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Abstract: Sub-micrometer ultra fine CeO,-ZrO, mixed oxides have been prepared by milling solid cerium carbon-
ate and zirconium oxy-chloride with ammonia and followed by filtering, drying and calcining procedures. The ef-
fects of Ce/Zr molar ratio, milling time and calcining temperature on the phase composition, particle size and
morphology, surface charge, as well as the polishing property were investigated. The results show that the mixed
oxide calcined at 1 000 “C is composed of cubic ceria doped with zirconium and tetragonal zirconia doped with
cerium, and the phase composition varies with calcination temperature and the Ce/Zr molar ratio. The monoclinic
zirconia is observed when decreasing calcination temperature and shortening milling time, demonstrating that
milling and calcining can force the phase transformation from monoclinic zirconia to cerium stabilized tetragonal
zirconia and zirconium doped cubic ceria solid solutions. The removal rate for the optical glass polishing varies
with Ce/Zr molar ratio. A synergetic polishing effect is found when Ce/Zr molar ratio below 4, and the optimal Ce/
Zr molar ratio is 1:1. At the same time, the cubic ceria content, density, particle size and surface charge all in-
crease when calcination temperature increasing from 800 C to 1 100 °C. However, the particle morphology
changes from disperse quasi-sphere to irregular aggregation and the maximal removal rate for optical glass polish-
ing lies at 1000 °C.These facts show that the polishing property of the synthesized ceria-zirconia mixed oxide is

affected by the particle physical characteristics comprehensively.

Key words: polishing, CeO,-ZrO, mixed oxide, particle physical characteristics

Wk H 19 :2006-03-26., W& Bk H 15 :2006-05-09 .

R [ SRR 3 4 (No.59764001 ,No.201610002) FI{T. P§ 45 1 S8 Fh2F 3 45 (No.02007 ,No.Q97001) %% By T H ,
i HIK R A . E-mail :yxli@ncu.edu.cn

W—VEE AR, T ,36 4 WA ORIT A HEIT T R Rk S R



%5 7

W HE IR 45 CeOy-Zr0, 27 S AL W Y 1l 78 S Blb IR] 4 56 1 e . 1355 -

Fh T 52 AR L AL R T B
REPIAE SUSCEAT Tz 059 5 T 32 31 1 PN Ak o 0
WG, ARG T R A T BE BB TSt E A
Mz, AHR 2RO R A7 0 0 it [ AR S IO 7
KA, n L BB AL R & S 3 AR R T
JR T s b A AR AL T P R AL ) 2 T
TOLE B, TR A A S0 E A 7 B
SYERAT BRSO B A s A IR AN A O 2
POETT AN, X eSO R 1k R T
O E BRI, A R R R A B B Y K
X 2 T - 2 A FT FH A O BAE b e £ S SR ok i
7o, DRI G ] o D T Rl TR R e 2
FEISAA . AP BHT B A R TR R
FIRCH T SR E AT TSN R 2 —

S AL OGP BE A8 1 2D R AR A 2
oy UKL EE 2 1 H R AR S RO S B R —
77 T A 2o A A A R o 5 AR B4 O Ak R
PAREE 55— 07 i n] RLd i 2 M Ae i i & B
PR 5051, AR AR A R SCUS IS T AR ) SR |
AL I PERE R H ARt &, AU ALBS K R IR
il K K R JRURE R AR LA f 2 SRk )
CeO,-ZrO, H AN , WFFE T il £ 26 11 X i 4 42 & AL
PR L R | 45 R K H & W B B 0 52 e b S T
PEREZ IR FR . TEW] CeO, 5 ZrO, Y AR B[ 4 v]
PABE e OR | BAT 35 5 P R OBV A

