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R GHEEA R E LCHE 2 DR E T2 BEESMETH 203, KD & 2% 725 KA
bDOTW0Z, Thabb, MES IO AL —, BHME, KL OEKOWS, BE, =
ik (N, WAG, WIREEET S 5. SO RED 5, okt & UWMERE I AR,
DIZHE, PEHHOBIN & 720, 272 Ui LIEZEIE, #liL, K0, A LADERE A
FORIRNEID D & TR DO EAYE (Hydrophility) 1245< 3 DTHDOT, 42 TIOK
VB (Absorption of water vapour), WesK[k: (Absorption of water) OWfFEA% ¢ 24L7=
, TNFERBICUOR, WoRDEATMW Lzick &2, coMEL ks (Capillary
chemistry) DI bW I NIz DR EDOTHTD b, FHTIK &AM D ZHIOBE Rz
LW NS 4 + > il (Tonic double layer), S5 ius ¢ @fir (C-potential) &
MWET DT EICL D BZNEIHIZIEEAELRVERTD S
2T, ARHDBUKHER D Hiks LT ECEMUEMNWZHEIERD ES I TH S,
Thibb, KTk DAL 2 F KD T VT TERE b Oed, KDHyT4
LT 2 PEDBRVGOKRIE (-OH 48) Icmd BERMITky ¢ o, KMEEs L TR
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T2 1 2 O ICEHAINEE GNBTR, Thabb, KMENICLZ D EHFL N5,
TD X5 AMEKEDER, AT 5 &R ERIR & DO ST 3\ TR~ O
WidkeZ, $7200~ 2Rl LN RBAZEA AR D, MIRIASFREINRETH 5, Do
BRI — D 6 AT = 7L ¥ =2 b DL 51/ D, &2 CHUSTRIEA F >
iz DFRERINO Bl =+ F =& LT LA E LT, SEICHOT 5EHEOEESIE &
BEMZEFREF 2, COIZHEFOEME, ThDOL CHEMT ZIE, 1 F ¥ HnIdE
ST-OREES, SHMiRES L CZDEAERTLOTH %,

Bk 5 R S EHFUTDOMHIUC T 2 4 (OB B 243, HERdER T D (B
WSEIT & ZEUKIEDO G HIRIZ AT LT BT & 2 &35 2 TARM D PURPET DWW TS
¥ i107.

ZTDHMET B & T A% Dimentional stability ¥ b D7zl /KHBALH FEED L L,
F IR OEEMIPIMTOREEL L, &2 W IIHEEAROIGEL L, 2 5i0ais
& CHEEAESEDT 30 2 EGEMEREM RICHESI e LOA L T2 L2 AHITH D,

hx, KO ¢ Brorge s LTikfisic Al J. Stamm™®Y I ;X Lottermoser® 4D
WEAH BB TE RV, CBMEOMERIR « 52545, A.J. Stamm ZHRBEY,
Lottermoser [FEBESKINEL EIH L TW2 23, DILDILEZARHD ¢ BnlcEs LT, &
RIKTNEAS I G L T DD T & HRBIIC I L, #TSR DI & L TRHTAM OBk
DWTZDEFIETICHEREIE L, ¢ BALLDHBHEZRDA L L2 DTH S,

AWM EATHC B 72 b L2 RS, B Y b D7 YU ARMIFR LIRSS IS, F 2okl
STt LML A & R 2 b D72 8 a{-DL REEGAPHAR T LA 2HEE LT 20

I ¢EfoAE

CBATDMENT 1ZTE 2 D Hkiz & 2 (FBEIETEE (The method of electric streaming),
EK#i% M (The method of electro-osmose) ¥ & F#KkTh#: (The method of electro-
phoresis) &P 373, 4H FTORMD CEMEDHIIE, BREEREC L5 A J. Stamm
DWIED® 3B b, AMTHC LT 23 r %K 2N T H, Lottermoser” L HRIKED
RIC X D BRI OARM O CRALCH T 2SR LTS

PERSERRETBBIEC L VIETITbA & LienkO3dnc & b WEsKEktd Ok,

(i) KZREBMEERDO BRSO f2 0 I IBER T OEMICIE £F2, ORI,
ik Lk BERic 0 2 ENRARINC A A D, £ LTIREDODITHETEE & X8
TRz LICHhv 72,

(i) #AOWEFiz, BEHROMEZIEFICHA LS TES,
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T T THERSETERUKENEZ R Uz, s

N
ik Fig. 1 W2 & @D 4 vy 7 A7 5 = o i—g§~ﬁ'
BOFE B LIBEIT & 0 R T ORI o
£ (electrophoretic velocity) u ¥ llsg L, kD P

alla’

Helmholtz-Smoluckouski Dzic & b A%k ? D.C.135V
. w [P
SEE L7, & G

o V)

_dmEpea

D: JkoiFEFEE: (dielectric constant of =

water), 7: JKDEEMRE, (viscosity of Aiia%raltusgof; 1_4;&0%‘%3
water), H: FEf4HL (electrolic potential gradient), u: RrT-DEZIKEREE (the
electrophoretic velocity of particle)

MEAs & LCOEWEBHEIMEN 2 Tvw 55, Fig. 1 O & SHIORMR L Hi7z i
L7eDlg, AMDRT-CXT 2B OBSE e HIE LcibTh L. i, MTOBG Kb
WIETFREEE w & RS we DT & DRz, FBIHE LTI 100V AC Zigifidgic
LA L, SCHIEWEY CGNEE VRB 135/60) T illezsgmicst LEslic AdL 185V D3
BEE 272, WAL H DAL P~P MOBELZ MDD TH 545, WEFHRA O LT
Dz, WHHTIEMECET 2 2 2 8WEEROT, BHEFD P &7 - AMOEBEEXID,
RICFH P L7~ 2loBIEL S, 0% V & P~P' [0 [ (Z0WeEss T
5.6cm) CHL7fi VII £y 2T H & L7z,

WsEiTAE ) Lzzkiz 1x1077 5 DEEFEEZATL, ZERD D P\ I DV T T oD
BEHO%k,

F 72, TOMBLGEZWIK (conductivity distilled water) |3 B L3RS LHEEEIZO M)
R & D M ETERI 2 N2 b DR ) Lz, WEIE S5l 12°C~22°C Dl TiibiL
IKIBC IS Ui lige D, KO PERS 7 & Plini%ksE (physical constant table) J bk
BT AT 07

