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Fig. 1 Schematic diagram of circuits for direct-current measurements: (a) below 107° A and (b)
above 107% A; 1 assembly of electrodes; 2 switch for applying voltage to specimen or
discharging of specimen; 3 regulated d-c power supply; {4 standard resistance; 6 d-c
amplifier; 7 galvanometer; 8 self-balancing recorder or electromagnetic oscillograph; 9

ground.
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Fig. 2 Effect of frequency (/) on conductivity (¢). Conductivity was measured by the d-c transient
method below 107! Hz, and by the bridge method between 107 and 10° Hz. Time (¢) elapsed
after having the d-c voltage applied is converted to frequency (/) by using the expression, /
=0.1/t.
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Fig. 3 Electrode arrangement : Electrodes were made of stainless steel ;
1 test specimen ; 2 guard electrode ; 3 guarded electrode ; 4 unguarded electrode ; 5 insulator
(teflon plate); 6 iron plate; 7 screw bolt to make the specimen and the electrodes come
closely into contact ; 8 guarded steel box ; 9 insulator (rubber plate).
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Fig. 4 Effect of frequency (/) on electric conductivity (¢) for various moisture contents at 20°C.
Applied d-c voltages were one and ten volts: the clear circles (O) show the values obtained
from one volt, and the dark circles (@) from ten volts, respectively.
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Fig. 5 Equivalent circuit model that expresses current flow in wood.
A : Equivalent circuit for wood substances
B: Equivalent circuit for adsorbed water
Note: C. and R, is the capacitance due to polarization and the direct current resistance
of wood substances, repectively. C,~C, are capacitances due to polarized distribution of
adsorbed ions. Rei~Rer are resistances equivalent to frictional forces which impede the
process of forming a polarized distribution of adsorbed ions. R;~R, are the direct current
resistances of polymolecular layers of adsorbed ions.
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Fig. 6 Relationship of charging current (/) and discharging current (/¢) to time (/) at 4.0% moisture
content. Applied voltage was 10 volts and charging was for 1000 seconds.
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Fig. 7 Relationship of charging current (/) and discharging current (/&) to time (/) at 8.0% moisture
content. Applied voltage was 10 volts and charging was for 1000 seconds.
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Fig. 8 Effect of frequency {f) on electric conductivity (o) for various temperatures at moisture
contents of 8 (a), 14 (b), and 20 percent (c). Applied d-c voltages were one and ten volts: the
clear circles () show the values obtained from one volt, and the dark circles (@) from ten
volts, respectively.
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Fig. 9 Effect of temperature () on (. at which the current has attained to the constant value after
having the voltage of 10 V applied.
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Fig. 10 Effect of voltage () and time {¢) elapsed after having the voltage applied on conductivity
{¢) at three moisture levels: (a) 2.8% ; (b) 10.5% ; (¢) 18.9%.
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Fig. 11 Relationship of /s and /s to applied voltage (K£), at 12.5% moisture content.
15 and [¢s are, respectively, current at 5 seconds after charging and discharging current at
5 seconds after removing of voltage.
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Fig. 12 Effect of time (/) elapsed after having the voltage of 3V applied on net current, (/—/[¢) at
20°C. Current was along the grain.
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Fig. 13 Effect of voltage (£) on f., at which the current has attained to the constant value after
having the voltage of 10 V applied, at 4.0% and 12.5% moisture contents. Current was along
the grain.
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Fig. 14 Effect of moisture content on /r, at which the current has attained to the constant value
after having the voltage applied. Applied d. c. electric-field intensity was about 29 V/cm,
and the field was along the grain.
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Fig. 16 Effect of moisture content on s, which is the slope of the straight line between log ¢ and
k.
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Fig. 17 Effect of moisuture content on (o — 0es) Which shows the increase of conductivity in the
range of voltage from 0.3 to 30 V at 20°C. The clear circles (Q) show the values for
longitudinal direction and the dark circles (@) for tangential direction of the field, re-
spectively. The values were measured at 100 seconds after charging.
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Fig, 18 Effect of field direction on d-c conductivity-increase with applied voltage at 20°C. The clear
circles (O) show the values for longitudinal direction and the dark circles (@) for tangential
direction of the field, respectively. The ¢ values were measured at 100 seconds after
charging.