1 SLIGERS

1.1 BEFHSEAaEKYHGH &

W E N CelZr WA & 2Z 1, W 10:0,8:2,
6.5:3.5,5:5,3:7,2:8,0:10, WK & = S A AL 45 (VL v
B e PHE A B B RIK A ke 8 i (V178 4t 20 397 44
BT BR 2 H], 58 i i ik 2K B F IR A SRR
BN R HER R ER L 125 I A B ESER | 47 A2 5
BRIEAL b LA — i e s 3R P — i I ) ) BB | 28 T 0
VR LT J5 15 20 AH R A K A il B E A R Ak A4 7E
B T BE T B R — o B[] B A5 4 4% 2 & Ak
Ce,Zr, 0, (x 43514 :1.0,0.8,0.65,0.5,0.3,0.2,0)t#
qiky ., FERYIA A DS ANDVANCE(7E [ BLUKER-
axs v F))X-HF AT S, DA HE (N=0.154 06 nm)fF 4R
SEURIN A2 5 R MACRE E AU 20 A3 FH BRI IR 36 7 1LS-
601 WHOCRLIE A & 5 4Bk 7 Wy i I 35 0 Bt 72 K 4
ri R SR BT SRR, SR T R Y Y
KN E R Bmit, S 0 7E Hitachi JEOL

JSM-6330F i R BE A FE S 5 LR s My iR R A
o PR A AS (L T v )T , I TR E Ol 15 °C L&
TR pH=T, AAHE % B (A 22 24 29 10 g A b4 55
MRS — T ARBA -~ CRREN R,
B R R BB BRI, P S il 1% S8 s o 2 Bk A
PRI RN ] SRASRE S A B2 3
12 # 3t

B A A ALK 50 g, A 1700 mL £
TR I 10 g 750 85 2 4 (53 BT 200 1 23 1)
g B PG W, S M A 4 HEE 15 min 5
UNIPOL802 H 25 %5 BB i S AL Tk BH R ) % 2
PR (F1 KO HEATHOG . N T8 £ i 45 4 7 2 8]
W1, B R R EER AR R A S e A
{14 1530 D V- T 3% 265 FH RO & A b e b, 804 76
A R A FR I RSO, SRR
BN LR 1) ob ARy = R w1y o WG4 1) O ) .
B 100 remin™, JE /1R 660 N-cm™, EiRA N
15 C JOERHRIR 1 h, IGE5 UG 2ok B i i
FIRG R Hes Ak, B B B8 RIS RS 70 1 B 6 % T SR AF (1)
RS, e S5 AR T FH 28 a2 00 2 Al o i AR
PRSI A0, JF R LA B8 B PR B[] Fr 1) )
JELRE , DL SR SEAE RO i '

load slurry feed

glass / / polishing pad
00

1

BT OGN T3 A 450 7R A

Fig.1 Schematic outline of polishing process
2 GRS

2.1 BIREEMVAE AL FE R B EH &

AR ES | KA IRIR I M = K IR BRI | T
PR R HE b R B Tk, L UE
Jo AT AR B L EAIEDE R BTTTTE Y Al AR
o3 8 E A R ZE 4R & UL Ce(OH), 57K & %A1k
BRILAE T ROV IR AW R T 5 DA B B B R AT
BRI, SRR B AR R S 5 2 K AL AL 27 B g mT
RN
ZrOCL+2NH +3H,0=Z10, - xH,0+2NH,Cl+(2—%)H,0




- 1356 -

E I

Cex(COL)+6NH,0H=2Ce(OH),+3(NH,),CO,

AN RSB, 5T 5%0K RN At
VEW) , AETE B 10 U %o SRt A4 I ) A 2 T i BR
TUPAT LV o sk i A 2 |, (2 0 s 7 A Ak 52 10 AT o Bk TR il
HREKEL RN, A A A, )& T B —FEE Y
] oy —FEVS W ) Ak, L3l 2k R 2R 25 e i
B EE R R Z— AR A Rl 2 i 7 3 B 5k 1
fe AR o T ORI B RORL, R LR T 2= A B
12 WA T TR A ik R il 5 2K R R, I = ) 5T
R 58 s A b R, BRI EisEE A& A
ALY EYF A T RS AT IR B 0 A A ALY BT
KR, KRB Ce™ e Tt F rp nl g 25 P A SR
bR Ce™ B 1, TR K & E ksl . 1T SCU A oT 25 5

