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Preparation of ultra-fine particle sized
CeO: powder and its UV absorbance

ZHU Zhao-wu, LONG Zhrqi, CUI Dalj,
ZHANG Shurrli, ZHANG Guo-cheng
(Grirem Advanced M aterials Co. Ltd,
General Research Institute for Nonferrous Metals, Beijing 100088, China)

Abstract: Ultrafine CeO: particle-sized pow ders were prepared by precipitation method with bicarbonate as precip-
itant while NH4NO3s and (NH4)2CO4 serve as additives, respectively. The variant regularity of particle size with
calcinations temperatures was studied by XRD, BET and Lazer Scattering methods. The results show that nano-par-
ticle sized CeO2 with primary particle size of 10 =100 nm and aggregated particle size of 200 =300 nm can be obtained
while NH4NOs and (NH4)2CO4 serves as additive. The primary particle size determined by XRD and BET method
increases significantly with temperature, however the secondary particle size dose not change appreciably analyzed by
laser scattering method. As CeO:2 dispersed in de ionized water, ultra violet( UV)-visible absorbance spectrum was
applied to study its absorbance characters. The study finds that it has good UV absorbance and visible light trans-
parency as CeO2 powder with an ultra-fine particle size. UV absorbance is greatly influenced by the primary particle
size. With the primary particle size increase, the UV absorbance weakens markedly. The secondary particle size has

little influence on its UV absorbance.
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PRESEAE R, BHRrSE 7 AT Z 2% . Lia
219 B} Kramers Kronig % #A B BIF 57 7 368 41 kL
AL R AN It RE . BIFE R, Al AL
BiifE 200~ 480 nm Z IR — FE IR ICHE, I HAEX
AN B IR HT B A P AN A B RSO B A — A
TEHIWCHT b O [ 2p A Ce F 4f HLFBRIT, 1O M
ANZE B IR OBE T 2 A 4 25 B B HEPUE 2 243
[ . Shinryo'® H§ Mg* , Ca™, Sr**, Ba™, Y™,
La*, Nd**, Sm™ , Eu”, Tb’* Z£E 17X} Ce0, B
2, RIL20% ) Ca™ F Zn™ $B2%J5 Ce0n IR H
B, BRANEBOSCR A, T B AT WotE R P
JUERIFR Y] CeO, [ ARRTRLIRS, SHMNEIRBRIR
I, AHR AN WIERE S CeOr ¥y AR BURLL 8] H)
KA M . A SCHERE K R IR S T v V8
NH4sNOs FlI(NH4)2COs 73 74 T 4l CeO2 HE,
WF90 T 2SN 5 TR K AN T R R 2R

T
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1.1 W5 HEs

FELH: Ce2(COs)s, m(Ce02)/m(REO) >
99.9% , HilHhtam AL HAdasn A A 4rat .

FEALRA: JSM ~ 840 HHE B, HAHT
J6H AT S X Pert Pro MPD X S ZRATHFAX, i
2% PaNalytical 2 & 4£7=; 90Plus WOLKL X, &
BrookH aven {28 A 7 4 77; Lambdal9 & 4hA]
WAoo, £ PE A R4 ST ~ 08 L&
1, AEERHEEAER A R A

1.2 FEA&

¥ Cea(COs)s ¥y R HNOs AL KR
Ce(NO3)s, FREACHEL 0. 5 mol/ L VW .

J7i% 1(Method 1): HX 100 mL 0. 5 mol/ L K]
Ce(NOs3)s WM A NHsNOs 1 H3Kk E R 0. 15
mol/ L, HF¥AJE, Ei F(16 C) % 13 mL/L K
bnokl B ¥ i AN 160 mL 1. 0 mol/L
NH.HCOs . JEE4 5Kt ve ik R A 2] 80 ClHk
b ah, BEIEIEIETIR, fETUEEEE T ke RIS
4 CeOa Mik

J7¥% 2(Method 2): HX 1.54 g (NH4)2CO3 %
T 160 mL 1.0 mol/L ) NHsHCO;s 1, KRGS
(16 C) 4% 13 mL/ L bk B2 ¥3 it 100
mL 0.5 mol/L ] Ce(NO3)s; W+ . k4 )E
BUEARRTHR 2] 80 CHrib 4 h, A AL JET
M, EPUERE TIIREENS YN CeO2 #iA .

