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Catalytic reduction of NO with CO by sepiolite loaded with IB group

metals

LILi, YAO Weihua, LI Yungiao, WU Xiaomei, LI Junliang, Wang Dao  (College of Favironmental and Energy
Engireerng, Beijing University of Techmology, Beijing 100022)

Abstract: The natural sepblie was treated with hydwochloric acid The conditions of sepiolite modificaion were chosen by orthogonal
experiments. The optimized conditons of sepiolite modification were: the concentration of hydrochloric acid at 1. 2mol* L™ !'; the solidf liquid
volume ratio at 1: 20; the soaking time at 20h; and the soaking temperature at 333 K. The catalysts for reduction of NO with CO were made
of IB group metal (Cu, Ag and Au) impregmated onmodified sepiolite. The catalytic peformance was studied under oxidizing conditions. The
samples were charad enized by themmo gravimetric amalyss (TGA), X ray diffraction (XRD), temperaure pogrammed reduction of Hy ( Hp-
TPR), and BET. Among the three metal catalysts, Cy sepiol ie was found to be the most adve one for NO redud onwith CO in the presence
of oxygen. In the three kinds of catalysts, Ay Sep showed the lowest catalytic activity, while NO conversion was higher over Ag Sep. The
maximum conversion of NO was observed on the Cu ( 5wt. % )/ sepiolite which was calcinated at 400°C. The addition of Ce and Sm to Cu
catalysts was found to improve the caalytic activity. The dfects of oxygen content and the GHSV ( gas howly space velocity) on the catalytic
activity were also studied. Under the same experiment conditiors, the catalytic activity of Cy sepiolite was beter than tha of Cy/ ZSVF 5.
Keywords: Cu; sepiolite; NO; reduction; catalysi

NO, .NO

NO, , ,

, . CO NO, )

t s NO s
Cu/ ZSM-5
7SM-5 "
, [ MgsSii2 O3 (OH) 4*4H,0] * nH, 0,
4H20 TLHQO . B
: 2003 08 14; : 2003 12-26

(8032004)
(1975—), , ; ® :wangd@ bjut. edu. cn



740

24

[3]

, Cu Ag Au 1B ,
Co NO . Cu ,
1
1.1
. ICP-AES(
- ) ( ) :Si0, 60.46%, MgO
17. 79%, ALOs 4.75% , CaO 3.78% . , Mg ,
1.2
. \ cr 100°C
24h, 220°C 4 h, , Sep.
1.3
Cu(NO;)2, ANO;  Au(PPhs) (NOs) \
60°C , 10T 400°C  5h, . 40~ 60
, Cu/Sep, Ag/Sep  Au/ Sep.
1.4
, 100~ 500°C,
10 Cemin~ . 5% Ha/He( 20 nl*min” '),
10 Cemin "' 400 C, 3h, He .
, QGS 08B (0 ,
Monitor Lab 9841AS , Q75 9601
\ DANI THM411  FID
NO
1.5
TGA: PerkimrElmer TGA 7, V2. 3CTA
9%54°C, 20°C*min_ ', 3. 8030 mg.
XRD: D/MAX-3C X , Cu Ka, 35 kv, 35mA, 20
10~ 80, Femin FP-7000 .
BET: , ST-03A ( ) BF$7510

TPR: ( )



4 : CO NO 741
V(Ar): V(Hz2) = 0. 95 0.05, 40 mLe min "~ . 927 C.
2
2.1
L(3), 4 3
NO [5]
R NO
9 1
, Cu ( NO3) 5 , Table 1  Factors and treaments of orthogonal experiments
? Cu/Sep /mol*L~! /h /C
,9 1 1.0 10 10 0
98.4m2'g71, 146. 4 2 1.2 L 15 20 40
20— 3 1.5 IL 20 25 Q0
me®*g
60.8 m’*g . ,
1. 2mol*L” ', 1: 20, 20h, 60C.
) ) H' JH i
[5.6
100 - 5 .
—— Cu/Sep
sol- 2.2 1B (Cu,Ag,Au)
8 1 IB
<l (Cu, Ag, Au)
g 40 NO )3
20 . 5
0 . J Cu/Sep NO 300°C 80% ,
150 250 350 450 o
- 380°C 88%, Ag/Sep  Au/Sep
NO R
1 Cu/Sep, Ag Sep, Ay Sep Cu/Sep , 3
( ( ): 3% : 0.1% NO, , Cu/sep NO
0 1% €O, 3% 0,,N, ; 16000h~ 1)

