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1 B RAHITEEHE T 25 Nd,O3 5824 0~13wt%[] Ce0,-Zr0,-A1,05(CZAYE A4, JHilid X 54k
FTHT(XRD). K Ny W BB B« Ak B (OSC)s Ho— 2 7 FHIE J5L (Ho-TPR) S 414 1 W G BE(SEM) A5 7 vE )
I AR T T R AE. FFRNE IR, NdO; 76 CZA ¥ b g i L1k 10wt%, 1 & Nd 7 in2s 34y
FATE AL Ndo sCeo 5Oy 75 M. BAE R Nd B ZEW RIS PR HOR, 3w kb # g se PE R UL I SR P .
Nd,O; HIB 248 h 10wt%IF, KEih B2 MR PR I, 1000°CE4L 5 h JG, EERMEBRMALEDHIE 97.14 mY/g
0.44 mL/g. Nd,O; (45555 0 Twit%l], B m G5, 28 600°CHl 1000°C K5 ke )5 fil %8 2 2 54 938.01 pmol/g
N 821.72 pmol/g; WA BB HE )y o, &R PERR SR, 205 18 SRR th 465°C FH i £ 483°C. SEM 45 K H,
JIT 25 O AA L 18 Sy BR O JORE, N, O AV I vl LA 25 BEL 1 v i A5 o o it ok ) P 2.
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Effect of Nd,O3; Doping Content on the Properties of CeO,-ZrO,-Al,O;

PENG Na, CHEN Shan-Hu, ZHOU Ju-Fa, CHEN Yao-Qiang, GONG Mao-Chu

(Key Laboratory of Green Chemistry & Technology of the Ministry of Education, Sichuan University, Chengdu 610064, China)

Abstract: A series of Ce0,-ZrO,-Al,O; (CZA) mixed oxides with Nd,O; contents 0—13wt% were prepared by
co-precipitation method and characterized by X-ray diffraction (XRD), N, adsorption-desorption at low temperature,
oxygen pulsing technique (OSC), H,-temperature programmed reduction (H,-TPR) and scanning electrical microscope
(SEM). The results show that the solubility limit of Nd,O; in the CZA solid solution is about 10wt%. With excessive
Nd dopant, the single phase will separate resulting in the formation of Nd,sCe, 50, 75 phase. Furthermore, the proper
addition of Nd to CZA solid solution effectively restrains the sintering of oxide particles and greatly improves the
thermal stability and redox property of the materials. When the doping amount of Nd,O; in CZA solid solution is
10wt%, the sample has the best textural stability i.e. after calcination at 1000°C for 5 h, the specific surface area and
pore volume achieve 97.14 m*/g and 0.44 mL/g, respectively. For the CZA sample prepared with 7wt% Nd,O5 in CZA
solid solution, the OSC is the highest in all samples, reaching 938.01 umol/g and 821.72 pmol/g after calcination at
600°C and 1000°C, respectively. Meanwhile, the mobility of bulk oxygen is the strongest and the sample has optimal
reducibility at low temperature. After aging, the reduction peak temperature can be increased from 465°C to 483°C.
SEM image shows that all the prepared CZA samples have spherical particles and Nd,O; can effectively prevent the
agglomeration of particles in the process of high-temperature calcination.
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Ce0,-Zr0,-NdyO5 P EME = RUME A IR I H B 4 1
AL TR PEISO) SRT Nd X CZA AR ZUR P g J
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1.1 #HEEEHE

Fa b it B K Ce(NO3)y 6H,0 (L2240
AI(NO3);-9H,0 (fh24l). Nd(NOs);-9H,O (7 #74k)
AW HNO; W iR ZrOCO;, — Lt R A % .
DA PR i — 2 /K G2 s W R T R, R FH O v gk
ITULUE RN, pH fHIEHIFE 8.5~8.8. i fHUiiE &Mk
o ks TR, RJELE S IR 600°C KT RE 3 h JE
FREVFEERE S, BRI AE R 1000°C R RE 5 h
Ja 13 B ZALFE M. o n(Ce):n(Zr) = 1:1, ALOs I
HOA 50wt%, NdyOs (5 57054 04 3wt%. 5wt
Twt%- 10wt%- 13wt%, K FF K X bric i CZAN-0,
CZAN-3. CZAN-5, CZAN-7. CZAN-10. CZAN-13.