KITHE T DR MEREAHRD NTRICERUBIBIC & DV IDWT A B D720, # 7 2AKM L v
DRDEEED L T HITD LR T OEKRIEE ¥l TV B RBEDOBE Y T Avnh v
S5CTETHD, PDREICEHTIBIBELEY v, BRKIBLEEY v &FIUE, ERORE
FOMBE u (X

LinZicised F 7 AZRHEEHIZZ T H 2D TEOHHIZ AV DO T, M bnic

JUAS TS0+ v v e e te e e e e (B)
2Mb
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X141 X10°3cry e w,—duds _ Juds oo S (4)
i ' Jas s
L2 |81 -
: Z &7 b, KT OBSKTHELEIE AW 20 TON
+ 4 DB T2 HiLD . MITHERADORT-O
r/
Pl ke (Fig. 2), ZiLk o BEBE
AN . DRED 12\ RIIE & 7 FrHE e &
758 138 ©.35 g2z 737 3
T~ t0-5TR T&O%.
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Fig. 2 WEARADOKT ORI T
Distribution of velocity oi particles in
apparatus
Table 1. it

I X#oc¢ES

.ol:]—‘

CHBALIBE D fe i i LizA# 1 Hinoki,
Sugi, Akamatu, Makaba, Buna, Sinanoki,

Red-lavan i€ LTHY 1 #1235\ CRkBR L7e#ht
(Red-lauan T [i<) OO4 = DREH T FIB T HLE

Table 1. ®&BHTHS
®oAK O W E L

Species and place growth of material tested wood

(1) Comferoas wood
o = e B = ——
s 4% e " sk mok o oa o ow  EEE
Pﬁrc:ies (Com xgzgfame) Botanical name I Place of growth of material tested } tegf:g
[ Fﬁffa’%ﬁiﬁéﬁ B LU BREBRERR |
1 v /¥ ! Chamaecyparis National forest within the boundary of j
. , . | Otaki D.F.O., Nagano R.F.O. i
Hinoki obtusa Endlicher | National forest within the boundary of
Gero D.F.O., Nagoya R.F.O.
~ o , PR PR AR PR
2 7‘5 ¥ | ClyptonTl)erlg National forest within the boundary of 2
ugt | Japonica D. Don | Nosiro D.F.O., Akita R.F.O.
- ,
. : " /\'frf'?I?ﬁF'JLﬁFT' M\?i
W, 31
3 Zkﬁ"’ t/ 'S.P};n;‘lds dtenzsdlorq . Natlonal forest w1thml the boundary of ' 2
amatu i iebold e uccarml‘ Kshu D.F.O., Tokyo R.F.O. ‘
D.F.O.; District Forest office. R.F.O.; Regional Forest office.
(2) Dicotyledonous wood
| = 5 e © Betula LR B RS )
4 | Makaba Maxmowicziana National forest within the boundary of 2
- | Regel iwamizawa D.F.O., Sapporo R.F.O.
. ~ uuiﬁ" éﬁirﬂ?ﬁ’ﬁ“ewé’i
5 7Buna+ Fagu}gl&;inata | National forest within the | boundary of ‘ 2
~ | Fukusima D.F.O., Maebasi R.F.O. ;
; Tilia japonic FUBRERREYE 5 IR
6 5/1:; 4 oj:i rllSI? n'fsglg;ima National iorest within thJe boundary of 2

\ Iwamil.awa D.F.O., Sapporo R.F.O.
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Z DAY B LIS DI 2 ¥ Ll 8%, RE#FBLA — v s v i@ THIBHS L 100 mesh o
PG & 5l L7z & AAKIC TR QBRI L, & /Kic s Lo THRUS O 3300 E i
T SR IC T 2 72, To 3, 80~100 mesh O KHIFLED AK I B8l 42 ¥ & b

BWF L7zkEduEL Table 2. DL EH D TH D,

B ITIE 100 cc DZEFRIKICAY 10mg ¥ EEy LOH TIEE [Fo72. KBk
& 2TWERE 1.5~3.50 THD, TOMEHERE I TR~ ELEH0TH Y, KITEHBELD

Table 2. ERKRK DL HR

Results of analysis of material tested wood

! Th=v| Hrr ;s FITY

i v
e 3‘1“/"77‘f3

SN v | Aka- Blue- | i Red-
Hinoki | Sugi matu | sina |Red-sina Buna . Kaba ' ° /-0
U 1 . )
) ., i
PN Moi 7 7% 1074 12.75 1 10.92 . 10.65  8.86  10.56 10.19  11.75
olsture | : ;
B ) i ! ‘ B
X Ash 7% 039 059 048 075 0741 0.5 0.47  0.44
i . .

|
|
| i |
I
‘
|
I
|

Ok M B % | .0

Cold water extract 15.61 | 15.72 | 15.42 13.24 : 13.99 , 13.55 19.05

wmok s O % i 1 2 2 2
ot water extiact 17.91l 17.31] 1578 19.01= 12.62 | 1120 11.89  21.37

R RE L A | | ﬁ f
19, NaOH extract 20. 46 21.29 | .89 ‘ 20.59 30.40 24.32 | 25.65 37.43

7}»:—;»«//—»?&3&{%} o : s 4o 5
Alcohol-benzen extract % ! 4,23 ‘ 2.36 1 4.49 6.13 5.42 ‘ 1.41 1.81 2.84

[\
N

~ v Vv %

‘ : ‘ 3
Peatosan 8.85 1L041 671 235 2165 1514, 2636 8.28
~ v ¥ v % 5.8 46| 671 - - - B
Mannan | 6.18| 475, 6.69
% L v o~ X 9%  57.27 | 53.00| 44.08 58.94 58.86 59.47 | 56.85 42.71
Cellulose - 59.31 | 54.18‘ 46.16 | 62.80 62.31  60.33  57.91  43.97
v = 9%  20.87  33.28 | 24.98 19.41 22.79 | 23.57 22.63  40.74

v 63 |
Lignin 81,19 34.08 | 26.15 20068 24,10 | 23.81 23.00 41.3

EE VNS lIT/L’\/?EhtﬂZ{fE () Wro>100 43k
TR (MO R AL B R 100 3Lk

Table 3. gEH AR O CE

¢-potential of material tested wood

B CmmmV. @ M CEEmV @ @ | mv

;‘Species o ¢-potential ! Species C ¢ poten‘tlral - Species ? {-p_ote_ntial
K Kaba 8 J —32.8 " Blug/-sina ” ‘ —3.6 © HlD}Okl y \ —39.6
7 Buna 7 ’ —32.5 } 7 Alijam;cu 7 —39.0 #Reg lat?an 7 —42.4
FRedsina ; -%.1 * w98 Standand —46.6