Fig. 1 Camparison of activity of Cu/Sep, Ag Sep, Ay Sep and Sep 23 C '
. u



742 24
100 2 Cu/Sep
80 | , NO
5 ol Cu 5% ,NO
—Oo— Cu(0.5)/Sep o
§ 40 -B— Cu(3)/Sep ,380C 90.3% ;
% —+— Cu(5)/Sep
20 —*— Cu(10)/Sep ?
—A— Cu(15)/Sep Cu 2
ot 1 I 1
150 250 350 450 Al , NO
MARRE /C
S NO Cu
2 Cu Cu Sep ) Cu
( :0.1% NO, 0. 1% CO, 3% 0,, N, ; 16000 Al Cu
h™ ! Cu( 0. 5)/ Sep Cu ( ) 0.5%, ) ,
Fig. 2 Effect of Cu loading on catalytic activity of Cy/ Sep Cu -
CuO. Cu Cu
XRD ,
, Cu < 0.5% R > 15%
CuO,
2 Cy Sep
i TSO( 50% Table2  Comparison of the ability of dynamic conversion
of catalysts with different Cu bading
’ ) Cu /% T4 C Tof C Toy—Tgy C
. T'so ) 0.5 %67 362.5 95.5
; Too 3.0 255 361 106
5.0 245 320 75
: Too—Ts 10.0 259.5 > 450 -
, , 15.0 284.6 > 450 -
T,
2 Cu 5% , 2457C,
100 - XIBEEAE 30T
80 2.4
8
g 60 3 Cu/ Sep
ﬁg 40 , NO
“ 400°C  Cu/Sep
0 o L | L Cu/ Sep
150 250 350 450 4
KRR /C
R 75~ 200°C
3 Cy/ Sep 200~ 496°C
(Cu : 5%, : 01% NO, 0.1%
0. 3% 0, N . 16000 h-! ;
w N : .496°C

Fig.3 Effect of calcnation temperature

on the catalytic adivity of Cu/Sep

B



4 :CO NO 743

620°C , , . Cy Sep
3.800 0.025
? 3.775 0.020 =
: 3.750 0015 £
500C s 300C g g
E 3.725 %
, S 0.010 -3
2 3.700 =
CU/ Sep 3.675 0.005 '%
400 C. o)
3.650 0
2- 5 1 1 1 1 1 1 1 | 1
100 200 300 400 500 600 700 800 90
s T/I'C
Ce Sm, Cu/ 4
Fig. 4 TG/ DI'G profile of sepiolite
Sep .
5 6 , Cy Sep
: Ce ;' Sm
Cu - . Ce
" CO Cu"
Cu Ce . 5 )
’ ’ 5 Cu y
8
. Ca Fe (s Sm Ce NO ,
! Sny Ce 1: 4
400 ——
300 |+
°\\°
K;;E % 200 -
& &
% 100 -
0 I 1 1
% 2 y 6 3 10 1# 2# 3# 4% 5#
Ce it /% BAF GRS
5 Ce Cw/ Sep 6 Sny Ce Cw/ Sep
(Cu : 5%, :0. 1% NO, 0.1% CO, 3% (1% ~ 5* Sny/ Ce 0,12, 14,1 10,
0,3, N, H 216,000 h™ '; :350°C) 0 1 CySep; Cu :5%)
Fig. 5 Effect of loading of Ce on NO conversion over Cy Sep ~ Fig. 6  Effed of atomic ratio of Sm/ Ce on dynamic ability of Cy Sep
7 Cu/ Sep Ce Sm CwSep H,;-TPR . Ce Sm Cy Sep
Ce Sm  Cu/Sep . Cu/ Sep 572.75 K s
Ce Sm Cu/Sep 534. 5K , )

