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The diffusion of solute through wood saturated with water 1AY
(2) On the diffusion rates of the univalent chlorides
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TdH -1z (Table 2)o
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D s+ (Chamaecyparis obtusa ENpL.) RO
—ERAL2 5 e U TR L A2 5.0 cm 0 [OHRED
BAZHY, 2ORSEE#H (L) HFEokHoEs
(2 1.0cm, #HR (T) B5BICER (R) HFanzh
(20.15cm & L7, choDRFBOFNORETT
REKETHEALUTELBAREE (BKEK @ 230~
235%B) 1LH5 LD bR L 7,
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WERBIERYY Oz hdé e T, BEEs
B RUAEESICIIO TN 30K Q DEHEE FL,
HEBETHER 7 v 27 — L 01/1000 % THES]S £ S
RPN

(3) HtERAK

BEAAIRIE Table. 1 IR U7 1 B B,
HBDI-»HICA 7. NaBr gt 6 8T, B Fh
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Table 1. Properties of the univalent electrolytes used in this experiment.

!  on* . . -
. Molecular Duyager®! . Ionic*? Vol. Swelling*3
Solution weight x10° 7 ome/sec) ra(ckljls hydration (%)
LiCl 4239 | 1366 | 068 40 | 19
NaCl 58.44 | 161.0 0.97 8.4 0.12
KCl 74.56 | 199.3 1.33 5.4 0.12
NHC | 5349 | 1994 1.45 — 0. 12
HCl 36.46 | 333.6 0. 00 | 1.0 —
| Cl: 1.81
NaBr 102.89 | 162.5 Br: 96 8.4 0.38
| o I

*1 Diffusion coefficient of the electrolytes in water at 25°C".

*2 Ion radius” and ionic hydration® indicated using the value of cations.

*3 Volumeiric swelling of wood beyond water-swollen condition®’,

*4 Diffusion coefficient (Dion) (X107 cm?/sec) of ions in water at 25°C7.
H:934 K: 198 NH,: 198 Na: 135 Li: 164 Br: 208 Cl: 203.
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Fig. 1 Examples of calibration curves for NaCl
and NH,CI.

RBBORME Table 1 OEHHT, £ick 73
Dwaser (225°C Dikeic 513 2 SRE O IE IR HD,
AFVEED BRUA 4 v OKF® BFOFndg4
A YDl ERERRISMAEEDICAME 224
& LB kdick s 2 B AR -0 HETH
%Y 733, WAL Dion(*4) & LT25°Coskrhic
B BE, BA A DIBRED AR L.

(4)  HE

HETHESHERND D2 h s &< AT, gRB0
THDIHE H20~50°Co&FE%10°CRIfE T, NE IR AR
02 & BIRM B U CHIE Lz LAcdt»T, AE
BOGADAETICH T 3R NBORE C SREOZ
DZRT 570, EREBKIC2 ~ 3 [+ 1 DA
WO MICHEBKEANDZ B XS1CL, EERETT
DI LA Lo LA HIEERE LN 2T
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Fig. 2 Examples of diffusion curves.
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O, MBE—HEHER OB B R RO B,
TSRO BT ST 0 F N ERAKRTH 50
Fig. 1 (2 0.5 mol/l J5i&d 1/30~1/600 D #EEHFA
B B EE—IETERO— %, 7 Fig.2 33
BRI im0 —#E KC, NaCl oB&ic20T
BRLIebDTH 5o

Il ERRERBRUEE

(1) IR

Table 2 (3] Lk TR 7 1 LD ILEER
¥ NaBrooznd & bic, &RE, RGO
Tz nEh 5 EOREOFESE (D), HHERE (),
15 U A R (C.V.) (kR ZE/SEEE) TRU
FEOTHb, 7:72L, HA 0 T Bk R—IFMHIC
SNT RS AT — 42 ZBH T LT
X787/ 7.0, Table 1 1Z/RT C &IT EEL,
coEIcEDE, BETHID Nl &5 IR
CERE LT OISREEOERRINEORE S, &K
cozEz LiCl o R—Fs ko NHCA o T—F

Table 2 Diffusion coefficient (D: X 1077 cm?/sec) of the univalent electrolytes in the
longitudinal (L), tangential (T) and the radial (R) directions of Hinoki-

heartwood.

