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A2 10em, #EEHH (T-FHii) OFHi 0.2cm
EUlTe, ThLDBRFROENGMEE/ 57 4 VT
A—F4 V7L, BEFTTERAAETAHEALTES
BAKRRE (S7KER :230~235%) icd7e b Licthitih
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HRBEIKIT Table 1 (CORU 2MEBEHE TR &,
EBgoDIcAW: 1 MERE 3EO1I0ET, BE
ROFNG 0.5 mol/L —ETH B, 7B, AFEERICH
%P AHBEEOEMIT Table 1 0EBHT, £iT
BB Daareeid 25°C Dikrhic B1) 2 BREE O BAR
¥ (Nernst ORXERWYE A 4+ VZHEELS BHEL
72MH), Dia BRAIUL 25°C ikrhickid 38, BA

Table 1. Properties of the univalent and the bi-
valent electrolytes used in this experi-

ment.

luti Molecular D"“_'{*I 2 Dion ¥
Solution weight (x10 /csg::) (X 10" cm?/sec)
NaCl 58. 44 161.0 203.2
NaBr 102. 89 162.5 208.0
NaNO; 84,99 156. 8 190. 2
Na;S0, 142,04 123.0 106. 5
ZnSO, 161.43 84.5
Zn(NOy), | 189.38 1222 | pei 1384
ZnBr, 225,18 126.8
MgCl, 95, 22 124.9 70.6
CuCl, 134. 45 129.0 74.5
CaCl, 110.99 133.5 79.2

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

*2 Diffusion coefficient of the cations (in the case
of solutions with a common anion) and the
anions (solutions with a common cation) in
water at 25°C (values calculated from the
equivalent ionic conductivity using Nernst’s
equation),

*3 Ion radius (A)%: Na=0.97, Zn=0.74, Mg=
0.66, Cu=0.72, Ca=0.99, Cl=1,81, Br=1,96,
NO;=1. 89

*4 TIonic hydration®: Na=8.4, Ca=8~10, Mg=
9~13, Zn=11~13, Cl=4

Z v OILBARE (Rfkic Nernst ORNEH WY1 +
VEBELOHAELLME T ThZhit@oB4
VELSODBHEACEARRAA VD, HBEORA AV
EHOBREOBEARBAA VOETH B, 138, #
NCABRRBREICERD 51 4 VREY R5TITA
A VKRS, TIEhB&A A VBERLTHBKS
Fo¥EMT UL,

4) HEFHk

BEHEOHHDY OBALSART, ZRAL
THoOHE D 10~40°C OHEF% 10°C (R T, JEX
ERAID SEBR A~ U TRIE Uz, BEAERD
BEDAETCBT 2R NTOBEC SECEE*
B B0, ERBRERIC2~3E VNOEIER 5T
KERKEANDZZ L SICL, EHRRETTHIEL
EBI0EDL FORIEMENEG O NS T TEREREMEE LI,
ZDfth, BE—EHHRCERE RO ER,
RO ERERY O ERKRTH S,
Fig. 1 {2 0.5 mol/¢ [FE¥ D1/100~1/2000 DEREE
#HWHicB Y 2 BE—EHfRO—F% MgCl, D4R
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Fig. 2. Examples of diffusion curves for MgCl,.
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Fig. 3. Curves of the diffusion coefficient of
electrolytes in wood (D) against the
reciprocal of absolute temperature (T).
1:NaCl, 2:NaBr, 3: NaNQ;, 4: Na;SO,,
5:ZnS0y, 6:Zn(NO;);, 7:ZnBr,,

8: MgCl,, 9: CuCl;, 10: CaCl,
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Table 2. Diffusion coefficient (D: X10~'cm?/sec) of the univalent and the bivalent electrolytes
in the longitudinal (L) and the tangential (T) directions of Hinoki-heartwood.

