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1.1 MR H &

FATTHI £ CeO, FEMT R (RIS Ry CZ) Y 4L K35 K
Ce0,-Z10,-Y,0,-La,05(CZ, 40-50-5-5 %( Ji 12 43 %0)).
Horr, CZ-1 % F AL U0 vE 7 ik il %, CZ-2. CZ-3
CZ-4 R DTTE 4, BRI 75T

CZ-1£: ¥4 Ce(NOs); - 6H,0, ZrO(NO5),, Y(NO,),*6H,0
FLa(NO,),* 6H,0 #% — 52 2H 15 fife i B 0 R 7R
UUVE RN SR W . PR A Eh 7 WO I v 351 — [
2718 1) 2 E R K VA AR T ORI ), TUTE KRt
B pHAE PR FFAE 9 22 47 . AR J5 %5 I i B MR 1k 24 h,
90 C/KIEBRIL, #£60 CF A A EERRBEH: 2 h, H4T
VERLUE . BB TFOKIRRG  BUEVIE S0 T 12 h,
SRIFH TR IEYITE 600 “CHE42 3 h i pf
iR CZ-11.

CZ-26 45— & 2H B A C 5 BRI, RV T
JE 9 109% 1E R UTTE B3 —38 00, UITE R 2 8%
W . 5 10% IR A ER AT TTE R — 7] 2218 A I 2=
fE IR AR, DUUERAN pHEAAFFEO A4 . =
T B BRI 24 h, SRJEHE S A1 109% DTTE I
kP, KR4 90% 1R A SRR BAITTE R — R 2818
(IR N2 35— R A T, #EF T RBRE, 90 C
IKIBHRAL, 7560 CN A H FERRBEFE 2 h, BiiiE it
UE . B TFOKUERIG , BIEDIESD CTHE12 h, &

5 TR TLIEWITE 600 CHELE3 h. CZ-3f Fl CZ-4f
5 CZ20 8 E R — 2, DUESE — 8B fh & &3
W14 50% F190%.
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K G RFLARTR BA Hl 15 8] — R 5 HPd = 3K
AL Pd BYERIE TR R 1.0% (im0 40). K125t
Je BRI ARAE 80 CHYIMREE T T4 12 h, SRJ57E550 C
S HERE 3 h, AR EETEE AR R, 2 ilbrid
1 PA/CZ-1£ . PA/CZ-2f . PA/CZ-3¢ Fl PA/CZ-4f. 3 T 3k
P AR AT, BT A TR R SR A PR S v 0
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FITE900 CHthe4 h, 1522 AL, 43 5hic sk
9 PA/CZ-1a., PA/CZ-2a ., PA/CZ-3a I Pd/CZ-4a.
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11.00% . 10.00% . 0.36% F1177.87%. H:A8ALF] /i85
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VRE . SN AU CiH . CiHg . CO FITNO i
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PR I (30 E (s A Top) T VAl AR AT 1) £
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A7 N, W B0 - BRI Al FH 22 8 BET 3 H3E A i 1)
FL IR, BIH AR 2R 5 A FLAR SR

K HI DX-2500 X 5 L A1 4L (Rigaku, H 4<)XF
FER BT YA ZER HAE . L) Cu Ka B4R (X =0.154 06
nm) AR IEIE, B 25 mA, FFHLE A 40 kV,
FHERIR 2 0 =10° ~90°, 25K 4 0.02° . Zr0, 7E CZ
T [ B I T 81 AR s Ze0, 7E CeO, B
H IR B 170, 1R B x 100%, Ce0,-Zr0, IR-A 41k
YIRS T R bR s

S = (x/C)(100-C)(100-x) x 100 (1)

x = (5.423- )/0.003 (2)

C 4 CZH Zr0, & 1 (Do BEIR 73 H0)), a X T
Y78 200, i CZIR A B ALY B i i 380 (nm), x J2:
CZ [E AR 1 ZeO, O E (%(BEZRA3H0)). xR
0% 5%, 100% 5}, 4351 %F 7[R 226 CeO, FIST I 710, 1)
And H R, B350 0.54 F10.51 nm.

