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Abstract: [Objective] This research was carried out to explore the differences and reasons of moisture
sorption thermodynamics between archaeological wood and recent wood, and provide a theoretical basis for
the protection and research of excavated archaeological wood, and be conducive to improving the
dimensional stability of the unearthed moisture-saturated wooden relics. [Method] Ancient and recent
cypress (Cupressus sp.) were used as research objects, and the microscopic morphology and chemical groups
of the wood samples were characterized by scanning electron microscope and Fourier transform infrared

spectroscopy, respectively. The adsorption and desorption isotherms for both wood at 25 and 50 °C were
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measured by dynamic vapor sorption, and fitted based on the Hailwood-Horrobin moisture sorption theory.
The differential adsorption heat Qg, Gibbs free energy change AG and differential adsorption entropy AS of
the wood samples were calculated by Clausius-Clapeyron formula to analyze the discrepancy of sorption
thermodynamics between archaeological and recent wood. [Result] Compared with recent wood, the cell
wall of archaeological wood was decayed obviously. A large number of cell wall pores and mycelia were
found. The cellulose and hemicellulose were degraded seriously with increased relative content for lignin.
The content of polar group —OH and —COOH decreased. Under certain temperature conditions, the
equilibrium moisture content of archaeological wood was higher than that of recent wood, while the values
of Qg and AS were lower than that of recent wood, and an inflection point occurred at the moisture content of
5%, corresponding to a saturation of the monolayer water. On the other hand, there was little difference in
AG between archaeological wood and recent wood. The values of Og, AG and AS of archaeological wood in
hygroscopic equilibrium state were lower than those in desorption equilibrium state. [Conclusion] In this
study, it was found that the cell wall structure of archaeological wood decayed after a long time of corrosion.
Compared with recent wood, the degradation degree of cellulose and hemicellulose in archaeological wood
was the greatest. And the moisture sorption of archaeological wood reduced. Under certain temperature
conditions, the hygroscopicity of archaeological wood was higher than that of recent wood, but its
thermodynamic values were lower. There were thermodynamic sorption hysteresis of archaeological wood.

Key words: archaeological wood; Cupressus sp.; microstructure; moisture; sorption thermodynamics

M A, ARAAE g —Ff R IR AT A 1 B DR 2
PR, DAILURE R 1 B AR R AR PR 85 22 R 1 R 2 N
&%, T ZNHT AP EERSAJT . BEE
BUAREL A ER I R A N AW & JE,
by AR AT M 75 o S MR 2% o 2 5T )
— R A YIAERL, TE RN T R R SR A
W AN AR P23 K & AR BT St
“Riksapplet 5 PP </ G HE T 5 PiAEl. «me i
[ S REARPIEE g th 2% ARM B Fe g4t T F s )
e

Crestini &'z HI X 5 G A7 5 A4 4 H 455 1) O
VEXT IR B ARRE AR BEAT A, W90 R I 25k AR A
AR VAR RTTER AR R B A
N T E R A AR, AE 25 T R AR AR IE 95 1T 2R
o Lucejko &5z F #A A S €3 — o 5 156 H vk
XTHCH ELEE 22 2R R AR S AT T Ry
GIHT S FE S A BT B G AR FE AN G T A B (1 2 A
WRIIZE AR 20 TR P ERH R
2 AR5 ST AT 4 2 5 b DR P SRR, Al SR I
(1) IR HETH 5%, 2 W) 508 B 7 R AR, AR5
X BRI

b R IO 45 48 R AR AL, AR AR KRR B 5
Wi I 7K 73 W 5 47 A, DRI AT ) 45 i R B it 2 ATk
I3 W BRAR N 5 ik AR 5 R 7K 231 B AE B A P

AT 73 1> W Guggenheim-Anderson-de Boer £ %4 1

Hailwood-Horrobin # % 1094  Guo & ['IF]
Guggenheim-Anderson-de Boer #1515 2|4 T ¢
T ARIE A (Machilus pingii Cheng ex Yang)F i [

T K ZE KA 7.388 kg, 10 AH R AR Fi AR A
1) 8 KR JZ K AN 4.602 kg, 25 AR B K
FEOKE ARSI T 61%

KA 7K 53 W A e R 0 SR A B A A B Bl e 1
AU, TR B T Bt A B BOK A A HLEE, A
BT A5t b3R5 2% o R4 5 7K 3 AH BLAE R 7 T8 )
G55 WEB R E 242 (Picea spinulosa) 1E7K
53 W Ik R RO TR A 03 W R L B R
FEANWTIG K . Simon S5 UAIF 8 17 78 W I R fiAE I~ i
& N Y FA (Pinus radiata) W55 W 165 (8 BE & 7K
A 2, 25 R s A AR RSP K 2R e
T FEEVR R A 70 W B K T IR AR

FE MR T b, W90 2 o 40 ff BEXT
ZH AR KW AEAT AT, HIEUS T — e ik
J&, T8 2 i AR (R IR B 8 2t 5 282, T HL %
B ) B R AT AR R AT
£ 25 T AR A IR AR AR B~ A PR A T Bl B A
H HH RE AR A Sl s i = K/ B, IF
43 3 R HE T 2 U8R (scanning electron microscope,
SEM). {d#f HL i 21 41 % 1% (Fourier transform infrared
spectroscopy, FTIR) 73 #T %5 i AR 4 1 248 it B 45 44 #11
P2 o3 AR AR, T 3 725 Ty AR O 46 74 5 FL K
IIWREAT 9B IR B8R 22, TR A0 R 5 EARR
PAAE 7K 53 W B 8 73 2 7 T 1) 22 S S FL LR, 9 Mg
B BRI 5 R 5 7K 4y 2 TR B AR B R L) 5
S8 R FEA, [ I 0] g 3 R 5T SO ) AR A B A
BlEEAR YR, DA b B AR7KOR BSc 5 3 s b oK o
A EAE R, 3@ AR B RS Ra e .