g Temperature (°C)
Solution ks 10 20 30 40
| 1]
\ ] | p ‘\ ¥l Lc.v.*z D | e¢ lc.V* D La*l ’c.v.*2 D Qa*i C.V.*
NaCl L |49.6 6.2‘12.4 64.9| 7.2]11.1]85.7 12.7\14,8 109.8 | 13.5 | 12.3
T | 139 0.1813.0| 2,08 017 83| 271 0.22 81| 417 0.74 17.8
NaBr L |41 9.0111.4 73.6] 8.8|12.0]97.4] 138142 137.5\ 9.9| 7.2
\ T | 175 0.16 9.1| 2.76 0.32 11.6| 3.91 0.36 9.2 | 6.38 0.86 13.5
NaNO L |46.4) 5.4|11.6|7.2] 51| 7.1[1007] 57 5.6 146.816.8 | 11.4
T | 2.3 0.38 16,5 3.40 0.30 88| 5.01 0.78 15.6 809 13159
Na,SO, L los8| 34|132!37.2| 229! 7.7|518 8.1115.7 77.7 8.4\10.8
T | 088 0.22 250 1.16 0.28 24.1| 168 0.32 19.5| 2.59 0.48 18.5
2050, L 244 3.4113.9 35.0\ 4.2\16.2 45.5\ 5.7\12.6 65.9\ 9.2\14.0
T | 040 0.0922.5 0.60 0.11183| 0.87 016 18.1] 112 0.23 20.5
ZaNO, | L 36.61 4.7}12.8 4.5 | 3.1\ 6.2 65.51 2.9\ 15 95.2\10.9&11.4
T | 0.95 0.20 2L0 1.50\ 0.3 25.3 | 1.99 0.3517.6  2.70 0.51\ 18.9
ZnBr, L 33.9\ 5.2\15.3 6.0 7.917.3 64.0“10.8 16.8 | 86.0 | 12.0 | 13.9
T | 0.89 0.1618.0| 1.37 016117 | 201 015 7.5 264 0.1 4.2
MgCl, L l26.2| 50/19.2|37.2] 7.6|20.4 55.2] 7.5 13.5 | 76.2] 150/ 19.7
T | 058 0.12207| 0.8 01719.3| 1.33 0.15 113 | 195 0.30 15.4
cuCly 1 L \35.3‘11.5 306 | 45.7 | 10.2 | 22.3 | 58.1 | 11.9 | 20.5 81.7l19.8]24.3
T | 088 020227 129 0.2720.9| 210 0.46 2.9 2. 64 0.54 20.5
cacl, L |37.4| 56|150|55.0| 51| 9.3/73.3| 56| 7.6 1061 12.2111.5
T | 0.74 0.20 23.6 | 1.07 0.40 37.4| 157 0.3622.9| 2.39 0.54 22.6

(Each value of D is the mean of five test specimens)

*] Standard deviation (X107 7cm?/sec)
*2 Coefficient of variation (%)

1LV EDEHOMELSHLMICINTNS K
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ic Table 2 TR L7 &BE OIMAEE LENICD
NT, (ZHERE95% DKETHBEREETT > THI
Table 2 ICR 5N 3 & 5 LR BIRE OLBLEKOKE
XOIEMIZEBIC X > TEDOANEDL->TNE LTS
b 205 T ORREL THEERAAENTNOMRE
RARTERDEBDTH S,
O L-F : (NaBr=NaNO;) =>NaCl>(CaCl,=
ZnBr,=Zn (NO3) ;) > (CuCl,=MgCly) > (Na,SO,
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O T-H4J : NaBr=NaNO;) >NaCl> (CaCl,=
ZnBr,=Zn (NO;) ;= CuCl,) > (MgCl,=Na;SO,)
>ZnSO,

Yl LR % 25°C ok B 5 EFRE OILBER
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DOIERIBDIEDELB-TWWBZ &, BHTIC NaCl
& NaNO,;, CuCl, & ZnBr, ®JEMISANE D> T
2 ERBRNTIRIZRAIGLTNEZ LR ON 5,

Fig. 4 3 FREOXEHAB ShICT Bcdic, #
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Fig. 4. Relation between the diffusion coefficient
of electrolytes in water (D,,,.,) and that
in wood (D,,.s) at 25°C.
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Fig. 5. Relation between the diffusion coefficient
of electrolytes in wood (D,..q) and of ions
(anion and cation) in water(D,,,) at 25°C.
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Table 3. Ratios of diffusion coefficient of the electrolytes in water to that in wood at 25°C

(Dyater/Diood) -
Solution L T Solution L T
NaCl 2.15 66.1 Na,S0, 2.67 89.1
NaBr 1.92 48.2 ZnSO, 2.27 119, 2
NaNO;, 1.84 36.5 Zn(NOy), 2.08 72.3
— — — ZnBr, 2.31 78.3
— — — MgCl; 2.73 114.6
— — — CuCl, 2.42 76.8
— — — CaCl; 2.10 100. 4
Mean 1.97 50. 4 Mean 2.37 93.0

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

of the tangential direction.

