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Periclinal division of fusiform initials

- b. e d
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a, b a fusiform initial of the vascular cambium prepare to divide

c: the initial divides, forming two cells, one of which remains in the cambium, the other becoming a xylem mother cell
d, e: both cells begin to increase in diameter and length
, g, h after a period of rest, the initial once again divides.....
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a: two single ray cells are formed through reduction
of a short fusiform initial

b several new ray cells are formed by separation of
the entire short fusiform initial

c: two ray cells are formed on the side of a fusiform
initial

d: a new ray initial arising from pinching off the top
of a fusiform initial
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 A£F4E Wood fiber

o SE& Vessel

o $EEEELELR Axial parenchyma

Longitudinal parenchyma
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Microstructure
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Outer bark Outer bark Protection
Inner bark Bark
Conduction
Inner bark/Phloem
Cambium Production
Conduction, Storage
Sapwood Mechanical support
Cambium
Sapwood Wood/Xylem
Heartwood Heartwood Mechanical support
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If the growth in diameter is interrupted, by
drought or defoliation by insects for example,
more than one ring may be formed in the
same season. In such an event, the inner rings
usually do not have sharply defined
boundaries and are termed false rings.
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Resin canals are tubular passages in
wood that are actually intercellular spaces
surrounded by special parenchyma cells
called epithelial cells. These cells exude
resin into the canals.

The canals serve a protective function for
the tree by exuding resin to seal off
wounds caused by mechanical damage or
boring insects.
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Table Schematic Classification of the Chemical Components of Cell Wall
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4 % & W (Lignin-Carbohydrate
Complex, LCC)

Figure  Distiibution of lignin and polysaccharides on molecular level. This model for the S2 layers is based
ou studies by Sallmén and coworkers and Lawoko and coworkers. Most of the lignin is believed to be located
ber i xylan_but there are also some direct contacts between lignin and cellulose. In soft-

xylan) are frequent. In hardwood
the ghicomannan content is very low and thus the LCC between ligain and xylans dominates. For both types of

wood. the lignin covalently cross-links the different polysacclbarides forming networks.
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-reinforcement . . .
resistance to tensile load Mismatch in polarity
Poor interfacial compatibility

-encrusting material

resistance to compressive load

-interfacial coupling agent — Efficient transfer of stress
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Distribution of lignin in cell walls
of hardwood fibers
(Darker = more lignin concentration)
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“Variability of wood characteristics within
individual trees is fundamentally related to
changes resulting from aging of the cambium
and modifications imposed on the cambial
activity by environmental conditions.”

—Textbook of Wood Technology

|—¥@5
!

52



AHiREI AR

Variability of wood structure o---

----e Variations in chemical composition

within a tree of cell walls
o Celllengths o Celliose
o Cross-sectional dimensions of cells o Hemicellilose
 Microfibril angles in the cell walls o Lignin

i
Variations in physical properties of wood

o Specific gravity
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Cell length

i el syl Level curves indicating

a constant cell length.

In stem cross sections

Parabolic curves show-
ing cell length increases

%—MNM

Fraxines pennsylvamica

5
Among growth £ Thafapliats Softwood X .
increments B tracheids Curves showing contin-

g uous increase in cell
Within growth 2 length form the juvenile
increments g ! i i zone outward.

H

H

5

Along the stem length

A

Hardwood to a maximum, followed
ers by decease.
(I W W @
oter o et nscmres e e ik
Branches and roots
Juvenile - Stabilized functioning of the mature cambium
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Microfibril angle

4 4
In stem cross sections g
HE s
Among growth & 3
increments ) H
g2 52
Within growth - H
increments z H
ﬁ 1 g1
2
Along the stem length o N . = ° N
o 5 10 15 20 o 5 10 15 20
Ring number from pith Ring number from pith
Branches and roots MFA in soft d heids and hard d fibers are inversely related

to the cell length.
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In stem cross sections

Among growth
increments

Within growth
increments

Along the stem length

Branches and roots

54

Changes in the cambial initials themselves as they continues to
function in the aging tree are an important cause of variation. Postcambial
development of cells derived from the cambium is an additional major
influence on pith-to-bark variation. The changes arising from these
influences are expressed in the patterns of variation for cell dimensions, cell
wall organization, proportionate volumes of different kinds of cells, and
the chemical composition of the cell walls. As a consequence, the
dependent physical properties of the wood, such as specific gravity, also
change.
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In stem cross sections

Among growth
increments

Within growth
increments

Along the stem length

Branches and roots
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Cross-sectional dimensions
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In stem cross sections