1.2 FRIE

BE S B S5 M PEBE T H A B 22 s HL D/max-rA Y
X R ATIGEATRAE, K Cu Ko = 0.15406 nm)
VENFTSYE, B 40 kV, & HIL 100 mA, F4
6, 20=10°~80°. & AH I i 15 [F By A7 5 Ho s v
(ICDD)YAH LA ke AT H01.

FE B 200 P R ) 36 B R B A A
(QUADRASORB SI Automated Surface Area & Pore
Size Analyzer) LG [HIIE ACIE. #HEGAE 300°C
FHIZCAE AL 3 h S, LA Ny MR R, 7E-196°C
NHHATHR TR . SLAFF R FLAR 1 I s

FE b T it 801k REAE [ 428 1 S 50 2 v b dE A7l
SE, RS R 200 mg. 525 [T RE S E O N
40 mL/min H, N FHiL 42 550°C, FHEARFF 60 min, Ff1)
il Ny, WiE K 20 mL/min, 4R B0 % 200°C, ik
N Oy, TCD K il

FE SO SR PERE R Ho-F2 17 THilR & J5 (Ho-TPR)
FAE, FEMT 20 mL/min ) N, FTHE S 450°C{R ¥
50 min, #WHI R =M, U)K 20 mL/min 18RS
(5% Hy+95% N), LA 8 °C/min Y TTi 8 & FE R THE,
TCD #:1.

FE & 10 T8 SRE 4E FH 43 46 T S8 3808 (Hitachi,
S4800, H A)M %L, F B 4 48 Inid i s o4
5.0 kV, JBCKAEECH 2000 1.

2 HR5HIR

2.1 NdiBZEx CZA #HIEHEsEaY 220

B 1(a)FTEL 1(b) 2353l AT J5 A 5 1) XRD K]
. P AT LUF H, NdyO3 75 5 0~10wt% [ A &
WIAR S5 K6 Ry B — TR S 5 ARRE A1 25 F 1K) Ce0,-Zr0,
HAR(ICDD38-1436), WA KM 2|5 Nd AP HIAT
g, IXENd D& BN CeO,-ZrO, (1 di A T 1
v A4, B v B A AR [T AR TR R B XRD Azl
B HAEET NdOs B HE 13wt%I, FrifEas & ot
6 B35 1 Ndo sCeo 501 75 fT 4 18 (ICDD75-0156),
223 1000°C 246 5 h J5 W H I Ndo sCeo 5O 75 T 5 14
AL ER ALO; fiTHIEICDD 35-0121), KW CZA
i A e 22 BB AN 10% /647 1) Nd,0s.

b 1) P, B A i R R I | SRR, R
LS AR ORI /N . 224 5 35 B il TR AT S 0 AR
MEEIBE, R EREE R RECRRK R, SAET
SEHE. G4, IWEIHIERTLUE H, CZAN-0 £ 5 16
UL JUANRE S I SR8, 2 W Lok Le 2L e L
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Fig. 1 XRD patterns of fresh (a) and aged (b) samples
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W LRI R, B i M R] 45 g P i 1 R e

1A T RES R SR S EOR SRR, B3
1[50, 2% Nd BEAEA R R S 508 I, 5 ks
SRR BES Z2 IR, XA A B2 R
FHAC AR, 51 S A% S BB A R I A7
FEALEENOL (1) B TR KN R B 1 ks S HOR
[l QYKL SANIE, B BBANFE, b TR G
AT S, AR O A R AEAR . NPT (0.112 nm)
B 2R KT Ce*(0.097 nm), BG4k

*1 HEPRBSHMERR T
Table 1 Lattice parameter and crystallite size of samples
Lattice parameter/nm