Sugi 7 ‘ cellulose
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TR EWGAFIHCE Lie & b7z 24 FERZRICE L it Table 3. iwavs,
4 H 2 TICE 2 N EdC T2 Ao, WEhTEALE: (streaming-potential
measurements) 1T & D Briggs™ Gk I s -RfLE LT 2 FHIOMERUCH LT H x
—21.4mV, —16.1mV ¥, #7= sulfite pulp izt L7 —8.3mV ¥ 2 Tw3%,
SHBECD (2013 b KTk (streaming-potential measurements) (T J b fSfEEss
D R E LT BMETOREERHR Z KIcEER 5~15 /e Tl L7efite LT —-44.43~
—46.01mV Dfiix, 40 BEHBOfE LT —43.43mV % 2 TW2, fEFEDM) LER
PRIERIEIC X 0 ke SR Zeftild z {, FEREDIPEMRIRTEIRA L b 2R TTwna, TR
PRENIRE:, REO A IET 2o Ik L D T v S, BRI LT
i, i tuw s iz v, A0 - E LTRERBERIT L5 Stamm DD
2B, BAHLWIIE LT, FHIOAM O C~HBADAE L LT 26mV 2 Twzb,
HERBEDBLIRTNEIC L 2 A4 D ¢ ik, Table 3. Dz & AHEMHIESR L 0 48 HRIL
HHER L 0B TTV D (ERBEMEED T E LT &8It &, BEDHEITL & SIS {UFL
—12.43~—8.63mV ZilleLTWw3), 2Dz L i3A#E a-trw —xH) 50%, %0 D EO
% W~Erw =X, Y=y, NyFrELTIE, TORT RIS L BRL
RO hiO i R T 2 ERHFETE 2,
FATHA L L O 72 TN EGTH L K & DIO R ZINE LAz, PN KD L Sic LTHE
b7z,
(a) WREBNFEFFR—AALTH PSR £102 1LY v &> 20% WHE 5% A
4L 110°C THE L LAY & [k 72 Bk TRl & /07,

(b)  *7 3 v REIFMNGHATR AR L2 S B = A v 2 Tt b T v =2 20%
WL 5% AL 110°C i TRy Lo & Lz,

(c) FREANGHATHI—ZI L S B Y v 7 4 bicdi iy 10% Adiss
T TR Loiki & Lz,

(d) RE7A ——lID AT 100 T LAY — 5 8, 414 15, 7K 350 & ifn L4
T T Lot & L,

(e) AL r—InyHEL Yy 100 o Ly — % 11, #EAR 20, 7k 300 ZiEMmL
SR T Lol & Lz,

(f) m@E7r €= r—lillomf 160, 7> = =¥k (28%) 5.5, -3 741 4 15,
K 300 Zier L 90°C o Lol TRMLY Lo & Lz,

ZOg 10mg & 1C0 cc DZER/KICHREY Lo T SR kil Lz, T D#i4% Table
4. TR,

gz e wTiE, 27 3y — IKBEIHAGEIIREESHIO 2 HICAFR 2 LT w3 DIFE NI
fiid %,
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Table 4. EFEH O CE A

{-potential of adhesives

# % 8 CEmEmV 3 B A CEEmV s 7 A (& mV

B Adhesive; ¢-potential Adhesives . _¢-potential Adhesives ~ {-potential
S~ Lot s e Tar R
R BT A g
rea < heno : 1
formaldehyde —28.0 formaldyhyde —36.5 » 3111‘(:(:; iltblrlgg;g -40.9
e rem Ctemperatum )

AT IV~ J\‘# e i LY = 3y .

i B0 ) S RE A~
Melamin-urea +24.8 Blood h]b t —35.4 S\ b 1 —27.5
formaldehyde ood albumin oybean glue

resin ! (curing at 90°C)

V -EforREZEE

A T KT LI 3 208, RIS SRR RO TW ( & C-BAIEREIN & &b filF

o AT DVTZD & 9 HRBGUTE LTIHFE 2 7z b DIk v o A DBIKEE(hydrophi-

lity), /&b bKICE 22200 KF1E (hydration) X iBKICET 2WiEN: (moisture ab-

sorption) [|FALEERALELDATHE, WHTEMRSRIC & D BB PE Y OR L, TDMHORL ) Hik
CRAL DR 72 20k & B e 40 © A4S D, © D SITES LTIRA Y BEICH S N 72,

TOFF ORI RZLIT OV TDHBET S 5. EHFCD EHERS L r 7D

npfirfs (beating of cellulose and pulp) b C-BAOMT AR HAL, Wil — -REALITHE
—log (¢—C) =kt Wiz —% =a({-¢,) h2EbDTHHEAEKTTEDOLLLOND
TEEHMLTVE, & EHERBD CBEDHTS D, ZDOBERIGKMS NS HHEE < e

DI, B\l T O LTG5 FEEREHERS T O #% n & LT KRS —25-T RS

(unimolecular reaction) ilt =k(n—x) ICEOTHESTT2 b D & LTHERMICEI Lz, I

HHEEAMICE W TIEOD RS MDD 20k KERIC L Vi A & Lz @k
7> DEFHT DWW TALES,, 40°C T 6 Mz, 120°C T 6 Welilseht, 1% Wik — Fif
# (126 NaOH ¥ 1<
—NREDE L7z 4 DDA :

L ~RRTE Unfreatea Sanple
FHicoF RO B e

———/20°C

5ol — -—o0d0C

STUNYLRTE Mercrization

ML Lic, =D
Welg Table 5. & L or

8-

Fig. 3 iTxatd,

Y - potntial Cin11.V.)