Among growth
increments

Within growth
increments

Along the stem length

Branches and roots
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50
/— o
30 A _-——')sw
Tru:lmd wall thickness
10 s
s Increase systematically from the
pith outward, the increasing rate is
considerably less than that for
+ length increase.
R and T dimensions are smaller in
3 s latewood, whereas in the early-
27" Tracheid length wood the progressive increase in
LY o e Y ] the cell wall thickness is less than
5 10 15 that for latewood.
Mumber of rings from pith
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Cell length
T One growth ring | 08k 1 Onegrowthring H
sok Al
E. E 07
£
% 48t ?
b : 206 |
2 a6k | i E : |
g | ! ost i
| Early | | 1
4L 1 wood | 19 yood !
' i i s 1
0.1 07 03 0.1 02 03

Radial distance, cm Radial distance, cm
Cell lengths are at a minimum within the earlywood zone, increasing to
a maximum within the latewood, or near the transition from earlywood
to latewood, and finally decreasing at the end of growth period.
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Microfibril angle

e
In stem cross sections g
Among growth 2
increments £ Tracheid
LT gtk
Within growth
increments
=" . 1 .
Along the stem length 30 An inverse relation to cell
£ length as well: MFA varies
3 o Micwlbrille across the growth increment
E] from a maximum in the
z EW 1 o .
Branches and roots 0 I earlywood to a minimum in

g et precent the latewood.
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Cell length

At the base the fibers are slightly
more than 1mm long. A max

In stem cross sections length of 1.35mm is reached at

L the 50ft level. Above this
Among 9"°W(h = elevation the fiber lengths
increments decrease to less than 0.8mm at
Within growth the top of the tree.
increments

¥ 5 888483 §3

A In general in can be stated
that the maximum length for
tracheid or fibers occurs in the
outer part of the trunk in a zone
between 1/3 and 1/2 the tree
height above ground.
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Along the stem length

Branches and roots

64
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Braches, roots, stumps, and tops of trees together constitute about 25%
of the dry weight of a tree and offer a substantial source of additional
wood for pulping. However, the tracheids and fibers from these parts
differ from those in the trunk of the same tree.

In stem cross sections

4
Among growth
increments E 3
E -=="Lw
Within growth g i PO s G i) sem
increments i W i b P o
22— z
2 - w
2 Limb
Along the stem length -§ Z ;%»—" E }
= ! 77
2
Branches and roots % S 4 ; T )

3

66
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Cell length

In stem cross sections

Among growth
increments

Within growth
increments

Along the stem length

Branches and roots
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Tracheid length, mm

——= Early wood
o . L . s s
o 20 40 60 80 100 120 140
Distance from pith, mm
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In stem cross sections

Among growth
increments

Within growth
increments

Along the stem length

Branches and roots
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Cross-sectional dimensions

Softwood tracheids

Increase in the lower trunk and then decrease toward
the top in a pattern resembling that for tracheid-
length variation along the stem axis.

Hardwood fibers

Decrease from base to top of the tree.

EELEE] +rmmimanes

Along vertical axis from the base upward cellulose content decreases about 2%.

Cellulose content in hardwood indicates little change with age in either radial or
axial direction in the tree trunk.

70
X - Cellulase 30
Polysaccharides g a8
= 46
£ 0 “
Cellulose H
£ 40 42
Softwood 40 EW- w
H 30 T
200 a0 60 80 0 20 40 60 80 T00
Rings from pith Ring width, percent
Lignin Cellulose in the latewood not only is higher in

68

Increase from pith to bark in a
manner resembling the changes
in tracheid length.

terms of percentage but also has a greater degree
of polymerization, higher packing density, and a
higher degree of crystallinity than that in the
earlywood.
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Lignin content shows a general

Softwood
ot decrease from pith to bark; in
35 a8 axial direction lignin increases
a few percent from base to to
Reduction from pith to bark and :: of!he’:ree P
top to bottom of the tree. i " A .
Polysaccharides g 30 P Polysaccharides H :; i

Cellulose 5 General pattern of variation in
Cellulose o ‘gn lignin  content is sinusoidal
Z 25 i within the growth increment,
Xylose in the earlywood appears 5 & H '€ g i
Ml E’ Lignin to be 1 or 2% higher than in the Hemicellulose H yvlthhmaxlmlum amdountds found
z latewood portion; the percentages z 0w in the ehar%'woo g" mini-

E 20 are reversed for mannose. No o Ligain mum in the latewood.