Crystallite size/nm
Samples

600°C 1000°C 600°C 1000°C
CZAN-0 0.5309 0.5307 4.5 10.4
CZAN-3 0.5317 0.5308 4.3 10.0
CZAN-5 0.5315 0.5311 4.6 9.7
CZAN-7 0.5316 0.5310 53 9.2
CZAN-10 0.5310 0.5319 4.8 9.0
CZAN-13 0.5313 0.5315 43 8.1

AMIZ K, A% SO R NS ST
Ce"', BIJ5 O Mk TR R IE A =R, F
Bt i, TR E R L RAELE, LA S
H AT BEIS 2% A3 o

M 1 BT LR, OB 0 SRR ST,
BIFE 5 nm A A, 4k 1000°C 240G, BE G 1 Sk R
PR BT K, R EERE R S EU R KK, 2
TERESH, CZAN-0 [k R i K (10.4 nm), X5
B 1(b) P AT S I i R B — 2, HL BB 28 & 103
drvhn RS WS, B N8 2 BE A S 4R
A S RLI KK, S A5 A e BRI 4 i 23 SR
U, XD N R T I S R R RS
1 iy FLRE BRAR,  BEA RBE L br 1 Ta) R ST A% 7 R
(ol MR A5 2,

2.2 Nd 23X CZA Ml EE RS20

2 HIH TR R 2 AR LER TR FLAAN
SPRIALAAGR. R 2 TLUE H, BEAE Nd & w38,
T IE L AR AE S 1D bl 2 T AR R FL AR S IS 3 K S
PN, SBrEERE S P NdO5 B8k Twi%lhf,
ALK, 2390 190.7 mP/g F10.50 mL/g. %
ERES R, & Nd ARSI LR TR LA R KT
CZA MEL, XN N 5 2% J5 3 T 5k KoK,
e A m T MR SR T BE. M NdOs A
10wt% I, ZAb )G LR AR FLA T B iR 2>, &
W HHT 2 AL RE f . 1000°C ik ke S h i, bR
TR FLZS 4> %4 97.14 m/g F11 0.44 mL/g, B B4k
T SCHRAR 3B 45 R,

Bl 2(a)RIE 2(b) 5y il A B A2 AR AT S I FLAR
AL, BRI CUE BT RS LA A A 3
N B AR, VT AR /AN — I 22 5, RN
Nd 5028 T #ARR R FLAR 2 A FI AL AR, 1 2(a)
AR, HTEERE S FLAE R AE 5~20 nm 2 [H], /NFLEE
%, &)Ll 10 nm A 4. kFESY CZAN-7 ()

%2 AENdZEHMIEHEEE
Table 2 Textural properties of samples with different Nd
content

Surface area Pore volume  Average pore
H(m? g™ /(mL-g™) diameter/nm
600°C 1000°C 600°C 1000°C 600°C 1000°C
CZAN-0 181.7 79.79 044 041 10.16 20.36
CZAN-3 1712 8332 045 042 10.60 20.10
CZAN-5 1827 8476 049 042 10.72 19.81
CZAN-7 190.7 88.89 050 042 1121 18.88
CZAN-10 1779 97.14 049 044 1022 17.90
CZAN-13 176.6 8031 047 043 1053 21.44

Samples
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Fig. 2 Pore diameter distribution of fresh (a) and aged (b)

samples
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REAR R R L T AR AL, A B T 2 A0k
fe, WbgE 5 R 2 R T AURI LA B KA — 2
MAEa CZAN-13 fLARsrAniu i d e, H AL A
) K ALJT MBS sl It de i 3%, Uil Nd s i s A
TORFEA R AR e PERe.

Kl 3(a) R 3(b) A B FE AT S 1) N, W B —
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Wb Tyt IR J5 R, 22 AR b R IS B HE I PR R
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Fig. 3 N, adsorbtion-desorption isotherms of fresh (a) and
aged (b) samples

B, FLARNG R85 WE 3R LA H, &
BN I, B9 TR R, e T AL,
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A L e,

2.3 Nd B2 CZA MHMESMEEERI S

OSC(fi#f %A BE 1) 2 i 3L figg S 4 R — A T5 24 F
M, VAR A A R R R Y SR AL I T
YER. =i OSC fgd KRB T AE & 1, 417
TG E A ARG SR N R R AR, $ i — AR A )
FRIHE AL 2B RE R OSC 2 7E 200°C T i
B bl 45, JF o5 TR Ce 4 A Ce [ IR
TR, 45589173 3.