B 18 WED LA M WBREEROWINC S 2 2 BN R ok
HWEIRIE 20°C, ot :LJI:LU)I]Q:. 100 #(l, F3u (O) A rE, BA (@) EmAmcolE
%5,

3t J
9]
w2t 4
S
N
—
2 ot 1
S
0 t ¢
-1 0 } 2
fog E (V)

Fig. 19 Effect of applied voltage (£) on the anisotropy of d-c conductivity (ducr/6ucr).
6419 BH s nEREUEOUS A & BRI TORFIE (Gued/dser) ~NOBEOEBE

V%Eif%<&%&%%hﬁﬁhﬂﬁ% Wk, L1V S 10V O THR
BT R ERELNEL B,

it,«ﬁx@@%ﬁmmwb MOETESO T COMBEREORS DEED—D &
bied (- ORFERBIEA P2 TRE T 572012, &K 13% B85 & B
DFFREZE 20 1R L T b, Thb b, E1F 1V BUTOBE Tkl moBss Ao =>

O EL D, [ ODRFUERDICL OB, BES IV 2822 & 3BFEO LRI
o TRBICHEA L, ZoohckEz 0 2 CTHRAELIED SRS

CDRERE, EEIMET IR A A > DWFE A S DS 2 D ik dinEl
AA Y LR DBWHEA A DRI D L, T2 b 2EEA 5 > O ORSE B A & o
THs e LTy, 20OMEDORLEE T2 3 Y OBSEEROME L LTHbAK




FUKEH 57, 1987 209

{WZERREL TS, Thbb, BEMETNERE A A > OB & 2 0%OBE A
Ay OEHHIE LA LIRS, —F, BESEHTEREA A > 3RS S o B S h,
IRl 4 At & OD%IJJ**fELé rez, R ME%‘W F v OBENC B T 5 B0

BICHHERZTHTH S

tog t« (sec)
(-3

1 ) 1
0 1 2
log E (V)

Fig. 20 Effect of applied voltage (£) on f., at which the current has attained a constant value after
application of d-c voltage, for longitudinal (O) and tangential (@) directions, at 13%
moisture content.

B 20 1 OBERERCG 2 5 B AROEE
&K 13%, BERE 20°C, AL (O) A, B, (@) HEERARToEMERY,

5.2, %mh:@@%:-?i'lﬁ’\@}ﬂ;&éi@ﬂ”
WHTTEERT R R L ko TEAREE o OREREEEERD, ZORE
BE21IRL, 8520 @!ﬁ%ﬁiﬂr’ﬂH%J’%?Jrfﬂ’é‘@ﬁﬁlg, Thbh b ROE

-8

teg @ (Bem™)

log | (Hz)

Fig. 21 Effect of frequency on the electric conductivity for the longitudinal and tangential directions
at moisture contents of 8, 14, and 19 percents.
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Fig. 22 Effect of frequency on the electric-conductivity anisotropy at moisture contents of 8, 14, and
19 percent.
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Fig. 23 Effect of frequency on the dielectric constant (¢”), the dielectric loss factor (&”), and the
electric conductivity (o) for the longitudinal and tangential directions at eight percent
moisture content.
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Fig. 24 Effect of frequency on the anisotropy of dielectric constant at moisture contents of 8, 14, and
20 percents

B 24 BESMBORA R L BRA M TORAE (el/er) ~O BB RO E
R 20°C,

2D 10Hz DHDICESL T, el/er OMIBEF L O—HTHL T b, L2250, &
EI0Hz H7: D #B2 TS SIHEBOMEL 5 L &, el /er DIEIZABICHIL TB D, &
DEMOBEDIES S er KD b BPITKEL LD I ERFERL TS, 7Tk~ &
D, ABO A THERO RTINS R AEAZH 520, I TIREBEED
ﬁﬁ%mﬁmk%<&%:&m%bm&&oﬁ

3. THS Iz LIz & D, BBEOMEIC & > TEKWIRENC ST 5 I58 O o5 5
D, AP TE HMEN 2BHOIE 2175 0 LT, By AEROMEE T B
I 2 BHOBE 2 FWCHEBL 2T RIER SR, 8T, K25 (A)~D) i1, AHHI




212

ke oD ELL Y 2 W s & BRI e B8 1 B 2 S 28, BEiRahTw s, (A) @
WARDROP ¢f al. (1959) SRR 2T 2 BRSE S L0 3 707 « 7Y LVOEAODE
WAERBIERMICTR L, 0T, (B) 1 Kerr of al. (1975) »SHifasE % ek 4 5 sl oo
AT R L A0 TH S, &6, (C) iE PansuiN ef al. (1970) 3—DD L
ArH =74 7Y VDRSS HAOHEEZBER L b 0T, D) el o—AfER0R
i aR L Twad, 2oL, KEHIEEE A — 57— 2B 2 EERM» 5D - T
B, BEHCIGE T AHAEAC L DLORHHEL, 02 ERMOEREIM:
BB NS A Z EMTE R VHEI Lo TWw 3, EANEROBERSE,
L& TR LM U s (NorivoTo, 1975) & L 5, HEEh O aihE, &
ZIEE 25 (C), (D) o —AfERRE OB S50, BUKMEE L fEE LK
SFOEESMEL EOBEA»SMUD I EMTELTHS S, —H, BORARBOMET
i3, bobkRERA—F—LLT, 25(A), BYWRTIza74 7V OH, 5K
27074 TINRT ATMNCEET 2KGREEEBL TEL S 1 4 OB (migra-
tion) %t ¥ Ao TEBLATIER ST, O kidd, OFETHONTFHEE»S LB
S THD, TOLIRI LS, W - e o BB R T 2 HlaBrh ofE, b
BB TH CHHRK & - CRAL 2SR o Milizey soEs b 80T, BES
NI AR G DOEAET 5 WEBRE HME O R B CORM O3, Ov CRERETICL
TEELSBEERETRTFCHL Z L EHERTE2THE .