Fig. 3 K #22& ¢
T 3

WEAIT CTERE A3 AU 30

TIET R FROLE % 7z PR ‘ ; g

Time  Chour)
Iz b 6 I % TR AT Fig 3 EABEL CBLOME

_ 2y qeata . Fluctuation of (-potential due to the lapse of time of immersion
ST L, DARIERITHR %
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Table 5.  (-EAIOFHINE LI X OKE, BOKRIRIZIRR
Fluctuation of ¢-potential due to the lapse of time of immersion and percentage of water

absorption and percentage of swelling

S
‘ ‘ Ability of hydration
1 . g ¢ ot IR KRR
@ w oo or SO o8 OTCG 07 percentage i %7
Sample | time of B e:; 1al hours) hours)| a(l)afs;:gttt?gn Eferscv?:}?i%;
imimnersion ‘ m | mV | mV mV mV ! mV [ - - -
‘ ‘ 6 WE[HH]2405H] 6 R 2415 i)
! | ! | hours| hours hoursl hours
Rz 50.5 [50.5|32.1 | 18.4 36.7 13.8|75.8 | 89.0 12.1  12.4
i s ’ 46.4 | | ‘
7 T TR (36-7); l
| 2 | 46.6 |
w4l -9
e = |3 419
i——-' 4 ! 36._9
Buna ! 5 | 36.7
non ) || 15 I 36.2
treateded 24 R i
| 72 32,1
T ! 1/g | 54.8 | 54.8 34.2 20.6 38.4 16.473.9!87.5 12.5 12.3
7 o 1/, Car.2 @ ') ‘ ‘
— o 8.4
o . | 1 I 44,6
40°C—6 i} , 5 T 73@’ |
e . 3.5 38.9 ‘ :
L 2% —|— . . 1 !
% | 2 ; o | | ‘
Buna i 15 I 37.9 | ‘
at 40°C,’ 24 | 39.3 ! \
5 hO,UIS:> 72 342 |
- drying 240 34,1 ! i
T T Wy ] 5201 [52.1[33.00 19.1 43.3 8.8 67.8 . 77.8 11.8 12.0
7 e 1/q 50.3 ‘ (
. — 4
120°C—6R5f] | 1 47,0 ; )
" e | > 443 hour;)v
-2 e — ——E | i
o _ 4.0 | (43.1)
Buna 15 485 | |
at 120°C,\ | 24 39.9 ! i ‘ |
(6 hours, ) | 72 | 3.0 “ i
-+ drying 240 | 3.0 | \ | ; ’ ? ‘ |
- | Ly | 60.0 60.0 | 32.5 | 27.5 [ 35.9  24.1 112.2120.5 36.9 | 38.3
— 7 T e | \ ‘ \ \
. M 519 | | |
7 F T T s 1(35.5) 1
o 2 Taz20 | ‘ ‘ |
1 s
T Hh ) R T e ‘ l
Buna 4 | 3.6 !
( NaOH + =~ 5 35.9
extraction/ . 15,5 36.8
26 35.5
Z 32.5 , i .
SARRERE C) MIEFTEE
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CIKF %, 6FHiIZTOET

W Fhogaic b —i L THRE ”;\
W C=C. BT BiEEER "\\\\ T R et ampe
52 THD. ZOMiERE LT IR L e erengaton
WA % 0 €. % REERIC £ D K A
B log(f—¢,) LIt & RN
G2 AR

PRREERTSE Fig 4oz 5 1
Lnh, BEIHICHE S, gﬁ_/ (\S M Tine thor )

ZUAH D R :32 ¢ i \ \‘\\\s a
T LN € 2OlliTik, 2o el \ “\
RO WD ANTD DD & FHD -68- o | .
DL EhD, -0 Fig. 4 log ((—(o) XMt X DEEfR

Relation between log ((—(,) and time t
—log (¢—C) =kt ---- (1)

HWEWB RNt covw TS T3 &,

_%:a(c_cw).. PN (2) a=2.303k,

lo 1T t=oc DERD C-BRDMTH 2,

ZOBRD T & CARMD IO FOLL R c 20 2 LETH 25, MHlEE
CEHWTIE 40 SIITEMAETERD Z0RVIT LA EETER L, AHORRERZ iz
bHHDILTWVD,

L LTARHIC 3 W T b9 6 Rl & TO RO ZELIEAM D 2 £ (micell of wood) A%
KRBT BRI TE D, AMEKICEEKE T 2% 6, v LB (crevice of
micell) DIEA L 2 L DKIEMIED, L OKFEIREDNIBLDEVLE D —5F
LFEz2 b, KEERINIBE I 2 BHIOBILE L3 A5 DDOTAVWNME, ThAbS, T
OEKIZHEIC 2 eV HBICBE T 2iIc L £ 2D, CORBMEEEYT L OTEET 2 Wik b
DTH D, BRI TRXBSHIC L OTZOZ LEPLEMITINTVSTD,

JZOZRIZAM T B T2 T NTO $ A PERICKMENLZLEATH D, AHD 221
MBRIZAKD 1 3 T-OREZLOKRTHZDOT, AMEHD 2 L DKEHZAMRD 2«
A RENCED KRN L2 L &2 5L 06, CRMOMETFR 2 2R DKFEIIT
DD & THE—FEMD I EH 2 #\ o —— AR DORZEE T b b A Rk T 53
NTD 2w DKFEMITE D ROTEZIBRTH 5. FILMEED 1 L LKMo ED 1D
DRIEREH2 2 &, BHENT RO BHEE < v A A0KF 2T (PR, AME 5 ~NF 2
L DIITHHIT 2 3T RISIKES RETH 2, Thbbd, KME2LFRPD 2 O

kT s e pE T Gt TRb SIS,
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dx

7L, X &t BEilic/KmING 2 e v TH 2. 4 &0 Bd CCEMETRT/KRMINA
Wikl migE, & D CEMYIRTRKMINZ I L n il b ko ARHRTI

I 14 o 11

¢= m-—+n @

5% MR RTEEL NS, LieinoT, EROTE 84S, KRiCEEL t REigEOAR
HhiT-ORT C-RBALE

—X)+4{ X 5
L VR2ND,

G) rv Y rkwze

dt

df _ Ce—8& dx

dt ~  n dt ©
B) Xkbh x ko 3) MicfCAT S &

dx C c‘) I T I T T S N 7

ap TKeng ) e
(7 A% 6) AT 2 &

Gt N o e
~dt =k (€—C¢x) ®

FiD, (2) ko bk,
CO XS5 CBRRAMENMIT 1 ST RISORICEDOTIET T 2 Bz Bimmic 2 2 ¢ a.
MTE 2,

