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Table 1. AR iz 1T 2IEKOIERERE (40°C)

Mean diffusion coefficients of moisture sorption in wood at 40°C.

WO | it E | SR | TR | Peaks (TEEIERA x| Do
(# %) Equilibrium|{Time for half
Wood S.G. Length of |Direction | moisture | equilibrium

'species diffusion of content - X108 %108
(cm) diffusion (%) (days) (cm?/sec) | (cm?/sec)

0.214 1.877 L* 4.5 1.0 (hrs) | 193 —

0.237 1.164 R* 4.5 2.2 1.40 1.14

0.299 . 1.132 T* 4.5 4.8 0.604 0.560

0.214 1.812 L 9.2 5.6 (hrs) 31.8 14.8

2 ¥ 0.237 1.155 R 9.2 1.0 3.05 2.94
0.289 1.138 T 9.2 2.7 1.09 1.71

) 0.214 1.885 L 15.0 0.75 (hrs) | 258 —

Sugi 0.240 1.164 R 15.0 16.25 (hrs) 4.54 —
0.291 1.133 T 15.0 1.5 1.94 1.94

0.288 1.847 L 22.5 7.4 (hrs) 24.4 24.5

0.287 1.185 R 22.5 1.4 2.27 2.15

0.294 1.119 T 22.5 1.8 1.57 1.42

0.406 1.895 L 4.5 3.0 (hrs) 64.9 —

0.398 0.941 R 4.5 6.9 0.291 0.346

0.391 0.902 T 4.5 16.7 0.110 0.077

0. 407 1.900 L 9.5 4.5 (hrs) 43.6 16.42

Py 0.415 0.933 R 9.5 2.7 0.731 0.864
0.390 0.903 T 9.5 4.8 0.386 0.533

Todo- 0.402 1.864 L 15.5 3.0 (hrs) | 63.0 —
matsu 0.401 0.941 R 15.5 1.6 1.26 1.26
0.392 0.903 T 15.5 1.9 ©0.972 0.985

0.400 1.956 L 22.5 9.4 (hrs) 22.2 19.6

0.387 0.965. R 22.5 1.8 1.17 0.935
0.390 0.887 T 22.5 2.1 0.847 0.748

0.570 1.819 L 4.5 3.2 .(hrs) 56.0 —

0.587 1.175 R 4.5 7.6 0.411 0.416

0.626 1.136 T 4.5 21.4 0.137 0.111

0.570 1.809 L 9.5 3.2 (hrs) 55.6 —

> 5 0.631 1.177 R 9.5 3.4 0.934 1.107
0.610 1.134 T 9.5 7.7 0.378 0.394

0.569 1.940 L 15.0 7.0 (hrs) 29.25 29.6

Buna 0.580 1.203 R 15.0 2.1 1.56 1.61
0.622 1.133 T 15.0 3.7 0.786 0.75

0.569 1.980 L 24.5 18.4 (hrs) 11.58 10.38

0.567 1.187 R 24.5 2.7 1.18 0.880

0.553 1.165 T 24.5 4.5 0.682 0.477
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Table 1. (Continued)

WO |k B | wweER | sRosn | Teekk [TEENERN D | Diw
i (Z.ﬁ 2 Equilibrium|Time for half
[ Wood S.G. Length of |Direction | moisture | equilibrium
' species diffusion of content, X 108 X 108
; (cm) diffusion (%) (days) (cm?/sec) | (cm?/sec)
‘ 0.600 1.896 L 4.5 6.6 (hrs) 29.55 —
0.543 1.174 R 4.5 11.2 0.267 0.284
0.545 1.150 T 4,5 22,8 0.131 0.093
0.609 1.789 L 9.0 3.0 (hrs) 58.0 —
+ 5 0.537 1.172 R 9.0 4.8 0.648 0.686
0.538 1.151 T 9.0 9.6 0.312 0.343
) 0.609 1.870 L 15.0 7.0 (hrs) | 27.2 27.25
Nara | 4 537 1.172 R 15.0 3.2 0.972 0.863
0.540 1.148 T 15.0 7.6 0.393 0.436
0.539 1.907 L 23.0 15.8 (hrs) 12.5 9.26
0.531 1.184 R 23.0 3.6 0.881 0.645
0.535 1.160 T 23.0 5.7 0.535 0.313

#¥) * L:#/5H Longitudinal, R: #£AFA Radial, T : )R Tangential
** Dyp : PEEGKERD 1/2 12287 B B oked 7= 5T E IR

Mean diffusion coefficient obtained from half-time.

