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Abstract Red clay has been used for making rakuyaki for the past 400 years. Because the resources for red clay in Japan
are being depleted, many potters in Japan began to develop new materials which can replace red clay. In this study, It is
analyzed that the chemical and physica properties of red clay from Shigaraki (Shiga, Japan), and developed a novel
engobe which can be used for making Rakuyaki instead of Shigaraki red clay. Results from Raman spectroscopic
examination showed that ferric oxide content in Shigaraki red clay is 9.4 % (Goethite 5%, Wustite 4.4 %), and that the
mechanism of red color development by the firing at 900°C for 10 min is the chemical transformation of Goethite into
Hematite, and the subsequent formation of solid solution with Alumina and Silica. To make similar ferric oxide content to
that of Shigaraki red clay, we added 5g of Goethite and 9g of Wustite to 100g of White kaolin from Hadong area
(Gyeongsangnam-do, Korea). The L*a*b* color scale of the mixture was 56.83, 27.22, and 23.28, respectively, and stable
red color was successfully developed under the same firing condition used for Shigaraki red clay.
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Table 2
Component analysis of used materias (wt.%)
Sample SO, ALO, Fe,0, TiO, MgO Cao Na,O K,0O Ig.loss
Red clay (Shigaraki) 60.63 26.04 943 101 0.55 047 0.14 151 0.22
Red clay (Yeongju) 53.96 30.76 8.10 0.98 244 047 0.24 2.73 0.32
Kaolin (Hadong/White) 4840 34.32 0.53 - 0.20 459 102 0.55 10.39
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Fig. 1. Raman spectroscopic andysis of red clay from shigaraki
and yeongju.
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Fig. 2. XRD analysis of Goethite and Wustite which were fired
for 10 min at 900°C.
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Fig. 3. XRD analysis of Goethite and Wustite which were fired
for 20 min at 900°C.
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Table 3
UV spectroscopic andysis after firing at 900°C
Sample L* a b* (H) W)(C) Color name
AlLLO, (Wustite 7 %) 80.40 2.25 1.78 7.6R 8.0/1.0 Pinkish White
SO, (Wustite 7 %) 83.71 147 211 16YR 8.3/0.7 Pinkish Gray
% Grayish reddish orange color in which L*a*b* color space values are 52.50, 27.01, and 24.08, respectively.
Table 4
UV spectroscopic andysis after firing at 900°C
No. Sample L* ar b* (H) V)(C) Color name
1 Kadlin 90.96 2.39 7.08 5.8R 9.1/14 Pale Yellowish Pink
2 WIK + Wustite (100 : 1) 87.02 218 5.49 53YR 8.7/1.1 Pinkish White
3 WIK + Wustite (100 : 3) 82.93 2.62 421 27YR 83/1.2 Pinkish Gray
4 WIK + Wustite (100 : 5) 76.97 291 323 0.7YR 7.6/1.1 Pinkish Gray
5 WI/K + Wustite (100 : 7) 78.01 333 3.45 0.3YR 7.7/1.3 Pinkish Gray
6 WIK + Wustite (100 : 9) 73.49 352 2.04 5.7R 7.3/12 Pinkish Gray
7 WIK + Wustite (100 : 11) 71.21 3.92 132 13R 7.0/1.2 Pinkish Gray
8 WIK + Wustite (100 : 13) 73.71 3.28 197 6.0R 7.3/11 Pinkish Gray
9 WIK + Wustite (100 : 15) 73.36 2.95 197 6.8R 7.3/1.0 Pinkish Gray
10 WIK + Wustite (100 : 17) 72.13 297 140 41R 7.1/1.0 Pinkish Gray
1 WIK + Wustite (100 : 19) 69.87 333 110 12R 6.9/1.0 Pinkish Gray
% Grayish reddish orange color in which L*a*b* color space values are 52.50, 27.01, and 24.08, respectively.
Table 5
UV spectroscopic analysis of Goethite-added White Kaolin
No. Sample L* ar b* (H) W)I(C) EH Color name
1 WI/K + Goethite (100 : 1) 88.10 7.89 6.41 7.8R 8.8/2.5 26.035 Pale Yellowish Pink
2 WI/K + Goethite (100 : 3) 77.58 1591 1164 7.3R 7.714.3 16.672 Moderate Yellowish Pink
3 WI/K + Goethite (100 : 5) 72.65 18.92 12.58 6.6R 7.2/51 14.061 Moderate Yellowish Pink
4 WI/K + Goethite (100 : 7) 71.26 19.05 12.16 6.3R 7.0/5.1 14.333 Moderate Yellowish Pink
5 WI/K + Goethite (100 : 9) 69.53 19.86 12.53 6.2R 6.9/5.3 13.584 Moderate Yellowish Pink
6 WIK + Goethite (100 : 11) 66.85 21.04 14.60 7.1R 6.6/5.6 11.203 Moderate Yellowish Pink
7 WI/K + Goethite (100 : 13) 63.17 23.98 16.72 7.2R 6.2/6.3 7.959 Dark Yellowish Pink
8 WIK + Goethite (100 : 15) 58.74 26.99 19.20 7.4R 5.8/7.0 4.880 Dark Yellowish Pink
9 WI/K + Goethite (100 : 17) 57.14 2842 20.19 74R 5.6/7.3 4.138 Moderate Redish Orange
10 WI/K + Goethite (100 : 19) 55.27 29.13 20.58 74R 54/74 4.092 Moderate Redish Orange
1 WIK + Goethite (100 : 21) 49.35 30.36 23.02 8.0R 4.8/7.6 3514 Moderate Redish Orange
12 WI/K + Goethite (100 : 23) 48.66 30.99 23.96 8.2R 4.8/7.8 3.982 Moderate Redish Orange
13 WI/K + Goethite (100 : 25) 48.12 31.49 23.99 8.1R 47/7.8 4.481 Moderate Redish Orange