{A) (D}

Secondary wall
inper layer (8 3)
Secondary wall
middle layer {8 2)
Secondary wall
catar layer (8 1)

Uni¢ cell of crystallite

primary wall (8)

Interceliolar
suhstance M)

From Wardrop and others  (1959)
R (c)
o T s
@ 1o |

Crystallite

Celluloge o
elementary fibril Porous region

-~

Lignin-lemicellulose
Matrix [

Htemicellulose

Fram ¥err and Goring  {1975) From Panshin and de Zeews (1970}

Fig. 25 A schematic diagram of the structure of a coniferous wood.
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Fig. 26 Relationship between electric conductivity and moisture content for longitudinal () and
tangential (@) directions. Conductivity values are at a hundred seconds after application of
d-c voltage; (a) log o—log M relationship, (b) log 6— M relationship.
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Fig. 27 Effect of moisture content on the electric-conductivity anisotropy.
(27 EHEREEROEARE LIRS TORAE (o/or) ~NOEREOHE

® (1) 3R (12) KBTS ofor L EAEMEOBBERRLT, 278 Eonhi. %
B, 22T T AEREREER o REEAM 100 RO o fHETHD, K21 TRT &
W07 Hz @& EOBLAMGEFICHYL, REKEMHEEZELC CRIZLE L LLELEYES
RERD B EWBEROMTH B, TTIC, M2 T, BORAEKOBETO ou/or DEIRE
KR > THIFIFEL L RERLLORN LT, BAEEPEASEHEICEBEREERD
BABEREKBCLE - TEHELWBELZIR s n k> T, Ihid, K27
RTER» S BHo N TH Y, SEIRED S EKEHNE &2 1 DN TEFEERBICE
DU TEKRESYTRMEETL, S5, FRRMA 5 EE&EKRED LR L & HICRFEN
K& e AHEMA 215,

ERBREERO R, & EEFEMQ) 2R Lo LT, HLOFEEICL -
TEHEINTHB, 25 OFRO—HH STaMM(1964) 12 & » THE S N, EKEH 8%
S H 20% OHEFT, SHECE AL &M TETAROBREEROLE 1 2~3ThH
2L, MACEHREREBEEORFTEIZEKBIC L > TEHERZT LV ESR TV,
OB 1 B &, K22 OF EREEGER T KR 8~20% DI Tk, BRAEHEO R
FEAOEGRKEOHBRSELE L AWERLZIELTES, UL, TTREZLL
k9, FEWEOMEL 25 o CTBREBERORAE o1/or ~NDEKEDEEIKE L
B0, 8 ORH 2T WRT XD WEAER 8% EMA T 20% I E 5 M TR EEML <
Wa, =, #H8RLT DEKREHE T, BREOET o TERAFENKE S Ko,
g, BREH 8% B ERENE L THELL T, BAEWNREL B2 I L E2HLMIZ
Uiz, £22T, H26 (a) poBeik 51, SR 8%BLT Tl 8% LD &K
RIS BT D L0 RO 2 5 ENARE L, BRESEADEREBOREFIREV LWL
25, DFD, GKEHIULUTOBRKMLERICEZ 2 8RKEOEL VEENL, R2T0E
KB BB LT THRD L RELBAFELEBRL T2 I LB LRI NE sk 0ThH
A9,

Harr (1964) ZBESEERORAFMOEMA %, $HEEHH O BRGSO
, BCHEERS ORSRA S 2 28 e UCHERIICERE L, Tabb, Hifuss
FEIT A OEPUEE L WE ST L E 2, HRBEORII2ZE L LHEC L > TRKd 5N
BT R ROBREERDOIEMNEARITIZ 2 1 Ths & L, 351, 20k