T i;:j:jf;i::j-femperature ( C) )

Solution | Direction | 773()_*__#_7?“__7 30 40 50
| "D | jcy® D [ o4 [CV D [o* [CV*®| D | o* [CV™
L 331 58175 | 450 44| 98] 644 9.8 152 86.0 |14.0 16.3
LiCl T L06] 015142 | 153025163 216 0.3 17.1 | 298] 0.55|18.5
R 1.26) 044|349 | 13| 0.65(35.1 | 2.65| 0.95|35.8 3,72| 1.3636.6
L see 21|38 78245 581047 5754|187 |62 45
NaCl ] T | 1_27; 0.05 3.9 1 173 0.10\ 58 241 017 7.1 | 318 0411129
R L] 00751 1.96 0.07| 3.6 | 2.54| 0.04) 16 | 3.38 0.24 7.1
L 48936 74 725 29 ! 4.0 1 92.6 | 7.5 | 8.1 |121.6 | 9.5 | 7.8
KCL | T } 148 0,13 8.8 | 2 oo] 0.16/ 8.0 | 2.72] 0.26] 9.6 | 3.46| 0.41/118
. R | L78| 0.14] 80 \ 2.41) 0. 21| 8.7 ] 392! 0.31| 9.6 | 4.25| 0.46(10.8
L | 533[102 191 765 114 [149 105.1 149 [142 (1448 116 | 8.0
NHC | T | L37| 032234 | 2.03| 0.40/19.7 | 2.95 0.60/20.3 | 4.02] 0.83/20.6
R 162 023142 | 257 0.46|17.9 | 3.87| 0.41{10.6 | 5.53) 0.7713.9
HC % L7 ]12.0 9. 4 ~156.3 112.6 81 (2043 |23.4 |11.5 \251.1 38.4 |15.3
L L 47.0 L 80 117.0 l 62.3 1101 |16.2 | 78.4 |13.4 |17.1 | 9.9 |14.2 |14.8
NaBr | T \ 116 0. 17‘14 71 167 0.23/13.8 | 2.35 0.33(14.0 | 3.22| 0.47|14.6
R 1440 13| 9.0 ‘ 2100 0.21/10.0 | 2.97| 0.42{14.1 | 414] 0.79]19.1

N (Each value of D is the mean of f1ve test specimens)
#] Standard deviation (X10~7 cm?/sec).
#9  Coefficient of variation (%).
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Fig. 3 Curves of the diffusion coefficient of
electrolytes in wood (D) against the
reciprocal of absolute temperature (T).
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Z, M—t/ +HERBOTRIE L RBE, [k,
RIZA—ES ORI #» 2D 2 h (L—H : 125, 1X
1077 cm?/sec, T—5f) : 3.79X 107 cm?/sec, R—J5
) : 4.88X1077 cm?/sec) ik 3 &, WEICITL
ALZRPIECHEEDZ U EHBH SN,

Fig. 3 B&EROARMAUCH T 2 580R % W %
T BT, ENTNIIEBCFRIC DV TGO
S EMTREDOERE 70y F LAbDTH B, B
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BRI DR & S OB IR IC & » CETF R
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Fig. 4 Relationship between the diffusion
coefficient of electrolytes in water
(Dwater) and that in wood (Dwood)
at 25°C,

L EVBDOND. LITF CDIARL % S & IC2EMIC kR
# 9B 7:iC, Fig. 3 OEBEHD 53k 7- 25°C o
AMPDIEEEREK (Dwooa), Table 2 1R L 7- &8
BEOIEBBBENTNICONT, EHEEBBDKET
AR OB BERE LT > TH7-, Fig. 3
W5 EW SN E S ICRIBRDIEEAE O K = S DI
ERECL>TELANBDL-TVELECAE43
2%, TS ERME LT 3B A+ (e n o B %5
TERDEBEDTH B,

o L —75 1 « HCI>NH,Cl=NaCl>KCI>>NaBr>LiCl
o T —J : NH,Ci=KCI>NaCl=NaBr:>LiCl

o R —75) : NH,CI>KCI>NaBr=NaCl=LiCl

K L DNAGRL % 25°Cd K iz 51 2 585455 (Dwater)
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oJER: + HCI>NH,Cl=KCI>>NaBr=>NaCl>LiCl
B LIE2BCokihic B 18, B4 A4~ DILEERE