K FH CO W B 21 712 2 33 56 1% (CO-DRIFTS)
TR 1Y o , AT HMETEAL (Thermo Nicolet)
I 2% A MCT HLBCA e i S0 . B Se A i 78 5%
H,/N, (40 mL - min~") B A Z IR THIR 28 450 CIFPEE
30 min, SRR ARG A He(40 mL-min™), FE5H7E
He SFPIREREIR 2 25 CJaRET FOLIE. 725 C
T, H1%(AFRS3%0) CO/He(30 mL+min™") K41 I:H5
%230 min. ZRJ5 VISR He K, (40 mL-min™") K4

15 min J5 REEIE .

K AR - R THERIE JE (H-TPR) TR EE 5 1Y
RN . W S R [ AR B AT, %
B HCA —1 GC-9790 S AH A1 (Fuli, China). F#FE i
BT URAKE T, FEMHHT7E N,(25 mLemin™)
4T 450 CHIULL IR 40 min, SRGEH B EIR
SRR 5% HyN, IR A (30 mL-min™), JfKf
FES N E IR L8 °C/min i THIE BRI ZE 900 C.
(7] of FH#A St A 5% (TCD) A0 H, A THAE

R FH S0 % [ 22 O, ik i S99k 26 I o A
i it A8 B (OSC). BRI E AE— > UTE A g
WA , BHRE A AE4E Hy(30 mLemin™) S48 T+ 550 °C
WJEL 1 h. SR EAE SR 7E He(40 mLemin™) i 4 20
%200 °C, %2 min [ S HEARE S ENO,, H
FRASE] O, FITHAEN Ik .

2 R5H

2.1 ML LR

W1 FR, RSB UEE—ERE LT
BUEABH SR PERE . 2SI 4R fb AP il 10% I, BT
153 CZ-2 SR PR RE R, 78 600 F1900 °C AR BE A iy
ARSI K 119 F1 62 m?+ g™, FLZS 4 3R 0.37 FiI
0.31 mL-g . Mt —2 IR WILh b, MORHZIH
PEREA BT T B, dhSBs bt B 20 M e SEA (R

®1 FEMEHERH AR

Table 1 Textural properties of the fresh and aged samples

Samples Sppr/(m*+g ™) Cumulative pore volume /(mL+g ")
CZ-1f 111 0.35
CZ-2f 119 0.37
CZ-3f 105 0.26
CZ-4f 108 0.34
CZ-1a 53 0.24
CZ-2a 62 0.31
CZ-3a 51 0.18
CZ-4a 50 0.15

A, BRI CZ-2 2 ERE B A . AR TUPAC 43
25, W VTR, A FE b i N~ W 58 R 458 T 2R 40 T
PAECH TV BUSETREL X R TG A S 8 2 A FL4S
L SRS LTE BTl 46 kR, TG e Fii
FRARAS, TR AR 25 SRR, B HE B, |y 4

T RaE AL, e B LR IARY
FEPERER Y . ARG SCHRL 16 [Hi0E, prkEEfeZ s
FUIAR AR AR, R4 E n] BEFEREE b Y
PREIRE , SEGWITERERY IR . TEBUTRE S, Y
IR AR R i, BTl B4 FLAR 0 A 12 i AL
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Fig.1 N, adsorption-desorption isotherms and corresponding BJH pore distribution of the fresh ((a), (¢)) and aged ((b), (d)) materials
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22 WREIYITE LR

AT Bl 25 2 45 CZ A RIS XRD S U 3

FIos . X FR R S B A MOR YA S5 R 34 8 T
3775 4H Ceg 6210 40,(JCPDS No.0038143), & JH () b
TEMZEBIA MR S BIXT R (111) (200). (220). (311).
(222). (400). (331) F1(420) & i, A %2 30 HoAth 2 0 |
FKWITE600 Chrbe T HITERL T FRARE TR . AR 2
Ha] U B CZ-2 BE v Ze O A TR S 2 4 VRE
TR, B SR/ (O 0.526 nm), Bk 2™
[ 1 F 2 42 (0.084 nm) /N T Ce™ (0.097 nm) & Ff
PTGz B Ce™ 2 S T I 4 . AR T
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Fig.2 The SEM spetra of CZ1-f ((a), (b)) and CZ2-f ((c), (d))
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e 7Zr0O,
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Fig.3 XRD pattern of fresh (a) and aged (b) materials

