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Catalytic Combustion of Soot Particulates over Rare Earth Pyrochlore Oxides

Doped with Transition Metals

LI Xi-feng'*, SUN Yu-qi*, WANG Zhong-peng”” , MU Zong-gang’, CUI Zhao-jie' "

(1. School of Environmental Science and Engineering, Shandong University, Ji'nan 250100, China; 2. College of Chemistry and
Chemical Engineering, University of Ji'nan, Ji’nan 250022, China)

Abstract: Catalytic combustion is an efficient way to remove soot particulates from automobile exhausts. A series of rare earth
pyrochlore oxides La,Sn, (TM,,0,(TM =Sn, Mn, Fe, Co, Cu) were prepared with CTAB-assisted sol-gel method. The products were
characterized by XRD,N, Adsorption-Desorption, SEM, FT-IR, H,-TPR and PL techniques. Their catalytic activity for soot oxidation
was investigated by TPO under tight conditions in both O, and NO + O, atmospheres. After calcination at 900°C , the as-synthesized
oxides with pure pyrochlore phase displayed nanospheres with diameter of 30-60 nm and relatively large surface areas. The partial
substitution of Sn with transition metals largely influenced the reduction behavior of pyrochlores especially on the low temperature range
in H,-TPR profiles, which was due to the interactions between Sn and transition metals. The improved oxygen mobility might be
derived from the structure defects induced by transition metals doping, which could be helpful in oxidation reactions. In comparison
with uncatalyzed reactions, the La,Sn,0, catalyst exhibited modest catalytic activity for soot combustion, while transition metals
incorporation further enhanced the activity and selectivity. The improved activity of transition metals doped samples was likely to be
associated with the improved reducibility and increased surface oxygen vacancies on the pyrochlore oxides. The presence of NO in the
gas phase significantly enhanced the soot oxidation activity, which was due to the promotion effect of NO,. Especially, the densities of
active oxygen sites and turnover frequency ( TOF) values of the catalysts, quantified by isothermal anaerobic titration with soot as a
probe molecule, were used to explain the different soot combustion behaviors. Among the pyrochlore oxides, the Co-doped pyrochlore
sample displayed the highest ignition activity and the largest intrinsic activity with TOF of 3. 20 x 10 s ",
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Table 1 Structural and porous information of the pyrochlore catalysts

| Sper Ve Dy Ysn—0 X,
/m*eg”t JemdegT! /nm /em ™! /nm

LSO 15.9 0.04 11 589 28

Mn-LSO 18.2 0.04 8 597 26

Fe-LSO 22.5 0.02 20 592 26

Co-LSO 18. 1 0.04 9 595 33

Cu-LSO 11.3 0.02 8 583 57

1) Sy S BE R TR VA FLIRBY Dy h PR TLAE X,
Rt

2.2 IR N, WS A>T

2 J=H] CTAB HiBh% 14519 La,Sn, (TM, , 0,
BRERAT AN N, W0 R A TR | A5 it SR T 2
TR, 5 TUPAC b 1T %9 W% B 45 IR 26 AH 3T, 3X
TR 0 S IR — P Pl 1R AL s R AL R R ™
T B AIEE RIS, 76 W B - BE B it 26 b 2508 it Je
. L 2 TR0 R B A I S AR AR T
(p/py) 8 0.8 ~1.0 JLHINHBL T H3 BUHE 5 BF, iX
WH BERE MR A PR ALIE , FLAR S A A
i 2 R ALYEmE. e X R 7 X 8], W2 B %5 T 6 L
S-S B 43 AN A2 BR il i) B 2 58 22 2 W I A
R AR B KL,

HEALFI BET HLR AL | FLARFI A 351148 W
1. LSO FRE M LR TE AN 15.9 m? g ' FLIAFR
$0.04 em’ g™ SFHEFLAE N 11 nm, H R A
TEEILDIGE LB A (12.6 m*-g™'). BAeid
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AE5 900°C R Ebe A ¢, WIELEIBIG ik
FITE S AN A R AR A A, R 341 RSEAE 50 ~ 200
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YR B 2 R SR AR AE — i A UL RS, 1T XRD
THER A BB SR RN
2.4 FT-IR 73H7