RE 0

o



JUKERER 57, 1987 215

BT & BT T OMIIEO BT O O, GEE OBNTE TOMIZED 5o 5 HIE,
G B HUTEMOBTEEZ LI T, W o EEZD 5 eE 2, 20 Hartd?
P IPAT N MH,Lﬂif%&mk/<ﬁ6n1w7%?fﬁ?@ﬁﬁwwht%“ﬁb
Twa, LHrLEBEL &9, BERCYRORFBEERBCL > TREERI LD
ﬂmmwﬁﬁm&mW%wfxﬁmﬁmM®®ﬂb&%W%Lo<Tbamféawo?
hh, MABEOBESIBRZOLOMEFEE b5, Lirb ZOMBEEDRTHEIEKE
b D RO EEEELZTNE R SR, Lo, BREZORFEADE
KRBOBIE, BREOERI > THEL 2 BEREEO D OBROZBEBL, U
@um%@&hk%ofﬁb%WWW@%1 < WEME, DE D, MOEER O X5
EOEE bBMELD D L HERTE A TH S D,

5.4, B #9

GKENH L ZOELEEORAEREMEECKEL, BENEVEE, DEDE
SEHORPKEVE FCRAMBEEE 22

BRER DRSO EEBOHELEKE 0% THEETEIRVLL DD, 8% L 14%
TRBERBIC L 2L WA S & L b2, ORI KR REGEE TR
SNAZBFESWMEBMRLI> TR I eHErE R -T2,

EOEBREOHE T, BREYORTEEBEKRC I > THELIHEERY, 35K
LK 8% H 151 U TIES /KR L B & /KR & Tk, S/KRICL 2 HEOENTHE
o Tnd, ZORFUMADOEREOREL, Attt ofg, & gl - iZhEc
o THELAETEMBEORLEBIRT 5 2 &2 HEGmL /.

5. KoWECMBEBEL OBEMERLEREE L OBR

BIBFUOEET EAMOBLREH E OBRIBEKBRI L > TELEENRLZDT, Iho
komf&,m,x;wa.f%%*ﬁi%.?&b%,aA%@%%k;afc@%%
WHREEE LA Z B SHICL, KEAOKSRIEO Z 5 & BRI & - THljagEdp
AU BRI E O L b, BRCEE TSt URIEML 7.

SDETIE, 3., 4, BEUSL OFBREDE, BEEYOBHERELE L BREED A
ﬁ:fAkw%%%%Emub,M@TﬁM«@*ﬁW%@%%t%ﬁﬁ@a@%%kﬁ
WTHELEERHL TS,

6.1, BEEEDA DXL EEKE
ERERGEHBIIEAREOHEME & LM T 50 T2 <, GAREOHEFH I
Lo THIMOREEDF A 5 2 L »34R4 (L, 1967) (STamy, 1964) ERTBD, 2O &
% 26 DFEBAERICOIRL T b, ZOBRKROFRR I, WEEEE UTEREA 4L
AMEE E DEOREN, BLUBREGEDLOOEM TS H 2 Mlasdhofiigozs,
EHDREED 51 20% DERBOMPF TR EL 20TV I &% 4, BX U5, ORE

moRTE L THBS
Lichio T, REE» S 20% 108 2 E/KREHE T, KM OERESREZEE 2 202



216

MLEDT—DDAAZAALTHBET LI LB WTHS S, ﬂjr?, BB EEATS
SRFAEHE B L CHIB S T v 5 HEARLE O BIER % 8 s ORISR~ 3 2
Z L&A (BrowN ef al., 1963) (Lin, 1965) (VENKATESWARAN, 1971 SR 209% LA
ToHEThE, RHOBREUSSBLFHHTEZ L L TE,

& T, Hearie OB L, AMOBREEEHRO LI CET I LNTES

¢ = Npuae (13)

22T, N ZHBAARRY 0 ofEIEAOE (number of charge carrier), pitA#+>®
MO (mobility), « I385BEE (degree of dissociation), e 13 (charge) TH 5
N Xa \3MBH A 4 >~ (conductmg ions) OEEFRL, KR3F L WERDIECHERL 24
Iy OEEIC L > THREES NS, £, u TEDLINIBIEIREL 4> L IEEED
J@Wﬁb,ﬁ&U%ﬁ/@@M@%%@L%@% SRR EEZONS,

£ AT, RAREOMEE &% 2 I h OB T & WOWREKDE, T RTHA—
BHEERODLY T, MRBEEEA~OKS T OWRIETZEE S & OETRZ - ¢
Wh, EDTDHI, Ml EFOREA A LEBOaY Sy Y L AR FDMEIIC 2 EEE

CTED, VuTEEEA 4 OREERDT NXa BLUBBE ik, #RLPNOWREE
TERZ>TWAEEZRINERew, Lo, BREER 2 OE¥0 L5 0ET
ZEWTES

oo Niapty + Noaaptat -+ Nutinitn (14)
ZIZT, L, 2, ey n ik, REEAS SOOI, Thb b REFR, S EEROE
FERTETHE, ai<a<-<an, £ << <, TH5, L2257, K28ix%
NZERDOEERBFEET 244D AN F— LN RLTHWS, Tabb,