Lignin Hemicelluloses difference is evident between Lignin B
earlywood and latewood  for » In hardwood, in both radial
15 galactose, and glucose and vertical axes of the stem,
0 20 40 60 80 inyoung trees. EW LW lignin  contents vary only
Rings from pith o 0 @ W o o slightly.
AR 69 Ring width, percent )

69 70
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Specific gravity has been widely used in studies of variation of wood because it can
be measured fairly easily and shows good correlations with cellular characteristics

? EATF $tot A4 HOH ol 2R TP 3R ) IR E T4 7
(celllength, cell diameter, cell wall thickness, the presence of extractives etc.).

6
A Type I [ —
Increase from the pith to the bark, 48 60
@1In stem cross sections predominant. 1n stem cross sections ) SP. GR. _
1 I B £ z
Among growth Among growth :_ ‘g e T §
increments Type I increments £
& e ) — 33 g W
Within growth Decrease outward from the pith, then \/ Within growth )
increments increase toward the bark. increments 2 2 % 30
& Typem ! /////////// “ a0 2
ype Speific ravity wood
. ol 2 T
Higher at the pith than at the bark. 0 10 20 30 0 0 10 20 30 40
Number of rings from pith Number of rings from pith
Rings from pith

72 73

] Airmamimes EEEEE] s

? SR P A A oA LU ol 2R TR 248 ) B AURA TS 7

Diffuse-porous

Ring-porous

£ B Specific gravity
H Specific pravity 2
. e =
In stem cross sections ,,l - @1In stem cross sections
Among growth
i ‘Among growth
increments 36 incremgeﬁts
U
Within growth o claese
increments 50 Lber g mtrleur: egr:&wth
1. = 8
z o
.§ 30 E a0 Cyclic with minimum values
B = Vessel volume in earlywood and maximum
§ Rays @ Ray volume in latewood. Abrupt transi-
— Rywim ] n t
i 6 20 30 W E o £l tions are characterized by
Rings from pith Riugs from pith steep slopes.

[
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Aty [PRETN Attgims (EEER

covalent
bond
.‘.’/
@° °®
faNTLE

BAREYRES JUFF 45 ZREY N
ANAFeEy R R KRAZ ARATEG AL

ANAF R RD
oke b

79 80

A (EEER Attms R

%0335/ . =ik (electronegativity) EEEEE

<—Hydrogen bond——

hydnagsn bond

N o F ‘
SRR
—
P 5 cl 3
41 as g | S ' e OHhond
o 99 pm
2

The tendency of an atom to attract a shared
electron towards itself.

) -
- Nonpolar: AEN < 0.4
0

H44eAL: 4.5 keal/mol
N Wil o boid Polar: 0.5 < AEN < 1.7 20 Iuw electron density EHRRER: 510 keal/mol
= :‘?»'E’.EF:{"E’E:S“‘ lonic: AEN > 1.7 n E::
-g ) © 4 éon.s = -~ | A free pair of electrons on one water molecule might be able to
o . = it 2o H: 05@005 exert sufficient force on a hydrogen held by a pair of electrons
® v H[°" another water molecule to bind the two molecules together.
0.9 2.1 10} |
Polar covalent bond lonic bond LiH BeH; BH3 CHy NH3 H0 HF
inequaly betweentwostoms,  valkece eecrons.

BEAMP2025 | 93

81 83

12



Aty [EEEIO

, U e
ose 187

2 [SSTE
os 13

x ca pE

o2 100 13

mos

o2 0m 12

o 8w

o om w1 °

o,

“ 10000t ---——2 -

e E oo /—'_\

I i H
ECI e + H

/ 0 2

3
Estimated bp of H,0 in Period
absence of hydrogen bonding

boiling point, T
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RARKRDF . TR ‘i’-zﬁ:htg\,%ii%'%ﬂ;iﬂi(HZO)n

o
"
Y W i
perer g "
WRCUT B O ozu.m
RN
M JA o \
_ o N
" o {55 s
o-l) b 139.4
o,
" o

o
#I® mmes

EANEREAT  RABLNERBEERRS | KR35,

Such cooperativity is a fundamental property of liquid water where
hydrogen bonds are up to 250% stronger than the single hydrogen bond
in the dimer.

86

At [EEEIO

BlRAKRZTF (K) | KRFFRCEGCARBRERLG, AR L. EEH
PHEFSEMR, EABRBRWAK, BEAS. BRI FERT L.

89
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At [EEEIO

RAKTF: £40H,0% F-H =Rk (dimer) X FE.