V AMOZBREL -EHOZEE

Vitic 352 & <, MAAEISS, SEMVUB, T VAo CRERDZEILIE, DL
ﬂmwmmmieﬁ-—‘ﬂa@—%)&%m¥&ﬁmﬁ01%mTécaE%otoit,
Fig. 3, Table 5. Dz & { & Ofili, ThbbLIKITEFUIERD ML INBGEOATR, Trn Y
WMT bbb~ — LB E /25 bDIT L DTHRE 2, T L5 RBREBZMHERICENWT
LELBIL, BFEIN TV EHY, KL OVWTDURREINTVL ARV, Hh{DT L F C-Bir
DOBLEDKINE LTRDZ L HBL DT ENTE D, AM S wrDRIMENIE w1 LR

25 THKDS5T% Van der Waals iz X OTHf I 2HTH D, zO45TH51710ER
& LTAM 2 e DI 25 2 EoKRRIE (2 e AT W TRAIBET 25T 0k, H
WICHFILT WD) DR A DMPEDFAEL B2 25T EMRTE D, ARFDUIE b AT IE%
KEMBEITEZ bLe 13D &, RHOBPOKYEE, S 30 2 Mk o iR o SRR ER
SEOBEATERINCIER L, /KD5-T O il fL %) (polaritic orientation) I kL 2 b D EH2 %
ZEMTED, Tihbh, HHKRIEOE (LI T L5 AL IT2E, WK, BaRO PR
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OB ERIT L, CEBA S 2RZLT 3T LR 3, M Z PR (F2 & 2 BUNSALED,
TEEERPALEN (72 & 20~ — 2 AR T2 2 21T & O AMOKCH T 2RI (0 2L
MEFIRCTH 2. Thbb, —CRMORE R 7 L Hili(gel-structure) X W £ & 2 ¥ VHIE
DIEE AL, 3 v Ly AIC T 28, 5013 Z DKERIED IS HEL R T 232 & &3l
(Fz & 2 (IR, = — E PR ¥ 8872 2 b DIT 0 TIRKITEEERD CEMmEE <,
ZOFZRDEIN T R E—ERAENUE, FhOTRLEI LT, AKCHMILTHESHTRIEL,
R b I AKREI DSEIT T 5, 20729 & DT BEWT L, FElOEEEAbAED
NEEKERBICENT Y12 DT/ AES CRAAERTIDOTH 2. AMERTER2LS L,
T eI R TR R AL, FAEOKICET 2 CEAIEHR A ICET L, RIECIED . T
DB B VT S BAPSR T TIRERAK L TWRRRE, Tabb, KR
Co DEBATKINET B 3AMS, ENERATLS 2 REHoneRL, —( 5) i, &
THEEFFRT 2T LICRD, TIHUKCE LA IcEsT 2 ¢ EMOH & & ert%ﬁula@ﬂw
DEED S AP OKFIE GRFIIE, KIAE) Thbb, —HCKMELHEL > 2RTH
%o FDE:NLL Table 5. TRT,

ToRL, &—

(a) INEREAEROOREE - — A T HEA I RIS & 0 Rt v @ Ll —camb T
b, KREMTNBEHE,  Thbb B Y T O/ A D BRBPED BT On TOWEHE
2, AP EF Dz ORIBIEDZE(L L R L DBIFRIL Fig. 3 5 k¢r Table 5. iTa# 6
N3z &, 40°C, 120°C KHWTHHMI N2 bDICET D S BIMLEF & b5, FuT
L0 e VI B0 B KRG & ) B ST E N TV S T L EORT. LB ITRITE
BT22 L0 k2 CBHEOMKTIR120°CICHWTHE AN b DITSWTIREC, 24 M
CHEWT LEFRRIEICE LRV, SHBICEVWTERINLAEFARLIZEHELWHITERD,
10 HBLBILAWILYA RLTWS, ZOHEE 120°C TH#E I W2 b OERRIE, WkoHiEE
DBWZ LERLTWVS, TORNE LTERINE T & b KERAR I L2 4L, MET 2 <«
NG —BEREEMEDOERE I SMCEL, AMO S VRS L VBB L T2z L HEr b
Do FDIDIRDAIADHGEPNZSE LB LY, KRHEER/ MRS, LhsemBuc kb
oty g R L B L & Ofi

Table 6. i X 5B EERED B

BEd D, LhrL, 20 2 v L {0ESI Tensile strength Perpendicular to grain of
treated wood - A
HEDACKT SRR CEEOTRD gy HRFH 5 psgrssys kg ome
HEEAAIHCT 0O TRAC, WEERS T FRONNE heating | TOEomee
TORTHIMOMICECTUE, TFR e D %S
B Py AL T 1 F O ATIEIT hada b & F — 40°C 3 ""'75%5' -
L RHSE, Gmtu D, TEOD 2w m e

IKFNZE b iln]L& BZRTHD, N3
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B OEFFEDAM DB Y 52 2FRED LD TH 20 E 50T illse Lie.

TFDLMEIES 4mm, i1 25 mm, fHED & VT RNICEES 100 mm DAY,
INELAE T L, S & GO S IR 2 IE Lz, £ D#% Table 6. 1R,

ZEQINC I 0 SIS BRIREZ W] 62T M E T & W SFRED DT AVAS, Z DN
ZH6ND. ZOHWINTIEA 10% FRETREAFILE AL, 2d2 I IBELTDL,
HEIMEMIC 072 b DA T2 2 EFRLTW S,

T YA U AR D o lE—Hi5, S—Cw DARELLEDOTVDE, TDT ElE~v—EL
LT 22 LiT LD /KERIGIZ & 0 & CBlEL, IRMERH L ¢ v VBN ATRIC R DTV 2 2 228
F5. 2OT LB BMT 2 T & B KIET bAE (Y 52, 27/LFEMCTT K
IS, 7ok 21X Acetylation ¥ 7T 2L VS5 2L 2z DML VFELTLIMFTE S

(b) MkPE, WelRt:E OBIR-——AMDIRT), FREWIE, BOKPEEAM @ v Fkm o
W) 1 B RS P2 2 IKERIED KD BRTTR T 2 BRSO TH %, A ciii
PR BT 2720 DALBEMITE LTSN T WS AFD 7 e F L[k, KD KERIE T K
HRD/NE T 2 FAILLEHRT 22 L TH D, T FMLDOHEITE & b E OHHEMEASN
L, JHCHHEEED SA@ ST in 2 T L2033 3 ARt * 2,