H :
e € ey

Fig. 28 A shcematic diagram for energy level of a adsorbed ion in wood :
(a) before voltage application, (b) after voltage application.
Note: EL and V in the scheme show energy level and voltage, respectively.
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Fig. 29 Effect of moisture content on the electric conductivity., Applied d-c voltage were point four
and ten volts: the dark circles (@) for point four volts, and the clear circles (O} for ten
volts.
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Fig. 30 Relationship between d-c leakage conductivity at ten volts and (g1~ 01) which is the
conductivity increase due to the voltage increasing from one to ten volts. oy and o, were
measured at 100 seconds after having the d-c voltage applied. The dark circles (@) are for
tangential, and the clear circles () for longitudinal direction of the field.
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Fig. 31 Relationship between d-c¢ leakage conductivity at ten volts and ¢ at which the voltage
effect on conductivity begins to occur after having the voltage applied. The dark circles (@)
are for tangential, and the clear circles () for longitudinal direction,
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Fig. 32 Relationship between d-c leakage conductivity at ten volts and /, at which the current has
attained to a constant value after having the voltage applied. The dark circles (@) are for
tangential, and the clear circles (O} for longitudinal direction.
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Fig. 33 The pattern of internal fibrillation of the cell wall with progressive swelling follows SCALLAN’s
scheme (1974).
B33 Wt Miaktrho o 4 g0 LR THEE
(SCALLAN, 1974 12 & %)



JURGRER 57, 1987 293

RER L% OHEINC > TEU 2 BEEEEO LA, MM e AR e 2t L, &
HKRERH 8B LT T A, H8%LL ETREIAEC, FREFNGKERBOBEEIK S L
oTwd, LIA5T, M3 IRENTWLS LI, SREHIBINT 512 - THlEEE %
T 29 A 7SN S g 232 &, BT MOEKIE T A 2 KEAHH &
DETATETHAICEL BN, TOEE, iAmoA4 4 oo LY Ta0R
DMEAEAA LD bHEMCRELS LB EEZ6NE, Lrl, K33 (B) BRO LS %
EEAREE T, T S RS FRBEERTE 2 5T 55, B ez & Mg
LIRS E U2 E CRESL v, 0L 5 RIETIE, BaEKRS L RMEE
OBIOSEETE B AAD I &, B &MOIERMLEES-TOThw I L e o
T, A4 YOBEMBEO TR DI, Liedi->T, BEKEOHEIICE TS & 5128
BURRERDE R, A4 Lo TFRbn A LB OGENTE LR, *
OFER, K33 (B) WHHMT 2 &5 2 EnS/KREBREECi, HlaEdh ORI ) & Ol
PEEREEORFECHEEEZ 5 FERFLELTERLELSTOIWTHS S, BIF&
DHFEI > T, AMEEHRE LOBRGBEEIE 23, HEe Il s ik
FOMVFT ORI & TOREIC DI B AREEY, BRESORSA M
EXWTE LI RDEMESNS, DD, HEAEOETICL AREBREOB -
T, Hfgdicsst U CHERZFEAOBR OER GO T < %553, —F, #HATIEE
FOBEO ST A BB L EEEED L & ZHAIZHR > T b 720, EHAFMTBITSI1E
EEGKEOETIZ L A2 BIRIRVTH S,

6.4, E #

KREADKGPAEBR DT, RAOFEARMEE e OMOBREIOZ S, BLU
W5 KT EDTEAE T D AINEBE D ORANZE T & DRGE & 2 E BT A48 H 0, JEHICH
MThH D, LichioT, KOBEFIIH L TGS 2R T ARKMOBREBED A 7 =X L
EEMEOBEREEOHERC L > TBB L ZEENCREBOTELZ OO, &5 KR
KRGEAOWIE D Z ST, B L UCERZEIEOD 12 OO % £l 2 MlBEERLE &
DORHE LR N T IIE R S,

FE IR, RMOWEBERIEA A4 > ORFHEE E BEIE R TT 2 2 L8 TE 2595,
B SR B S DRE A A DRBENBEE L Twa Z L 2FERARZTR
W s gy, RBLAAKMCESEERS LS, BEOKE Lo THAEEEY
ZAT AT IRE L, % U CEEAIME ORMERIC L 2 BB IE RO s
BHIERMEL, 518, RMAOKRSUREOEREE, KOTF e ARMER L oMIcHEL
T B UG DR E B L g 5 2, —h, W X 2 HiaEE o291 & i
BB 82525 2 T, AMOBLREED A = X5 e EBRCHEFET TS
NBHI LRI ITRMERL .