Dy : INERVEE 2 b 3Rod - TR I

Mean diffusion coefficient obtained from initial rate of sorption.

Me=1/2 DL &0 t/al2 Off, Dyz X ERD half-time OREIZ L > T OIBES L < ZBED
EIGIEEARE Ch Do Mt 1ZFER £ 12V TARM RIS L X R L72KDOLE, Mo iZRHEANCE
BCETSETCRAMARIR, dLIRBREHTIROLBTH S,
SIPREARE Dyz 13 ED X 312 LT half-time DRELD RDZZ ERTEBAR, ZhidEre, KB
¥ BB OTEE R AbdRRC L o TRDHN S,
Dy.=D1 =_4”—R2 ............................................................... (3)
R=d(Mt/Mo)/d(2/12)1/>
F#c D1 OfkRD BT, Mt/Mo<0.3 OFFET, ¢ OMIFR ST R24RM ¢ DT L > TH
FEL7z

ED L3Iz LTRD BN IIRBRET, BRTICEIT 2 ES FHEOIBHRERC, [EDOIKEEEK L X
BHYRITHZ L, scale DERNOIBEOLHLTHY, -—ROSSTFWED 3\ iEEESICS
1T BKROBHRK & S WENERSEL IR,

m X 8 & B

1. % i)
BBEGRIZ AV 72RO LE, KEEESE, FESKE, half-time 3 XOWEE X Y #HHE L - FHi#
[ZE5%, Table 1 iz 4 BEORBOREEFAICOVWTRLTH S, Fig. 1 1E+ F= Yo, $E,
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The rate of moisture sorption in different structural directions (Nara-wood).
L, R, T denote longitudinal, radial and tangential directions.
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Table 2. A#HiciT 3 BHEKROIEARE (40°C)
Mean diffusion coefficients of moisture desorption in wood at 40°C.
W@ | ® | muER |keose | FROTEE BROSKER D
(# %) Initial Time to reach
Wood S.G. Length of |Direction| equilibrium |half moisture
species diffusion of moisture content X 108
(cm) diffusion c?%e)znt (days) (cm?/sec)
0.214 1.877 L* 4,40 0.5 15.95
0.237 1.164 R* 5.17 2.8 1.10
0.299 1.132 T* 5.21 7.0 0.414
0.214 1.812 L 11.50 0.4 18.5
x % 0.237 1.155 R 11.39 1.2 2.52
0.289 1.138 T 12.21 2.4 i 1.22
) 0.214 1.885 L 15.60 0.4 ' 20.1
Sugi 0.240 1.164 R 15.34 .o | s
0.291 1.133 T 16.00 3.0 . 0.963
0.288 1.847 L 22.00 0.3 | 25.65
0.287 1.185 R 21.80 0.7 i 4.53
0.294 1.119 T 23.72 1.0 | 2.83
0.406 1.895 L 5.22 0.5 14.7
0.398 0.941 R 4.40 6.9 0.291
0.391 0.902 T 4.97 . 16.9 0.109
0.407 1.900 L 12.11 0.4 20.5
Ry 0.415 0.933 R 11.55 2.5 0.789
0.390 0.903 T 12.16 3.2 0.578
0.402 1.864 L 15.64 0.5 15.72
Todomatsu 0.401 0.941 R 14.92 2.0 1.00
0.392 0.903 T 15.03 3.2 0.576
0.400 1.956 L 22.69 0.52 16.65
0.387 0.965 R 22.90 0.90. 2.35
0.390 0.887 T 24.26 1.30 1.37
0.570 1.819 L 5.20 0.7 10.25
0.587 1.175 R 4.92 9.1 0.343
0.626 - 1.136 T 4.61 20.4 0.143
0.570 1.809 L 12.22 0.5 15.7
7 5 0.631 1.177 R 12.46 3.3 0.947
0.610 1.134 T 12.93 7.5 0.388
0.569 1.940 L 16.43 0.7 13.1
Buna 0.580 1.203 R 16.44 2.3 1.423
0.622 1.133 T 16.74 6.2 0.414
0.569 1.980 L 25.94 0.6 13.9
0.567 1.187 R 25.93 1.0 3.35
0.553 1.165 T 26.44 1.9 1.62
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Table 2. (Continued)