WIS B WA E EGRT22 Lic k3

“RALDBILICT DWW TEL Leds, Baifl, MoK
HEwhEIBRICOIBEMD D, XDT
& R L7 0T O, WIRRHIREIZER,
15 g WK, WOKIEIRIZNE SR & JE Lz,

RKwal section « 5trtignt grain)

Fig. 5 B OB BRERIO) . .
Shape and dimension of test\-piece 0.8cm DT EMED, Wk -2~ T

8.8 Tengentat section (cross grain )

o8

AD
Cross section

RAD 7> % Fig. 5 DT L & 2.0x1.5x

ST EV TR KRICEH W b DX, I (40°C 6 ki, 120°C 6 Bl & LTy r
7Y A CifPEY — 27 196 iR 2 TERIRED) %1107,

WkIE 20°C DKITER L, MiBRIE 20°C (T30 2 fufkZEK O i #a LTl L
Zo WIBH < DALEAIT & D EISEE A, IEIZHRIC B 0 DIEONEIC L, Rt MRHE L Tz
TR 1%, TSRS ¥ I T F RO L K7z, Z0fE Table 7, 8 &
* Fig. 6, 7, 8, 9 iTsikt,

MR = “""ﬂz;w;;;;’ﬁﬂﬂ'ﬂ) %100

Sk 3 (“&/kﬂ’j:_@x_g_) "‘(-fﬁlg/ 'T’g)
A= [€itirais=9)

x100
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Table 7.
Variation of the percentage of moisture absorption due to heat-treatinent and mercerization

70 —

UmHE - Jmil - ms)

W 3 L O IR ZIR R

kO ° ) 500 - 7 s Y LB
; Untreated Sample 40°C 6 hours 120°C 6 hours Mercerization
AT ‘ W R "&ﬂﬁﬂ‘fﬁ A A T T T 0 NIRRT
E:-'ff’ il | Percen- [Z Ik # | Percen- : [ JE & | Percen- | TRZIER Percen- IR X
(hour) | tage of ‘Percen- | tage of | Percen- | tage of | Percen- | tage of  Percen-
Times of | moisture = tage of | moisture | tage of | moisture | tage ot | moisture ' tage of
moisture absorptlon swelling . absorption! swellmg absorption; swelling absorptlon‘ swelling
abaorption | % %) (% %) @ | (%
0 l.O 0.6 2.1 L 0.8 0.2 0.0 I 1.1
1 l 27 | 09 | 88 | 10 L e | 03 [ 2 | 4
2 ; 3.8 Lo | 5.0 1.5 2.9 0.5 42 | 20
3| 48 14| 6.0 ' L7 | 8.s 0.8 } }
4 5.6 1.7 ’ 6.7 | 2.1 4.5 o los7 1 20
s | e Lo 73 22 | s 13 66 | o
6 69 L2 7.8 2.4 5.7 s | 7.3 ‘ 3.5
7 ’ 7.5 ! 22 | 82 2.7 6.3 ’ 7 | 8.0 3.3
24 ‘ 4.0 122 \ a2 | o 3.5 | 128 | 6.6
. ' ]
48 7.3 ‘ 48 | 154 55 | 135 5.0 | 183 | 7.0
S Table 8.  Wik#is X G KEHREZEESR
- Varlatlon of the percentage of . water absorption due to heat- treatment and mercerization
T SR ML m o S P RE
Untreated Sample 40°C 6 hours 120°C 6 hours Mercerization
Bk N oK | ke | R K | woKEiE | g Kk & \ WbJ\V%lllsé W gk H | Bk
| Percen- | IE ) % | Percen- | IE % & | Percen- | i JE & | Percen- | & E =
(minute) tage of | Percen- | tage of | Percen- | tage of Percen- tage of | Percen-
Times of water tage of water tage of water tage of water tage of
water absorption swelling |absorption! swelling |absorption! swelling |absorption swellmg
absorption \| (%) | (%) | (%) | (%) | (% | (% A
o | 0.9 L 0.7 0.8 0.5 0.3 0.0 ' aéf 0.8
i 153 1.7 13.7 1.4 7.0 0.4 3.1 16
2 | 88 | 32 204 2.4 | 110 0.8 j 20.0 \ 2.3
3 | 303 46 | 26.0 3.9 14.4 1.2 25.8 2.8
5| 856 . 64 | 319 5.6 18.1 L7306 | 3.
0| 48.0 | 84 | 448 8.6 23.7 2.6 38.4 4.5
20 } 50.6 | 10.3 | 48.8 11.0 31.7 5.2 ' 4.6 | 7.3
30 | ss.9 | o114 5.7 1.8 38.7 77 si4 | 1006
40 t 56.0 } 11.9 ; 57.2 12.0 | 44.2 9.2 i 59.2 l' 12.7
0 | 6.0 | 12,0 60.7 12.1 50.4 10.8 { 67.8 } 17.7
90 ‘ 66.4 ‘ 12,1 ‘ 64.0 12.2 ‘ 54.2 11.5 2 80.4 l 24.0
150 \‘ 68.4 ! 12.2 68.2 12.2 59.7 12.0 ‘ 98.2 32.2
€0x4 | 736 | 122 | 712 12.3 64.6 1.8 | 1075 | osss
60% 6 ! 75.8 | 12.1 % 73.9 | 125 67.8 1.9 | 111.2 | 870
1
60% 24 } 89.0 ’ 12 5 | 12.3 77.8 ' 1201 ’ | 38.4

120.5 ’
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M KB EIRRENLER =
KO, WoKPEASERBED SHMMICH D T ElE—RUTmbNTWD
, HEREE D%%ﬁ*%ikWBmmC®$%kRLTm%u¢ﬂLWK¢OTAH T
B2 OH Atk at, I v VHIEOREAENGERL, TOMMINEIEEN Lz &3
2%%5:&&w'm$bimﬁtkﬂ,t@biktw¢%ﬁh RS LTWD, RBR,
&mﬁfoﬂﬂi%E%OfLEmmm FORPEE T T EIE, RO RHMREESED 2 KK
T YR ZEFEE D2 L L VBLZCIEL AV, Lil, Wi & ¢ ERAKRIE
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FRTCELIEWSNEDT, AHDRIRE T OO KBRIIFE L RN & OO THED
ETDZLEHB2 b, LehDT, T IicilliE LaWiE®z oM & kPO REEE LTH
2 TE7e CRALEDHIC DHTHEATEAD G D ESHENET S C L id ERAD .