I, CZ2 01 AR RS e RN 6.6 nm, SREAMRE AR RSTHBOR, BPRHREST IR S Tl SO il hr
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Table 2 Grain size, cell parameters and Zr solid solubility of fresh and aged samples
Crystallite size /nm Cell parameter of cubic phase /nm S/%
Sample
Fresh Aged Growth rate /%" Fresh Aged Fresh Aged
CZ-1 6.0 8.7 45.0 0.527 0.527 80.6 82.6
CZ-2 6.6 7.8 18.2 0.526 0.526 88.6 93.5
CZ-3 5.8 7.7 32.8 0.530 0.529 55.2 60.8
CZ-4 5.6 7.5 339 0.528 0.530 66.8 52.6

a: It refers to the growth rate of grain size in the fresh and aged state

PERE .

MR S 220 e TR AL B A AT S i A
58, MEI3FTLAB R, CZ-1a b CZ-2afTBHIAH N WK,
FCWMEEE B R A AR, T CZ-3a S CZ-4a b i ]
WA LLE B AXFRE, BR T HA 7 AH Ce oZry 40,
b, HZRIE K D0 75 AHAS F 1Y ZrO,(JCPDS No.37-0031)
(@FRic), RIAMBHE B B ol B B 1) Ze
Py I oA 1 A BIAAH , DT [ IS B 3 /N . CZ-3a I
CZ-4a MBS HE K, WUEWT AR WEAT . ok, R

LR T L4 T8 SF ALY Y Y,0, F1 La, O T 511,
KT AGIARR LEFHCBA CZHEET, I
WIS FERIAR . R 2380 LI B CZ-2a HA /)N
0S4k, R AR CZ-2a AT i K1Y
Zr R S MR8 (I AHZE R .
2.3 R ENIEE R

WE 4 F7R TR AR R UL, SR 2 2030
VEMH L T GEILULETE (CZ-10 1E— E R EA A
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Fig.4 H,-TPR profiles ((a). (b)) and hydrogen consumption (¢) of fresh and aged materials



136

g T fE

e 55 37 &

RS Tt i, SR WIBG 0 > ) A 5 i A R TR
SR AR A R SR XD RS R[] I B v A 110 4R R B
WRE, DT 4 s A B IR PR BE . S0 AG A R ik
B 509 I}, 4k SE1G 0 dk A I 2 AR A A
WS . PRI RT T8I B A R 10 CZ- LEAE i 28U A0 30 Tt
PEfiE R 22, CZ-3M5A A0 R itk B fe 4. M2 =il
g2 OB L) S E I ER T el A= Ry IV 8 K WY A
Bgl, AN I, A B R AR R 7]
% B, (B ALK SR AN AR | CZ-3a k¥ i 1Y 280 25 of
W BEAR SR IE e = 1, CZ-1a (4R 45 1k BE AR AR e 1K
HAR R B0 B R . AN, MR 48T LB F)
B EERE SRR SR K/ NIUF R CZ-3F (389 wmol - g™)>
CZ-2f (372 wmol+-g™")> CZ-4f (362 pmol-g™)> CZ-1f
(343 pmol-g™), EALFE AL E I K/NBUT Ky CZ-2a
(535 wmol:g™")> CZ-3a (421 wmol-g")> CZ-4a (408
pmol+g™)> CZ-1a (376 pmol-g ). Hi4h 5 gk — 43
WSR3 A5 DUGEAR b TR e L TIE A — e B |
AR THEm R AR I e . (A B R
I CZ-2aFF i BYFE S 2 e K, 400 AT BE 5 b4
BEEE R Ze [V AR G, R RLR T SRR A
FIHE IR e 1, XA AR E— e B AT RE
AT =S

ASER BB % S B (0SC) &5 SR UNZE 3 fir , 45
RRARIE " AR RN T B RA B
BB L 3 —PEA G . 458 MBHY Hy-TPR KR
X T8 b R S AR S R - CZ-36> CZ-4f>