NH.HCOs 7E/KEEB T K AE T HI R M-

NH,HCO; —NH} + HCO3

HCO; =—=H" + CO% K= 4.47%x10"7

HCO; + H* ==H,CO0; K3'=2.14% 10"

4 [COF Jwa = [COF ] + [HCO; ] +
[H2COs], W4, BRMREAEBEBET COT MwRE Y
WIS COT WEE (R N[ COT o) LI ]
KA

[CO3 ] K .Ko,

[COF Jwa [H* 1+ Kiu[H" ]+ K 1K 2

2 1.0mol/L ff) NHsHCO3(pH =9) JIA 1.0
mol/ L ] Ce(NOs)s W H B, CO3T L Ce™ BEH
eI ERILA R 4 x 107¢, WEHRIT KT COF
5 Ce™ R UTiE IR ERL(1. 08 x 107 %) . F Ik,
2 NHL HCO; JTiE Ce(NOs) s W) Ce™ i,
W 0] TE BB R R B, T L B Cea (CO3) 3
HAIRNIBEEE . B Weimarn Az 5 Bk A&
KHE B

dn _ p Le=S)
dt S

va= KaD(c- S)
L v v A A E R A KIE R, 0 H K
ZEH; ¢ AREL ¢ oS 43 ) ok dot v R0 BE ROV A T
D BT T AL Ko K. HHEE. 7 LU
1, UTUE R BRI AR IR 2, T8 R ] 44 R
B A RORE

JVESCHERL 7 ~ 10] ¥ HRIE 2 T % 48 K gk 4
CeOx MR 732, HYTIEER T L2M$, 5T
T, BRI 4 CeOo 40 M A ) 32 2L
Jiik, SCHER[ 11, 12] CLHRE A Ak R S B T V5 i 4%
HH R 40 PR AR B R A . DT VR A A AR AL I
T HU0RE 2R 11 &) T i A B AR, DRI A R I %
B E, AR 0BG R . AU S
I NHsNOs F(NH4)2COs FEZRINF, Hl#% T
B 53 B IF I CeO2 A1 .

v1 =

1.3 k&Y
1.3.1 Kot
1.3.1.1 X SF&AiT i ies Kpkiie
X SRR AT B ( 111) TAT I G 2 s 9, AR HE
Scherrer A AT,

D. = _K_Ar_
* 7 Bsin(26)

X Do BRI RIh X BFEATHRIAR | g
BAEE UL Bragg fiTHY M1, MAANGT X 4K,
=0.154 1nm; K NS, XH K= 0.89.
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1.3.1.2 BET JMEHR#EZE

KA BET W B 2 I s #F i 19 b R i AR, H
Archimede HEZAVED @ FE m % B2, #ESRLAR D ser
HEAKXN

_6

Dgrr = 05 ner
X OHFER R, Seer NFEFI LR AN .
1.3.1.2  HOGHEEN R RIRAE

H /D5 o B R 75 40 P 5 ok, B
N HICE L B 23 BT SO e A i (R S
1.3.2 FERBOLE ST

H /DR i R R 7B A BUE B ok, BN
lem AASEtb MY, LEEFKAIS, E500
FE v B 5E 200~ 600 nm X 8] (IR

2 HiR5iTR

2.1 BSOS

P S I FTal I A £ v, K Cea(COs) 3 %
fEAE HNOs WIBHH173 0. 5mol/ L /) Ce(NO3) 5 %
W, RREFLUTIE 515 2/ Cex(COs) 5 7E 700
CRIKE 2 h, JE BRI AL SR 7R 1) SEM T35
B 17 . iTCUE L, IR OT 245 21 CeO2 41

K1 ARJTEGIFR CeO2 B AR SEM TS
Fig.1 SEM morphologies of CeO2 powder
(a) —Method 1; (b) —Method 2

W EAAFRIEI . PIHERTAE Ce(NOs) s ¥
A—E RN NHaNOs 1321 CeOr FURLIT AERTE,
SR AR AE 300 nm A2 A, 0 AE UCGE AR N
(NH4)2COs 3211 CeO, ERALERZE, TE R HURL
RN, SERRARLE 200 nm .

2.2 XIH&ATH

PR T 15 2 Cea (CO3) s EA AR
TR 2h 5, X HEATHIERE 2. BB, 7
PRFRSE A A BRRE AN R B 1408 5 19 210 1 X
BHRATEN I 2 AR % . 400 C R AR CHE R B K
CeO2 [H/OAZTT b AT I, 1 W] SR RLAE 400 CLA
RIS, RS FEEASERE . 400 AT 500 CHIKEJE FF
i AT B B4k, RS IESREERTY, UL CeO
HIEaAb K . % M Scherrer 23 X 1 Bravais ¥ M,
I ( 111) & T T S R /N S 40 (0) 51T 3R
1.

