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Preparation of Zirconia Nanopowder by Sol—-gel Method

WANG Yang, WANG Qikun, WANG Chao, WANG Yongqing, YANG Ke, CHANG Qibing
(School of Materials Science and Engineering, Jingdezhen Ceramic Institute, Jingdezhen 333403, Jiangxi, China)

Abstract: A zirconia nanopowder was prepared by a sol-gel method using ZrOCl,-8H,0 as zirconium source and polyethylene
oxide—polypropylene oxide—polyethylene oxide (P123) as a dispersant. In the preparation, carbon nanoparticles generated via
carbonization of P123 have an effect on the dispersion of zirconia particles, thus obtaining zirconia nanopowder without impurity
ions via water washing/alcohol washing. The results show that zirconia nanopowder with a narrow particle size distribution and a
median size (D50) of 158 nm can be obtained at a mass ratio of P123 to zirconia of 80% and calcination temperature of 1 100 C. This
method could be used as an environmentally friendly and efficient approach for the preparation of the nanopowder

Keywords: zirconia; polyethylene oxide—polypropylene oxide—polyethylene oxide; nanopowder; disperse; isolate

T BA SR @R, [RSAE. REFK
PR e ME ML RARFE, AR S A AR 7
S M AN Th e MM R i i B oy EE R A
LU, BEFEN R GUOR A SRR R P EE
W SR AV AT T IR TR 2 B
Flo e B AL AP RS Pkt
e RN S NN e Tl X B B AR o
HRpEiReERS

e o R PR S AL B A A i 6 R PR RE AL B A R

R H3E: 2019-04-29, BT H: 2019-07-10.

HETH: EREREESE4(51262020, 51772136, 217610153 H .

F—EH: £ 0995, T, BRI

WEEE: WE1978—), B, [+, .
EHA(1992—), 5, WL,

MIORBREIA R, LA AR R RLAR AL APRLAR 70 A1
R AR R SRR AT, C4dE
(IR S R s () 6 7 ¥ R B ALY K
ENOL el iR s
JEAK i st B HRTR F HA pgl ok
A TR AE LA R AL LR R &
JEER 3 BN AR 1) — R oA Rg Az, B A HLIE
(R AN AT T g At v 5 £ A R ) 17 3k L W5 11 1ok
FAUSISL RIRE, B SR A L Bh 2™ i 4 5

Received date: 2019-04-29. Revised date: 2019-07-10.

First author: WANG Yang (1995-), male, Master candidate.

E-mail: 1527336980@qq.com

Correspondent author: CHANG Qibing (1978-), male, Ph.D., Professor.
WANG Qikun(1992-), male, Doctoral candidate.

E-mail: changqb1258@hotmail.com; 1073104713@qq.com



. 54 (RERR Sh22 40D

J Chin Ceram Soc, 2020, 48(1): 53—60

2020 4F

FE IR T AR R I = iz Y, K
LT ) & AOK A AR 1 T, TR
AR HARB KRG, FER SRS A L
W EAT R TE, AR 2 3% B DAY v 04T 9K A
AR A A = U2 AR, B S 4 RS R A
TETJ5 e AL B2 v 5 iR B 2R, |2 IR
K e FH e 1ok R PR P B T v K R AN B
—EIRAE N I LT BT IR AL 21 1 46 9 K S L B
) ) L, ARG R PO T BB, 1 E
FEAO™E, FEEAR | bk, FEHERE LA
alikU, HE T, KRR R KA S —
AR DRI, o] B v RICRMEG B A b gk e g oK
S BB A TE B SRR 1) 2%« g S AR A R R R 1)
I ZR 1) R, 2 G s e JoT 2 S B M A ) i 35 A R 1)
M

RN A (1) (A1 R T, R A A (1 i
PR EA B A, AR TAREFE LRI O - R
WFE-FE A Lt = i BOL R (P123) A 8GR, K
FH P123 % B B R 1) 2% oK B A B A o A
Fi 1 P123 MIUNINE BBOReIn FE X A B R A%
(RIEEI 3T 1 i A R A [ 5 LB

1 Sk
11 BER

S JEOR A UK & S S B (ZrOCly 8H, 0,
99%)~ 7N FE DU JZ(CeH Ny, 99%)IH B T [F 254
B2l IE R AR, P123 (PEOp-PPO7g-PEOy,
99%) W 3K T~ P A% Y BR/R 7 L A A\ (P D, R
TARNEI = AW, Bra EORME {8 H A5 Rk —
il
12 HSEHIE

¥ — =M PI23 T 76.96 g 12 51K,
PHE 240 JEIMA 51.56 g J\KEASALES, Bkt 4h 15
F| P123-ZrOClL, i - 4 17.82 g 7SIV H B DU i is 1

(a) SEM image of ZrO,

100.00 g (1125 B F7KH, i HE 4 h 1531 CoH Ny
1E 5 CURKIBIIFEE T, 44 CoHioNy W ZZ 1S H T
A P123-ZrOCL A o T INZE R Ja gk a3 he 2 h 15
B Z N 0.8 mol/L 1] P123-Zr0, I« BRI
60 CHEARTHE 24h, 1F2IRER . )5 FIRERIK
BT 150 CHIBAE T 24 h, HEITERK. BT
BRERSAA TEAFBRE FELE 2h, #HE
500 CZ A NERE 1h 40K B, &5 51E L
B

