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Abstract: Such two harmful gases as NO, and CO produced in the sintering process of iron and steel industry will pose a
great threat to the environment and the simultaneous removal technology against them has a good development prospect. A
yCu/Ti, Sn, _ O, catalyst is prepared in this paper and the technology on selective catalytic reduction of NO, ( NH,-SCR)
by ammonia is used to treat CO synergistically. The catalyst has high activity for NO_ reduction and CO oxidation. XRD

XPS Raman NH;-TPD O,-TPD In-situ DRIFTs and other characterization methods are used to explore the reaction
mechanism of NH;-SCR co-oxidation of CO. The results show that the acidic site on the surface of the catalyst first
combines with NH; to form an active substance and then reacts with nitrate which is in line with the Eley-Rideal ( E-R)

mechanism. For CO oxidation reaction Cu can provide the adsorption site of CO and react with lattice oxygen on the
catalyst surface to generate CO, in which the intermediate products are hydrogen carbonate and carbonate which conforms
to the reaction characteristics of MvK mechanism. The development of this catalyst has important industrial application

value for ultradow emission of sintering flue gas.

© 2022 - 10 - 02; : 2022 -10 - 18
(2022YFC3701900) ; (202203021211178)
(1987—) .



86

48 2

Key words: selective catalytic reduction method; NH,; catalyst; NO_; CO; oxidizability; reaction mechanism

NO, .
g
co o
NO, CO .
(of0)
NO, ( CO-SCR)
0, o
NO V,0,-WO0,/
TiO, . NH,
( NH,-SCR) 350 °C
4 o
NH,-SCR co
Cu
Cu
. XU ° ( AC)
Cu co
. GANG  °77 Cu0  ALO,
10.0%; HE °
10% Cu ALLO, TiO, Cu/TiO,
Cu/ALO, TiO,

o

yCu/Ti, Sn,_ O,
XRD. XPS. Raman. NH,-TPD  0O,-TPD

In-situ
DRIFTs NH,-SCR cO 0
NO, CO
1
1.1
(1) Ti,Sn,_,0, o

Ti Sn,_, 0O,
e Ti(SO,),  SnCl,
30 min; @
pH 10
2h 24 h
;@ 110 C 12 h 500 C
4 h Ti,Sn,_,0,.
(2) yCu/Ti,Sn,_.0O, o
yCu/Ti Sn,_ O,
@  Ti,Sn,_,0, Cu( NO,),
30 min 80 C
@ 105 C
12 h 450 C 4h;, @
yCu/Ti Sn, _.0,.
1.2
(1) yCu/Ti, Sn,_, O, o
yCu/Ti Sn,_ 0O,
o : NO. NH,
0.05% CO 0.10%
0, 5% H,0 5% (
) SO0, 0. 005% ( ) N,
; 100 mL/min
60 000 mL/( g*h) o CO + NO, N,
ey =020 5 100% (1
Leo
Qo =Mx100% (2)
' INo,
ya =12 TN ) 000 (3)
INo ~ Ono t Inny ~ Onw,
Qeo~ Qyo > Vn, CO + NO,
- N, P05 o~ ino,s Inngs Lango
CO. NO,. NH,. 2N,0
%05 0con Oxo~ Onos Onoy~ Onig CO.
NO,. NO. NO,. NH,
% o
(2) o X
(XRD) . X ( XPS) .



2023 2 : yCu/Ti,Sn,_,0, co 87
( NH,-TPD) . ( 0,-TPD) . NO
( In-situ DRIFTs) NO 80% - 1( b)
o 0.5Cu/Ti,Sn,_,0, (x#0 )
5 N, 95% ©0.5Cu/Sn0,
o 1(c)
2.1 NO, CO
2.1.1 Ti Sn 0.5Cu/Ti, sSn, 50, 225 C
0.5Cu/Ti Sn, 0, NO, co 100% . Ti  Sn
1 . 1( a) 1:1 NO CO
0.5Cu/Ti,Sn,_ 0,(x+#0 ) N, .
0. 5Cu/Sn0, ( <275 C)
(a) NO ; (b) N, ; (¢) CO
1—0. 5Cu/Sn0,; 2—0.5Cu/Ti; sSn, s0,; 3—0.5Cu/Ti; (Sn, ,0,; 4—0.5Cu/Ti,4Sn, 0,
1 0.5Cu/Ti,Sn,_,O, NO, (6(0]
Fig.1 NO, reduction and CO oxidation Performance of 0. 5Cu/Ti,Sn, _, O, catalyst
NH,-SCR N, NH, NO NH,-SCR
N,O o N,O NO
2 o 2 N,0.
N,0 o 0.5Cu/Sn0, 2.1.2 Cu
N,0 Cu NO N,
0. 5Cu/Sn0, 3 o 3 ) 175 ~
300 C 1.5Cu/TiSn0, NO
80% ;
N,
80%
o TiSnO, Cu
1.5 mmol.
NO, CO Cu
CO 4 o 4
1—0. 5Cu/Sn0,; 2—0.5Cu/Ti, ;Sn, s0,; '
0. 75Cu/TiSn0O, NH,-SCR

