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A Discussion on Relationship between Electrical Conduction
and Structural Change of Cell Wall due to Moisture
Adsorption and Desorption

Naohiro KUurRODA and Juichi Tsursumi
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Fig. 1. Effect of moisture content(M) on the electrical conductivity (¢) of sugi-wood
for the longitudinal and tangential directions. Conductivity values are at a
hundred seconds after application of DC voltage.

(a) logo—log M relationship
(b) logo—M relationship




123

LickioT, AMOBLEES, £28KROHEREBLT—204 =X ATHHALD
CTTERBEELNEEZLNSEY 5, BALOWEEZELL->T, BEESSFIOLT
@ Hearle OEHEAMAEHAT 3 2 &EMEA SN, &KkRK 20 BL T OEKE
WHTHNE, BBLEZAMOBREGHEELHHPATEZ LINTEL,

AT, Hearle OB#icLhiE, AMOBREERIIZ, ROXIKRDLTENTE
60 ’

oc=Npuxe

c 2T, NREAEES.D OREREDOHK L34 & v OBHE (mobility), o I
B (degree of dissociation), e |3 TR (charge) TH 5. Nxa | i3, 8L A v Ok
(number in conducting ions) Z#E:L, BEINic KDFEKDBEICENA A VI
BEET 2HEE D OYEORBBEIC L > THRESN B, it,ﬂfibénégﬁﬁi,‘
%4%/&*M%E&®ﬁ®&%ﬂ,%i04ﬁ/®$ﬁ@%®%ﬁCwﬁémU5&%
ZbNbd,

LT AT, BRKEEOBIL &L S transient capillaries thd k4313, ‘é'V\“C;&»—ﬁi;
WEZHEDODLI TR, KYOMBEEE~OREN ZKEAD O OERICL > TR
> T 5. FDih, transient capillaries DHhTHa V& 7 2 YRR T HEBH S &
EZioh, DT, FEAF Y OBEEDLT NXa BIUOBEHE v 2, ThThol
EBICL->-TRUEBSDEEIBTNRELRE, LichsT, BREHEEE, ROX
SWIEDTC ENTE B, '

g oc N1C¥1,U1+Nzazﬂz+ """ +Nnot,,/,zn

TCT, 1, 2, niE, BREBOBRESDLOEBOE DX VRET L ORI RE
BOBESEZRTETIE, D> D, k7, thm>m>>u Thb, T180B,
SKEMNEBBCER RESPLOERPREBREBUELIIZICLLEMTHE D
5, BARBELNEBIKONT, BEFaBSEML, »O44 Y OBHE 4 d-INT %,
DT LR, AKBRELRLEE, 414 VORBBERC SR B DO 5 vF — (disso-
ciation energy) BELUBEMEES T LD D i v¥ — (energy for mobility) A/h
XLHBY CLRBL B, £CAT, NixXay, NoXay,, NXa, &, ZhZhoRs
BTEREZECEESTIEEA A vOREEDLL, BECEEEZTZIEDLEELLNT
W3, LichioT, BOFEBREKOANEET L EEZLNEHS BUTOEKED
HETH, s NOBEEDOEENADOLNIBVY 0T, BECLFICLBEEA 4+ v OEN
PHHFETES, NuXay==0 &9 B30 E8TEE, LichioT, ERURBEEEATo L
SKkBOBEBRERD B E, Fig. 2 [KRTEIK, BHEKREETIE, ¢ 072y P
0.4V & 10V 225X & SRUMBLICHE, LCAT, BEEL2ETRDOT R
NWE—ADEKRBOFBIERT, BEERCIEILDOIZIVF—~DOEEIELL
Fl, MEAVE—-DOER, GRBEBVEENELSLBEY, $bb, Fig. 2T, &K
EHEELNRLEE, BEOLANoKEFEETREENKRELEY, Zoc L, BEER
LIHBIDOL I NE—BEKBOEINCHE > TERCBDTEC E2EMT TS,
%7/, Fig. 2 °C, 0.4V 2527 &OMiRRE, 10V 25X SOEBXD SEVNA



124

-5 ' : B, DF0EVeELTEA N, HifR
DTZHEB/NELB>THB, T
BEMNSTNIE, BKRBENLTS
REAAVBEEAAVELTHLS 2D
OfEEMRC YNV ERERT S &
1 Ziohs, ik BERALTVOBH
DEIXCHEELRIETOT, TOHRIC
1 20 TRdbETEET S,