Temperature (°C)
Solution Mean
10 20 30 40
NaCl 35.6 31.5 31.6 26.3 31.3
NaBr 28.1 26.7 24.9 21.6 25.3
NaNO, 20.1 20.9 20.3 18.1 19.9
Na,S0;, 29. 3 32.1 30.8 30.0 30.6
ZnSO, 58.0 58.3 52.3 54.8 55.9
Zn(NOy), 38.5 33.0 32.9 35.3 34,9
ZnBr;, 38.1 33.6 31.8 32.6 34.0
MgCl, 45,2 42.3 41,5 39.1 42.0
CuCl, 40.1 35,4 27.7 30.9 33.5
CaCl, 50.5 51.4 46.7 44.4 48.3

Ed Dion DREZDIEL (B4 A~ :Na>Ca>Cu>
ZIn>Mg, [&4 % ¥ : Br>CI>NO,>80,) i L7
> T, B4 4 vyounThsBtakAsdz, Kiuc
B EEALIZIZEREEH TR LT EHRIT
x5,

Table 3 | Fig. 4 L OBETHIE Duwater & Davood
Ol Dgater/Duoca) & L THAMITONVT, Fi
Table 4 ZREFE BT 2 L, T W5 OILEHE D
#£R2%, zhzh T-HFRonifs: 1 & LcEss
HTRLIEbDTH S, gD L Sic Table 3 OfE
BB ARICE > THIZD DI 5D EERTH, ¥y
T5E1MERED L-FroiBeEE il Khozgh
D 1/2, T-HEOZHIIH1/50, 2 HEWRHE OZ
NIZENFNN /2.4 50H1/98TH b, Lzt
> TAT OB KT T 2 ARMPTO 1 HEHED
TEBGERE 12, L-FACEE LT 2 mEBE DR 1. 265,
T-HATEHLTHR 1.8 L73D, EEE L-HROME
12 25°C OskhicBid 2 1B XU 2 MEHRE DL

HE (1 MERE : 160.1X1077cm?/ sec, 2 B
B :120.6x 107 "cm?/sec) DM 1. 3I1TIZITH L1 DS,
T-HHDEBERZPLPMH E L, Table 4 55 LS
PREICBEHEEOREIOERIER LT 2 8
BEO T-HACBd 8O REL T EEET
%, TIbbH Table 4 [tk B, 1HEHEED L-
FHHROHHBEERFEH LT T-FADEFhOK 26T
b5, 2HBMEOHAICIINAEICHET I L
BEDOLND,

(2) FEEROTEMALT R v F— LIRERM

Pl kst R B B 2 ERE OILBEEIT
DWTOHETH 545, Table 2, Fig. 3 icRo5h3
S ICHECEE R BEIC X > TEALTBZDT, UTH
BB OBEEREE BT OEEL T 2 v — EFH
DEEFRKROTHENCERLTAHAS,

B OERL T 2 v F —~ TR Y TR &S,
DFERBA L VRO BAED SROAE LR,
BEIT 3D BERR/NREOL A VF—%2RL,
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Table 5. Mean temperature coefficients (Q) and
activation energies (E: kcal/mol) in
diffusion process.

L T
Solution
Quo E Q1o E

NaCl 1. 30 4.8 1.45 6.3
NaBr 1.41 59 1.54 7.4
NaNOQO; 1. 47 6.7 1.52 7.3
Na,SO, 1.4 6.4 1.44 6.4
ZnSO, 1.42 6.2 1.42 6.2
Zn(NO3), 1.37 5.5 1.42 6.0
ZnBr, 1. 36 5.5 1.44 6.4
MgCl, 1.43 6.3 1.50 7.1
CuCl, 1.44 6.5 1.45 6.7
CaCl, 1.42 6.0 1.48 6.9

(Activation energy (kcal/mol) in the diffusion
process of electrolyte or ion in water: CaCl,=

4,41, Na=4. 39, Br=4,07, Cl=4.17)%%

EA (D) & R#JOERfT 2 v~ (E) OF
BRRATEZ N5,
D=A exp (—E/RT) (1)

T i ATER, RIBKEERK (1.987 cal/K -mol)
T i3l K) ©hd, Lich-7T, Fig. 3R
U7 IR BUR B DBk & MR BE DI DER O & 5 B
Mo E ZHETICENTEE,

TR ORERE (Qu) bETERYY T~z k5
WCIREZ 10°C KB MEEBOK®TET &, Qu
& E ORIICiZRDBEEIBRD I,

Q1= (Dy+10)/D;
=y/(T+10)/T exp(10E/RT(T+10)] (2)