(Dion) DJERL ¢ HYNH,*=K*>)Na*)Li*, Br-)Cl-
B BUNEA 4 VKR o EL (Table 1 2KD
CH#ET B &, L—Fmn NaClasoo@ o iRy
CEABRNTIHIEEASHEL TR ERHEN
5o

Fig. 4 3 FRObHESB70ic, Fig.3 OB
B & D7 BT EEIED 26°C ik B AMh
OB R (Dwood) ERIBEOKPICH T 5 € h
(Dwater) 2ZN<Eh 3 WG mICOVT ey b L
1 EDTHB M kB E, 70y MITFETOESD
X 3B 5 h (Table 3881, F7: NHC & KGO,
NaCl & NaBr (3E#F I & » TPP R BEMZE
Fd s, HIED OEBALRERICOTNOEBE SERER
BTHohT T ENTE S,

ChODEREARAT 2L, BIEY ToMNl LD
kA % 1 ERESILERT 2B, LR
BF0A F VIIAMEEE SRR EEAE S 2E0
=, Kihickd 2BA L IZRRAKEEE, RETHL
IKEPIC B B R ECGEEE ICHE U 7o & B A D B THRRL
L7=THAD LIz NS,

Table 8 (% Fig.4 & B8 L T25°Cokic s 54
B DOIERE (Dwater) & FHRE DO AMpICE D 5
1 (Dwood) & D H, (Dwater/Dwood) Z3LEHE
[icoWT, % 7-Table 4 i 3 ILEIFMICH T B IR
FEOEREFTNENT—HROLREREL L L
MR THE LD TH B, BIEEDKLIIC Table 3
DOIERIEEHHIC & > TETOR 5D & ZRTA, F
Y592 & L— H 0k ek 3 kh 0 £ o 1/3,
T —HEn < hidis 1/113, R—HFITI#1/957T,
Table 3 ek} 3 KCl OfEZEE 3% (0. 4mol/D)
ORERER, SELE 0.44g/cm® D/ FHIC
ST HIE U7 FERE OO (L—J51 * §91/6,

Table 3 Ratios of diffusion coefficient of the
electrolytes in water 1o that in wood
at 25°C (Dwater/Dwood).

Solution L T R
LiCl 3. 47 106. 7 89.3
NaCl 2,47 107.3 98, 8
KCl | 3.37 115, 2 96. 7
NH,Cl i 3.12 118.7 97.3
HCI 2.35 — —
NaBr | 3.00 116.1 93.4
Mean 2. 96 112. 8 95.1

Table 4 Relative effects of diffusion in
different structural directions.

Dire- Temperature (°C)

Solution Mean

ction | 50 | 30 40| 50

100! 1.00o| 100l 1.00| 1.00
L19| 1.21] 1.23| 1.25| 1.22
312 |24.3 (29.8 |28.9 |28.6

LiCl

Lool 1.0o| Lool 10o| 1.00
108 113 105, 1.06| 1.08
43.0 |45.2 143.4 1433 |43.7

100] 1.00| 1.00| 1.00| 1.00

119, L.21] 1,18] 1.23] 1.20
33,0 {36.3 [34.0 |35.1 [34.6

100l 1.00| 1.00| 1.00| 1.00
118 1270 1.31] 1.38] 1.29
38.9 [37.7 |35.6 |36.0 |37.1

NaCl

KCl

NH,CI

100l 100 1,00l 1.00| 1,90
124 1.26] 1.26| 1.29| 1.2
0.5 137.3 |33.4 129.8 |35.3

NaBr

s RS R R R IR R

R, T—F: §1/115) IcH#Ed 5L, ARBRICEH
3 L, R—5HOIEBEEZPCEVEERT VY,
L EORRBEDEREEL D LBREUTDD
LEhnb, AMICET 2 AEDIREGERE IKEE
BNICEET AEDESOEERETOR, & ICEH
i T BT K R h a9 B R EEFL D BT
FH & 130T, Table 3 5 kv Tabled K& 55
k51 L—H O iiEGEE R & D ICE W EERT DS,
Ris ko T—J5 D HisEEE 0z RICE U TIIBEED
£ OMBREALTHMBICL > TRID —EDREH
85 541750, Table 3, Table dic &3 & R—J5HD
it TR0 i D PP EWVEERT Y
[EHEBYDKETHEERELCERIC X B L,
NaCl & KCl 030°C e x ADIRERMSBD LN
e, ARt/ FHOBAICER, THEERO
TGRS LVWESELTHE LEARNEEZD
Nndo

