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Synthesis by a Coprecipitation Method and Evaluation of

Optical Properties of Ceria-Zirconia Series Materials

Masaya Amimoto,“ Masaaki Haneda,” Masakuni Ozawa™*

* Advanced Ceramics Research Center, Nagoya Institute of Technology
10-6-29 Asahigaoka, Tajimi, Gifu 507-0071, JAPAN

**Eco Topia Science Institute, Nagoya University
Furo, Chikusa-ku, Nagoya 464-8603, JAPAN

Fe-doped ceria-zirconia Zr,Cey s Feg0sO,.; (where x=0, 0.20, 0.40, 0.60, 0.80, and 0.95), and Tb-doped ceria-zirconia
Zr,Ce95.,Tby45s0,. 5 (where x=0, 0.20, 0.40, 0.60, 0.80, and 0.95) powder samples were synthesized by a coprecipitation method

and heated at 900°C and 1230°C. The samples were characterized by XRD, colorimetric assessment and UV-Vis diffuse

reflectance spectroscopy. Furthermore, the color glazes obtained by adding the samples to the basic glaze were heated at 1230°C

in air, and evaluated by colorimetric assessment. In Fe-doped ceria zirconia samples heated at 900°C, the red color varied to

orange and yellow with increasing x in Zr,Ce s Feg0s0,.;. However, the glazes containing them (with Zr) changed from warm

color into pale like celadon. In Tb-doped ceria zirconia samples, the dark brown color varied to yellow-brown and orange with

increasing X in Zr,Cej 5., Tby0sO,.;. The glazes containing them showed orange or pale yellow color. These warm colored

materials show high durability against high temperature and environmental friendly properties, so the application as ceramic

pigments can be expected.
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Fig. 1 XRD patterns of the sample Zr,Ceos..Feys0,.;(x=0,
0.20, 0.40, 0.60, 0.80, and 0.95) after heat treatment at (a)
900C for 3 h and (b) 1230C for 0.5 h.

_3_

J%T 600 nm F TOHFERED TR PN SN B 720, 7k
AR o TWh, TD L) BRBULEIZ X 5 IEHFED
TAL L ZOME L L THELLRAD LT, #KkE &Lt
Y7V a = TEEARR, EORMICHET S Fe,0; D
M Loz btk E#ER SN D,

Table 2 12 900 & 1230C THULEE | 72 CZ+Tb A&

Z1,Ceg o5 Tby 05055 (x=0, 0.20, 0.40, 0.60, 0.80, 0.95)
DE KR O M AR O R 2 7R3 900T BALPLE
BCiE, x=0 O KA, L*a*b* i+ X TIZDOW T,
WIEMEZ R L, x=0 225 0.60 D& T x OERITFE,
L* A LA L. 70812 F TET 5. b* i x EOBN
b bkH L, x=095 T3 46 % 77§ Tb MIEA

(a)l x=0
] | S D
—_ x=0.20
=- A_/; A A e
<
Z x=0.40
b _._A.M___M_—_——
5
E A o x=0.60
A N x=0.80
h x=0.95
20 30 40 50 60 70 80
20 / degree
(b)
x=0
11 | N
p 1 ) L x=0.20
g
~ x=0.40
=
D
= A . N x=0.60
L A x=0.80
JA
l x=0.95
200 30 40 50 60 70 80
20/ degree

Fig. 2 XRD patterns of the sample Zr,Ces.,Tb 5O, 5(x=0,
0.20, 0.40, 0.60, 0.80, and 0.95) after heat treatment at (a)
900C for 3 h and (b) 1230 for 0.5 h.
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Table 1 L*a*b* values of the Zr,Ces.Fey0s0,.; (x=0, 0.20,
0.40, 0.60, 0.80, and 0.95) samples after heat treatment at
900°C for 3 h and 1230°C for 0.5 h.

%o 1230CEHALEEE D KM B D 900TC & DK & 7
HEEZ < XMBFTO#E R & GhE T, 900T D EUL
HTOREEDPE N OPHRONTLEZ LML,

3.3 MEEHE

Table 3 12 900C & 1230TC CTHULH L 72508 2 F v 72
2DV T, CZ+Fe % Zr,CegosFeg o505 (x=0, 0.20,
0.40, 0.60, 0.80, 0.95) M %43 HKELEFD {5 K BR D ik
EENETIURT . 900T HALHEURL Tt a* fE X x=0.20
PLETIZIZ0I22 ), b*fHIE. x=0.40 D & Xk d KW
10 78 L7z 13 x=0.20 ~ 0.60 O & CTlLHFED
LIIHEHLRD, x=0.80, 0.95 TIIHEL Ro/z7z0,
IhiE, FexEALZwEY 7Y Va=T7iRECThi2

Table 2 L*a*b* values of the Zr,Ceos.,Tby¢s0,.; (x=0, 0.20,
0.40, 0.60, 0.80, and 0.95) samples after heat treatment at
900°C for 3 h and 1230°C for 0.5 h.

900°C for 3 h 1230°C for 0.5 h 900°C for 3 h 1230°C for 0.5 h
X L* a* b* L* a* b* X L* a* b* L* a* b*
0 44 19 18 41 19 12 0 35 7 8 35 6 6
0.20 46 16 19 39 19 13 0.20 57 12 23 59 14 24
0.40 54 15 21 41 19 14 0.40 67 13 35 68 16 31
0.60 56 11 22 44 19 13 0.60 73 11 37 71 14 33
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Fig. 3 KM function of the sample Zr,Ces..Fe)os0,.5 (x=0,
0.20, 0.40, 0.60, 0.80, and 0.95) after heat treatment at (a)
900C for 3 h and (b) 1230C for 0.5 h.

Wavelength / nm
Fig. 4 KM function of the sample Zr,Ce 5., Tbg 50,5 (x=0,

0.20, 0.40, 0.60, 0.80, and 0.95) after heat treatment at (a)
900C for 3 h and (b) 1230 for 0.5 h.
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Table 3 L*a*b* values of the glazes containing Zr,Ces..Feg s
0,5 (x=0, 0.20, 0.40, 0.60, 0.80, and 0.95) samples after heat
treatment at 900°C for 3 h and 1230 °C for 0.5 h in an amount of

10 mass% in the outer percentage.

900°C for 3 h 1230°C for 0.5 h
X L* a* b* L* a* b*
0 75 8 23 66 22 30
0.20 79 0 16 76 -3 10
0.40 76 -2 10 74 -3 10
0.60 79 0 15 78 -1 13
0.80 82 1 15 81 1 14
0.95 83 0 12 72 8 27

Table 4 L*a*b* values of the glazes containing Zr,Ce s, Tbg s
0,5 (x=0, 0.20, 0.40, 0.60, 0.80, and 0.95) samples after heat
treatment at 900°C for 3 h and 1230°C for 0.5 h in an amount of 5

mass% in the outer percentage.

900°C for 3 h 1230°C for 0.5 h
X L* a* b* L* a*® b*
0 72 10 30 74 8 29
0.20 74 4 21 77 4 26
0.40 72 3 25 80 1 18
0.60 76 2 22 80 1 21
0.80 80 2 24 83 1 15
0.95 81 0 17 82 0 15
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