3—0. 5Cu/Ti, ¢Sn, ,0,; 4—0.5Cu/Tiy,Sn, 0,
2 0.5Cu/Ti,Sn,_,0, N,O
Fig.2 The generation of N,O over 0. 5Cu/Ti, Sn,_,O,

catalysts

CO

o



88

48 2

(a) NO

7 (b) N,

1—0. 75Cu/TiSn0,; 2—1Cu/TiSn0,; 3—1.5Cu/TiSn0,; 4—1.75Cu/TiSn0, .

3 Cu

Fig.3 Effects of catalyst with different Cu loading amounts on NO conversion and N, selectivity

1—0. 75Cu/TiSn0,; 2—1Cu/TiSn0,;
3—1. 5Cu/TiSn0,; 4—1.75Cu/TiSn0, .
4 Cu CO
Fig. 4 Effects of catalyst with different Cu loading
amounts on CO oxidation performance
o 1. 5Cu/TiSnO,
NO, CO o

x

2.2
S0,

1. 5Cu/TiSnO,
5 . 300
C 250 C NO, €O
. 5%H,0 0.01%S0, 250 C
NO 35%
co 10% 300 C
NO 80%
co .
S0, co 20% ~ 30%
NO .

NO N,
S0, . 5
CO
NH,-SCR
NH,-SCR
1—CO : 2—NO
5 1.5Cu/TiSnO, 5%H,0 0.01%S0,

Fig.5 Tolerance test of 1. 5Cu/TiSnO, catalyst in 5%
H,O and 0.01% SO,

2.3
2.3.1 XRD
0.5Cu/Ti Sn,_,0, XRD 6(a)
o 6( a) : 0.5Cu/TiSn0O,
CuO CuO
; Sn Ti Sn,_ 0O,
7 Ti0,(x =
1) ( PDF#21 - 1272)
TiO, ( PDF #21 -
1276) ; Sn0,

Sn0, TiO, .



2023 2 © yCu/Ti Sn,_ 0O, CO 89

Cu yCu/TiSnO, XRD 20 =35.5° 38.7°
6(Db) o 6(b) : CuO( PDF#48 - 1548) (11
0.75Cu/TiSn0O,~ 1Cu/TiSn0O, 1. 5Cu/TiSnO, -1) (111) o
TiSnO, 1. 5Cu/TiSnO,
CuO ; yCu/TiSn0O, o
Cu 1.5 mmol 1. 75 mmol

(a) 0.5Cu/TiSn,_.0,; (b) yCu/TiSnO,
1—0. 5Cu/Ti0,; 2—0.5Cu/Tiy ,Sny ,0,; 3—0.5Cu/Tiy 4Sny ,0,; 4—0. 5Cu/Tiy,Sn, ;0,7 5—0. 5Cu/Tiy (Sny,05;
6—0. 5Cu/Ti, ;Sn, s0,; 7—0.75Cu/TiSn0,; 8—1Cu/TiSn0,; 9—1.5Cu/TiSn0,; 10—1.75Cu/TiSn0, .

6 yCu/Ti,Sn,_.O, XRD
Fig. 6 The XRD diffraction patterns of yCu/Ti, Sn,_, O, catalysts
2.3.2 Raman (110) 7( a) CuO 0*"
2Cu/TiSn0O, TiSnO, Raman 07" E,
7 . ( TiO,) A, o
D)\ P42/mnm(136) . TiSnO, 3 CuO
c E%( 432 em™') | CuO  TiSnO, -
c B,, (106 em ™) A, (610 em ™) 7 ° B,
(b) . 7( a) (e 0" G
) o TiSnO, °
(a) Raman ; (b) TiSnO,
1—TiSn0,; 2—2Cu/TiSn0, .
7 2Cu/TiSnO, TiSnO,
Fig.7 Raman spectra of 2Cu/TiSnO, and TiSnO, catalysts
2.3.3 XPS 930 ~ 938 eV Cu 2p,),
Cu2p O ls XPS 8 Cu 2p;)5 o 8( a) ©934.7 eV 945.1 ~

. 8( a) ; 950 ~ 958 eV 938.7 eV Cu®?



