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ABSTRACT The Yeongheungdo shipwreck was excavated in the sea of Seomeopbeol, Ongjin-gun, Incheon, Korea.
Chemical characterization of timbers from the shipwreck occurred via maximum moisture content, chemical
composition, FT-IR, solid state *C NMR, and XRD analyses. As maximum moisture content of the outer part of the
timbers averaged 623%, a phenomenon in that lignin increased relatively, according to the decrease in cellulose, and
the ash content increased, which is typical of waterlogged archaeological wood was shown. The results from the FT-IR
and solid state "C NMR analyses showed that the cellulose band of the outer part had disappeared or had remarkably
decreased. In addition, the bands assigned to lignin dramatically increased. However, regarding the inner part of the
timbers, hemicellulose and some crystalline cellulose and amorphous cellulose bands decreased. Therefore, a large
difference exists between the degradation levels of the outer and inner parts of the timbers of the Yeongheungdo shipwreck.
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ol A oA EFEUtH= A, S AR M
GadSA & 2R (wiggle matching) o= 24
1} 95.4%2] AlZ] 7oA A.D. 710~730¥ 3} A.D.
750~774d02 Shold AL Fqsle] B2
HA =] Qlth(National Research Institute of Maritime Cultural
Heritage, 2014).
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Figure 1. Samples for analysis of maximum moisture
content and general chemical composition.

1990; Kim, 1990a; Kim, 1990b; Kim, 1993), ZZo]l= &
A A whiat F solid state °C NMR, *'P NMR,
XRD, GPC, ICP 59| £4 4 A-gsto] AFE X3
3}l It Bardet ef al., 2009; Salanti ef al., 2010; Lionetto
et al., 2014; Pizzo et al., 2015; Oron et al., 2016). #at o}
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Figure 2. Sample for analysis of FT-IR, solid state Bc
NMR, XRD. (A) Outer part, (B) Inner part.



2.2.1. Z|CiELg

B4 AR Mg 2L S ARt vAel B
of Fele7Ie & maAR WEATh ESAS) L =
e 3 105 C oA Fego] & wi7kA] A= & HAFF
2 =23} th(Jensen and Gregory, 2006).

e, = Mowe Mo g
M,
Where, MC, . : mass of maximum water per mass of
cell wall material(g/g)
M, ., - mass of water in wet sample(g)
M, : mass of cell wall material(g)
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ASAEE 1 ms, HeEgE 43} AZES 5 5, DEATS
10.3 ms?] ZANA EAFIHTE XRD(X'Pert PRO,
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A= E AFE3}HTH(Segal et al., 1959; Lee and Kim,
1992).
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Table 1. Maximum moisture contents of outer part in waterlogged archaeological wood(%)

Samples 1 2 3 4

Average

Maximum
moisture contents

594 767 510 391 518 623
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Table 2. General chemical composition of waterlogged and recent wood of Pinus spp.(%)

Extractives
Holocellulose  Lignin  Ash
Hot water 1% NaOH Ethanol-Benzen
Waterlogged
archaeological wood 2.43 18.16 1.13 15.43 69.28 8.28
(Outer part)
Recent wood 2.51 15.44 3.77 79.04 26.86 0.10
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Figure 3. SEM-EDX diagram of the ash of recent wood.
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L A8A= 2.9 : 19 HIEE ERAEE e FA5H
PRIl 20 e A o2 27k e et
ol9} Ze AT ThRL SHH R Balso] Ao
o= Fade] ST AoR fPuTA Y Ikl &
Zo|tH(Hoffmann and Jones, 1990; Hedges, 1990; Kim,
1990a; Kim, 1990b).
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Figure 4. SEM-EDX diagram of the ash of waterlogged ar-
chaeological wood.

Z A" Aoz BEXo] SAH JEo|tk(Fors et al,
2008). Fe AAA7F skl i o] 9l& of 54 HiE=
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3.3. FT-IR
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uh e WEe FnAgR e A HAEYSS o
4 ItH(Kuo et al., 1988; Pizzo et al., 2015; Oron et al.,
2016).
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Figure 5. FT-IR spectra of recent and waterlogged ar-
chaeological wood. (A) Outer part 3, (B) Inner part, (C)
Control.
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Figure 6. Solid state BCNMR spectra of recent wood and
waterlogged archaeological wood. (A) Outer part 3, (B)
Inner part, (C) Control.
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Table 3. Relative crystallinity of recent wood and waterlogged archaeological wood

Relative crystallinity(%)

Outer part 41.7
Waterlogged archaeological wood
Inner part 45.1
Recent wood 51.6
- GEEA AW 433 Yo Beta S T
I 22 B %1 H°ﬂ/‘1 Uehlis E42 adi=
HolFQloh & sHA o) whsf,

2-Theta

Figure 7. X-ray diffraction profiles of recent wood and
waterlogged archaeological wood. Outer part: solide
line, Inner part: Dashed line, Control: Dotted line.
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