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Phase evaluation of Fe/Co pigments coated porcelain by rietveld refinement
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Abstract Porcelain (white ware, celadon ware) coated with a ferrous sulfate and ferrous/cobalt sulfate was sintered at
1250°C. The specimens were investigated by HR-XRD, FE-SEM, HR-EDS, and UV-vis spectrophotometer. Through X-ray
rietveld quantitative analysis, quartz and mullite were found to be the main phases for white ware, and mullite and
plagioclase were found to be the main phases for celadon ware. When the pigment of ferrous/cobalt sulfate was applied,
were identified as an andradite phase for celadon ware and a splnel phase for the white ware, and the amorphous phase,
respectively. The L” value, which was the brightness of the specimen, was 72.01, 60.92 for white ware and celadon ware,
respectively. The ferrous and ferrous/cobalt pigment coated porcelain had L" values of 44.89, 52.27 for white ware and
celadon ware, respectively; with a’ values of 2.12, 1.40, and at b values of 1.45 and 13.79. As for the color of the
specimens, it was found that the L* value was greatly affected by the white ware, and the b  value differed greatly
depending on the clay. It was thought to be closely related to the production of the secondary phase such as Fe,O; and
andradite phase produced in the surface layer.
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Table 1
Raw material and composition of Fe(Fe/Co) sulfate pigments
) ) Composition (wt%)
Specimen ~ Raw material
CoSO,H,0  (FeSO,'H,0)
WR White ware )
CR Celadon ware
PF7C3 - 30 70
PF - 100
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Fig. 1. X-ray diffraction patterns of (a) white ware, (b) celadon ware sintered at 1250°C.
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Fig. 2. X-ray pattern fitting and rietveld refinement by (a) F, (b) F7C3 coated white ware porcelain sintered at 1250°C.
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Fig. 3. X-ray pattern fitting and rietveld refinement by (a) F, (b) F7C3 coated celadon ware porcelain sintered at 1250°C.
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Table 2
Quantitative analysis of crystalline phase for raw material, F7C3 and F coated porcelain on white ware and celadon ware sintered at
1250°C (Wt%)
Specimen White ware Celadon ware Formula

Phase R CF7C3 CF R CF7C3 CF

Quartz 519 443 34.0 9.4 8.7 8.2 Sio,

Mullite 292 333 27.0 46.6 49.7 543 3AL,0,2Si0,

Plagioclase - - - 229 14.3 12.8 (CayNay 1,)((Al 5S1,5)04)

Ferrite oxide - 3.6 13.0 - - 13.0 Fe, O,

Cobalt oxide - 0.5 - - 0.5 - CoO

Andradite - - - - 1.2 1.1 Ca,Fe,Si;0,,

Spinel - 0.7 - - - - Coy 4sFey55(Coy ssFegsADO,

Albite 2.0 1.0 0.6 - - - NaAlSi;0,

Amorphous 16.9 16.5 255 20.1 25.5 20.1
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Fig. 4. SEM-EDS surface analysis of pigment coated white ware sintered at 1250°C. (a) F, (b) F7C3, (c) raw material.

Table 3

Chemical compositions of raw material, and white ware coated with F7C3 and F sintered at 1250°C (wt%)
Specimen SiO, ALO; K,0 Fe,O; CaO Na,O MgO CoO
WR 35.24 9.61 2.44 0.88 0.80 0.71 0.18 -
CF7C3 21.51 7.65 1.94 20.70 1.36 1.39 0.64 4.09
CF 11.55 5.33 1.30 45.66 0.61 2.18 0.68 -




178 Nam-Heun Kim and Kyung-Nam Kim

keV

05 1 15 2 25 3 35 4 45 S5 S5 6 65 7 15 8 05 1 15 2 25 3 35 4 45 5 S5 6 65 1 15 8
keV

keV

Fig. 5. SEM-EDS surface analysis of pigment coated celadon ware sintered at 1250°C. (a) F, (b) F7C3, (c) raw material.

Table 4

Chemical compositions of raw material, and celadon ware coated with F7C3 and F sintered at 1250°C (wt%)
Specimen SiO, Al O, K,O Fe, 0O, CaO Na,O MgO CoO
CR 29.28 13.85 1.13 2.68 2.66 1.25 0.58 -
CF7C3 26.35 15.30 0.92 5.05 2.69 1.11 0.80 0.43
CF 18.54 10.71 0.79 26.25 2.01 0.83 0.86 -
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Table 5

CIE L'a’b’ value of raw material, F7C3 and F coated porcelain on white ware, celadon ware sintered at 1250°C

) White ware Celadon ware
Specimen WR CR
F7C3 F F7C3 F
’ 70.01 60.92 44.89 46.20 5227 49.72
a 0.54 0.64 2.12 422 1.40 8.78
b 8.98 13.07 1.45 1.10 13.79 9.99
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Fig. 6. Reflectance spectra of Fe/Co coated porcelain on celadon
ware sintered at 1250°C [15].
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