FEU, BTIRK AR ORE T R A% B S S TR] ) 184 o i
N, B) 4 h JE TR, T EL & ER B BT A5 A R AR T

S5 PR XS R AT I PR A I S 0 R A A
AT SRR TE R TE 1 . Y4, H B3 /N (U Ce/Zr
PR 2 th=16/84), BRES 4 h )5 T M5 0 R SR A 7
400 °C 600 °C 800 C'TF#&%be 2 h J5 g silish 2 &
SR X DL A A RS E 1 Iy A SRR A A R A
1E,
2.2 Ce/Zr YIRKE Z tb K2R fE Fn Bk BE B 18 3

MiEE A SN YHEARKFNE

PIANTR] CelZr W) T 0 1 2 O RE, BRI 52 1 i
KR ZE 1 000 CHEERE 2 h r iS4 45 52 & S AL i
XRD it an el 2 25 532 W . AT R 2 B A Al
B 1) 37 A B AR AL A R4S A AU AR A 04 DY A ARk
B AR R, FAH E B Bl A2 A S A v Al B ) o
(i 2 LR A2 AT A2 Ak B 25 SRR R W] IR BT
JB e 11 40 S8k i A SR AR 43 ) hy 37 A R R ERL AR
FHEER, B Zo 85 L i B Tt i 2ot il DA ik
A CeO, &tk i LR Ce 4% L8 4B A 4 AL B 1 37
J7 i 1 B SR AR A B AR . BT Zot B R 42(0.084
nm)/N T Ce* B 12 48(0.097 nm), Ir LA & A= BUAR 5
maR K AR T | S S8 a DB/, SRR SRR il Y
TEAT 5 0 (20=48.50°) . i = 1] &5 fA BE A8 8l o5
— 7, Ce* ] LAttt A ZrO, fi A& i B Zo* 4% 7
TE WL AB A E AL AT 1 U 5 A SRS A 1A, R B Al iF
N EARES A% A R T B PR I 1 DU 7 AR ARG 1Y
ek, UL, M Zot s 7 H ol iz w7, LR

Bili Dy 2S5 AR S D i RL AR B O R 0Ty
FH AR,

SR E, FATIE AT T 53 Fh— 25 2 B

q #####ZrO

* CeO. ZrO =3:7

Relative intensity

¥
M’h .
+
;\ ] Ce0: 21057
¥ i+ §Ce0710=6.53 5

JM JEE

-4 2 pbastinel el

T U T T J T

20 30 40 50 60 70
20/ (")

Notes: # : monoclinic ZrO,,
*: cubic CeO, or (CeZr)O,,
+: tetragonal (CeZr)O,
Kl 2 A Celzr Y152 R S5 AL 19 XRD
IR 4 h J5 T 1000 CHBRE 2 h)
Fig.2  XRD patterns of Ceria-Zirconia mixed oxide with
different molar ratios of Ce/Zr (milling 4 h and
then Calcining at 1000 °C for 2 h)
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(molar ratio of Ce/Zr=1:1, milling time=2 h)
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Fig.6 SEM images of Ceria-Zirconia mixed oxides Calcined at different temperatures
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Table 1 Effects of pyrolysis temperature on the polishing and physical properties of ceria-zirconia mixed oxides
Pyrolysis temperature / °C 120 800 900 1 000 1 100
Density of loose packing / (g-mL™) 0.93 1.91 2.08 2.37 2.50
Content of Fluorite type Ceria-Zirconia / % 46.2 58.8 63.1 7.79
Particle size Ds, / pm 0.52 0.52 0.52 0.74 0.84
¢ potential / mV -90.08 -69.42 -46.06 -44.25
Removal rate / (nm-min™) 205.3 243.4 268.4 217.2
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