90 48 2
Cu CuO o CuO TiSnO, o 8
CuO (b) © 534 ~530 eV
; TiSnO, Cu (0,) 532 ~528 eV
1.5 mmol Cu’? (0g) o
(a) yCu/TiSn0, Cu 2p © (b) 2Cu/TiSn0,  2Cu/TiO, 01s
1—0. 5/TiSn0,; 2—1Cu/TiSn0,; 3—1.5Cu/TiSn0,; 4—2Cu/TiSn0,; 5—1.5Cu/Ti0,; 6—1.5Cu/TiSn0,.
8 Cu XPS
Fig.8 XPS spectral analysis of catalysts with different Cu loads
yCu/TiSn0,  XPS O 1s 9 Ti*"
o 9 Cu o 10( b) Sn 3d
o SIS, + SB) 0, O, 486. 6 495.2 €V,
o 0, Ti 2p Cu/TiSnO, Sn 3d
0Og  Cu/TiSnO, 2Cu/TiO, Sn0, TiO, Sn0,
0, O, 0 o
TiSnO, o 2.3.4 0,-TPD
NH,-TPD yCu/TiSn0O,
11( a) o
11( a) ; yCu/TiSnO,
NH, 3 o o
NH, NH,
Lewis NH;; B
NH,
Cu’? Y Brgnsted
NH, NH** o yCu/TiSn0,
LI P2 TiSnO, Brgnsted
9 yCu/TiSnO, XPS O 1s . yCu/TiSn0, Lewis
Fig. 9 O 1s XPS spectra of yCu/TiSnO, CuO )
yCu/TiSnO, XPSTi2p Sn3d Cu B .
10 - 10(a) 458.9 1. 5Cu/TiSn0, 2Cu/TiSn0, B
464.6 eV Ti** 2psp o -
2P0 TiO, 8
Ti** Sn** NH,-SCO . TiSnO,
o Sn** Ti*" CuO 1.5 mmol



2023 2 © yCu/Ti Sn,_ 0O, CO 91

(a) Ti2p; (b) Sn3d
1—Ti0,; 2—Sn0,; 3—TiSn0,; 4—0.5Cu/TiSn0,; 5—1Cu/TiSn0,; 6—1.5Cu/TiSn0,; 7—2Cu/TiSn0, .
10 yCu/TiSnO, XPS
Fig. 10 XPS spectra of yCu/TiSnO, catalysts

(a) NH,-TPD; (b) O,-IPD
1—TiSn0,; 2—0.5Cu/TiSn0,; 3—1Cu/TiSn0,; 4—1.5Cu/TiSn0,; 5—2Cu/TiSn0, .
11 yCu/TiSnO, NH,-TPD O,-TPD
Fig. 11 NH,-TPD and O,-TPD profiles of yCu/TiSnO, catalysts

e 1800 ~1 100 ¢cm ™'
o 7 © 1604, 1273
yCu/TiSnO, 0,-TPD 11(b) 1210 em ™ Lewis
o 11(b) : 30 ~700 C 1706, 1471 1434 cm™'
3 0, o Brgnsted 21564 em ™!
; 300 ~500 C NH, ( = NH,) o
ﬁ 10
’y o o
Cu o 250 C  NO + 0,
o 12('b) o 12(b) 1 605. 1 577,
3 1477, 1364, 1338 1144 cm™'6
NO, . N N
3.1 NH,;-SCR . 13
250 C  NH, o
12( a) o 12( a) © 3655 cm”! 250 C NH, lh NO + 0,
( - OH) 13( a) o
Brgnsted NH, : 3500 ~3 000 cm ™' 13( a) 10 min

Lewis NH, N-H NH,



92 48 2

(a) NH;; (b) NO+0O,
12 1.5Cu/TiSnO, NH, NO + 0, In-situ DRIFTs
Fig. 12 In-situ DRIFTS results of NH; adsorption and NO + O, adsorption over 1. 5Cu/TiSnO,

(a) NH,; (b) NO+0,

13 1.5Cu/TiSnO, NH; NO+O, In-situ DRIFTs
Fig. 13 In-situ DRIFTs spectra of 1. 5Cu/TiSnO, preadsorbed NH, reacting with NO + O,
NH, NO + O, N-H o
NH, NH,
o Lewis NH,-SCR Eley-Rideal ( E-R)
Brgnsted "
NH, SCR 3.2 CO
Brgnsted NH, o 250 °C CO
20 min 14( a) o 14( a)
0 o 2350 ~2 250 cm ™!
1 363 1338 em ™! CO
CO,. 2131 em™  CO Cu
° CO-Cu’
250 °C NO + 0, 1h NH, (1522 em™) | (1356, 1338 cm™")
13('b) 0 (1212, 1180 em™) ",
13(b) : CcoO Cu CcO
NH, 2 min
NH, NO + 0O, Co, 0,
NH, ; CO O,