% Grayish reddish orange color in which L*a*b* color space values are 52.50, 27.01, and 24.08, respectively.
% AEH: the color distance value between Shigaraki red clay and the experimental group.
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Fig. 4. Results of UV spectroscopic analysis after the addition of Goethite.

Teble 6

UV spectroscopic analysis of the test piece after the addition of Goethite and Wustite
No. Sample L* at b* (H) W)(C) Color name
21 W/K + Goethite+ Wustie (100: 21: 1) 4959 2998 2202 78R 4974 Moderate Reddish Orange
22 WIK + Goethite + Wustite (100: 21 : 3) 4909 3045 2202 77R 48/75 Moderate Reddish Orange
23 WIK + Goethite + Wustite (100: 21 : 5) 4869 3102 2324 8OR 4877 Moderate Reddish Orange

% Grayish reddish orange color in which L*&*b* color space values are 52.50, 27.01, and 24.08, respectively.
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Table 7

UV spectroscopic analysis of the test piece after the addition of Goethite and Wustite
No. Sample L* ar b* (H) W/(C) EH Color name
1 WIK + Goethite+ Wustite (100:5:1) 5744 2901 2374 84R 56/7.7 2029 Moderate Reddish Orange
2 WIK + Goethite+ Wustite (100:5:3) 5802 2842 2410 86R 5L7/76 141 Moderate Reddish Orange
3 WIK + Goethite+ Wustite (100:5:5) 5796 2756 2314 86R 57/7.3 1089 Moderate Reddish Orange
4 WI/K + Goethite+ Wustite (100:5:7) 57.02 2781 2340 86R 56/74 105 Moderate Reddish Orange
5 WI/K + Goethite + Wustite (100: 5:9) 56.83 2722 2328 88R 56/7.2 0.827 Moderate Reddish Orange
6 WI/K + Goethite+ Wustite (100: 7:1) 5753 2873 2344 84R 57/76 1835 Moderate Reddish Orange
7 WIK + Goethite+ Wustite (100: 7:3) 5560 2916 2358 84R 54/76 2207 Moderate Reddish Orange
8 WIK + Goethite+ Wustite (100: 7:5) 5515 2925 2381 84R 54/76 2256 Moderate Reddish Orange
9 WIK + Goethite + Wustite (100: 7:7) 5543 2833 2334 85R 54/74 1513 Moderate Reddish Orange
10 WIK + Goethite + Wustite (100: 7:9) 5448 2821 2334 86R 5373 141 Moderate Reddish Orange

% Grayish reddish orange color in which L*a*b* color space values are 52.50, 27.01, and 24.08, respectively.
% AEH: the color distance value between Shigaraki red clay and the experimental group.
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Fig. 5. UV spectroscopic andysis of the test piece after the addition of Goethite and Wustite.
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