VERNTEG, BT B 2SR FEARTH
TE TR 2h, 3B E AR 1
1.3 #HmRIE

K H STA449C BB & #4450 #T A (DTA-TG) %f
P123 BEAT# b, MR FE e B = 34 1300 °C,
FHEIEZN 10 'C/min, SHFHAT SRS
F HAS B 72 5] 42 7 1) ISM-6700F 2434 o 1 43
BE(SEM)AIIE 5 B A BL(MEM) A1 JEM-2010 7Y
REVE WS R (R4 B SR AE . FHEEE Bruke
A F AP 1) D8 Advance X 5 ZR AT A AT RE i 1)
A, 260 =10°~80°, FHHIEZRN 0.02(°)/s. HBEOLKL
FEAY (Bettersize2000 2, o EFFZR) M A4 K045 45
i, HAPRBLERSN D10. D50 D0 43l 5
i 2 h B AN 10% 50%- 90% I (1) #5e K i
KRS B AR CF kAR . K= E LR
Nicolet 5700 7! Fourier A5 3 21 4N ' TEAU S Tk IS AE
ShIEATL AN A, FA3ETE FEA 400~4000 cm

2 EREH®

21 TBRRRRCERIZE SRR

B 1T BIRET AP AT 1200 CHikk
2 h GBI A AL B A SEM & . B 1 AT A
A, BEELE 1200 CBPET-HER A B AR
PRRIARER A AN E), I B 18] [ 2R ™
Bl 2 s e 2 SR G A [ R A e

a A,
(b) Partially enlarged image of Fig. 1

B FERAE AL 1200 CHREERF RN Zro, FE i 1 SEM i
Fig. 1 SEM images of ZrO, samples obtained by calcination of xerogel at 1200 C in air
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D90 particle size, D50 particle size and D10 particle size are the equivalent diameters (average particle diameters) of the largest particles when the cumulative

distribution in the distribution curve is 90%, 50% and 10%, respectively.
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Fig. 2 Particle size distributions of ZrO, samples obtained by calcination of xerogel at different temperatures in air
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Fig. 3 XRD patterns of ZrO, samples obtained by calcination
of xerogel at different temperatures in air

2.2 P123 HEBNAR-BRUER B RIS RE

B 4 2K P123 Sl BV IR v 7 AU
N AN R R A KR AR A A . JE
A 2 b, AT LUK IR A P123 Sl Bhs IRtk
1l 2% TR S A B PR LA B /N R KA R B A2 (R REAR
fi. WE 4 FTLER, BEEBEEZNTE, ik
RS 2 kN G 38 K 3 Rig o Ai 2B
JEAR GRS . MBI 1100 CHY, S ALE:
W RLAR AT B A . UG A, R B 5 B o
/No M 1100 C, kL BLRE KRS %N
[HIRETE

N T A BT BRI B A B R AR R,
PRIEAT TEM IR 5 FToR) « 24 Bei 5 2 700 C
i (& Sa B, Ak 12 43 A AN 20, BEAFAE 1 pm



. 56 CTEPR Zh 540D J Chin Ceram Soc, 2020, 48(1): 53—60 2020 £

RERL. HAFAE 0.2 um FO/NPIRL, FF HLAFAE ™ &
MR R G . B beR T4 900 CHY (A&
5b), RIUKHERI SR B, —RAR KR
100 nm 7547, {HA2 BT YR BB A BRI bR i
A8, FEGURL Z [AA7TE ™ E A A 3R . kSR iR mi
FIREZE 1 100 ‘CEAE 5¢ Fin), BT 5 rgbe

TE, MR —ORARIE K 2 200 nm 7247, (HAZRRL
BT IV B . AR, A A 5% ) 45 3
TARGF s, Bk ] 2R AR BEE R
BT A 1 300 C(nlE 5d Frow), Mk i i
P [ 58 1) A, AN 1100 °C A& P123 Sl Bhis -
IR () B AR JBUe R

E N
E N

D,=0.903 pm
Dy=14.67 um
Dy=88.48 um

O N BN O N
e e e S
—_ = =

(=l S AN BN S}
T T T T

Frequency distribution/%

Frequency distribution/%

L /\ /
y J

/\ \ \/ =

E N

D,,=0.112 pm
D4;=0.740 pm
Dy=4.178 um

D,,=0210 pm
Dy=3.892 um
Dy=29.20 um

(=l S AN BN S}
e S e

Frequency distribution/%

0.1 1 10 100 1000 0.1 1
Size/um

10 100 1000 0.1 1 10 100 1000
Size/um Size/um

(a) 500 C (b) 700 'C (c) 900 C

14

14

12 N\ D,=0.069 pm
1ok / \ Dg,=0.158 um
sl || [ Dy, =0.614 pm

12
10+

Frequency distribution/%
Frequency distribution/%

(= S "))

—
(= S )
e

14

2l D,,=0.205 pm
Dyy=2.499 pm
Dy=13.21 um

D,=0.088 um
Dy=0.224 um
Dy,=0.902 pm

10

Frequency distribution/%

(= S )
T

0.1 1 10 100 1000 0.1 1
Size/pum

10 100 1000 0.1 1 10 100 1000
Size/pum Size/pum

(d)1100C (e) 1200°C (H)1300°C
P123 —Polyethylene oxide—polypropylene oxide—polyethylene oxide; The xerogel is prepared by P123 assisted sol-gel method.
K4 FRUAR U T AR BB B ZrO, B il RS A

Fig. 4 Particle size distributions of ZrO, samples obtained by calcination of xerogel at different temperatures in Ar
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Fig. 5 TEM images of ZrO, samples obtained by calcination of xerogel at different temperatures in Ar
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