S
(H,0) ;9 EHIEEE13.2 k) molt
S . B
H:OH:O: S (acceptor ) $FEAE 1.88 k) mol

H #tK ( donor ) HFiEEE4.71 k) mol-t

I NS or KFES ? pa———

AKK: FTMEHAS FIAINMALFZRHE
ARK: F200EdAS T HEEINAS T ZRAE

BSAHE 2025
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B e | sk

AR Fuh R E 5K (surface tension) S 3821 (wetting)

surface tension

JiNE

Fpe g ‘surface attractive forces

Liquid on 8 nan-wettabl surface,

When atractive forces to surface I « 0 =10
exceed auid FokisE
*—— Hydrophilicity

xc . the liq
attractive forces on surface. wets the surface.

BEAME 2025
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AtpuEs |
IRoKiE
v,

Ataepaaok

IR
Moisture adsorption

B3R (Free water) B/ $EE K (Adsorbed/bound water)
o FETRIBEMREET o FETHARELERKH
o SAMEETER , HEIERHES « B ERSELEEAEENES
o SR, DEMRVF RN o SYER. DEMEREIEX

R&élh iy
— ! E ! ® I d::u-r

90

B Hydrophobicity
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i |

=smbA (capillary water) : E48xREAF HHTFTREERN @ RAPIKRD, £
AT AR R BER TR IS,

o 2M
HXRRAMA, W FRIAN | =—F——
AMHERE R TR I PRT Inh
Y

rEMEHE h SR

yo M. p-RINIERERKS). FE/RERE. BE
"ot 0.7 0.4 0.5 0.8 03 1.0
»ip MR
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EEEEE] sk

%aiR4mR . #gteia s (fiber saturation point)-1
<KiFE>

AR S, |
TR R Rk
IR,

—— = Tiemann (1906)

Moisture content when lumens are empty of liquid
water, cell walls begin to dry and strength begins to
increase.

_ ]

A 2R A RIREE P RRIRAIK S 5AT LA

Stamm(1971) AR AFET AR,

EMAREEFREER—AKE.

| 103

93

EEEEE] sk

%aiR45R ;. 4ieFa o (fiber saturation point)-3

Engelund et al. A critical discussion of the physics of wood-water interactions.
Wood Sci Technol, 2013, 47(1):141-161

FSP is not a state reached at a certain moisture content, but a
gradual transition from the situation where new water
molecules entering the cell wall result in breaking of intra-
and intermolecular (up to about 30%) to the situation (about
30-40% ) where new water molecules are accommodated in the
cell wall without breaking further cell wall polymer H-bonds.

95
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Tk 4| HmwsR | RT aF
Saturated Green } FS.P. } Air-dry Oven-dry
| |

I
| | I
I I
| |
I I
| |
I I
|
| |
| |
1 J \\ﬂ
Lo
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EEEEa] skt

fa3R4aR . 4 gteiaa(fiber saturation point)-2

Stamm (1929,1971)  Sorption isotherm extrapolation

MC when a strong change in physical (Berry and Roderick 2005) 10%
property of wood (shrinkage, strength) e Phase boundary calculation
occurs, around 30%. (Samuel 2016) I

St & Scallan (1967, Hoffi t al. (2011
one & Scallan (. ) offmeyer et al. ( ) e Solute exclusion method

(Hill et al. 2005)

e Pressure plate technique
(Stone and Scallan 1967)

MC corresponding to the FSP values are in the 38.5~42.5%
amount of water contained MC range for different softwood
within the saturated cell wall. species.

94

EEEEE nawssrmokasis

Water moves by two main mechanisms: capillary action (liquid) and diffusion of bound water (vapor).
Capillary action causes free water to flow through cell cavities and the small passageways that connect
adjacent cell cavities. Diffusion of bound water moves moisture from areas of high concentration to areas of
low concentration (Wood Handbook, 1999).

Water transport in living tree]

Flow
capillary Timber drying

action

Water B 71\

vapour (S| !

P! Diffusion A I

concentration . . !

gradient Daily hygroscopic |

Cell wall range |

96
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ARA R AR (Hygroscopicity) , T s A+ e sl 2K 5 3 st 2 20 o 36 B AR

o 8 §e%9 8 358 0.

