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The diffusion of solute through wood saturated with water IV
(4) On the diffusion rates of the bivalent electrolytes
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(3) BEAWIK

BBRYEIEIX Table 1 IR L7 2{EEMRE 7 L,
DD AT 1 REMFE 1 D5 8T, RE
Tyt 0.5mol/l —ETH B, BB, ARERICH
b HHLREIEORME Table 1 O LBV T, Fi
3173 Dwater (IR1EE 25°C oAk iz T 5 EBRE D
TR (Nernst R & v UBA 4 o [REEH» S
HE L72fE), Dion ZFEL < 25°C mkFiciiT 54,
A A v odrEizik (FfEiC Nernst X Z VY&
AFNMEEENLHE LA Thod, B, Hitic
AR BIZ I BRD B A A R B AT Lo

(4) BEFHE

BEFHE L RIR> P OfE L2 FEKkT, &R v
FThoBe b 20~50°C O#iF%Z 10°C BT, JEKR
IR & BRI ~EFE L TRIE Lz, Lo T,
AEBROFE LEFICR T Z2RANTOBEZ HEd
DEBNE T B, EERERLAZIC 2 ~ 3 EE ALND
IR b B KRKE AR 2D L oL, EFIRE
TTA L b10ELL EOREMASE SN D T THER
B fikit L 2o

Z O, RE-IPUERC B E - R AR OB,
TR OFEER EXRRY O Z L LREETH %,

Fig. 1 % 0.5 mol/l JF#&? 1/250~1/5000 DIEEEHS
Hiz B 1) 2 BE-IRH iR O—F 2 MgSO.0 4 {HES
HizowT, %7 Fig. 2 i3 CuCl, L, RIEHFIC
BT 2 FEEE- R RO —F & BRE oW ToRL

Table 1. Properties of the univalent and the bivalent electrolytes used in this experiment

Solution M\g(lggﬁ}car (x 1]8"7‘%35/13@) (% 101‘3;8?:22/3(3@
NH,Cl 53. 49 199. 43 NH, : 195.77
(NH4) 250, 132. 14 153. 02 SO, 1 106. 49
Na,S0, 142. 04 123.03 Na:133.35
Li,SO, 109. 94 104. 11 Li: 102.95
MgSO0, 120. 37 84.91 Mg: 70.60
CuS0O4 159. 61 85. 44 Cu: 74.53
CuCl, 134. 45 128.98 Cl:203.23
Cu(NOg), 187. 56 122. 28 NOs : 190. 21

*1 Diffusion coefficient of the electrolytes in water at 25°C (values calculated
from the equivalent ionic conductivity using Nernst's equation)

*9 Diffusion coefficient of the cations and the anions in water at 25°C (values
calculated using Nernst’s equation in the same manner as *1)

*3  Ion radius (A)® : NH,=1.45, Na=0.97, Li=0.68, Mg=0.66, Cu=0.72,

Cl=1.81, NO;=1.89
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Fig. 2. Examples of diffusion curves for CuCl,
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Li,SOs, Cu(NOg), ®L-F1f, 72 6 VN (NHy) 2S04,
CuCl, DR-FMIBWTE L2 &, £ NHLID
HERER TR oA L E—&EI2BT % 2 hERE
BOFhoIW LBV LR ERFDLND,

5B, AR ¥ TE 7 NaS0O,, CuCly @ 20~
40°C iz 5 L, RmiFmOIE#HAEE, S ER—t
BEOE/ *MERCL, THEHHICOWTE L7FE
—ERE, EEALCIE XSO O Zh S gt
5L, AFXHMOL-JHmO EEAERIEER T D
t /) XMOZERD1/2.4~1/2.6, £zt /) XHOR,
T A OIREICERB R LKET B L, A F
MO R-FRIDOEEFREGT Na.SO, Tk 2 oo+ h
»1/3.1~1/35, CuCl, TR 1/2.6~1/29 L7z b, =
XFHMOHFBCTHhOEE GIKCEEZ /TS, HHicE
BT D RF, b/ XM OBIMHEEIIIE L VER
BT, Z OFKIEARERICER L7 2 04
HMOBFEORENGH L TELREOMBRAVBEESL
Tz LERLEZbDEEZONS,

Fig. 3 3 HEME OARMPIC I T D IEHOHE & 1
Y BH7wic, Table 2 3% L, R WHmMico
W THIBARI ORI L HESHRE OigEx 7 v L
bDTH Do BN OYE L& FRICHEE VT
LEBRERETRT S, FEMEOEBFROKREED
NERLFHLR I X - TET RS Z LR H LR D,
DT Z OB % & OICFEAICHRFHT 5 7ooic, B
DA L FEIERIC Fig. 3 OEBES bR ®7225°Co
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KETHESERERIT> THI, Fig 3IcAbh s Xk
INHEBIR B O K & S OJEMITREIC X > TE P A
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o L-J5[f : NH,Cl > [(NH,),S0,=CuCl,