NH, . 14( b) . 250 C



2023 2 © yCu/Ti Sn,_ 0O,

Cco 93

co
(2131 em™)

CO o (0]

14 1.5Cu/TiSnO, CO

(1212, 1180 em™")

Fig. 14 In-situ DRIFTs spectra of 1. 5Cu/TiSnO, CO adsorption and pre-adsorbed CO reaction with O,

Mars-van Krevelen( MvK)

0,
o Cu Cu** Cu”
CO o
CO
1. 5Cu/TiSnO, MvK
4
( NH,-SCR) CO yCu/Ti, Sn,__ O,
NO, (0(0)
(1) Ti Sn 1:1
X 200 C NO
80% CO 100% ; TiSnO,
Cu 1.5 mmol
NO CO N,
(2) 1.5Cu/TiSn0O,
300 C Cco

NH,-SCR

0,
CO o
co 0,
coO O, In-situ DRIFTs
(0{0) NH,-SCR
(3) 250 C
NH, NO 0,
o CcO MvK CO
Cu** CO-Cu”
NO. €O
I 2022 42(12) :24 -29.

BIAN Yao WANG Bo SHEN Boxiong et al. Research
progress on collaborative control of multiple pollutants in
steel sintering flue gas J . Modern Chemical Industry
2022 42(12) :24 -29.

LIU C SHI J] W GAO C et al. Manganese oxide-based
catalysts for low-temperature selective catalytic reduction
of NO, with NH;: A review ] . Applied Catalysis A:
General 2016 522:54 - 69.

HAMADA H HANEDA M. A review of selective catalyt—
ic reduction of nitrogen oxides with hydrogen and carbon
monoxide J . Applied Catalysis A: General 2012 421:
1-13.



94 48 2
4 SCR J . Applied Catalysis B: Environmental 2019 244:
. 2021 31(2): 671 - 683.
95 -102. 11 ALl S CHEN L YUAN F et al Synergistic effect
LI Yongguang AN Lu RENG Cuitao et al. Semi-indus— between copper and cerium on the performance of
trial test of low-temperature SCR denitrification catalyst Cu,Ceys_,Zrys (x=0.1~0.5) oxides -catalysts for
for sintering flue gas J . China Metallurgy 2021 selective catalytic reduction of NO with ammonia J .
31(2):95-102. Applied Catalysis B: Environmental 2017 210: 223 —
5 XUZLLY LINY et al Loading mechanism and doub— 234.
le-site reaction mechanism of Cu on activated carbon for 12 ZHANG Z CHEN L LI Z et al Activity and SO,
enhanced oxidation of CO from flue gas J . Chemical resistance of amorphous CeaTiO, catalysts for the selec—
Engineering Journal 2021 419: 129994 - 130001. tive catalytic reduction of NO with NH;: in situ DRIFT
6 LU Gang GRONDELLE J V ANDERSON B G et al. studies J . Catalysis Science & Technology 2016 6:
Selective low temperature NH; oxidation to N, on copper— 7151 -7162.
based catalysts J . Journal of Catalysis 1999 186: 13 WANG X SHI' Y LI S et al. Promotional synergistic
100 -109. effect of Cu and Nb doping on a novel Cu/Ti-Nb ternary
7 LU Gang ANDERSON B G GRONDELLE J V et al oxide catalyst for the selective catalytic reduction of NO,
NH; oxidation to nitrogen and water at low temperatures with NH; J . Applied Catalysis B: Environmental 2018
using supported transition metal catalysts J . Catalysis 220: 234 -250.
Today 2000 25:179 —185. 14 WAQIF M BAZIN P SAUR O et al Study of ceria
8 HE S ZHANG C YANG M et al. Selective catalytic sulfation J . Applied Catalysis B: Environmental 2017
oxidation of ammonia from MAP decomposition J . Sepa— 11:193 -205.
ration and Purification Technology 2007 58:173 —178. 15 QIL YU Q DALY et al. Influence of cerium precursors
9 ZHANG N HE H WANG D et al Challenges and on the structure and reducibility of mesoporous
opportunities for manganese oxides in low-temperature Cu0-CeO, catalysts for CO oxidation J . Applied Catal—
selective catalytic reduction of NO_ with NH,;: H,0 ysis B: Environmental 2012 119:308 - 320.
resistance ability J . Journal of Solid State Chemistry 16 KANG R WEI X BIN F et al. Reaction mechanism and
2020 289:121464 —121475. kinetics of CO oxidation over a CuO/Ce 5 Zry »5s O, _;
10 LIU H FAN Z SUN C et al. Improved activity and sig— catalyst J . Applied Catalysis A: General 2018 565:

nificant SO, tolerance of samarium modified CeO,-TiO,

catalyst for NO selective catalytic reduction with NH,

46 - 58.



