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A Model for Activation Energy of
Moisture Diffusion in Wood*!

Ho-Yang Kang*?

ABSTRACT

An activation energy equation for moisture diffusion in wood was developed with an assumption
that activation energy is directly proportional to wood specific gravity. Theoretical activation ener-
gies obtained from the activation energy equation were revealed to be always lower than actual acti-
vation energies, which implies that activation energy isn’t affected only by wood specific gravity.
The other affecting factors are possibly anatomical structures of wood which determine a ratio of
vapor diffusion to bound water diffusion in wood. For the convenience of estimating actual acti-
vation energy by using the activation energy equation, thirteen kinds of species were categorized
into three groups according to their anatomical structures.
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Table 1. Activation energy values for moisture diffusion through wood and cellulosic materials.

Specimen Thickness Condition Activation energy Reference
(cal /mole)

Cellophane film adsorption 11,250 (3)

Cellophane film adsorption 12,000 (3)

Cellophane . .

acetate film adsorption 9,670 (4)

Ethyl . .

Cellulose 50 adsorption 9,500 (5)

Sitka 0.207 adsorption 12,000 (6)

spruce

American . rad. — 9,430 ”

beech N.A desorption tan, — 5.747 (7)

Loblolly . rad. — 8,328

pine 0.635 cm desorption tan, — 7478 (8)

Hemlock 0.635cm desorption 6,780 (9)
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Table 3. Drying schedules used for this study

Temperature. (°C)

EMC (%)
Dry—bulb Wet —bulb
30.0 16.9 5.0
40.0 24.0 5.0
50.0 31.7 5.0
60.0 40.0 5.0
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Table 4. Average diffusion coefficients obta-
ined from sorption data of alder and

sycamore,
. Temp. No. of Diffusion coefficient
Species
pect (°C) specimen  {cm? /sec X10°%)
AHT 30 11 0.198 (0.064)*
40 11 0.352 (0.134)
50 11 0.396 (0.127)
60 11 0.570 (0.216)
AHR 30 13 0.256 (0.016)
40 13 0.426 (0.035)
50 13 0.506 (0.050)
60 13 0.681 (0.065)
38T 30 13 0.213  (0.023)
40 13 0.387 (0.046)
50 13 0.469 (0.048)
60 13 0.673 (0.094)
SSR 30 9 0.263 (0.041)
40 9 0.470 (0.080)
50 9 0.493 (0.071)
60 9 0.813 (0.158)
SH 30 10 0.207 (0.027)
40 10 0.371 (0.041)
50 10 0.457 (0.029)
60 10 0.675 (0.093)

: Samnple standard deviations.,
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Fig. 1. Comparison of diffusion coefficients in
radial direction with those in tangen-
tial direction at four temperature
levels for alder heartwood and syca-
more sapwood,

e AT A0 g mEskl 2k 34 vE
g} AFAEY d¥dME 22 2HE AT



%19, Skaar®2 American beech & o] £3lo &
& & Astd i) MR o] WA EFe] Fat
& xeolFy] diolztn d9Edd. HeEE
(Pinus radiata) 2AHA} v &(Tuga heterop-
hlle) AAE AME3 AGFEE M E $22
=2 Ay 4 HAE AY3ne g 2L A
& dehe,

Z7) 8] AFFIidEHg wang ¥yl
o] AAs e wAEE S 5o H Mt
o] HEEEET AP E e R Bk 3
L J4E F o AARE di & A5
HAaurgahatoll A gEikikol AA e HiFol
o). A 3 Zo] ofsl WAtgHe] B FE o Rlo]
AAwakel AgpEate] XAH7] wEolgta
A g Uy,

3. 2 JEMALO LR

2118 o] g3t 73 FEALAUAE YA
Z (A Z-AART 718) thate] Fig. 2.9
vehdch 2 Aol A" 13 FFe B
FEEHA § 1ol BA] AT 53]
o AG5E SHAR AL UeAE 5
Fdg ®ASAC A& EiELdl v A(E) 7
v 3 (Se) ol Wb et MR Ped, & 4
[6]old ‘b=0dm & FEANTF Rz 2[6]9]
“b"e AA FHE EHidldxet FH A ek
ol & vhepdith

£ "y

=] -

£ 1w

~ - -
e ® =" e

g . . v .

S -»

-G ®1 | atder L e

5 OE 14l - 3. -~ ’*.:;

5 zg sycamore (s & b) ¥, IR B
[l S 3 o e B - "x -~

o 9 yeliow popiar (s) 0 =

g5 o x b v o, x
2| redoakty | o R,

=R ‘ - 3 ‘
2 31 )\ H |
+ i
Q |
< %2 o025 03 035 04 045 06 055 06

Specific gravity

Fig. 2. Activation energies of hartwoods and
softwoods are plotted against their
specific gravities, “b” represents the
difference between actual and theor-
etical{the solid line) activation ener-
gies,

Fig. 2.0 Bl wpe} go] A9 o] FHik
fpoll G EHRY L Yo zs g
B} H2A ey fZel EAU FE =
Bl Fole] & g8Rlel L vHtte AL 2
=l AMe) 23 Ao X B3 g
& Yehdie A FdE$ dx g4 (PST)
7 EYUR A (YS)E 325, d4894F 59
o3 FRo)EHNE HE X e FEE|T
webd FEHLNI R RENET, 2 B9 &)
ety pxo 4 vevy B F U

Zrpzdy Yau S FEiEfedv A 28
Pt d =gt AlelolA F§  “beE&
Table 5.9 teEllch  “b7ghe] E48 &1L
AHR HBEART Y YFE Fo] &S oA
o}, =& “b7gkg vlwslv] Wk Fig. 340
bt e 2 JeEhy ot

Fig. 3.914 BY +39 “b a2 WA gahd
of Hdubgkstal v R Eg 2A YElt o) 3
&4 WA (pine sap.) & A stz e 2x}ol7t 2
] gkt ulFro] walbd Adg S HA 2 Eikit
ot x|t Eibdbgke] WE MESKT o FA}
o7} A viebydtl F A4 WA AL
ek HBENET Y Fe AA Lo A
gpgate WENET O G882 Ao ¥A ger
i EE 4k

Fig. 3.9 Yebd vie} gro] HBHE T

.
[t
e Hze e i o8 1FUE B

it

&k

Table 5. Average activation energies and
the “b” values of various species

Thickness No. of Activation E, "b”

Species (cm)  specimens (cal /mole)  (cal /'mole)
PST 24.2 7 0.40 4566 (1646} 1278
PSR 25.3 3 047 7722 ( 338) 3859
PHT 249 2 0.33 7337 ( 7700 4625
PHR 25.1 2 Q.34 8089 ( 106) 2294
HHT 237 8 0.35 8493 ( 975) 5616
HHR 21.7 2 0.33 9236 ( 471) 6524

AHR 250 11 0.40 6526 ( 794) 3238
AHR 252 13 0.38 6543 ( 586) 3420
SST 252 13 0.53 7333 (1193) 2977
SSR 25.2 9 0.52 6872 ( 956) 2598
SH 25.0 10 0.56 7574 (1045) 2971
YS 25.8 12 0.44 419 ( 396) 579
RH 24.2 12 0.55 6166 ( 830) 1645

*: Sample standard deviations.
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