=Cu(NOj3),=N2a,S0) >Li,S0,=MgS0,
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Fig. 3. Curves of the diffusion coefficient of elec-
trolytes in wood (D) against the reciprocal
of absolute temperature (T)
1 : NH,C], 2 (NH4) 2504, 3: NBQSOp
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Fig. 4. Relation between the diffusion coefficient
of electrolytes in water (Dwater) and that
in wood (Dwood) at 25°C
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TRTZENTEDY, R-GFHOEET EH O
FE (1.283x1077 cm?/sec) £ Y & Dwood DfEDH>
Y\, AR 2 FH OSSO SFES
N LICEIFL T Table 3 226 3G X 51,
R-FWiziF % 2 MEMRE DI D i Rz L
DD BND, Lhoz LEHEHEY Thil~Re k)
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Fig. 5. Relation between the diffusion coefficient

of electrolytes in wood (Dwood) and of
ions (anion and cation) in water (Dion)
at 25°C

B $325
e, EOBA A & bOBRB IR A A0, dt
HWOREA & & bOBREIGA A v IR EE H
v, L, REHHEIZOVTERERRIET S A2 7w
v FLEEbDTHB, Hickd 7wy MTEREFD
EH2&ERB 3B VTR LERBRTRINDZ L,
MgSO, & CuSO4 ZHIZEED X 9 I FRIC X »T
Dwood W K& SDIEfLE RICT 2 Z &, IHFMPLA
FUDREBIC L o THEBROZ YEICIRERR LD L
BENFEHOLNDN, Zho2ifE+5EL, RS
M& b Dion D K& EDJEAL (BBA A > : NH >Na>
Li>Cu>Mg, A 4 : CI>NO;>S0y) 2L 1z 3%
> TR, BA A 0T Btk AkbhE, ki
BT 285G L IR TR BE) T L 72 2 LRI T
&5,

Table 3 ix Fig. 4 & D E# THiIEE Dwater & Dwood
D . (Dwater/Dwood) % L, R FMICOWT, Fi
Table 4 XIFREEIZHIT 5 L, R FHROIBOEE D
ZR%, ThZhR-Fm O EHSEEEY 1 & Lt

Table 3. Ratio of diffusion coefficient of the elec-
trolytes in water to that in wood at 25°C

(Dwater/Dwood)

Solution L R
NH,C1 4.58 102.6
(NH,) 2SO, 5.98 222. 4
Na,S0, 6. 90 275. 2
Li,SO4 9. 35 395.9
MgSO, 11.1 786. 2
CuSOy, 15.4 454. 5
CuCl, 6.32 219.4
Cu(NOg), 6.19 211.9

(Mean value of the bivalent electrolytes :
L =875 R=367.5)

Table 4. Relative effects of diffusion in the longitudinal direction to that

of the radial direction

Temperature (°C)
Solution Mean
20 30 40 50

NH,C1 21.8 23.5 22.6 24.0 23.0
(NH,) 250, 37.4 37.1 32.3 36.5 35. 8
Na,SO4 38.5 39.4 43.5 40.6 40.5
Li,SO, 43. 3 43. 3 47.7 42.7 44. 3
MgSOy4 69.0 72.7 81.4 90. 4 78.4
CuS0O, 30. 2 28.4 29.3 26. 6 28.6
CuCl, 35.1 34.2 34.3 34.2 34.5
Cu(NOy), 33.5 33.3 35.7 33.9 34.1
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ECRLIzb D TH D, HIFED L 9 i< Table 3 DfHIZ
BEARICEoThr Db % 27T, TTH
DIV NHCl izowT 5 &, L-F
DILHCEEE AR DO Z L DK1/4.6, R-FEDZFHNIZ
#1/103 Th v, ZoERZIZER—LEDOE / FHIC
DWTHEZHHRY ozn (L-FFA:§1/3.1, R-F
M f91/97) ICHERT 3 &, RBFROHEES bt R ¥
MOMERAOEFRPZ -2 LITERL TOFRE
BROERICE SO THEEEMET 352, 20
BB E AL T, L-FHOEAT B/ X M0
1/1.5, R-FHETHI1/1.1 12T E RV, RIZZ DR
¥ 2MEME 2oV THDE, FHPLTL-HFADH
B I KPR O Zh0K11/8.8, R-FHO £hidH)
1/368 TH v, FEEICEBER—KEOE 7 2Hicon
THZERY oz (L-FF: §1/2.4, T-HM:
#91/93) otk T 5 L, AREROEA T RSy,
L7ehio THBEEROKE SICRE L T OB
DIETFAE L (@#EH : v 208 1/3.7, #&
MEBEG 51 A 1/4), FRIC Z o AT Dwater %2
Dion OEAMEV MgSO, £ CuS0,, & 6124 Li,SO,
IZPE%E T (Table 1 ), zhoEED L, RS
FFIZ R-FINZ BT 25T 0 A A - OYiH o HEgET
HBZ LVBEH BN DB,

