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Application of Terahertz Technology in Cultural Heritage Conversation

Li Chenyu, Qu Liang

Conservation Standards Research Institute, the Palace Museum, Beijing 100009, China

Abstract Terahertz technology is widely used in the field of nondestructive testing owing to its unique characteristics
such as excellent perspective, low energy, high spectral resolution, and exceptional time resolution. The terahertz
technology is particularly useful in obtaining the spectral information of precious cultural relics and can confirm the defect
positions in their internal structure. These results can provide the technical support for subsequent conservation of cultural
relics. This paper summarizes the domestic and international application prospects of terahertz spectroscopy and imaging
technology in nondestructive and in situ testing. Terahertz technology can satisfy the requirements of national

conversation, which is contributed to solve the exact problem of domestic cultural relic restoration. It has a certain

promotion value and is of considerable significance for national conversation.
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Fig. 2 Influence of pigment particle size on THz spectra™. (a) Change of colors by varying particle size; (b) THz spectra of celestite

with different particle sizes; (c) spectra of painted samples observed by FTIR
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Fig. 9 THz transmission spectra and absorption spectra of three traditional Chinese pigments"”. (a) (d) Blue pigment azure; (b) (e) red

pigment cinnabar; (c) (f) yellow pigment, arsenic yellow
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Fig. 11 Schematic of THz wave scanning imaging™”
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Fig. 13  Simulated sample". (a) Optical photograph of graphite butterfly sketch under paint; (b) THz image of sketch under paint seen

in Fig. 13(a); (¢) THz image of sketch through 4-mm thick plaster
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Fig. 14 Wall paintings™”. (a) Optical photograph of the original mural; (b) optical photo of the new mural on the original mural;

(c) underlying THz image of blurred murals
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Fig. 15 Multilayer fabric sheet from canvas painting in 1850, (a) Multi-layer fabric sheet containing oil and/or resin content under the

new linen sheet; (b) double layer fabric sheet with or without paint and its THz image
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Fig. 16 THz image of a multi-layer fabric sheet from a mummy"™”. (a) Sample and measurement area; (b) THz reflection image and

cross section of embroidered fabric sheets; (¢c) THz reflection image and cross section of embroidered fabrics covered by more

than two fabrics
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Fig. 17 THz image of a wrapped mummy at the Metropolitan Museum of Art in New York”". (a) Measurement device;

(b) observation area; (c) images obtained by X-ray CT scanning system
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Fig. 18

THz image of the mummy’s shoulder and center™. (a) Reflection image of the shoulder; (b) cross-sectional image along

dashed line aa’; (c) part of the output signal at point A; (d) THz region image of the central region
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Fig. 19 Preparation layer model and THz cross-sectional image of dry process
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Fig. 20 Nondestructive analysis results of fragments of Danzhao Temple murals in Inner Mongolia®. (a) Test points of Raman

spectrum; (b) pigment recognition based on Raman spectroscopy; (¢) THz reflection image; (d) XRF element analysis result;

(e) near infrared reflection image
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Fig. 21

Results of data processing™. (a)(b) THz images after data processing; (¢) THz images without data processing;

(d) (e) data processing processes
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Fig. 22 Oil painting on iron foil with size of 15 cm X 11.5 cm, a crowned Virgin standing in the countryside™”
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Fig. 23  Oil painting on tinfoil with size of 25 cm X 20 cm, San Geronimo holding a cross™”’
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Fig. 24 Three different types of lacquerware, including Kentai, Kiji, and Hikimono
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Fig. 25 THz image of a ceramic can
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