2+

Cu™ Cu’ - Ce  Sm  Cu/Sep Cu



744 24
Cu , Cu NO ,
, Ce Sm CySep Cu/Sep , T9 20°C, T 40°C
572.8K
a 1074.7K b 534.5K
770.6K
2
8
2
5
=
1 1 1 1 1 1 1 1 1 | 1 1 1
400 600 800 1000 1200 400 500 600 700 800 900
T/K
7 Cd Sep(a) Ce Sm Cu/Sep (b) H;TPR
Fig. 7 Hy TPR profiles of Cyf Sep (a) and Cy Sep modified by Ce and Sm (b)
(11, 12]
100 ) Cu/
-0~ 5000 h'l1
-~ 10000 h~ -
L o Z5  ,CuSep €O NO
- 24000h™!
® -O- 30000k}
% 60 2.6
1?;" 8 Cu/S
€]
o 40 p
“ NO . ,NO
-1
20 5000 h 100%,
-1
. 30000 h 58%; Cu/
150 250 350 450 S
R /'C P
8 Cy Sep
y . 50 . g 0 -1
(Cu :5%, : 0.1% NO, 0. 1% CO, 16000 h ,
3% 0,.N, )
Fig. 8 Effed of GHSV on the catalytic actiity of Cu/ Sep )
9 400C Cu/Sep
NO ,NO 100
X 90
) 2.3%, "
ﬁé* 80
- NO ® 70
]
NO co Z 60
2.3% , (0 NO 00 2 n 3
R H /%
, NO °
; ’ Co 9 Cu/ Sep
2+
’ Cu (Cu : 5%, :0. 1% NO, 0.1% CO,
NO, Cu’ 3% 0,.N, : 16000k '; :4007C)
Cu2+ NO L3 Fig. 9 Effect of the concentration of oxygen on catalytic
2 2 .

,NO

activity of Cu/ Sep



4 :CO NO 745
N2 ;
.0 02 ,
,NO
NO
3
(1 :
-1 . o
L.2mol* L, 12 20, 20h, 60C. (2) Cu/Sep
Ag/Sep  Au/Sep. (3) 5%  Cu/Sep
. u45T: 380C 90.3%. (4) 400C  CuSep
; 620C ,
, (5 Ce Sm Cu/ Sep ,
.(6) Cu/Sep 2. 3%,
-1
16000 h NO
, Cy/Sep CO NO Cu/ZSVF 5 ,
[ 1] s . DeNO, [J]. , 1996, (2):6—11
[ 2] Laiyuan Chen, Tatsuro Horiuchi, Toshihko Osaki, et al, Catalytic selective Reduction of NO with propylene over Cu Al,O3
catalysts: mfluence of catalyst preparation method[J]. Appl Catal( B),1999, 23(4): 259 —269
[ 3] Ray L Fros, Greg A Cash, J Theo Kloprogge. ° Rocky Mountain leather’ , sepiolite and attapulgite an infrared emission
spectroscopic study[ J]. Vibrational Spectrosc, 1998, 16(2): 173 —184
[ 4] Aznar A J, Guiierrez E, Diaz P, et dal. Silica From Sepiolite: Preparation, textural properties, and use as Support to Catalysts[ J] .
Microp Mater 1996, 6(2):105—114
[5] : : . 1. L2001, 21(1): 26—28
[ 6] Kundakovic L J, Fiytzant Stephanopoulos M. Reduction characteristics of copper oxide in cerum and zirconium oxide systems| J].
Appl Catal( A), 1998,171(1): 13—29
[ 7] M Femander Garcia, A Mattinez Arias, Beler C, et al. Behavior of palladium- copper catalyss for CO and NO elimination[J]. J
Catal, 2000, 190( 2) : 387 —395
[ 8] Parvulescu V I, Grange P, Delmon B. Effect of coexchanging with a second metal upon the interaction of niric oxide with Cua ZSM
5[J]. J Phys Chem(B), 197,101( 4) : 0933—6%42
[ 9] Joseph H, Matthew A, Robert J. Influence of ceria and lanthana promoter on the kinetics of NO and N,O Reduction by CO over
alumina supported palladium and thodium[ J]. J Catal, 2000, 190( 2) : 247—260
[10] Femander Garcia M, Rodriguer Ranos I, Ferrera Aparicio P, @ a. Tracking down the reduction behavior of copper orr alumina
catalysts[ J]. J Catal, 1998, 178(1): 253 —263
[ 11]  Parvulescu VI, CentenoM A, Grange P, & al. NO decomposition over Cur Snr ZSVE 5 zeolites containing low- exchanged wpper[ J] .
J Catal, 2000, 191(2) : 445—455
[12] Mahesh V Konduru, Steven S C Chuang. Active and spectator adsotbates during NO decomposition over Cur ZSMF5: Transient IR,
site poisonng, and site promoton studies[ J]. J Catal, 1999, 187(2): 436—452
[13] Bin Wen, Mingyuan He, Ethan Schrum, @ @. NO reduction and CO oxidation over Cu/ C¢/ Mg/ Al mixed oxide catalysts in FCC

operation| J]. J Molecular Catal( A), 2002, 180(2) : 187 —192