T 1MTHESRERY, HIRIREKT 500 C
I, ARRELE /DN, PR A AR 3 RE AR B GOR R
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Fig.2 XRD patterns of Cez( CO3) 3 after

calcined at different temperatures
(a) —Method 1; (b) —Method 2
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Table 1 Crystal particle size and parameter(a)

calculated from XRD patterns

T emperature/ Particle size/ nm a/ nm
C Method 1 Method 2 Method 1  Method 2
400 9.17 11.52 0.5411 0.5396
500 13.27 15.93 0.5418 0.5392
600 136. 57 63.72 0.5394 0.5396
700 137.58 208. 51 0.5399 0.5413
800 222.95 273.05 0.5423 0.5389
1000 263.02 326.75 0.5399 0.5395

SR ERRE . BEPRIR R OR, S o BB RI
R PR AR AL, A MW AR AN B 2, (EDR 42 B 2 4
K, U BH L R /N B R A R B ok . 24
YIRER R T 600 CHY, ATHIER AT, IF
HARZERUK o AH AT S 0 58 A0 B A8 4k AT 4, s
NH4NO; £ CeO2, MPIFEIETE 500~ 600 C
Z M, — XKL K KR EE,
(NH4)2COs HI45 K Ce02, HIUBEIRELE 600~ 700
CZIH), —IRRABEKKNREE, Xffe2m T
AR RIORL R T 25 AN [F), SRR I 22 R m i

2.3 BET Hif27#r

PR G BT VA BIRIAE dh AEAN R T Kb o
WA R R % B UL R H BR AR SR AR 51 T
x2.

®2 AFERREIREE LR ¥
DA 2 BRAR T S R A2
Table 2 Specific surface area, density and
BET particle sized after

calcined at variant temperatures

Surface area/ Density/ BET particle
Temperature/ (m?>- g ") (g mL™ ") size/ nm
C Method M ethod Method Method M ethod Method
1 2 1 2 1 2

400 70.09 80.33 4.36 5.68 19.63 13.15

500 64.99 63.84 5.08 5.43 18.17 17.31

600 8.27 17.70 6.33 6.33 114.62 53.55

700 4.34  3.89 6.76 6.61 204.51 233.35

800 3.09 2.41 7.15 6. 83 271.57 364.51

1 000 2.00 1.50 7.28 7.19 412.09 556.33

B K bein B3R, A dn B8 BERE K, BRI
W/ . 3R 2 740, BET Jriklfkise 5 X 4

LRAT S VTS BB AR A I, XU TRk B R
RIMBOLH, BRI,

2.4 BOGHUHEARR T

PG J7 ik 7 BRLAR — FEOR Dk 44 i [
Fhite, BIOhE R T BRI I 3 1d A BIR AR )
KN o RVE BIR KA & B — 2/ i — ORL AR 2H i,
(XL /N (RORE FH 3R T2 1SRG IEAE — i, 7EIZ3)
AR P EREN — ek, MDA . AN A R LS
B BIFE A AE A FIREE T 1be e A5 1 TR R A2 DL K
5 BET hife a1 T3 3.

*3 HMPBIRAARL LS BET KiAR ) HAE

Table 3 Aggregated particle size(Da) and

ratio of them to BET particle size( Dger)

T emperature/ D/ nm D/ Dser
C Method I  Method 2 ~ Method 1~ Method 2
400 340. 40 254. 6 17. 34 19.36
500 371. 60 287.9 20. 45 16. 63
600 344. 20 240. 5 3.00 4.49
700 313. 30 286. 8 1.53 1.23
800 321.70 359.3 1.18 0.99
1000 350. 64 441.2 0. 85 0.79

— A Z K42 5 BET KAz i) L & =844 1
RN, WK 3 ATLLEH, REEBRKEET
HH XRD A1 BET W43 ) — JCRiAREL /S, BRI 4]
Mk, X2 H T/ B RURLEL A A e B B ER T R
I R 7 155 T BUROK 1) [ 2R U0k 3% 11 e
it, ARBETRE . JREREN, BhEA 550
HOPE . BR(E/NT 1, IX AT RS BT 0N 25 BRE i
HI .