723 Table 3 itk 3 &, KPR TS
Akt o NHCCl oERGEE X, L-HRTHEEL T
2 EMBE O 1. 9% R-FHAITH36fFETHY, E
A L-FROfEZ 25°C Okizs i 5 NHLI B LU
2 fITEARE OFEBR S (NHLCL : 199. 43 X 1077 cm?/sec,

RIS TRER « 1 EoAE « AR - fUKARMhORERE v 107

2 fiEMRE 9 100. 25 1077 cm2/sec) D 2.0 i
IFFEZE L2, R-FR O BT s 0 EN 5L,
Table 4 225 L LR XS I EREHEFORE S
DEFRIZERL T 2 MEMAEDR-FH I B HILH
DR Z L PEETED, Tibb Table 4 12X
5L, NH.Cl o L-FROIEEHEHE X R-FHOZh
DORI2METH 25, 2MERBEOHEITTFHLTH
2L ET D Z L RBED BB,

(2) FEBOTEMEL = 2 0 F— LIREEREK

PLE2S 2 fEAE ORLBOREIC >V T OMETH 5
7%, Table 2, Fig. 3 B 613 X 9 ICKAREOTLE
HEREECI>TELL, BEOERICLELE-T
S NIRRT 5, —MITIEBIREOREEbiE R
J OB T 2N F - DRERBIC X > TORE
N30T, UFZhicowTERET 3,

B OFEME LT 2 VX — IR T2k i,
SFETZAF U BRD D DAE D S IRONE ~ILEL,
BET 2 i bB R R/NREOT R LX—2KL,
IE#fRE (D) LR ToEE L= AL ¥ — (E) @
BRRKRR TE 2 bR 5,

D=Aexp (—E/RT) (1)

T TICARES, RiIKEEE. 987 cal/Kemol),
TS (K) THD, L »T, Fig 3w
U 7oL BAR B o Bk & HEseHRLEE DR DR D Z 5 fid
POERIFHETHZLNTE S,

F I EHORBERE (Qu) bR Tk Xk
IR 10°C 12817 2 IR0 TRT L, Qu
L E OBITIZRO BRI Y Lo

Table 5. Mean temperature coefficient (Q),) and activation energies
(E : kcal/mol) in the diffusion process

L R
Solution
Qio E Qio E
NH,C1 1.51+£0.19 7.4£1.5 1.47£0. 22 7.0+0.6
(NH,)»SO, 1.46+0.16 7.0£2.0 1.46+0.10 7.0+0.8
Na,S04 1.46£0. 32 7.1+£1.3 1.46£0. 36 6.8+0.8
Li,S0, 1.50+0.17 7.4+1.5 1.52+0.31 7.2+1.7
MgSO, 1.53+0.18 7.8+0.7 1.46+£0.08 6.8%+1.0
CuSO, 1.50+0. 24 7.5+2.1 1.50+0. 22 7.3+£2.5
CuCl, 1.47£0.25 6.8+0.6 1.46+0. 14 6.9+0.6
Cu(NOs), 1.52+0.32 7.6+1.3 1.5240. 20 7.6%£1.8

[Activation energy (kcal/mol) in the diffusion process of electrolyte in water
(values calculated using the equation (1) from the diffusion coefficient by

Nernst’s equation) : NH,Cl1=4. 00,

(NH4) 2SO4 =4. 15,

N32804:4' 22, leSO4:

4.45, MgSO,=4.10, CuSO04=4.40, CuCl,=4.27, Cu(NOs);=4.16]
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Qm: (Dt+1o)/Dt
=V (T+10)/T
x exp(10E/RT(T +10)) (2)

Table 5 3 kX TRz Qo BLUE %R, FERE
EEFRIZoWT, FhEh 5 EORBOEHER S
VIEERBECTRLELDOTH D, ©B, BIMAE
LI AR ERE O KT B T B E0EE L= 2 v
F—iX, #HisE Dwater D4 & FHEIC Nernst R %
BT BRIRE DK IR 1) 2 BRE OFLEEREC(1)R
PEALTRD LD TH B, Table5icksLL,
REHFFEIZEIT S Qu PERBMREOBEIZL > TH
FRAED2, QXD LHL M L ICHEEER
JELTRALT 22 & B3Bb b5, Table 5 I2BiF 5
14fi7e & ONE 2 BB D E OEHEE MR L
FEBMBOKBIIRBIDENLIELTHB E, #k
AREH 0 E 3 EE OREEIEBOS IS SRR K
FOERDL 6~1. UZICET D2, RICAROhZ XD
CEDEICERE L EH) (BEHRE : 8.6~34.2%)
2% 5D T, ZOE & §TYY TR 72NHCI, Na,S0,,
CuCly 7z BT CaCly DS (WFhbAFOED
1. 4~1. 6IERREE) Il LT LBHHE S DAKBETH
EERED bRV,