128 b mw # kK % R

545 4%

1 #8577 &*

1.1 # #

AT T i 25 b AR B R SO AT T B
R (R R AKE R B, B FC B S A (1 4 ) A
B E A R, IR MR (Cupressus
spOVE N IARKT BEH
1.2 ZAREERIR AL SR RAE

B ¥ 30 U0 F ML (REM-710, Yamato Kohki
industrial Co., Ltd, Japan)ill#3 X524 1 mmCfli[]) x
2 mm(5Z[A]) x 2 mmA2 [A)D A AR5 o R A5 BAR
AR GRAFE R EHOh 3), T SEM W%
£ 80 C B E AT A ok ol TR B B E 5
HEAT I 4 A0, B E SEM(S-3400, Hitachi, H A
W RN 3 kV, S AR ACRE 1) 40 i 25 7 13 AT 5%
WG T 25 15 AN R B TR A1 D
1.3 LEH SR

I BE AL 25 o A 5 BB in Lk
100 H LR BIAKS, FR1E 80 C B H 25 T A0 b T4
2R EEE, ZJEK AN 5 IR 780 1R G K
il oz B, LA ZEAR6 15X (BRUKER vertex 70
V, A D SRR AT AU 2 AT, G A 400 ~
4000 cm™, 23N 4 em™, AR EER I BN
32 Ko BEREMEK 3 W, BUFIME.

1.4 EHIHAZENE

W AR AR BARAK M BE S I T8 20 mg
FEARRA, FHHET03+£2)C FTHEEREE
€, T 375K 5 9 B (dynamic vapor sorption,
DV . K & 4 FE N DVS |, 23 5l ik 1E
SETE R 25 1 50 °C, AHXHEEE L 10% AFREEM 0%
BN E] 90%, kS8 N ZE 95%, SR )5 Rl & 90%, i
LA 10% JH6FE I\ 90% BEAKF 0%, 1 FELE AR AN HE X
0 RE N S8 T B R A ST S AR AR A
TORIESAE 10 min /N T 0.000 1%/min, A A FE
st 8 B W /AR WP AT D, AR E Bk N TR — AN AR
TREERARE o A RSEERR 1 min 10 I8R5 5 IR M
X S AN, 49 3128 T AR AN IARA A 1) W
SR R -1 1 U PR ot 2

| A Hailwood-Horrobin 7K 43 W & ¥ i 10153 #r
FIT 3R AT 1) S5 T R Bttt 28, A 7E A [R5 AH O B2 2% F
NIE B S KR AT RIA N
18 ( KnKqH KqH ) O

M=Mh+Md=— +
m\1+KyKqH 1-KqH

s MO 5 7K (9005 My, K&K R B
08090 My NSRRI $0(9%0); m N FAALEEIR
OB E LRI 28T AR M R (g/moD)s Ky, A/KEKE

TR IK Z 18] B P13 85 Ky NI RK 5 IR 55 IR 1R
) T B HONAEISTERE (%) .
B DB L2 IR, Bkl

H
— =A+BH-CH* ()
M

4. B. CHZBANMESE, 4. B. C 5 Ky
Kd‘ m E/‘]a\%:%y‘j

m 1

A= —X—o 3
18 KaKn+1) )

m Kp—1
B=— 4
18 Kh+1 ()

_m _ KKy
C_IS Kn+1 )

S8 o A AT 45 5 A5 O 25 0 B 2 5
HE AT TR FI S B 50 A, By C WML ST T LA SR
W m K 1 K (018, 2SR O S FA bho
7 20 R K 2 K RS (10 K %, 1] 2
TOKAM AL 5 R

il FH 4% L BB Y DV'S O 0L 2 26 R Y 25,
#t— @it Clausius-Clapeyron 2 3543 5l i 55 %
oAb 5 B A I B T A O T th 5 1K
AG RS AS, 7 W72 5 A b 5 TR A M 7
IS R A2 5, S 2R B A S T

1 1
Qs =0.254 d(lnﬁ)/d(?) (6)
RT
AG = —Wln H (7)
AS = OQsAG/T )]

K TR (KD R A5

T F1 H [P{E B DVS S50 A 2R 3R 8L, 248
Ja o a6 (DA E] Og M1 AG KIE,
LI EARF] AS.

2 HR 536

2.1 HpREELE

Bl 1 A ARSI BT D] )
SEM B Jr o %f LE 25 i AR 5 AR A BUR, wTRLK
WAES IR I R KR T, S AR E G
V) J2 &4 A B LR AT A X 5 B AR O, 240 i B 25 44
KA TR, 5IACKM 2 E8A 7 4 i HE
FUAH L CE 1b), 25 by AR ol T I 7] 38 52 3k A= ) 1%
i, ZHPRSE R R AR, 20 R P AR B A

BART S, 5 AM 4 fuie bl b = 7% fL
T CE 1), BRItz 4h, It AR A ) T AT W25l
JE B A A5 (B 1o, JFA W 2R A AE (B 1D, %
R 22 A 2 3 B0 T R A P A PR 5 v 52 380 R A ) 5
KB M B . Guo S5 i 280 B2 A e ok



54

ZESEHESE: AR BURARIAR 7K 73 I B ) 27 LU 5 129

a Z i AM DI (ICRAESL 1 000)

Cross section of archaeological wood (magnification of 1 000)
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Cross section of recent wood (magnification of 1 000)
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Fig. 1 SEM images of archaeological wood and recent wood
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Tab. 1 Moisture sorption hysteresis of archaeological wood and recent wood under different relative humidities at 25 and 50 C
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