734 Table 5 (2 Table 3 &BE:# LT 25°C DKL
B UICAMIC B B RIBROILRREE, ThTh
LiCloftig 1 & LA THIE LA D TH B0 &
k3 s, L—FaokizniThoBabKkhothn
k0 a8, TH XU R—FATERHCPPES,
3 JE S MOEHEER KB EFNICRIE M IE T S
HCl oEai3 T, REHHOEERL edic LiLox
IEVEEER B TS OAS, AR I iR LT L—5 A



1976

Table 5 Ratios ot diffusion coefficient of the
electrolytes in water or wood to that
of LiCl at 25°C.

] Wood
Solution | Water L ‘ T r R 1 Mean
LiCl .00 | 1.00 | 100 | 1.00 | 1.00
NaCl 118 | 1.66 | 1.17 | 1.07 | 1.30
KCl 146 | 1.50 | 1.35 | 1.35 | 1,40
NHCl | 1.46 | 162 | 1.31 | 1.34 | 1.42
HCl 2.44 | 3.6l — - -
NaBr 119 | 1.37 | 1.09 J 114 | 1.20

DIESERICE DI, BIEPToMN/ L5 icH
AV DA F VEEDA A 2 KFEDVNE D7 I RS
HEEXET 2 KMhOBHEGHENE L BAL
e &, Bovic HC, E<ic H A4 v ke
T BILBRBOMBD D F 04 F IC I L TE LS
WCLIZERT2EEZ M5B, $/ NaCl o L—F
RO S BIHY OBA L& RO ERICHE LT
PEVELZRTY, COBBICOOTRELEEOIT
AN

(2) JEROTEEEALT v+ — L B R HRE

ELEDS 1 BRI IO IC DV T OBET S 5
%3, Table 2, Fig.3 1cA5h3 X5 KBRS
HERREICK >TERL, BELERICE SIS HIE
EROETICERUTHS MR 3, —Icikik
BREOBEETREG OFEMLT 2 L+ — L EHD
BERMICK-TRINBDT, LUTFchdiconT
ERT B,

TROERILT 2 v ¥ — 1352 S/ 1 molpST
T A BRDB BB S RO B~IER,
BYamic, BEOIAAF—BEEROBE S ICE
TERNREOZ AV F—%255b L, HEEE (D)
LREFOFEHMT 2 v F— (B) OBERIILEREG

BB  SUKAMhORELK W 91

KT 37 V= XRWLUDOKRATEZ bh 3,
D=Aexp (~E/RT)

T A FEH R ISUEEY (1,987 cal/°K -
mdLTu%WEECWoﬁﬁéobtﬁof,ﬁg
3TN U 7= SRBER B D i Bk & M LRI B D 3 & oD i
COENS EAHEST 2L 08T E 3,

FAEHOEERE Qo) i Christensen® (252
ICREVEEEZE 10°C ic k1 2 RO K TR &,
Qo & EDBZiZtn &5 Iz 3,

Quo=(D¢410)/D;=exp C(10E/RT(T+10)] (2)

Table.6 (3Ll LD KB TROZRARLDE, oy
ICREMEMICET 2 Qu %, TNTNELHME - En
RELHOTRIBE, EEHHICOVTRUE DT
HBo 18k, MIMNCIAURERICERS 5 BRE
723 A A& Y DKPIC BT BB O EMILT 20+ — %
532 L7,

RickaL, QE»S MM ES1C Que B
HEICHIBUTEMT B 2 En@Bn b N3, Kick
7 BEMED XA S0 IC SN TR,
7o & ZMSMTR L7z KCl DB/ DNT & 3 &,
BILBAAIC BT BAMDEZ VT hbKkEDZ2ho
L3~L 45T, COMITMHEPDsh (L—Fig: 1.4
5 R, T—H@ : L 665) icizizklld 2,

Table 6 iIcH BN & 5ic 3HEHIICED 3 Qu
PERBBROBEICE > TETRE B, (ZHEES%
DKETHEERE L/ERIck2 L, L —Hacid
HCl & NaBr o {Eht0 (% o iak & Dfdic, R,
TlrmTid KCl oEpf L TES NHC & o i
READBZRDPBHONB 20T, O EKAER
TR ERII,

BB E NENICONT 3TEEHHD Qu £ B
LI KETHEEREUAKBRICEZ L, hPhic
NaBr o L—Jm& T—J, L—HHER —Fiic
SADLRERNBHONZ 23T, Aftste FHD

Table 6 Mean temperature coefficients Qi) and activation energies (E: Kcal/mol)

in diffusion process.