Adsorption Desorption
ERES SERKE
sEniFa| B |SEHATA KHLR
FE IR KHmA=E
ks SHFEE ® ¢ .0 ‘ ®

AN E R d

0%e%0 o9

I
IR (Sorption)

I : RSk FRISERAERERZ

97

ity B

BREFRL . —RREIS, REE SR T AR T8 S RIe) KA, 2S5,

4 Lignin 0 Hemicelluloses . N . P
- Condensation of liquid water in capillaries

n
=]

o 100

o 8 Khad l
% 60 - Capillary water is insignificant below
= 40 99.5%RH

g

E

]

o

T

., 0,.{ 0,0
"8 T e
Softening of HC might increase the

5 1‘0 15 20 25 3 35 capacity to accommodate water in cell wall
Moisture content [%]

102030‘060”70 80 90 95%RHg

n
S

o

? BE . AM PSS FRERREERD FRERRIZISTRAAL 7

05 | 109

99

‘ ARSI

F0IRIEIR . BT RADIR () — —F 553 5%

Sorption EMC at several RHs for yellow birch

RH 40% 50% 60% 70% 80%
Singlestep  5.47 7.47 9.11 10.54 14.19 . G
Multistep ~ 5.16 7.05 8.6 10.19 13.69 -~

| £\ —TE  —BEUSSAROTERAER|  Gioss 5. et s Short hod times i cynamic
vapor sorption measurements mischarac-
terize the equilibrium moisture content of

i s N wood. Wood Sci Technol. 2016.
D AT — kS Bk RS A0

101
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iy [

MR H desorption
GRE, ) H
s
%
2m

BEAHE2025 | 108
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B Aot

SWIEIR . RATRAEORA — SR I

Relative humidity

Sulfuric acid solutions  se——

Saturated salt solutions —
Temperature RH  11%  22%  33% 47%  62%  75%  92%
Conditioning oven soIS:tli‘nn LiCl  CH,COOK MgCl, LINO; NaBr  NaCl Pb(NO,),

Qs R s T R A A T 4 A )

100

A4 o
(=]
AHIHIEF \*mgn&mﬁ

R BIFEIW: FREFTRAGZICTNFa Rk,

luti Hailwood-

phenomenon| Horrobin
“00)h04 05 06 07 08 09 10
_ 2 3 04 05 06 07 08 09 I
h/ m=A+Bh-Ch Plot of h/m against h for resorption and

desorption based on the mean values for the
woods and barks of ten species, Okoh and
Skaar (1980)

Moisture
sorption theory|

i WOODDES)

102
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Ay (BRI At (R

R RBEIBICHY ST R R IEIRICEY LA
Wood-res. Bark-res. Wood-des. Bark-des.
h/m=A+Bh-Ch? A IRTEERTESKEAIEOE. RH/% MC/% RH/% MC/% RH/% MC/% RH/% MC/%
@sorann, sozmsae 70 m m ve mo o x w
R R =t =S itEaS s Bl = : = = :
A ESFREKTLIEHAMAERE 712 1255 659 1161 728 1595 633 1246
Eqagg*$ 86.2 17.13 733 1331 81.8 19.11 711 14.13
H-H = w0 0]
97 Wk Z £
WEX Dissolved water ™ maobszh/(1-bzh) ix il = A B c m, b, b,
£ - Wood-res. 164 143 121 594 1026 0777
£ Barkres. 148 146 124 591 1148 0789
Dent £om, “ — Wood-des.  2.23 83 7.0 870 515 0712
EAT  (TEBEK oy mobbh(1-bah)(1-bhebh) E o 2 — [—— T . ) ) ) :
IEX  Secandary water — S 2 Bark-des. 118 125 101 634 115 07
reimive hurmey (%) f

63 04 05 06 07 08 a3 10
meAE2025 | 113

103 104

2025 | 114

B |+ tuomise EEEEE] ot

AR R IR HAR S0IRIEIR T B ARSI Y 4 S
20 T
9.8 !
15+
& Dent &im; > H-Hem, = !
& 1
ol & Dent Fim, < H-Hem, = : . 0.0 0.0
g g ¢
: £\ 242 2
| ? .
. : oiee oy
5 ﬁ‘).ll :
Simpson (1973) T ASTFERM
H-H sorption theory out of ten selected 1
0 models gave the best fit to experimental data . B'ED 2:] — A s'n

an 60
on i X HA (%)
Mean sorption isotherms for wood of ten species

and calculated m;, m,, m;, m, and mq.