PlEoc &ns, GKESEMYT 51
DNTHF LIRS OBREBELED, KAF
&4 A v DR AR OB O RO
# 2, X 5ic transient capillaries %
4 WUEST, #OE, 44 v OBKH
it TE B L THEREBHENE
1 mL, vk, BLKEERSENT 2
EEZIDbNB,

log @ (Bem™)
1

-13

0 10 20 30 AT, Fig. 1 »b, WHHTO
M (%) BREER e, BIUEEHRTOES

Fig. 2. Effect of moisture content (M) on LHEE o, ESKEMEDOBZR, RO

electrical conductivity(o). . o
Note: Applied DC voltages were RTRDODT LB TE B,

0.4 and 10 volts: the dark circles 4kEK 8 %L F:
(@) show the values obtained from
0.4 volts, and the clear circles (O) logo,=11.1log M—21.0-- D

from 10 volts, respectively. log or=9.931og M—20. 1+ 2)
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logo, =0.593 M ~—15.7----. 3)
log o7 =0.694 M—16.8-----4)
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Fig. 3. Effect of moisture content (M)
on the electrical conductivity
anisotropy(a./or).

Note: Applied DC voltages were
0.5 and 10 volts : the dark
circles (@) show the values ob-
tained from 0.6 volts, and the
clear circles (O) from 10 volts,
respectively.
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Effect of applied voltage(E) on
tr, at which the current has
attained a constant value after
application of DC voltage, for
the longitudinal and tangential
directions, at 13% moisture
content,
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3.3. BEDELSLUHREMNEL transient capillaries

BREEER e ~OBELHRHOEBED, AMOBER LERICETI DTS EET
TREELTVEY, LTAT, BEHDOEETHA0II, SKkE BE ZURESH
Mk TEBE2ZIECENLLAONTVE, GKED RIS o DHENDS, K
BB XU transient capillaries O O¥NIc L 20w, —F5, BEICX 3 o OFEM
12, KOEB LU transient capillaries & RIWEARTH 5, ¥ dic, BEHHAKR LS o
DEWVICIE, transient capillaries BB ML D A2EOEEI LN B,

LT AT, MARCBRHFAEE > cbE, KRR 20 ZUTTROLERSNER
EEROEL, BEN-40°~=200C DEHBTTRDI 0, DEED, e ~NOBEL
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BFENIVR ORISR EBEN 0 052 3BBE 0. LOBRICOVTEEESEL 3,
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Fig. 5. Relationship between DC leakage con-

ductivity- (o4.) at 10 volts and (o;0—0))
which is the conductivity increase due
to the voltage increasing from 1 to 10
volts, for the longitudial and tangential
directions.
Note: The dark circles (@) and clear
circles (O) show the values for the tan-
gential and longitudinal directions,
respectively.
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Fig. 6. Relationship between DC leakage con-

ductivity (g,.) at 10 volts and tr at
which the current has attained a con-
stant value after application of DC
voltage, for the longitudinal and tan-
gential directions.
Note: The dark circles (@) and clear
circles (O) show the values for the
tangential and longitudinal directions,
respectively.
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Résumé

Although a relationship between DC (direct current) conductivity and
moisture content has been discussed by several researchers, it has not been
clarified how the swelling and shrinkage of wood cell wall relates to the effect
of moisture content on DC conductivity of wood. It is the purpose of this study
to discuss the moisture content dependence of DC conductivity and the aniso-
tropic electric behaviour for sugi (Cryptomeria japonica D. Don) wood, and to
clarify the relationship between the mechanism of electrical conduction and
“transient capillaries” which relate intrinsically to the swelling and shrinkage of
wood.

It is shown through a discussion on the moisture content dependence of
electrical conduction that the mechanism of electrical conduction above about
five percent moisture content is related to the structure of transient capillaries
as well as the mechanism of moisture adsorption in wood. Although the degree
of dissociation of adsorbed ions is independent of the structure of transient
capillaries, the mobility of ions relates to the structural difference of transient
capillaries. Up to about five percent moisture content, it is shown that the dis-
sociation and migration of adsorbed ions are considered not to be important,
and that transient capillaries are considered to be important.

As a result of a discussion on the time dependence of DC conductivity
which relates intrinsically to the rate of ionic conduction, it is presumed as
follows: 1) the swelling is mainly due to the production of new transient capil-
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laries and the enlargement of pre-existing capillaries up to fifteen percent
moisture content, and 2) the swelling is mainly due to the increase in number
of the transient capillaries being in nearly the saturated state above fifteen

percent moisture content.