RGBT - TH U 2SO, EREYOOOEREEIHL A4 >0
BEEESD5, Lrl, 440N HEDBREEC L »> THEshTwa 01,
GBI L > CEOBITE BIEHNAR L L E 2 2INER SRV, Lir>T, B
GUORFTUADEKBOBEAFET 2 2 L2k >T, KMOBLEE LIRSS -
Ok shd 5,




#

1. #&

A SR A D B FUEAT L T B 2200, KM OME « 2503 Gk %miéme
WML TRKELEHEERZT S, ﬁ%,iﬁﬁw WA kgt —— @ﬁmkﬁﬁmb&DJG
Twaiz, ZOWHE - 28 LA - S - OBRE—BWKIRC S 2B TER L, &

5T, R OB, %%&,Bivﬁ% BiEL, R OR - mmkﬂ’%ﬂ'%W
vmb”(?ﬂius,( Soadpipio ) % M’)’OA% Tib b, RAHIEEEROMMZE Y & i3E &
LTREIC L »THEL, BB L > THU 2 E2250D0h0 3 —iasE & (transient
capillaries) THY, #OHET %ﬁiﬁ&i‘ﬁﬂ JEBED RS 707 4 TUNRT A STHEEC L B8
DEMELBFRT 2, Z0L22I s TMM@%@&@-%%&%@%&%-%@

Db ) BEET S ﬁ@v*@ﬁ’%ﬁa%

ﬂMki R EE 27 & EOIREO AR, AMSEEMAETH D, SO

HAERE - HEE TR E B 1o, IEEMHIMO K & SRR E 52 5 HEI L - TR

i,‘%’?f’é% EELaThE R swn, kI, *%ﬂ‘%@fi‘?"&%’\(/)ﬁﬁ}'&%% EDpinb D BERE
T3 s BOREEETORED UL AMNEETH L L HmTE, BERORBLONT 258
%t’fﬁ&%fwﬁbwﬁz D HiFiz,

& IAT, MIEBEO IR O BB, RMEY &G SNk T & OHEIER,
T3 BARMEE D AKSTERIE L, ~ﬁTW%én%m}me@WW@747Uw%
FATMEMUINT 268, #F2hidkohwn, 22T, R KRS OMEEREE
R[BEHOBSHE & 2Bl DT 210 DELE LD /.

3T, B.TMrxmﬂ?“Dﬂ&ﬁmem:mvtﬂMﬁ%%%%#HL,4 T
33!{..)(‘411.\ MK%%}?%IQ;(N fonf{{/l/)%zr\%:{j Vo, 255, '(7[4 {Eﬂga)ij“{itléﬁ
B & 7J< SEOMBRICDOWTHEE L, b THINSEHREFEHEE DT ORBER S

J:O“%%%ém% UT, Ko EHEssRsE » oM EMER, c L TEREBED A=A LD
B R D W THEE RN Z 7.
IhEHLTE N R E mf’ﬁ"] TAHE, DOEOWBYTHDL

NIRRT AUNAY N () AR VL EEYE J&ﬁ,mm,ﬁ¢0%%%@m&of%% 2T,
&t%nfM@%@m,uwaf@wﬁ41/@%ﬁ&%*LTMEmmmb RO,

2) BRI RPHRS L OCBEOR B EKBIC L > THE LR 22T, Lr
HEI5%LUT, #9 5~15% D Wi, 35 X OH 15% LD Z 20 S /KRR TR - 750 %
R 5, HEEENE @%;4¢/@$Mi4f/tAwﬂmtwwwk%ﬁL%ﬁb &
SR ORSE R E T A Bz oND, F T Z DAL, BKEOHEII
;ofm%&mﬂ%%a@M@&@ﬁ,bwﬁmm%m®MM%ﬁgwmﬁw@i&ﬁm
RO B 2 L BRIBLTH D,

3) BRI 5~8% LUT DAL B KGR T, a4 A4 > OIS S5 5 OIS 18 & U fiRi
t%@&zﬂ%\ BERBEICH L TE LA E b D 2w, —F, 5~8% Ll EoEK
T, BRUZEO A A =X LRI A 4 OREPRE L BELG D L s h,
ém&w®&54ﬁ/@M%kiwm%W#M%bfw@

1) RKMOBELREEADEKEOREII KRN EOEI X 2EZ T T L, KHTFL




JURTEHEE 57, 1987 225

HfasERE & oA R EFCEES 8, S S L UBBENEKREICL>TRIT 5
R CERT ALEND D, WEA A > OWE S & OIRE ICIRTE T 5 MR 3,
IKGPF & ARMER £ OMOBRIE N & > THEREHE2Z T 50 LT, B
FUBErR OREIC L > T O RELWBEEZI 2 L NA, Lz >T, BIIER»»D
DEEEDOLEZ SNLBLREEDORS MBS L CBEANGOBRMEE I, SXxELol
(%% U CHEM « W20 & 2 HlaEEth O M4 2 ORBEZEL & B BIR T 2