WRICEHWTIE, WoREEZWKRTED Lic, £OWKEEIX 120°C 44284, 40°C 4zt
M, RABSHS, TAB ) MBFHFONICES RO TwD, T OERIE CEAOBRIME{LO T
FEOHTHE S 2 (Fig. 3 BIH), Co—¢ 1ZKITE L72iARD & 285118 (Table 5. itk T
& G—¢ 1 5 HEHNEDHTES) DARBELRTOCTH 5, WKDIEN b DIEAR S % 7280
LEz2 biLs, 120°C B, 40°C AWM & & AL Ef DBOKE L 24 BRI il
¥RL, TAH VMO LDIKREV, TDZ EE Lo—C DHLEIHTEEZRTLOT, #ik
DHE2FZIAN T2 HDTH 2, BIRITFI6 T —EMICRS T LIZEATRETD 5,

WRABIC 3\ TIERMKIT 321F 2 13 &St & UEHA D 2243k = { vt 6 dhic 120°C 4L
S & D WORMEE R, T A ) A R v, 40°C ALBTIE, BHIDRIKED D
Dfeted, PWNCEMIBRAMO ZHE FAlOT WD A3, ZOUITHEEDEWNEMNZ, D
WORROMIMO ML, D, KT LD CBEOEILL (FTHERTZ 5D,

W kFT|AAVREEAMO B

W T AKRANC 23 2RO CEMAETITE L, T OB, (LErasitfTic L b %
RS E  CRERLERT T RS IT Lz, MW OKIE —HEOHMATERE L bE2
D L, 27edic pH OZLSARMD RV EY 52 502501, #iFEIo
0 pH itk 2 R LEHY B 222 LT ), HEFICET) 2 EMTOMEDHEMY 5t
WA & L.

FHEED B O D CRfic s 2 2 g
B LTk, Hx0 Wi ndh, #Hiffcon
T, &M OPFEE® ), cotton IT D W T
I Briggs OB, OB D, AHICELT
REKESBHRIC LS AT, Stamm® & L UBEKk
Thkic k2 A. Lottermoser D% 213 %, <

@ A. J. Stamm DOWFZEY (3 Alaska cedar izo

07807 s07% 073

WwT NaOH ¥ Lkt HCl i THi« D pH DOk T RER
D VEKBERC L DL, pH L ESSREM g ?\_""3:/‘
71 @ KE&8B
BEL DRICUHBEROfF T2 2 L 2 WL TWw 2, © BREAA
i ot ERRITEHEWTIE S e LT, SRR, . O REHNTL M
ig. 10
7z, IR ESH, FORRRIIR 6L R o — KA A B L (CRROBIR

Effect of pH upon (-potential of
&b, 1x10770 OBEIEHZER K ICERE N/1CO wood and adhesive
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NaOH, i\ & N/100 HaSO. 2. T, i~ D pH OWsE T 50, #ktofsl 10meg ¥ 160

cc DEMITFRICIRAY Lo, 24N ¢ IE L, 0% Fig. 10 TR 5,
ZOAMO pH € X2 CEMOZMLE, REEEEOZIL L b, B0 Lo

W, TDT & AHDOHIK 3 LT C-RMABEESER s oMok 5z L kD '6}‘2 Y18

5

77 ) NT 3\ T AN A CHRALARKENS & R 28T % L, Aa72 b ORGBEERICBUASL
AL, =Dfii b ERERHEE L b 1K,

F72, 2@ pH T L2 AMD CEBMDOE[ITOWT A, J. Stamm?® &, 71 7n ViREc
BWLTiE, ZDWE reversible Td 2438, BRMEEETIZAD CEMIT I 2 Rk AW L
oLz LG LTWw D o CDIMC DWW TARHE D hydrolysis Wi id, & 2D FMRIS
(surface reaction) ITEDOTHFZELTWVS, TDT EE, HEOARM~DBEER XY
T H VT, pH DHBYSEMNERME RITTO TR, BRZALASFOIERANE & 7 2
EAD ,pH L BE 55 L DBERE ST S MBI R i LTw2, Lo Lasis ZoiE
TN bR 2 DEFEDI D D, 7o & 2IEBHCLIRCE G 2 ¥ 4 2> 7Y afthific 85 27

RETDRE, AM T E 0 2R ERIORE, & 72A4W% D HIE D MIESIC R &
DOTELEEMDND, Ldic, BLrEOR CHT 21T 5 %tricid, EmOIED ik

5%, PoEHftc W TIEEiROMLEI TS 2 NHCL, HCl, 375V v Rv5 v EREAE
HERIENAS MY 52, T OWALEID RASEEE RE (LT 20T, Ko
MEDHERO LT, ZOREEHET 2230 Fn LY,

F72, TOAMEEGTH CREMMIEHAENENICT 2 2 L 2REY 52 5 U Tz
OFEFFHE—FRIND L5 LS T & b2 bILD™, FEREDNEIT LiuE, sk, FE
T WEMIIREETR, ARSI SRS ST 2 A pH 4 cTIEAENESICT S
PiENE 2 b, TORELEIEA E LT, ARG, WEBIFEGTE T < O LHT
B25F 75V v AF VB e HCL T £Hi0 pH OE ), OEZFHIC THIE
b, OEINE Lo~7eht, MHLRNAAE CGPSEL, PH OBERN~DZMD B Z il
ETHTERTEAENDR. 27, WHEBIIEEGTHITHGT LizOiik, #FED pH Ok
T 0°CICCETRENT L, TOHEINZIE Lichs, T bido& b LichiREsnsmho
Jeo F7z, EERAMESZDFE 2D pH ICHWT R BT 20, EEBMEEE 7€ >,
fitfE = 7 4, BYER A F L ORARENCED L, 77 L.5mm BT 3 ply Ak D%,
INEEAFED pH OFERIC TREINER L, #EA5))Elle Lickidtz Table 9. TR,