PREEATEALYITE 750 ~ 50 em ™' P B X A 7 Fb
LIAMRBIE | R 4 SR A A 45 R S R
RS SR, B M—0 i i IR sh iR 5
M—O BERYTREEAG G, Kl 4 JE7E 400 ~1 000 cm ™' %
B B N A R 20 E E . e 600 em !
Ao A7 I 2t TAE SnOg /NI Sn—0 B (14 {1 45
PRBh5 L , W7E 420 em ™' 2247 BT RE B T 2 1Hi
& La0,0, Y La—0O # i fh 45 & 3h 51 & 19,
La,Sn, 0, B4t Sn—0 #RE/NT La—O FEAE, Af
LSRR % B RE RERT, Sn—O B4 e e s 1k
Wirsd B A AR, IR R s . 255 1R 4 i
T ATLUE N R B 0 4R B 184 Bt
Sn BINLE 175 v(Sn—0) KA TR 8l X Ui Sn—
O HgR K AR AL, PR Sn—0 B T A A 1
TR, Sn—O S5 1) A% Ak 25 52 e Ak 390 A A% S
Bl F R s R B, 3X 1T BB 4 A R T A 4 Ak it
(LR e =07/ Ll iURSR e 22 2
2.5 H,-TPR 43#t

K5 J& La,Sn, (M, , 0, besk 1 & A E LYY
H,-TPR &, TPR 152k | A 5L i) v MK 3% B
THEEE TR JE PR RE Y5R35, AT LUE Y LSO
TEALIA PR ZTH ARG, 55— TH ARG IR (R 10 1
FE 700°C A4, 55 AN B0 HE B AE 800°C LA |, 43
BIHJET Sn**——Sn®* Fl Sn®* ——Sn® L. i
B BBRIG i AR 5 m 8% 50, Al i Js v
558 3 FEARCIR DX B0 T % O [ 3 4 8 AR A 1Y AR
JU , o Cu-LSO 934 J et I AE BE IR . M-
LSO Fil Fe-LSO £/ 7 500 ~700°C Z2 A #BHI L T —



1352 2N 5%

38 %

(a) LSO, (b) Mn-LSO, (¢)Fe-LSO, (d)Co-LSO
B3 REREMLFIN SEM
Fig. 3 SEM photographs of the pyrochlore catalysts
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Fig. 4 Infrared spectra of the Sn-O stretching vibration of samples
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Fig. 5 H,-TPR profiles of the pyrochlore samples
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Fig. 6 PL spectra of the pyrochlore samples

(‘excitation wavelength 310 nm)
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Table 2 Catalytic performance of pyrochlore samples for soot combustion

v 0, 0, +NO

Frdh T,,/C T,/ C AT/C Sco,” % T,y/C T5y/C AT /C Sco,” %

Si0, 511 590 79 37.7 509 601 92 49.1

LSO 415 487 72 84.1 401 483 82 87.2
Mn-LSO 383 458 75 95.7 365 445 80 94.2
Fe-LSO 395 467 72 92.0 385 463 78 90. 1
Co-LSO 379 445 66 98.6 351 421 70 99.2
Cu-LSO 387 453 66 99.2 377 438 61 98.5




1354 2N 5%

B 38 %

A B A H A AL IR BE, Fe-LSO 3R AR K,
HP A= A TUR TR 5 NO, U T I REAL
TR T AR AN LR, 35K 15 BT Atk 408 14 1 4 1 S B A
Z MO T - S B R B 2% B R R A T

100

(a) O UK
80 _asio,
*— LS50
- A~ Mn-LSO
‘é‘ 60 v— Fe-LSO
% 4 Co-LSO
g 4— Cu-LSO
§ 40
20 F
0 LaacaractC¥L

(AT ) - I (BB R ) ™ = AH B i i 2N
(ARG PR ) FIAMA (AR R TR, TSR
RO RS55S4 Bl R R L0 2 i 22 5 ) 25 22 0 T
BESIEAN

100

(b) NO + O2"USK

80 +

60 -

BRI AR %

40 +

20

o
e ﬁ;_!«.___.. .t -
0 aca A -4‘ » n—nn— 0"
250 300 350 400 450 500 550 600
L PC

B7 BREAELTERIERENEL R R

Fig. 7 Temperature dependence of soot catalytic combustion over pyrochlore catalysts
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Fig. 8 Soot conversion at 320°C as a function of time

over the pyrochlore catalysts
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Table 3 Reaction rate, active oxygen (O~ ) density and TOF for soot combustion with O, at 320°C over the pyrochloresamples

B, N x 10 78 HR x 10 ~° 0" x107° 0 B /am - TOF x 10 ~3
/mol+ (g-s) ™! /mol+ (s+m) ~2 /mol-g ! /s 7!
LSO 6. 00 3.79 2.39 0.90 2.51
Mn-LSO 7. 46 4.10 2.63 0. 87 2.84
Fe-LSO 8.93 3.97 3.32 0. 89 2.68
Co-LSO 22.78 12.58 7.12 2.37 3.20
Cu-LSO 18. 44 16.32 6.25 3.32 2.95
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