, L T R
Solation Qu E Q | E Qe | E
LiCl 1.384+0.14 | 6.0+1.0 | 1,410, 05 6.54+0.5 | 1,44+0,07 | 6.8+0,9
NaCl 1.36+£0.06 | 5.840.3 | 1.3640.10 58410 | 1.35+0.09! 5.6+0,7
KCl 1.36+0,14 | 56402 | 1.33+0,07 5.3£0.7 |1,3440,04 | 55+0.4
NH,I 1.41+£0.10 | 6.3+1.0 | 1.4440, 14 6.8£1.3 | 1.5140,17  7.7+0.8
HCl 1.25+£0.07 | 4.340.9 —_— —_— — ‘ —
NaBr 1.284+0,10 | 4.540.9 | 1.4140.05 6.4+0,6 | 1.4240.10 | 6.5+1.2

CActivation energy (Kcal/mol) in the diffusion

K*=399 Li*'=4,56 Na*=4 39 Br-=4 07

process of electrolyte or ion in water : KCl=3, 96

Cl-=4,15)0n
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Summary

The differences in diffusion rates of the electro-
lytes through water-saturated wood have been meas-
ured in the three structural directions of Hinoki
wood (Chamaecyparis obtusa ENDL.) using the uni-
valent chlorides and NaBr (Table 1) at a concen-
tration of 0,5 mol/l over the temperature range of
20-50°C.

The apparatus and the experimental procedure
used for measurement of the diffusion rate were
the same as those described in the previous re-
port2~®, The test specimens were the disks having
the sizes of 5.0 cm in diameter, and 1.0 cm (for
longitudinal (L) diffusion) or 0.15 cm {for tan-
gential (T) and radial (R) diffusion) in thickness,
which were prepared from green blocks of Hinoki—
heartwood.

The results obtained are as follows:

(1) The variations of the diffusion coefficient due
to the wood structure were especislly remarkable
for R-direction in LiCl and for T-direction in
NH,Cl (Table 2).

(2) A plot of the logarithm of diffusion coefficient
against the reciprocal of absolute temperature
showed linear relationship for the diffusion of all
electrolytes and of three structural directions (Fig.
3.

(3) The order of magnitude of the diffusion coef-
ficient in wood was almost coincident with those of
Dwater (diffusion coefficient of electrolytes in water

at 25°C) or Diwn (diffusion coefficient of ion in
water at 25°C) and of reverse of the ionic hydra-
tion except for the L-direction of NaCl. The rela-
tionship between Dwater and Dwood (diffusion
coefficient of electrolytes in wood at 25°C) was
approximately linear (Fig. 4).

(4) Although the diffusion rates of the univalent
electrolytes through Hinoki wood depend upon the
dimension and number of effective capillaries, es-
pecially the number of the bordered pit, it was
assumed that there is no interaction between the
wood capillary walls and either the diffusing mole-
cule or ion, and that the molecule or ion in wood
diffuses with the similar behavior to that in water.
(5) The ratio of the diffusion coefficient of univa-
lent electrolytes through wood to that into water in
bulk was about 1/3 for L-direction, about 1/113 for
T-direcion and about 1/95 for R-direction (Table
3.

(6) There was no difference in the diffusion rates
between T- and R-directions of Hinoki wood used
in this experiment, while the diffusion coefficient in
L-direction was approximately 23-40 times as great
as the transverse values (Table 4).

(7) As the apparent aclivation energy and the
mean temperature coefficient in the diffusion pro-
cess of the univalent electrolytes were independent
of the both of diffusion direction and kinds of
electrolytes with only few exceptions, it was sug-
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gested that they might be dependent upon the previously.
bordered pit on tracheid wall as pointed out

93