H 3 mI g, BEAE Nd & & R3E i, HrieEas i i
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Table 3 The oxygen storage capacity (OSC) of samples with different Nd content

0SC/(umol-g™)

Practical per gram Ce OSC

Ce atom utilization

Samples /(umol - g™ ratio/ %

600°C 1000°C 600°C 1000°C 600°C 1000°C
CZAN-0 584.43 464.08 717.97 570.12 40.24 31.96
CZAN-3 829.36 546.00 1018.87 670.76 57.11 37.60
CZAN-5 900.51 784.26 1106.28 963.46 62.01 54.01
CZAN-7 938.01 821.72 1152.35 1009.48 64.59 56.59
CZAN-10 771.37 742.46 947.63 912.11 53.12 51.13
CZAN-13 564.50 610.68 693.49 750.22 38.87 42.05

The OSC is the result calculated by converting the samples to CeO, per gram; Ce contents= m(Ce)/m(Ce0,)=81.4%; Practical per gram Ce
OSC=0SC/Ce contents; Theoretical per gram Ce OSC is the theoretical OSC of per gram Ce in the oxygen storage process of 2Ce,0;+0,—4CeO,,
the result from calculating is 1784 umol/g; Ce atom utilization ratio=Practical per gram Ce OSC/Theoretical per gram Ce OSC

LRI DUE Y, @& Ed N Nd o] BUKIR ¢ 5 CZA
ORISR BE. 4 R A i Cet il NdTHUAR
Jei, HT AT RN A2 AR R N A S AL, AT T
KBS . A T R O HIERS,
i SAH A G T A0 KT 3R 0 R T #8 2 4 2 7,
DRI 1) i S A1 203 s UL gk dit e Nd
U N S 1 AR OS2 1) NdoOs Toikdh A ik,
M7 75 AR AR I T, SO 7k b, AAHAEAS
Sy TAERL TR, AT -3 B0 A R ) B BRI,
Nd,O; & 54 Twt%lhf, FF i TE 240 HT G G A Bk
R, 43990k 938.01 A1 821.72 wmol/g; ] il Jit 1
FIH R IE Bl IR, 7390 4 64.59%F1 56.59%. i
CZAN-7 R ARG ERE. 1 Nd,Os &N
10%I, FEfmZEE 1000°CZA 5 h i fil 4 B 1 BRI,
IR T 28.91 pmol/g; H A&l 7 F1 FH 2 BRI
b, AR T 1.99%. Bhah R 54T Re bk
AR RIFLA I BRAR — 30, REIFES CZAN-10 fifi%
PERE I TR E P . (EA3E 2, Nd,Os N
13wt% I, AR a1 fifh 40 5 BB 5 1 5 138 K,
X2 DR Ry el A 5 A A A RS B PR Ry, AT
SEE A R T,

24 Nd 23 CZA #RhE R EERI 22N

AT P AR R ()3 RV RS AL R (1)
TEALTE P 25 st B S AR b 13
JRPERE QI 4(a) A1 4(b) T s,

1 P8 4¢a)ml 1, F A FE 5 B PR A I8 JR g
IR AL J5UE R CeOy WIFh R IMAE R IE B, ey it 34 J5t
U Sy PR A AR IR IE i, X 5 SR [18]4RE — 3. B
Nd 380, 2% 1 J5 g 1R i Ve i 58 PR AR S
T, 3 50 T AR S BN 5 9. AR AT AL J 0 B
5 VN 00 TR 1S 0 2 328 3 1) 3R T JRU g RE T, Y Nd
S TINEE R Twt oI A4 I8 J e JLSF- 9 2%, i W Ik I