105 106

Attt [T EEEEE] A imomia:

WMAFRL . REEEI e s (Sorption hysteresis) : —RARHH (GRE, RIL) F, AHEBRF
BERERFBRAFHERIFTaHINR,

400,

" £ b4 BEFS , KDFH IR EATE-HEE
o s SR | NIk g o A/D=EMC,/EMC,, (sD)
in 2% BERRER. E « A/D1, IHEHIE!
i: E ol » 5 © A/D~0.75-0.9 , FEEUANDE. RESEFHMIN
e £ mwwe e “a Emc, emc, AD A
o it 3 RH EMC, EMC, A/D A/
- 2, g 40% 402 547 0734
" 0 20 40 60 & 100 E 50% 610 7.47 0817 - X
R Relative humidity [%] - = 60% 746 911 0819 ' o
BEFE  REEHR w 70% 865 1054 0821 | . '
REFE , EMCTIE , AMMIRESRE TS AR, 0 80% 1200 1419 0846 ¢
Relative humidity (%)

Mean  / / 0807

107 108
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Hews 04

Cell wall elasticity & polymer arrangement
Plastic deformation

Free volume in a glassy state of the polymer
Relaxation of the amorphous region

110

ity B

R BRED D5

Initial stage

adsorption

02 kimmie  wv 4w
B HA-TE I
s

03 EumiEie

RR-4RRRERGE , (R , O
TR AHIEETIR , i , 6K

Equilibrium

12 hours

B o | Attt
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IRRIIT B ML (FIh-2RTK)

— Energetically 3
AEO]VG T—% ‘—’ Hardening |—| unstable hSorptlor}
i structure lysteresis
L -

i oo N 1
g 85 - \ ¥
2 \ i
: i
: 3
i i
i !
’ £
&
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B Aot

R BRE D% FPEAFRSKSAMRI
e A

Moisture transport  in
wood can be described
by Fick diffusion equation.

Sorption is related to the
relaxation rate of swellng ———
stressin wood cell wall.

e
The first stage (fast) is
controlled by diffusion,
second stage (slow) is
governed by relaxation.

Moiture content (%)

Time

3 weeks

My =DMy 1-2m My 1)/ A4 (1),

Xk wE eR

Kelly & Hart (1970) am/at=D(a2m/ax?) Eie
Nakano (1994) m= m/{1+exp[-r(logt-c)]} REHFE

Zhang et al (2007) m= m,-(m.-mg)exp(-ath) FAtEE

Hill (2010) m= mg+my[1-exp(-t/t)]+m,[1-exp(-t/t,)] =iy

Ma et al (2010) = arellieeleliim® el e

113

‘ ARSI

RBBREDDHE: RPARSKFINE

Sitka spruce
20(T) X 20(R) X 4(L) mm?

25C 45%-75%RH

Sinusoidal wave

REANET
115
/ \
105
/ \
' et
0 ) ) PG
7 56
5 e
0 M0 2880 4320 560 7200 8610 Subce W ide Centr W idk Sufice
Tie @)

115

114

‘ ARSI

MEIHFRT, R FRTOBPLIE=T
2 MR P RFAREIY I, EREPES
REYF AR, B4 jE B R

Water vapour diffusion

Cell wall Pit

Cell lumen

Moisture transport in softwood below FSP in longitudinal
direction of wood, Krabbenhoft and Dankilde (2004)

116

Im/at=D(3?m/Ix?)

Moisture diffusion coefficient

(N

Water vapour ‘ > ‘ Bound water ‘
|

& SFARTAM , Eaky BH
NG, BT F RIS
KT MRS BERAN R - IR
(@) IR
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Dlem?ia] x107

o|. D=0.4X107exp(0.11m) cm?/s

FESKEIERIBM

meal
long

% %
Fitw)

Bound water diffusion coefficient against
6.7 i

n MC at 2 Sitka_spruce in
itudinal direction, Stamm (1959)

Karol, Robert, et al (2015):  An increase in adsorbed|
water content leads also to an increase in diffusion coefficient|
by increasing the distance between microfibrils

0
20
.
-
)
i
oS
ok BERERNA RIS
MCI%)
L ) ) [} 0 »

Transverse bound water diffusion coefficient
(log scale) as a linear function of MC for
several temperatures

22025 | 124

iy [

KRFRESD DS RIEEIRT

80 80
g g
<60 dsorption +—— SURHEERRHT =60
5 ® $ 4 JE— § 0T successivesarorpion prosesses
g
£ O i & £ s s
o
= ” Non-equisbrum state L " Non-equiibeum state
0 5 10 15 o 5 10 15 2 25
Moisture content [%] Moisture content [%]

Adsorption and  desorption  for  small
specimens of White oak in vacuum between
3.0-9.8% MC, Kelly and Hart (1970)

