C
N, as balance total flow = 2000 ml min GHSV for Ag ALO; = 4
50000 h ™' GHSV for oxidation catalysts= 150000 h ™. Ag ALO; Cu Ce 0.15 ALO;



29

c!/%

600

Temperature ('C)

6 SCR
Fig 6 Changes of ethanol and acetaldehyde concentration
with reaction temperatures during SCR of NO, by
ethanol on different catalysts
2 Acetaldehyde con-

Ethanol concentration over Ag

1 Ethanol concentration over Ag Al,Os
centration over Ag ALO; 3
ALOs+ Cu Ce 0.15 ALO, 4
over Ag ALO;+ Cu Ce 0.15 ALO;

Reaction conditions are the same as in Fig 5.
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