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Fig. 1 Pictures of waterlogged (a) and dried (b) artificially
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Table 1 The mass loss, basic density and maximum water content of artificially degraded waterlogged wood samples
PUSLIpIRrS R R FEAREE /(g em™®) R EIRE/ %
papiice ik 4.51+0. 37 0.333+0.012 227.60+17.28
20%NaOH 2 (3 ) 23.71+3.13 0.30740. 022 255. 80+22. 70
20 % NaOH 25 (5 ) 25.33+3.12 0.28640. 022 274. 44427, 32
20% NaOH 21 (7 ) 31.23+1.75 0.309=+0. 031 262.99+33. 11
20 % NaOH B (14 d) 31.2643.50 0.31340.015 254.14+16.71
4l K -7K A 33.89+0. 48 0.24740.012 340.23+19. 97
1% NaOH-7K #4H% i 51.5541.87 0. 18240. 004 524.33+82. 36
1% NaOH-E 25 12 55 -7K $u ik A 47.5740. 17 0.158+0.018 575.87+70.98
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Table 2 Hardness value and reduction ratio of artificially degraded waterlogged wood

o A B2 {6/ HA R X Xof HE 4 R AT L 9]/ 26

VOB LTRPS - ~ - - - ” - -
H O i [ERIN| XY K91 T 2P X YT

Xf B2 118. 00+2. 21 108. 58+6. 87 112.50+2. 59 — — —
20 % NaOH &1 (3 d) 86. 75+5. 05 90. 23+4. 52 94. 94+5. 22 26. 48 16. 90 15. 61
20 % NaOH &5 (5 ) 78.5045. 69 82.1546. 07 88.7347.02 33.47 24. 34 21.13
20%NaOH 23 (7 86.2549. 26 88. 4845. 60 91.17410. 94 26. 91 18.51 18. 96
20%NaOH & #i (14 d 77.71+7.67 87.19+6.51 87.81+11.45 34. 14 19. 70 21. 95
4K - 7K 95.7848. 35 90.7247. 65 93.00+5. 34 18. 83 16. 45 17. 33
1% NaOH-7K #8x 55.6946.51 71.1747. 65 77.75+8. 61 52. 81 34. 45 30. 89
1% NaOH-H. 55 332 - 7K $5k 45.94+5. 57 64.21+6. 42 74.36+7.60 61.07 40. 86 33. 90
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Fig. 2 FTIR spectra of artificially degraded
waterlogged wood samples
(a): NaOH method; (b): Hydrothermal method
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Preparation and Spectra Study of Artificially Degraded Waterlogged Wood

WU Meng-ruo, QIN Zhen-fang, HAN Liu-yang, HAN Xiang-na”
Institute of Cultural Heritage and History of Science & Technology, University of Science and Technology Beijing, Beijing
100083, China

Abstract The preservation states of excavated/salvaged waterlogged wooden artifacts vary greatly. The inhomogeneity of
degradation and restricted acquirement of sampling make many necessary qualitative or quantitative analyses of wood properties
and protection effect evaluation tests difficult to carry out. Therefore, it is urgent to develop a laboratory-controlled artificial
degradation method to obtain sufficient waterlogged wood samples with good repeatability and uniform properties for preservation
method research. This paper selected sound Pinus sp. wood to make artificially degraded waterlogged wood by NaOH-vacuum
impregnation-hydrothermal combined method. The maximum water content (MWC) of the artificially degraded waterlogged
wood was 260% , 340% and 575%, respectively, corresponding with the widely recognized degradation states level of low,
medium and high degraded waterlogged archaeological wood according to their MWCs. Fourier transform infrared spectroscopy
(FTIR) results indicated that the cellulose structure of the wood was well preserved though the hydrogen bond partially broke.
Hemicellulose was degraded significantly, the main chain, as well as side chain, were broken, and the characteristic peak at
1 732 cm ™! disappeared; Lignin was partially degraded. and the relative intensity of the vibration absorption peak of aromatic
lignin ring at 1 508 ecm ' decreased and shifted. Near-infrared reflectance spectroscopy (NIR) showed that all the three major
components in the samples were degraded. Hemicellulose was the most degraded, followed by lignin. The increase of relative
content of lignin, reflected by the increase of relative content of C=O . A broad peak was formed in the 1 536 ~1 580 nm
region with decreased peak intensity, indicating that the hydrogen bond structure within and between molecules in the cellulose
crystallization region was broken. Compared with traditional methods, the concentration of NaOH solution using the combined
method was reduced from more than 50% to 1%, and the treatment time was significantly shortened from several months to 10
hours, which proved that the degradation efficiency was greatly improved. The MWC and the degradation degree of the chemical
structure of wood cell wall of artificially degraded waterlogged wood was many controller and higher than that of the existing

methods. The state and performance of artificial waterlogged wood in this research were similar to archaeological wood.
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