Successive adsorption for small specimens of
Klinki pine in vacuum from 0 to 22.5% MC ,

Christensen and Kelsey (1959)

| A WEIEERAE. REIERISE | HANRSRATES KRN,
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ity B

KR BED D5 REETK

Spruce\Poplar _3C

I
iz (u]

LTIMRISIN
(FLUKE Ti55, 25M)

119

OD: adsorption
20(T) X20(R) X2(L)mm?  22%\47%\75%RH FSP: desorption

LIHMAEIE
mEn

ETHEIRIERT
(HBE0.1°C, #5E03°C)

o] PR

EhEE D -
B R
L3 EEE Y

BEANE 2025 |

L) | ek 3 OIS T

REREA: RSN E

RENE  KTRE > TS (23FAR) A

OH
OH
HO tz HO, '0H
HO, 0.
OH ‘on
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AT F-EiHHARE
) RAESZ R

AHEAE TR R T R TER . 7%
TAREN, BEHARI, WD REN

SNRBBMILTER (2%, D) TAM
o RS o L €2 B PR BT

TRIZALHEIEIR T ARM R E e 5L TRAT I

120

BRERE: RSN E

EKEHROH—OD

BARE : ARFZHRE (mmol/g)

ity [ENTE T P

Sorption sites

Sorption
thermodynamics

Dielectric / mechanical

relaxation

Low field nuclear

magnetic resonance

LI | ek 5 ST

Wood polymer Formaula usit Mulecular mirs. OH-groups.

[g/mo] Cellobiose
Cellioe o ‘ o ERHEEGTLIELH8. 6mmol/g.
C o - FSP=A0%meR , MR
Lignin ity \[; N;N M ‘3’%264\7](5:}?
Ligit Colll 817 » o FERSEA , HEERNE
oy P s J; LR

Hill & Jones (1996)
FUFRBEFRRIERR —— AHFIRRERHF(5.7£04)mmol/g —— SMEEFIAHE3INKSF

121
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OHgee =

M0,dry AMhyarogen

Amgyy [ Peak OD

OHgee =

[ Peak 0D + [ PeakOH
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L | Ateik sy omsersie

B Z . PRI R IR

REH-FEHAR %
Q,=0.254 [d log (1/h)/d (1/T)]

g (tin)

? FRWQREMEHESK ) 2

A WEFEIRE FRIASRE TR
% | BRI —&/KEI RIAIERSE
EERNRE | fElog(L/h)-1/TEME
ESIERIE S TR

g (i)

00028 0.0029 0003 0.0031 0.0032 0.0033 00034

FREEKETFlog(1/h)H1/TZEMEMRER , HRI2(2001)

BmEAME25 | 131
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LI |+ K RS

RPFA DS RIEB)

PR =12 25°C\50°C\75°C & ™|
35(T) X 35(R) X 5(L) mm? 20%. 40%%8fRH =

Time Mc /g 4G/)/gwater T45 /1] g water
Mo % waerTosso 75 25 50 75

1 -1575 1407 1910 161.9 -298.2 -348.5 -319.5
2 3586 679 1403 887 -426.4 -498.9 -447.3
2h 3 3639 454 1147 69.7 -409.3 -478.6 -433.6
4 2913 328 876 533 -324.1 3789 -3445 |

5 2763 203 705 377 -2966 -346.9 -314.0
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L | Ak S RS

P H DS ko s 2 (Differential heat)

Ak SABEKZ ATk ks |
Q=Q,-Q,
Q
QLo AkNARER R RENE °
Q- 1gEIBKERREBIOHE () .
Fsp EHIK
L PEBERETAS T SAERAEE o —
QKIS FSAMERAHENES L=

? B A AR D RAET BRI M RN ?

125

ity [ENTE T P

RPHHM LS B B AEIR AR R I

BEHEEEL
Free energy change Di
AG = (RT/18) In (1/h) TAS = Q, -AG
A ETKS FEKAM, ﬁﬁ@%ﬁg@@*ﬁéﬁﬁ
o o TASH
HPAHID 7 FESMRR ERE kS T IR
—4

AR PR AR AT KT - TAS F2hiss
BRI AL,

AEAMF 2025 | 132
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A5 R AHSRIEE
[ I . 0z 4w
; E i ; A 1
R % . FE
W oo om L
Bw, boms
 #F R -
xR ET 1 A s
w B omp bl S £ % %
¥ ke & wF Z '
# e e b e ¥ ¥
m (a) Temperature (T) (b) Temperature (C) M
TN RIS (a) RS (b) IR (HRLLIR , 1996 & 1999) e
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Rz gl | A ATk S ROBRTE IS %