R3 FEFZ UM BRI OSCIE
Table 3 OSC values of the fresh and aged materials

Sample 0SC/(pmol-g™"
CZ-1f 287
CZ-2f 308
CZ-3f 352
CZ-4f 339
CZ-1a 271
CZ-2a 299
CZ-3a 326
CZ-4a 305

CZ-2f> CZ-1f, 5% % & (0SC) FIIF—3, Z1k)5 h
FIRMRE S IR, dbki R, A2 (o e fb I T
At S AL, (HRRRE 5 A o — 3, W 4R
CZ-3a (326 wmol-g™)> CZ-4a (305 pmol-g ™) > CZ-2a
(299 pmol-g™) > CZ-1a (271 pmol-g™). X E—HAIF
ST ARG AR B TR IR R, T4
=R OSC.

XPAS R BHEEA T T i ik Aok 2, an &l 5 57
N, MR ZORE , W T EERE A, CZ-3EFFih 7R
IR B R e 4, HAR R A TR R CZ-4f 4
i 8 YAk Bt 4T . it A R e 18 Y R AR e T
TETE NS5 2 B CZ-16, 913 IR A BRI A e 4
AT LAt 4320 000E mT LA b 4 32, PRl ik
Bt T . 6 T AR ke U, LA ARk B P
AR - CZ-2a (10 times) > CZ-3a (13 times) > CZ-4a

[ Jczat
[ Jcz3
cz-2t
czZ-1f

(a)

TCD signal (a.u.)

s AR

1
1 2 3 4 5 6 7 8 9 10 11 12 15

Pulse number

TCD signal (a.u.)

CZ-4a
CZ-3a
CZ-2a

[ Jcz1a

(b)

2 3 4 5 6 7 8 9 10 13 14 15

Pulse number

RS 7 () AL () BV LR35
Fig.5 Oxygen storage pulse diagrams of fresh (a) and aged (b) materials
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(14 times) > CZ-1a (15 times), H T4 B e TR Ak
45, SR AR ARG | Horp CZ-2a M iR eIk B i
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Table 4 The values of Ts, and T, over the catalysts
Ts/C T/ C.
Sample
Cco NO C;Hg C;H, (6{0) NO C;Hg C;H,
Pd/CZ-1f 219 264 300 240 240 302 320 254
Pd/CZ-2f 218 261 298 237 239 296 316 249
Pd/CZ-3f 210 253 272 229 228 266 290 239
Pd/CZ-4f 210 259 285 232 234 281 304 249
Pd/CZ-1a 261 303 329 263 276 333 342 275
Pd/CZ-2a 251 283 322 258 273 324 330 273
Pd/CZ-3a 258 293 328 261 274 329 339 275
Pd/CZ-4a 265 309 334 265 276 336 344 279
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Effect of Stepwise Precipitation Method on the Thermal Stability of
CCOZ-ZI'OZ-Y203-L3203 Matel‘ialS

XIONG Fen, WANG Xi-cheng, HUANG Shuo, LI Ming-huan, GAO Xiang-da
(Technology Center of Dongfeng Motor Group Co., Ltd, Wuhan 430058, China)

Abstract: The effects of traditional precipitation method and stepwise precipitation method on the structure and
properties of CZ materials were studied comparatively. The results of N,-adsorption and desorption, OSC, H,-TPR
and three-way activity showed that the CZ materials prepared by the stepwise precipitation method exhibited better
redox properties and texture properties. Based on this, we continued to optimize the content of crystalline species
(10%, 50%, 90%) and found that less seed crystal induction could greatly improve the thermal stability and texture
properties of the material, and the thermal stability performance promotion was not obvious with the increase of
crystalline species content. Among them, when the seed amount was 10%, after calcination at 900 °C for 4 h, it still
maintained the largest surface area and a stable cubic phase structure. The obtained CZ material exhibited the best
texture properties and thermal stability, and thus its loaded Pd-only three-way catalyst exhibited the best three-way
catalytic activity.

Key words: stepwise precipitation method; CeO,-based material; thermal stability; Pd-only three-way catalysts;

exhaust purification