LR TROLEBRE, HBHRICET 3 Qo B&
¢ E OF#HfEIZ Table 50L B0 TH B, 5B
IR UM, ARBRICBRD2ERES 2344
DRI BT BHHOERA T X NVF~TH 2, EiC
£3&, LTHAEHICETS QuPE BEREORE
Itk > TETFREBEY, QRO WESLKBESIC
IS LTET B &M oI5, AKbucs
O 5EFEDE BBEETSHEHSLICINTHIEOD,

315

7o L2 MM IR LT CaCly, DBAICDOWVTAHAB L,
KA D E 13 L-FHT/KEDZ 01 445, T-
FHITH L6ET, OERBHMERY ©/xK L KCl o
zh (L-HJ L 4%, R, T-HF :L6f%) ichl—
Kd5, 2D it Fig. 4 1250 Fig. 5 Tl
7ok, BKAM TR 2IEERE L AMEERE L
M%Mﬁmﬁﬁﬁ%§tmmf,m¢mﬁwé%ﬁi
ZIZFERRS BB TR Ulc 2 ERHER X E 5 —DDiF
THbHEELOND,

HRABREAZLENICO>OT LTHAFHO Qu
EZHERLTABE, NaSO, & ZnSO, 2T T
- HHEDEIIPPENMERE RLUTHWED, Qu ® E
BAEHC & » TEFEH (Quo=£0.07, E= 0. 8kcal
/Kemol) 3579, (ZHHEFIS%/KHETOHEEEREIC
&5 & L THEAMOMICIZA { EEBBD SN,

FRHRATREOE Ick328% LT mHIO
Qo R Elc DT Litk#ETHEEERE LHERICK
% &, L-Ji1o NaCl & NaNO; dffic & A7
BDPBDONZ DT, MOBREHEERTIIAL E
AT,

VI L OWERERET B E, b/ FKAMDICE T
% 2 MBEE OIS 1 MEHEEOEA L4 L BRI,
FOEE DN T 5 P REERICEET 2 EBRILNYIE
TEHEOEEE S 12208, MBOEEREELEATIZ
BATIL SR BE NI B T 2 ER L OO B &
PRETIFHEBRFER LD, ThEBEBT2IcE
T 5T A VF —DERBILEF P ERE ORI &
STEEAEELE P bDEHENEI NS,
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Summary

The differences in diffusion rates of the bivalent
electrolytes through water-saturated wood have
been measured in the longitudinal (L) and tan-
gential (T) directions of Hinoki wood (Chamaecy-
paris obtusa ENDL.) using seven kinds of the biva-
lent electrolytes and three of the univalent electro-
lytes for a comparison (Table 1) at a concentration
of 0.5 mol/4 over the temperature range of 10~
40°C.

The apparatus and the experimental procedure
used for measurement of the diffusion rate were
the same as those described in the previous report?.
The test specimens were the disks having the
sizes of 5.0 cm in diameter, and 1.0 ecm (for lon-
gitudinal (L) diffusion) or 0.2 cm (for tangential
(T) 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 especially remarkable
for T-direction in Na,SO,, ZnSO, and CaCl,, and
for both L-and T-directions in CuCl; (Table 2).
(2) A plot of the logarithm of diffusion coefficient
against the reciprocal of absolute temperature show-
ed linear relationship for the diffusion of all
electrolytes and of both L- and T-directions (Fig.
3).

(3) The relationship between the diffusion coeffi.
cient of electrolytes in wood at 25°C (Dye0a) and

that in water at the same temperature (Dyerer) Was

approximately parabolic for L- and T-directions
(Fig. 4), and that between D,,; and the diffusion
coefficient of positive or negative ions in water at
25°C (D,,,) was linear in all cases (Fig. 5).

(4) Although the diffusion rates of the bivalent
electrolytes through the water-saturated Hinoki
wood depend upon the dimension and number of
effective capillaries, especially the number of the
bordered pit, it was assumed that there is no in.
teraction between the wood capillary walls and
either the diffusing molecule or ion, and that the
molecule or ion in wood diffuses with the similar
behavior to that in water.

(8) The ratio of the diffusion coefficient of elec.
trolytes through wood (D,.,) to that in water
(Dyater) was about 1/2 for L-direction, and about
1/50 for T-direction in univalent electrolytes, and
about 1/2.4 for L-direction, and about 1/93 for
T-direction in bivalent electrolytes (Tables 3 and
4). It was recognized from these results that the
diffusion for T-direction in bivalent electrolytes
was difficult.

(6) As the apparent activation energy and the
mean temperature coefficient in the diffusion pro-
cess of the bivalent electrolytes were indepedent of
the both of diffusion direction and kinds of elec.
trolytes with only few exceptions, it was suggested
that they might be dependent upon the number of
the bordered pit on tracheid wall (Table 5).