AR IR B BE ) ok, B oy b . B Nd &
RAEE RN, AN I SRR B T AR D
A mBLESCRR LB AT AR ), GEE Nd K45 2% mT B
Pem CZA MEHIEIEIERE, HAPELRIE 5k 5ERE
Nd 755 (R3S 561 95 )5 FEAR. Nd,O5 55 F 4 Twit%li,
R0 340 Ji W 1) s D Vg e A1, 3 D O T AR A oK,
WIZAT R 75 oy A I, T 25 A7 1) R E B R )
iR Z, LR RE R IR, R E Js e T A B KX
2 2 BRI AN 3 v fidh S B A e KAH— 2
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Fig. 4 H,-TPR spectra of fresh (a) and aged (b) samples
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HH B 4(b)RT 4N, “EARAE i 1R I SR U 55 BT B A
dn A A L AR A A, SEBRAR S T RE R
CZAN-7 [k JRIGR 5%, I JEUPERefe . SCHR[19]
WIE: —METFIIN CeO, 8L Ce0,-ZrO, [H ¥4,
A M-O fil M—O-MEEK(M, M4 AS[R] 4 JE FH
B 1 O MR EUAMA). a2, CZA [V
452 Nd™ 5 2 T B Ce—O-Nd . Nd—-O Hll Ce-O
ZAFERRAH TAE R, FBUERCE K] Ce-O 4,
B NG 55 T AR P ) Ce—O B, Af CeO, B A )
P i, lﬂﬁﬁﬂﬁ’%ﬁ PERETS B T AL FRA
CZAN-13 [Pk J5 iR =T CZAN-0, i BV n it &
Nd %%ﬁﬁﬂﬁ"]ﬁ%ﬁ fe. XN Nd & EN A,
gy XRD &5 R al s TR E A, B K
Ndy.5Ceo 5O 75 B EEAE CZA [ AR A5, BH

15 T [ b AR SRS SR 1 R A AR T S,

DR i 30 Ji A g B A 21,
25 152+ Nd 3t CZA ¥ #5220

Kl 5 hZAHT G CZAN-0 Fl CZAN-10 £ 54
SEM e, eI mIA0, Bl e ARk BROE kL.
FEih CZAN-O {fEZ2A0HT G M AR A2 1~8 pum
KKHA 1~10 pm, 2 WIRTORL bifl 55 % 1l B2 T s i 486 K.

I ELRE e o A Jm 8 R AR dpe & 1 7 AR AT SR AR (RLFE
it CZAN-10 PRI K IR BEAR A, a3 A3 s, I
H 22 A5 B A B S IR 1R (41 I %, SR B Nd
O B RE il A iR AR ) AR E PR, WS
Nd203 AJ LA BE 1 v e R e o R OB T R 14 2R,

RETH 2 il v 7 A P 7 R AT A A AR X
%MM’JEX.

3 it

Nd &t CZA BPEL, v DA Akl 46 R 12k BE RN ZA
Ptk RE R REE e V. T B Nd WS N T BUB ) — 157
75 A CeOp-ZrO, [Hl 1A, BEA R4 BH 11 il 5 o i v
PRI 3 ﬂ%(ﬁﬂﬂkﬂ%tﬂfﬂﬁ*ﬁﬁ/ﬁﬁ
NdysCeo 501 75 B, Nd,O5 71 CZA [V 1 IRV it
FRZ10 10wt%.

Nd B4 5 gL, ORI A T,
SRR T IIAS B, AT A Rk B i A2 i R Ji
PEREASTS 2] T HE /1. Ce-Zr-A1-Nd,O3 BRI BE
B E AL EAR S B, A AR TP A R G 1
HHiT 5

0 2Dl & % o
@e@,‘ﬁ,. Py

2.5 mmx=2.00 k SE(U, LAQ)

5 ZALHTJE CZAN-0 Fl CZAN-10 £ [¥) SEM H
Fig. 5 SEM micrographs of CZAN-0 and CZAN-10 samples before and after aging
(a) CZAN-0, 600°C; (b) CZAN-10, 600°C; (c) CZAN-0, 1000°C; (d) CZAN-10, 1000°C
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