5 B X B

WWEE, B & (1974) D AKMOBEENBEI~O EREOBEL JURIIEHR 2551

Brown, J. H. (1962): Some Factors Involved in the I\/Iechamsm of Electrical Conduction in
Wood. Ph. D. Thesis, State Univ. New York, Coll. For. at Syracuse Univ., Syracuse , New
York. [LiN, R.T. {1964) : Review of the Dielectric Properties of Wood and Cellulose. Fovest
Prod. J. 17 {7): 54]

Brown, J. H,, Davipson, R. W, and Sxaar, C. (1963) : Mechanism of Electrical Conduction in
Wood. Forest Prod. J., 13, 455

CHANMAMEDOV, K. M. (1973) : Zum Problem der Untersuchung der electrischen Leitfahigkeit von
Holz. Holztechnologie 14 : 47

CHuDINA, B, S. (1966} : Svoistva Drev. Ee Zashch. Nov. Drev, Mater.: 30 [VENKATESWARAN, A,
(1970y . Sorptmn of Aqueous and Nonaqueous Media by Wood and Cellulose. Chemical
Review 70 619]

CrLarg, J. D, and WiLLiams, J. W, {1933) : The Electrical Conductivity of Commercial Dierctrics
and its Variation with Temperature. J. Phys, Chem. 37: 119

Emerron, H. W, (1955) : The Specific External Surface of Fibre - Some Theoretical Considera-
tions., Pulp Paper Mag. Can. 56: 65

HarT, C. A. (1964) : Theoretical Effect of Gross Anatomy upon Conductivity of Wood. Forest
Prod. J. 14: 25

HearmoN, R, F, S, and Burciam, J. N, (1954) 1 The Dielectric Properties of Wood. Her Majesty’s
Stationery Office London Forest Prod. Res. Special Report No.8: 1

B AR (1913) | R OMREE RS, MY No 10 61

R (1960) @ BRKARHM OB —EHER: (G5 38 IEHE sec MoO&ME, A#EE 61118

KEerr, A, J. and Gorixg D. A, 1(1975); The Ultrastructural Arrangement of the Wood Cell Wall,
Cellulose Chem. Technol. 9: 563

Keyrwerry, R, (1962) : Untersuchungen tberfreie und behinderte Quellung von Holz—Erste

Mitteilung Freie Quellung. Holz als Roh-und Werkstofi' 20: 252

NS WA T B A ARMOEHR S (8 2 #) JERke X

PR RIS B 268 1 p. 73

e (1972) L ST kS, BB

FarTaE e (1963) ¢TI 4 BT, MR L 168

KoLLmann, F, (1951) : Technologie des Holzes und Holzwerkstoffe, Ernst Bd.: 119-121

Lin, ROT. (1965) 0 A Study on the Electrical Conduction in Wood. Forest Prod. J. 15: 506

Lin, R.T. (1967): Review of the Dielectrical Properties of Wood and Cellulose. Forest Prod. J.

i




226

17 (7). 54

Mureny, E. J. and Lowry, H. H. (1936) : The Complex Nature of Dielectric Absorption and
Dielectric Loss. J. Phys. Chem. 34 : 598

ST (1964) @ AR O BRI BRI B Y B e, RGBTSR No. 647

HESETL (1971) L RM oAk, B 2011354

Nanassy, A, J. (1972) : Dielectric Measurement of Moist Wood in a Sealed System. Wood Science
and Technology 6. 67

Wi &, (WE IE, WelERE, 3t - (1976) L REOBEOOhR L B A X2 P Lo ek
F ORI A0, BIEpTocia e 129

NormoTo, M., (1975): Dlelectric Properties of Wood. Wood Reserch No,59: 106

ANEEE (1943) R LA OBMR, BAREE 25502

B K, R & (1960) @ EHASETERE. B

Pansuin A, J. and pe Zeguw, C. (1970) ¢ Textbook of Wood Technology. Vol. 1 3rd ed, McGraw-
Hill, New York: 76

Saix, H. (1973) : Electron Microscopy of Wood Cell Wall Impregnated with Aqueous Solution of
Silver Nitrate, Mokuzai Galkaishi 19 367

P B (1979) ORMIEEE O RS BE T S WTYE, BUERK SRR RIEAL

Scartan, A M. (1974) : The Structure of the Cell VVal of Wood—A Consequence of Anisotropic
Inter-Microfibrillar Bonding ? Wood Science 6 266

SKaAR, C. (1948) 1 The Dielectrical Properties of Wood at Several Radio Frequencies. New York

State College of Forestry at Syracuse Univ,, Tech, Pub. No.69: 1

Skaar, C. (1964) 1 Some Factors Involved in the Electrical Determination of Moisture Gradients
in Wood. Forest Prod. J. 11, 54

Stamm, A.J. (1929): The Fiber-Saturation Point of Wood as Obtained from Electrical Con-
ductivity Measurements. U. S, FPL, Report No. R859: 1

