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Correlation between Color Variation and Magnetic
Properties in Surface-Core Sections of
Multichromatic-Surfaced Roof Tiles from Baekje-Sabi
Period using Mossbauer spectroscopy

Hyun Ho An"", Myeong-Kyu Kang'?, Sung Baek Kim', Hyunkyung Choi®, Chul Sung Kim?*"

'Department of Biomedical Materials, Konyang University, Daejeon 35365, Korea
2ASK Corporation, Gyeonggi-do 14058, Korea
*HANARO Utilization Division, Korea Atomic Energy Research Institute, Daejeon 34057, Korea
*Department of Physics, Kookmin University, Seoul 02707, Korea

Roof tiles, commonly known as Giwa, functioned not only as architectural elements that safeguarded and reinforced
structures but also as decorative features imbued with prestige and rich symbolic significance in ancient societies.

Roof tiles are processed in various ways depending on their color and are sometimes used for special
purposes. For example, black roof tiles were coated with charcoal(soot) to provide a waterproofing effect, and
reddish-brown or yellowish-brown tiles resulted from firing in an oxidizing atmosphere. In a reducing atmosphere,
grayish tones appeared instead. This phenomenon is known to result from the strong influence of oxidation and
reduction of iron oxides contained in the used as the raw material(clay) for roof tiles.

In this study, we aim to explain the correlation between the color variation and the magnetic properties of
nine roof tiles artifacts unearthed from the Sabi period sites in Buyeo, by statistical analysis of the colorimetric
and magnetic characteristics of the surface and core sections using X-ray diffractometer (XRD), colorimeter, vibrating
sample magnetometer (VSM), and Mdssbauer spectrometer. The chromaticity analysis showed that the surface area
has wider lightness variation than the core area (L*(lightness)= 42.70-67.78, a*(redness)= -0.78-4.11,
b*(yellowness)= 1.89-14.29 for the surface area, L*= 36.30-67.64, a*= -0.33-2.89, b*= 4.88-16.37 for the core
area) and most samples had very different colors on the surface and core side with AE ranging from 2.89 to
15.70. The magnetic property measurements showed that both the surface and the core part of the tiles had saturation

magnetization values ranging from 0.115 to 1.377 emu/g, indicating the presence of ferromagnetic iron oxides.
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Fig. 1. Correlation between surface-core color difference and

saturation magnetization difference in multichromatic-surfaced surfaced roof tiles.
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Remarkably, strong negative correlations were found between core lightness and core magnetic saturation, and
between color difference and magnetic saturation difference, suggesting that darke core sections correspond to

higher magnetic saturation due to the formation of magnetite under reducing firing conditions.
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Fig. 2. Correlation between the surface lightness and the magnetic properties of the core part of
multichromatic-Surfaced surfaced roof tiles.
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