BOm |k | mmER | | FEOTRE BROSICERl  Du
(# 2 Initial Time to reach
Wood S.G. Length of |Direction| equilibrium |half moisture
species diffusion _of moisture content X 108
(cm) diffusion co(r%e)nt (days) (cm?/sec)
0.600 1.896 L 5.05 0.9 9.05
0.543 1.174 R 4.72 13.6 0.229
0.545 1.150 T 4.56 17.6 0.170
0.609 1.789 L 11.58 0.56 12.9
- = 0.537 1.172 R 11.76 4.80 0.647
0.538 1.151 T 12.06 7.40 0.404
0.609 1.870 L 16.38 0.83 9.55
Nara 0.537 1.172 R 15.08 3.2 0.968
0.540 1.148 T 15.26 7.4 0.402
0.539 1.907 L 24.56 0.75 10.96
0.531 1.184 R 25.36 1.55 2.05
0.535 1.164 T 25.60 2.90 1.06

¥ * L:#A5H Longitudinal, R: }XHF Radial, T : g} AR Tangential
** Dys: PEEKED 1/2 1283 B0 bR 7= PSR EIRK

Mean diffusion coefficient obtained from half-time.

FEEKEDT — 2RIV DT, TOFRICOWTIERERZ Lidbhrbicl e LHALEBRIN-4EO
HIZ2OWTiE, FXThR EROBRALRALDLN, THRRICORIBEBOFE L BT 3 LWL 1ICHE
ETAZ Ldbhrd, ZOZ LIZOWTRHBOE TS 706020, REBLEBBEICSVT, Dk
FEEXRBOBMBOHRRILBZ LT, WAVADERTEETH S, BEHMOFHIHAEOERT,
HERPEMERECL > TERENZIZLIZDIDAATHSH, TTIZ STAMM LPYOBN-RALNH
HEREVZ, GHOLNOIOHBTEN L EENICHEN TS LiklebEEN X S cBbh s,

2. B i)

R OBBEE L, FTRIFFOERE RDOTHENLSHEINTEY, T~ 23BETHD, Ti
bbb, FKE, BRE, BEAR, HELLIZOWT EERAD D WITERNT — 2 REEIL TV 3P,
L7=03 T, ARMRICIT ZBUBRBO IS IBINL, A—MEAVT, SKERL FREE & OBRER
BOFEOELNLEERTBZ &, bUTRE—HE BV T b7 MREEFOKDOIKBERE L BT 5
L THDo THHLDHBIZOWTIHHDETORBZEEL, ZZTRERICE > TZONHBEE L
BEAAOHEKR, HELOBRYITHLNMIZL, EBIZIDF—2hb HtEIN: FHKBRK
D r &KROBRERT S0

RBtOLE, REEEEE P (723B80) KK, JEBITE, half-time, SPEIRBRRELE OfE
IZ—EL T Table 2 KRLTH D, ZOBBORBIZAV72EBHL, RBIZAV/zDOLL2{A—DH D
T, RBITL o TPEICEL 7R %, RIZSBEBETHBE L7, LIzB > TREDEKEITO L
182 RELDTHD,

ZOLIRLTADN/-HBEEL, REEEOCHELRALC, MAROEERRD AE L, $&, )
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Rate of moisture desorption in longitudinal, radial, and tangential directions of
Sugi-wood having different initial moisture content.
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Rate of moisture desorption of Buna-wood in three structural directions.
BARRZhico¢ (Fig. 11), ¥7: Fig. 10 0b#Wb ik 510, BUREEIOIE KR L wHs Bl
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Fig. 11 i1 ¥4 KER 4.5, 13, 16.4%D7 FHOBBEE X R L T 540, TOEEIV-THOE
&izd, i EE, UHRFADIEE > T3, BB X 3HEBEEEOHEEIRBOBALALHLS
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Rate of moisture desorption in three structural directions of different
wood species having E.M.C. of 24%.
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Fractional loss of moisture vs. time curves for
Sugi-wood.
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Nara-wood vs. time or time!’? curves.
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Relationship between initial moisture content and
mean diffusion coefficient in the longitudinal
direction.
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Relationship between initial moisture content and
mean diffusion coefficient in the radial direction.