Stamm, A.J. (1964) : Wood and Cellulose Science. Ronald Press, New York,

STONE, J. E. and Scarran, A, M. (1965) : A Study of Cell Wall Structure by Nitrogen Adsorption.
Pulp Paper Mag. Can. 66: 407

R B (1958) oA — 4tk BREEURE & MR O MIE,

Taxec, O, and Inosk, O. (1953) 1 Analysis on the Fundamental Properties of Electric Resistance
of Wood I, On the electric Resitance of Wood in Relation to the Moisture Content and the
Temperature. Sci. Rep. Matsuyama Agr. College No. 10

Takepa, M. (1951) : Studies on Dielectric Behavior of Bound Water in Timber in the High
Frequency Region. Bull. Chem. Soc. Jap. 24 : 169

Trapp, W, and Puncs, L. (1956) : Einflu von Temperatur und Feuchte auf das dielektrische
Verhalten von Naturholz in groB3en erquen/berelc Holzforschung 10: 144

W O®— (1967) D ORMoMEE, & <k FRE O B SRS X R ORESER
B 5 tge, Jukaig 41

EROER (963 L BEMHEoRE. M 121699

VENKATESWARAN, A, (1971): Application of Dissociation Hypothesis to Electrical Conduction in
Wood. Wood Science 3: 183

VerMmaas, H. F. (1975) : Experimental Variables Affecting the Measurement of the DC Resistance
of Wood. Holzforschung 29: 140

Wagrpropr, A. B. and Branp, D. E. (1959): The Process of Lignification in Woody Plants. Proc.




JUKEH 57, 1987 227

Forth Intl. Congr. of Biochem., Pergamon Press, New York.
PR (1978) @ AbFsEsRREh, BAMHIK

Summary

The transient micro-capillaries, as formed in the wood cell wall with moisture uptake by wood,
make the conducting path of various liquids in the wood cell walls and are also associated with a
mechanism of swelling/shrinkage of wood. Therefore an importance of studying the relationship of
physical properties and behaviours with the cell-wall structure should be pointed out. The mechanism
of electrical conduction in wood, of which dominant current path is formed by the water-molecule
layers in the cell walls as revealed by a remarkable effect of moisture content on the electric
conductivity, must be dependent on the cell wall structure as well as moisture content. The purpose
of the paper is to study the mechanism of response under the influence of electric stimulus through the
dependence of conduction on frequency, applied voltage, and field direction, with relation to moisture
content by using sugi (Cryplomeria japonica D. Don), and to discuss the dependence of the mechanism
of electrical conduction on the mechanism of moisture adsorption includes the structural change of
the cell walls with moisture content.

The decrease of conductivity with decreasing frequency was extended to lower frequency range
as moisture content and temperature were decreased, in the range from high (1 MHz) down to very
low frequency (0.0001 Hz). The frequency dependence of conductivity in lower frequency range was
affected by the applied voltage in the moisture-content range above 5% at 20°C, and it was therefore
thought to be due to the irreversible polarization owing to the ionic conduction. The voltage effect
on conductivity and conductive behaviour were developed with moisture content increased over 5%,
and that were assumed to be due to the difference in quantity and mobility of ions forced to break
from the bonding sites with applied voltage. On the other hand the behaviour of polarization worked
for the decreasing conductivity with frequency below the moisture content of 5% was reversible, and
it was not affected by the applied voltage. Thus the electrical conduction in the wood cell walls where
the bound water molecules make just the mono-layer of water molecule does not accompany the ionic
breakage from the bonding sites following the dissociation and migration of ions. The electrical
anisotropy expresseé as the ratio of longitudinal to transverse con_ductivity tended to increase with
decreasing frequency and increasing voltage at air-dried condition which were supposed to affect the
ionic mobility and the number of conducting ions, respectively. The anisotropy was also affected by
the moisture content ; it was increased with moisture content above 8% and was decreased below 8%.
These anisotropic behaviours suggested to relate to the effect of intra-cell wall structure on mobility
of conducting ions, or to the structural change of cell-wall structure with moisture content, especially
of the inter-connecting structure of transient intra-cell wall capillaries.

The electrical behaviours and those mechanism resulting from the conditional change of the field
with frequency, intensity, and direction were different among moisture-content ranges, and it was
therefore confimed that not only the quantity but the nature of bound water surrounded by the cell
walls should be considered as far as the electrical conduction in wood is discussed. Thus the
mechanism of electrical conduction in wood should be closely related to the interdependence of
moisture and cell wall structure with the change of moisture content, through the effect of the
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attractive force induced among water molecules or between the water molecules and the wood
substance on the degree of dissociation or the mobility of adsorbed ions, and through the dominant

effect of intra-cell wall structure on the ionic mobility.