% 7z Table 5 OftERBRE hEhiz 2w TL,
RlEiHHD QuRE&EE L THB L, MgSOs DR~
FRDOERZ L-FRAD Zh XV boRECEZRLT
W, REAETOREIZLES L, REHREORE
IR ERRBED b, FRRCEREREOE
BT XD Qo XE 0ZREWILHGRIC O\l L
Tb, BREHERICBTBZERENED DIV,

325

U EDRERZRET S L, MAKHRicRITS 21
EREOTLHS 1 EMEORE L2 Ak, K
EERE L IR EERE b v TARICRBIT S
Ba L AR g It L, $HEERIMT O Rl m
DI TRGEBT PN 9 LB ERECHFET 2B &%
BEFLAS, RRMEE A5 OFLE T LRRARREETL L Rl
BENO—RNEF P TERLBER L L3057, h
LILBUBRICBIT 2 EEFDOKE S EREHE I, £
EERO/PNES CEREILL— BT OFESLKICE
THTRANFX—RZKENREFER DD, HiEEOX
D ITHLHCA MR EARE ORI X - TRz
BENAT, HEOEHLT 2 X —RE DR EREK
WRZERSENE oL LHRIEN S,
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Summary

In the previous paper? some considerations were
made on diffusion processes of the bivalent elec-
trolytes through the water-saturated wood. Succes-
sively in order to discuss fully phenomena in this
process, the differences in diffusion rates of the
bivalent electrolytes through wood saturated with
water have been investigated in the longitudinal
(L) and radial (R) directions of Sugi wood
(Cryptomeria japonica D. DON) using seven kinds
of the bivalent electrolytes and one of the univalent
electrolyte for a comparison (Table 1) at a con-
centration of 0.5 mol/! over the temperature range
of 20~50°C.

The apparatus and the experimental procedure

used for the measurement of diffusion rate were
the same as those described in the previous
report®®. The test specimens were the disks hav-
ing the sizes of 5. 0 cm in diameter, and 1.0 cm (for
longitudinal (L) diffusion) or 0.2cm (for radial
(R) diffusion) in thickness, which were prepared
from green blocks of Sugi-~heartwood.

The results obtained are as follows :

(1) The variations of the diffusion coefficient
dependent on wood structure were especially re-
markable in Li,SO, and Cu (NOs), for L-direction,
in (NHg,S0, and CuCl, for R-direction and in
NHC]l, Na,SO, and CuSO, for both directions
(Table 2).
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(2) The relationship between the logarithm of
diffusion coefficient and the reciprocal of absolute
temperature gave the straight line for all kinds of
electrolytes used and for both L- and R-direction
(Fig. 3).

(3) The relationship between the diffusion
coefficient of the bivalent electrolytes in the water-
saturated wood at 25°C (Dwood) and that of the
electrolytes in water at the same temperature
(Dwater) was linear, and also the relation between
Dwood and the diffusion coefficient of positive and
negative ions in water at 25°C (Dion) showed the
straight line in all cases (Fig. 4, Fig. 5).

(4) Although the diffusion rates of the bivalent
electrolytes through the water-saturated Sugi wood
depend upon the diameters of capillaries in the
passages of diffusion, assumedly the molecules or
ions diffuse with the behavior similar to that in
water for the diffusion in the water-saturated wood.

(5) The ratio of the diffusion coefficient of
electrolytes through wood (Dwood) to that in water
(Dwater) was about 1/4. 6 in L-direction, and about
1/103 in R-direction for NH,C], and that for bi-
valent electrolytes was about 1/8.8 in L-direction
and about 1/368 in R-direction in average. It
was recognized from these facts that the diffusion
in R-direction for bivalent electrolytes was difficult
(Table 3, Table 4).

(6) The apparent activation energy (E) and
the mean temperature coefficient (Q) in the dif-
fusion process of the bivalent electrolytes were in-
dependent of diffusion directions and kinds of
electrolytes (Table 5), and the ratio of the activa-
tion energy in wood to that in water was the value
of 1.6 to 1.9.
that the transient capillaries existing in cell wall
of tracheid and the bordered pit contributed to E
and Q.

It was assumed from these facts