Relation between initial moisture content and mean
diffusion coefficient in the tangential direction.
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Moisture sorption and desorption curves for Buna wood in
the radial direction. Figures on the curves show E.M.C.

(for sorption) or initial moisture content
(for desorption) values.
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Moisture sorption and desorption curves for Todo-matsu
wood in the longitudinal (L), radial (R) and tangential
(T) directions. E.M.C. or initial moisture
contents are 4.5%.
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Moisture sorption and desorption curves in longitudinal
(L), radial (R) and tangential (T) directions of

Todo-matsu wood.

E.M.C. or initial moisture
contents are 23%.
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Relation between moisture content and logarithm of mean
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diffusion coefficient in the longitudinal direction
for sorption and desorption processes.
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The Rate of Moisture Sorption and Desorption of Wood.

Tokuo YOKOTA and Kimiko GOTd

(Résumé)

Mean diffusion coefficients of moisture sorption and desorption processes of wood were
evaluated from half-time measurements for Sugi (Cryptomeria japonica D. DON), Todo-matsu
(Abies Mayriana M1YABE et KUDO), Buna (Fagus crenata BLUME) and Nara (Quercus crispula
BLUME) in three structural directions at 40°C. The basic equation is

A

—aa_ct— =%( ;f) ............................................................ (1)
and the mean diffusion coefficients were calculated from

Dy = 0,049/ (8 A1) 15w+ vervemveeemmemiereneennasnnsissssn s (2)
where C, x and ¢ are defined as weight (g) of moisture per unit basic volume (cc) of wood,
length (cm) which contains basic volume* of wood per unit area, and ordinary time scale (sec.)
respectively. Dyz and ! are mean diffusion coefficients from half-time measurement and length
of diffusion (thickness of the dry specimen). (#/41%)y: is the value of #/4/% at half-time (value
of tat Mt/Me =1/2). Diffusion coefficients were also calculated from the initial rate of sorption
and using the following equations :

L L - T PP
D1 1 (3) ‘

e e e T
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R=d(Mt/Moo) JACE/IZ) 112 urrenrerieiiiiiiiiiiieesaniie et ~(4)
where D1 is the diffusion coefficient evaluated from the initial rate of sorption and desorption,
Mt and Moo are the amount of moisture sorbed or desorbed at time £ and at infinite time.

The sorption was carried out over saturated solutions of MgClz, NaCl and KBr, and pure
water, and the desorption over P:0s.

Effects of structural directions, equilibrium moisture contents and wood species on the rate
of moisture sorption and desorption curves (Mt vs. #/2 or ¢, Mt/Me vs. t or t*/2), are shown
in Figs. 1 to 6, 10 to 16. The mean diffusion coefficients Dyz or D1 calculated from equations
(2) and (8) are shown in Tables 1 and 2, and Figs. 7 to 9, 17 to 19 show relationship between
D and moisture content for three structural directions in the sorption and desorption processes.
According to these data, D in the longitudinal sorption decreases with concentration, but D in
the desorption does not change appreciably with concentration (Fig. 24). On the other hand,
- D in the radial or tangential directions increases monotonically in the desorption process, but D
in the sorption process shows a maximum (Figs. 24, 25). Difference observed in the rate of
sorption or desorption with wood species should be attributed not only to the difference in the
specific gravity but also to some structural properties (e.g. effective area of the pit membrane
pore).

Comparisons were also made on the sorption or desorption curves of bulk wood and cell
wall of wood (Figs. 26 to 28). The changes in D with concentration is generally higher in the
cell wall diffusion than in the bulk wood diffusion (Figs. 29~32).

Physical meanings of diffusion coefficients obtained by many research workers for bulk
wood + moisture system under different scales have been discussed. And also the dependence of
D of moisture in the cell wall of wood was analyzed with FUJITA’s free volume theory. The larger D
in the high concentration region of the desorption process than that of sorption process was
considered to be due to the limited swelling property of wood, explained by the micro-Brownian
movement of polymers which contributes to the hole or free volume formation in the wood

substance.

* Basic volume of wood is defined as dry weight of wood divided by density (specific gravity)
of the bulk wood.



