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Abstract Inorganic pigments have been received a great attention for various applications including paint, glazed ceramic
ink, art tile, and building exterior due to their excellent thermal and chemical stability. Traditionally, the compositions of
PbCrO,, CdS and CdSe have been widely used as a yellow inorganic pigment. However, the use of these compositions has
been restricted in recent years, because they contain harmful elements such as Cd, Cr, Pb and Se. In this study, new
environment-friendly ceria-based pigment was synthesized using solid state reaction. Crystal structure and morphology of
the obtained Ce, ,ZrBi,O, ,, yellow pigment were analyzed using XRD and SEM, respectively. Substitutional effect of Zr
and Bi on the pigment color was analyzed using UV-vis. spectrophotometer and CIE L*a*b* analysis. The crystal structure
of the obtained pigments was dependent on the calcination temperature. The color characteristics and absorption band of
the pigments were dependent on the calcination temperature and Zr, Bi contents. As a result, all the obtained yellow
pigments showed the effective absorption ranged from ultraviolet to visible light, and Ce,,Zr)+,Bi;20010 (x=0.36, y=0.20)
pigment showed the most brilliant yellow color.

Key words Ceria based pigment, Inorganic pigment, Environment friendly, Yellow pigments, Solid state reaction, Raw
material
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Fig. 1. XRD patterns of Ce, 4,Zr,3Bi;,00p 1o at various calcina-

tion temperature. (a) 1050°C, (b) 1150°C, (c) 1250°C, (d) 1350°C,

(e) 1450°C (@: Bi,;3Zr) 0,5 (Bismuth Zirconium Oxide),

M: CeO, (Cerium Oxide), % : ZrO, (Zirconium oxide), A:
Ce,sZr, 50, (Cerium Zirconium Oxide)).
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Fig. 2. SEM  photographs of (a) the synthesized
Ce44Z1436B192000.19 and (b) commercial yellow pigments.
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Fig. 3. Absorbance spectra of Ceg,,7Zr);6Bi)200019 (1050°C~
1450°C) and commercial yellow pigments. The corresponding
reflectance spectra are also depicted as the inset.

Table 1

L*a*b* color coordinate data and the optical gap energies (E,) of
Ce, Zr,Bi,0, ,, (1050°C~1450°C) and commercial yellow
pigments

Sample Temp. L a* b* E, (eV)

Cey1iZty3BigsOrey  1050°C 62.81 12.60 2490 224
1150°C 6535 1220 2642 235
1250°C 70.74 9.01 28.80 235
1350°C 73.52 832 3229 235
1450°C 77.06 5.69 32.84 235

Commercial yellow 78.89 -1.04 3386 2.35

(d)

(e)
Fig. 4. Representative photographs of Ce,,,Zr,sBi10, 1o calcined at (a) 1050°C, (b) 1150°C, (¢) 1250°C (d) 1350°C, (e) 1450°C and
(f) commercial yellow pigments.

(f)
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Fig. 5. Evolution of color parameters (L a* b*) of Ce,,,Zr,1sBi;200, 1o pigments with calcination temperature. (a) L, (b) a* and b*.
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Fig. 6. XRD patterns of (a) Ce,_ZrBi;,O0,,9 (x=0.08, 0.24,
0.36) and (b) Ce,44Zr56Bi,0,_,,, pigments (y = 0.05, 0.10, 0.20,
0.30) (A: Cey;5Zr, 50, (Cerium Zirconium Oxide)).
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Fig. 7. Absorbance spectra of (a) Ce,_,ZrBi;, 0y (x=0.08,

0.24, 0.36) and (b) Ce, 4,Zr,3:B1,0,_,, pigments (y = 0.05, 0.10,

0.20). The corresponding reflectance spectra are also depicted
as the inset.

Table 2

L*a*b* color coordinate data and the optical gap energies
(Ep) of (a) Ce,_ZrBij50p;o (x=0.08, 0.24, 0.36) and (b)
Cey 4472ry3sB1,0,_,» (y = 0.05, 0.10, 0.20) pigments

@

Temp. Ce,_,ZrBig,Opy L a* b* E, (eV)

1450°C  x=0.08 7548 596 3029 242
x=0.24 76.16 5.75 3138 237
x=0.36 77.06 5.69 3284 235

(b)

Temp.  CeyusZry;Bi,0,_,, L a* b* E, (eV)

1450°C  y=0.05 7786 7.32 3142 237
y=0.10 77.60 6.41 31.84 236
y=0.20 77.06 5.69 32.84 235

Ce0,70, A7 el B¢l §aldw=sk A 20

mol%et. B3 vl QITH16]. Table 2(a)olA Zr g
of w2 CIE L*a*b* 3> x=0.08 o =] L* 7k
75.48, a* F 5.96, b* F 30.29, x=0.244 W L*
Zre 76.16, a* FES 5.75, b* S 31.38, x=0.36%
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(d) (e) (f) (g)

Fig. 8. Representative photographs of Ce, _.Zr,Bi;,,0,,, pigments (a) x=0.08, (b) x=0.24, (c) x=0.36 and Ce,Zr,3Bi,0,_,,
pigments (d) y =0.05, (e) y=0.10, (f) y=0.20, (g) y =0.30.
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Fig. 9. Evolution of color parameters (L a* b*) of Ce, ZrBiO, ,, pigments with different amount of (a), (b) Zr (x=0.08, 0.24,
0.36) and (c), (d) Bi (y=0.05, 0.10, 0.20).
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ERstth. Table 2(b)ellAl Bi gl W& CIE L*a*b* 3k & 3142, y=0.10¢ #] L* 3 77.60, a* 3 6.41,
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