TRIDEFTFALRESEIR . RIEBI]- Ry RIE SR

L T, distribution and assignments of saturated
i 8 Norway spruce, Thygesen and Elder (2008)
52 BRI KSR
" g"’ 1-10ms IREK-A
3 | 10-100ms A EHEHX-B
i >100ms EHERRHK-C
= | A THE , AMRIKORIRE MR- RIS FEA
- | MRS,
g & HHAHIERINMRIESEHN , FAHMT,HHE
Zu
.
o : . i BEAME2025 | 138
133

LI | ek 5 ST

TR3HEITF-IEuESE IR . 3@ PI3-FSP

Bk HaK HRRRERFLIK =]::I3
(8 | T,(ms) MC(%) T,(ms) MC(%) T,(ms) MC (%) K
: : DEE—NET
11410 107 1268 873 6765 7654
4015 102 1182 113 6008 1202 A SEEKERE40%

TLARE, Ak
1437 151 6048 771 R 7T A ok
1378 102 5415 462 20%6 , BHXKAZE

SFL
13.84 0.96 46.13 192 BIER.

A B RS KENTRE,
1436 052 4726 051 Zak. BmKET,

.

35.70 1.00
32.03 1.00

2854 1.00
25.15 1.00

21.88 0.96 11.62 0.34 53.50

BRdE, 2,
530:111-117
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G ek s

TRIDEITT-HEESEIR . R BIS-FSP(H-9h)

10%MC | I
Babiak(1995) X B 4
100%RHF&5 B AKEE—R
IR ISR
( hygroscopicity limit, HL ) (cell wall ion, CWS )

Yo Wi WL W) P T W LY Tl BN R T

Li, 1Y, Ma, E.N., Yang, T.T. Differences between hygroscopicity limit and cell wall saturation investigated by LF-NMR on Southern
pine (Pinus spp.). 2019. Holzforschung. 73, 911-921.
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Question: please write several keywords
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Li, J.Y., Ma, E:N. 2D time-domain nuclear magnetic resonance (2D TD-NMR) characterization of cell wall water of Fagus sylvatica
and Pinus taeda L. 2022. Cellulose. 29, 8491-8508.
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‘
/W = 0.005(s, ) arctan (w/2r) () N
where &, and , ase the tangential and radial shriskages, respestively, snd asctan
(w/2e) Is the angle § o T a8 T W

According to Eq. (4.45) the extent of cupping d/w is directly proportional to
the difference in tangential and radial shrinkages and also to the angle ¢ whose
tangent is w/2r. For a board of a given width, w, the extent of cupping decreases
with distance r of the outer surface from the pith.

Valid only for flat-sawn
boards which do not
include the pith
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Liu, H.Y., Zhu, 1.Y, el al. A close-up view of the intra-ring variation of transverse shrinking and swelling in Chinese fir
using digital image correlation without arificial speckle pattern. 2023. Wood Science and Technology.,
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2 RS waie/Z® —ESEM (Environmental scanning electron microscope)
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During initial desorption from 95 to 90 or
75% RH, an expansion of the lumen and a
shrinkage of the cell wall were observed

+ Swelling hysteresis was pronounced

Relative humidity (%)
Zhan, T.Y., Lv, J.X,, Eder, M, el al. In situ observation of shrinking and swelling of normal and
compression Chinese fir wood at the tissue, cell and cell wall level. 2021. Wood Science and
Technology. 55, 1359-1377.
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Kulasinski, K. Physical and Mechanical Aspects of Moisture Adsorption in Wood Biopolymers
Investigated with Atomistic Simulations. 2015. PhD Thesis, ETH Zurich.
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Pagjanen, A., Zitting, A, Rautkari, L., et al. Nanoscale mechanism of moisture-induced
swelling in wood microfibril bundles. 2022, Nano Letters, 22(13): 5143-5150.
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Chen, M. Y., Coasne, B., Guyer R, et al. Role of hydrogen bonding in hysteresis observed in
sorption-induced swelling of soft nanoporous polymers. 2018, Nature Communication, 9(1): 3507.
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Kulasinski, K., Derome, D., Carmeliet, J. Impact of hydration on the micromechanical properties of the polymer composite structure
of wood investigated with atomistic simulations. 2017, Journal of the Mechanics and Physics of Solids, 103: 221-235,
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