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Fig. 1 Raman spectra of red inorganic minerals in this study.
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Fig.3 Raman spectra of green inorganic minerals in this study.

— Fe,[Fe(CN)J,532| 5, o

Fe,[Fe(CN),];-638
— Fe,[Fe(CN),J;-785

1600 1800 2000 2200 2400 2600
Raman shift(cm™)

B4 ASZRZE AR R IChL o 2 5Eis 1

Fig. 4 Raman spectra of blue inorganic minerals in this study.
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Fig. 5 Raman spectra of white inorganic minerals in this study.
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Fig. 7 Raman mappings of inorganic minerals with different color systems.
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Analysis of Micro-Fine Mineral Pigments Based on Laser Raman
Spectroscopy

ZHU Wei'*, XU Wenjing', SHEN Aiguo"*
(1. Hubei Key Laboratory of Biomass Fiber and Eco-Dyeing & Finishing, School of Chemistry and Chemical
Engineering, Wuhan Textile University, Wuhan 430200, China;
2. School of Bioengineering and Health, Wuhan Textile University, Wuhan 430200, China)

HIGHLIGHTS

(1) 25 types of mineral pigments were tested by Raman spectrometer with 532, 638 and 785nm lasers thereby
building a detailed Raman database of common inorganic mineral pigments.

(2) Mineral pigments of different and similar colors were analyzed by Raman imaging, and the diverse fingerprint
characteristics of micro-fine mineral pigments were further verified.

(3) Raman mapping achieved accurate identification of 1pum micro-fine mineral pigments.

ABSTRACT: Micro-fine pigment minerals have been widely used in artworks, and their particle size, types, etc.
determine the quality. Accurate and non-destructive analysis of the composition and distribution of micro-mineral
pigments is of great significance. The existing analytical methods include color analysis, but it is difficult to directly
determine the minerals’ type by the chrominance values. X-ray diffraction, scanning electron microscopy and
energy disperse spectroscopy have been applied to the identification of mineral components, but these methods carry
the risk of damage to the sample and the process is complex. Here, a non-destructive analysis method for micro-fine
minerals based on laser Raman spectroscopy is proposed. Firstly, 25 types of mineral pigments were tested by 532,
638 and 785nm lasers. Then, mineral pigments of different and similar colors were tested by Raman imaging, which
detected about 1pm minerals in the microregion. This accurate analysis method achieved the composition and
distribution of micro-fine mineral pigments, which is suitable for simultaneous analysis of various micro-fine
mineral pigments. The BRIEF REPORT is available for this paper at http://www.ykcs.ac.cn/en/article/doi/10.
15898/j.ykes.202403260068.

KEY WORDS: Raman spectroscopy; mineral pigments; micro-fine minerals; microanalysis

BRIEF REPORT
Significance: Pigment minerals are widely used and well known materials for artworks due to their rich bright
colors, and excellent chemical stability!'*. Micro-fine minerals of less than 18um play a significant role in pigment,

4-14

determining the color quality, such as homogeneity, and layers'*'*. Therefore, accurate identification of pigment

composition in micro-areas is crucial for scientific archaeology”®. Previous analytical methods are limited by

[15-16

qualitative challenges with direct analysis of color differences and chroma!>'®), potential damage to samples by

X-ray diffractometer'”), and special requirement of sample preparation'*”),

This study firstly established a Raman spectral database of 25 types of common inorganic mineral pigments
using 532, 638, and 785nm laser excitation. Raman micro-area imaging was further used to analyze micro-fine
mineral pigments, covering a range from different to similar colors. More importantly, micro-fine minerals by
Raman imaging in the 1pum range were successfully detected, which is an unprecedented result for accurate analysis
of micro-fine minerals, and shows the potential applicability for accurate analysis of various micro-fine mineral
pigments.
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Methods: Laser Raman spectrometer was used to qualitatively measure the inorganic mineral pigments. All Raman
results were obtained from a laser confocal Raman spectrometer equipped with 532, 638, 785nm lasers (HORIBA
XploRA PLUS). Before measurement, the Raman spectrometer was calibrated using Raman shift at 520.7cm ' by a
single-crystal silicon. 25 types of inorganic pigments were categorized by visible color and then tested by Raman
spectrometer with optimized conditions. The original Raman spectra were treated with an automatic background
deducted process, and then the derived data were drawn by Origin software.

To clarify the detectability of the micro-fine mineral pigments, Raman mapping was performed for multiple

mineral pigments under different and similar color systems using their characteristic Raman shifts. The pigments
were placed on a glass slide, Raman imaging was performed on a selected area based on the point-to-point collection
with a 20X objective lens, and the Raman results were processed using Horiba’s LabSpec software.
Data and Results: The Raman technique was used to directly investigate chemical constituents of mineral pigments
based on their fingerprint spectra. A Raman database of 25 types of inorganic mineral pigments was built as shown
in Fig.1 to Fig.6, showing their spectral fingerprints of different minerals under 532, 638, 785nm lasers, which
belongs to non-destructive testing methods.

Raman imaging based on mapping technology was further employed for studying spatial distribution of mineral
pigments, and aimed for distinguishing micro-fine minerals in micro-areas of pigments. As shown in Fig.7, red,
yellow, blue and green pigments can display different colors under the optical microscope, and Raman imaging can
also recognize detail in mineral species regardless of the shape and size. Color changes of pattern usually depend on
the combination of different mineral pigments, and as there are many choices of colored mineral pigments, color
identification becomes increasingly difficult. The Raman imaging of the three similar colored minerals shown in
Fig.8, display obvious different constituents from the Raman characteristic peaks of each mineral. Interestingly, the
Raman images show that the analytical method could detect as small as 1pum mineral particles with high accuracy,

providing direct evidence for the identification of fine minerals.
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