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Abstract In this work, we investigated clay and raw materials from China (black clay, red clay, white clay) and Korea
(Cheonan clay, Obu clay) used for the manufacture of porcelain products. According to chemical analysis results, feldspar
components containing CaO, K,O, Na,0O and quartz are found in clay materials besides primary clay such as kaollinte, for
the clay materials from Korea, which is found more in clay materials from Korea than from China. For the Fe,O, content,
governing whiteness of porcelain products, more iron oxide (> 5 %) is found in Korean clays (Cheonan clay, obu clay, red
clay) compared to those form China (black, white clay). Through X-ray diffraction analysis, kaolinite and Halloysite are
found to be main phases for all the raw materials and second phases such as quartz and pyrophyllite are found. Using these
clay materials, raw materials for porcelain products were produced, and the physicochemical properties were investigated
for sintered samples. Absorption rate is in order of Baekja-A < Baekja-B < Yeonbuncheong < Jinbuncheong < Cheongja, and
the sample, sintered at 1250°C in reductive atmosphere, exhibits the lowest absorption rate. Comparing the color of the
sintered samples the samples sintered in oxidative atmosphere (L" value: 86~95 %) show higher whiteness value than those
sintered in reductive atmosphere (L’ value: 81~93 %). For the Cheongja and Buncheong, the samples sintered in reductive
atmosphre shows higher whiteness, L™ values, and low a'/b~ value, which is due to reduction of iron oxide (Fe,O5).
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Table 1
Materials and mine information
No. Clay Region
1 Black clay China, Guangzhou province
3 White clay China, Fujian province
4 Red clay China, Hunan province
5 Cheonan clay Korea, Cheonan
6 Obu clay Korea, Sancheong
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Fig. 1. Clay raw materials. Before (left) and after (right) pulverization. Black clay, Red Clay, Cheonan clay, White clay, Obu clay.

Table 2
Composition of Soji

Pottery stone  Feldspar Quartz

No. Soji Kaolin (%) clay (%) (Taebaek, %)  (Buyeo, %) (Australian, %)
1 Baekja-A 30 (China kaolin) 6 (white clay) 26 22 16

2 Baekja-B 10 (Pink Kaolin) 38 (black clay)/10 (Cheonan clay) 22 20 -

3 Jinbuncheong - 73 (red clay) - 20 7

4 Yeonbuncheong  34(China Kaolin) 66 (Obu clay) - - -

5 Cheongja - 62 (Red clay) - 31 7
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Fig. 2. XRD Diffraction patterns. Black clay, White clay, Red Clay, Cheonan clay, Obu clay.
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3. XRD diffraction patterns after sintering. (a) 1200°C oxidative sintering, (b) 1250°C oxidative sintering, (c) 1200°C reductive

sintering, (d) 1250°C reductive sintering,
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Table 3
Chemical analysis results
Clay .
Composition (%) Cheonan clay Obu clay Red clay White clay Black clay
Sio, 64.4 483 46 447 512
AlO; 17 30.2 30.3 38.5 29.8
Fe,O;, 5.78 297 7.04 0.12 1.88
CaO 0.3 49 0.16 0.24 0.09
MgO 0.99 1.76 0.51 <0.01 0.23
K,O 225 0.39 0.84 0.03 1.89
Na,0 0.63 1.35 0.15 - 0.37
TiO, 0.93 0.28 1.01 <0.01 0.46
MnO 0.04 0.03 0.08 <0.01 0.02
P,0O; 0.15 0.03 0.06 0.04 0.04
710, 0.02 <0.01 0.01 <0.01 0.02
Cr,0; - - 0.03 <0.01 <0.01
Li,O 0.03 0.03 0.01 - 0.02
SrO 0.01 <0.01 0.01 <0.01 <0.01
ZnO 0.03 0.05 <0.01 <0.01 0.03
BaO 0.05 0.02 0.03 0.01 0.01
Ig. loss 7.33 9.66 13.7 16.2 13.9
Table 4
Calculation of mineral contained in clay
Clay .
Composition (%) Cheonan clay Obu clay Red clay White clay Black clay
Kaolinite/Halloysite (Al,Si,05-OH,) 329 473 66.5 96.1 68.3
Quartz(SiO,) 38.94 9.53 17.68 - 14.22
Ca-feldspar (CaO-AlL,0,-2Si0,) 1.49 2.31 0.79 1.19 0.45
K-feldspar (K,0O-Al,O5-6Si0,) 133 11.44 497 0.178 11.18
Na-feldspar (Na,O-Al,0;-6Si0,) 5.34 2425 1.27 - 3.14
65i0,), 334 (Ca0-ALO,2510y), AZ(SI0) 5 BEol Mg =rk. the THE, AAYR 5o 43 AU
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Table 5
Particle size analysis results
Mean size D10 D50 D90
(um) (um)  (um)  (um)
Cheongja 17.8 2.02 8.33 38.1
Baekja-A 8.57 2.26 6.97 16.3
Baekja-B 11.1 1.98 7.03 24.4
Jinbuncheong 12.76 2.10 7.58 294
Yeonbuncheong 18.3 2.17 8.96 49.7
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Table 6
Chromaticity values after oxidative sintering
1200°C sintering 1250°C sintering
Cheongja Baejka-A Baekja-B Jinbuncheong Yeonbuncheong Cheongja Baekja-A Bacekja-B Jinbuncheong Yeonbuncheong
L 7043 94.98 88.21 62.32 68.24 70.83 94.77 86.86 61.04 68.41
a 1216 1.36 4.53 18.92 14.18 10.29 1.35 4.70 17.55 11.80
b 18.68 3.69 9.42 2341 19.48 17.37 3.60 9.96 22.54 18.59
Table 7
Chromaticity values after reductive sintering
1200°C sintering 1250°C sintering
Cheongja Baekja-A Baekja-B Jinbuncheong Yeonbuncheong Cheongja Baekja-A Baekja-B Jinbuncheong Yeonbuncheong
; 72.46 93.18 83.49 68.87 73.07 73.62 91.28 81.54 63.96 69.47
a 0.20 0.07 0.04 3.64 7.17 0.26 0.43 0.20 0.53 0.26
b’ 6.04 5.89 1.98 14.45 17.99 2.64 0.68 1.20 2.63 237
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