2.5 UVl

BRSO BUE 2B 1 KH, FESBEA - nT L
Wik i 3 s . EE B, BT KRS 75 Bk
KIMSAVER, WG TE S A X % BER I H B
KRS0 454 . (IR (400~ 600 C) HAIBERIFE T AE & 41
X HU B — 58 R I, E 200~ 400 nm [ 2840 X A
BRAEBCHERE, X KT 400 nm 7] WOGX B
T frags ik 1 . BE R B T v, e KW e 1) 38 K
(WK 4) a0 . H B KRB RO B 5 550 nm 4k
IR BE L 3R 7 ) 55 A1 Ol B Wl i R, 45 SR AT
x4, aTLEH, R, FECeO2 BRI ke
g, WM R B A = A CeO H — N
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Fig.3 UV and visible absorbance

spectrum of prepared samples
(a) —Method 1; (b) —Method 2

F 4 RFENEEET CeOr Hi i B R OB K AN
B RO R BE 5 550 nm Ak IR HSC5R BE LG
Table 4 Maximum absorption wavelength of
CeO2 powder and ratio of its maximum

absorbance (A na) to that in 550 nm

T emperature/ Auax/ nm A max/ A s50
C Method 1 Method 2 ~ Method 1~ Method 2
400 316 305 3.47 6. 69
500 318 305 3.51 7.30
600 354 329 2.07 5.64
700 370 350 1.44 1.97
800 374 358 1.27 1.06
1000 392 364 1.09 1.23

3. 1 eVIFRET [AIRG, 7EULAEHY X HLfAr 46 88 7 5 A1 X
HIREBI B, WL T = he/ E;= 1240/3. 1=
400 nm( A MW AS; A Plank W45 ¢ A
i E. ARETTRIRE) . AR BUE H, — Ik
FIFEALE 10 nm fHUT, CeO2 XK K/NT 400 nm )45
AR BA RS IR . 17 2 SCER S X CeO2 IR
G HATIRN, GRIITES.

SRR 5 B TS ST IR R HE B T 2
5, (HETLAE H CeOr HIRAMR K ER 5 R TH H
FE A G, B EATZRAR R WK, RAR
AN, RIFBER, HATRBERZ, KNS .
Bwnslem 25! W57 R B, JEAL CeO2, ZrO:» M)
FAEM B, FER AN A SR AR W ROK, A TR g

5 ARCERPFRINEG CeO:

FL iy 7 B RO 28 A — T L' 1 IR M ' %
Table 5 Charge transition and UV —vis
absorption of CeQ» in different references

N nm

Electron transition  por Ref.  Ref. Ref. Ref.
[13] [14] [15] [16] [17]

Low coordinated

surface Ce** —02" 265 2;;)0_ 255 250
Ce*t <0*
Low coordinated 250 -
surface Ce** —02" 280 350 278 297
Ce4+ - 027
f 3+ 4+
Sur éﬁf CfCeLCC 588 588
Ce** surface 200~ 208~
f-d 300 218
Ce02 320 320~
Interband 325 3350 350 340

IR, BREIMEBEKER, XL 4R
(K 3) tREHA b Y . B SRR K, S A2
WK CeOa BT [ LA IE 5 th & B Bof D, Hk T
RSN RN RS .

SEEGEE R, CeO2 X584 26 (1) W i PE R 32
KRR I R R R 2%, e B S5 R A B — W S Ak
2(XRD kif28k BET kife) R, M—IRLARAE 10
nm ZiA5 N, CeO. B A TRMIEESMEISC R A AT WO
ZEETERE, R A AR 42 ( XRD W 756 4%) 76 JL
+88 BET MI#5Ki424E 100 nm BL_EIF, Aok 25 25
BN o T Ah, Ky R SRR R % R
RSP BRI, 4y BBk, 8 SRRk SR B
58 . {5 CeOa 44 (128 F IR W 3= BEJ2 oh 0RE 1Y) — IR
bR 1, BIRRIAR IR/ LSS .

4iie

w

1) LA NHsNOsFI(NH4).COs YEGINF, ik
TR DTIETE T LA 2 BRI« 4 BULF 1Y CeO2 Ko
&,

2) Y CeOr RAMUFHIRINLBMHR, IF
XHAT GBS M R4 . kR IKRLARAE 10 nm /2
A, CeOr HA MERIESMEMUBUER TN T WO 5 i
PERE, kAR — UCRIARAE 100 nm LA B, Byt
REFINRRIR

3) CeO2 B IIER AN e o5 5 32 B2 52 Uk — K
KA RIS, I RKLAEXS CeO Byt A —E K152
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