ZOFAY, WBNCEDORHRELNLTVE LIV 2RV, T, »FF VIR
WAL Y LTS T DT itk b, BORMIELXN LI T L3z bNda, ERHIOMILE
HEERRE (BT DT, 73 VIGERIOR B WIHHCR T C L& TERsDl, TDIH
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Table 9. FEEEWHERIC X 0 #58 L= &R O &/ pH FOCEBE B OHETE )
The adhesion strength of plywood glued with the asetic cellulose that immersed in
various pH SOlthlOl’l

pH “of immersed| = [ 4 a2 B | . 7 A Ay e E
. water ~_Normality of acid @urék . Normality of alkali
Adhesion _3 _5 _5 W 6 —
strength \ o -t 10 10 (water 1076 | 1079 \170 £ 0
Ex 347]78?440 33.6  43.0 351‘334 3.2 33.2
$% | Mean | ! . . . . 8.2 3.2
Adhesion | & s T B ) T e L ) -
strength | Nax, 620 4.0 605 49.5 550 265 48.0 | 45.0 510
(kg/in®) | = - R -
LS 22 2 2 2 5
Min. 15.0 22.0 | 28.5 20.0 ?0.0 52.0  21.0 | 28.0 , 25.0

BEZOWTESBDUEICZ Bz,
27, BIEERDREAT DOV T L IEFO pH OZELIT & 22k = DSEH Z LB Ir o fEE I
%, fixeDBINAELR Y, MEXBHCLTWE DT, ZOMKELTY, 58RO %

5720,

W = #

ARFDEL 2D RKED 5B, Ieb S EELIND b DIEBRBRKMELTIC cduc & b 72 5%

KA = L2, AMDIIEAINIE £ F AP T-HUMT IR T b Dz, AMD
AT T D HPED R \WIKERSE (OH L) [T fFESINTIS M 6L, Ak & LTk

3 2 e O ICHAIRNEE SNDBER, ThDS, KMEHEEFLZ, TO X5 2MEN
FARMDINTE DI, KMAUKE MR CRFERTAT 2 BUKIEE L D TW 35D THOT, K#x
RDIMNCET D M T 5T LT & b Z0BURIEC OV TRE 2Nz 72,

(1) C-REAEDIE

¢ EMEDUPEHIE H > B 543, RRUKTNEAUL bIENTH D, WS L5 2 Lrekh
A, Fige 1 T L 5 BT RN HRNC FREE 7213 A Lo 2 BRSO ME T &
Wi B R Lz,

(2) AMD ¢ qwhr

E ¥, AF, Ta=Y, AN, TF, oF7F, IV CECTOWT, B EIEL
720 ARHO CRIALRBEEBMER DM L VG, BMLHERD M L D iSu iR LTw s, 2
WEARM e — X 50%, BOD B0% 12V 7=, ~stin—x, ZOMLTHE
Wl & RALIEHERD Ml ok d 2 L AT = 2,

L L7 WEIR AL, ARl e5El, 2 7 2 v BlREESER, Kisr—, »¥4
v, KT AT 2 VBT OWT b BRI Lz,

(3)  CABRLDORRINZEL

A B KITEERT LI 2 1, BEIROIS C-RAr il L*@( & CIBAIIRRER & & b ITL
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TT 2. 20TOLELRFNOLAE S 6 15 F TR L, DIERIENICiR « & T T
Bo 2O EHIFTOMEFOMHE —Go=a (C—C,) PERICES 2 & #HWILE. 20
BIRIEAM 2 e A AURRI S AL SBET 2 5 T &iT & D BERIMCIR®D 5 2 L8 TE S,

(4) AHORHEEE CHEOZIL

K e KT EERE RO Co 3 & TBKIEINC & 2 RO ZELIZ MO T IEIC X 0T
BEOTLD, AMBKITEIEIND & T v EMAICKRMEN, KICKHT 2 CCEMEE~
AT L, AHRRIE Co ITRTV T D, TOMRICE VT S—¢ 1EARM 233 Ticlkigkok L
TVWRRRE, Thbb, KFMEEZRL, - {m DHIRMUKRIEC S 2R s ERZG /KL
5 BRIEATT 20, THbOLAMERERL, —(5) WARMEERTC ECh5. 4
DA T £ T LicAHITDwT, C-REMADEL, TDZLONENITOW TG £z
7.

(5) ks # illiE L AMD i

Hixo pH &6 2 CREX T <, 77, Bt Lk KRR, i
HIEHl, K7V~ D0 TillE Lz, &8 pH C& i 2ARKM D MO 2L A LABHE
FOBEILTR, A L EEFEI L OImicE T 2 pH T L2 C-HMOPEILS 5 b D &R
INDH, FIFBHROBHLED /e iC CREMAOPBEDH LIEMT 5 &1 T%L yD72,

LD & 4 BT RO EAME & 7 2 £ BbiL s Dimentional stability ¥ $ D7
W RIHBAL B DI D IBEL 2 b, AT, BHWRIE A LB, FoFEREn LicE 5L 5%
DEE2ZBND.
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Kunisuke Horroxa, Kiyoshi Horriki and Shoshirs Kars: Research
for the improvement of wood (2nd Report),
Study on the electrokinetic potential from the viewpoint of
the improvement of wood.

Résumé

I . Introduction

While boasting a various merits of its own, wood as a material of construc-
tion has invariably some drawbacks such as the inequality of strength, anisotro-
pic qualities, absorption or diffusion of water and vapour, unstability of its
dimension, decay, and combustibility, etc. of these. Absorption or diffusion of
water and vapour, which is frequently responsible for unstability of wood
dimension, often becomes the very cause of shake warp or twist as referred to
in report 1V of this research.

A close investigation effected by the present examiners as to the cause of
absorption of water by wood has revealed that it is all owing to the hydrophility
that characterizes the wood. The study on absorption of water or vapoor by
wood has hitherto been conducted in numberless cases by various experts, but in
almost all cases their study has been confined to the investigation of the actual
degree of absorption, or variations of water or vapour absorbed by the wood,
dispensing altogether with the theotetical study on haw and why it takes place.
The actual study based on the capillary chemistry investigating both the physical
and chemical nature of the ironic double layer produced on an interface of two
phases of wood and water, or in other words, the study on the ¢-potential.

The reaction of swelling the wood displays against water may be explained
in the following way. The molecules constituting the substance of water or
wood owns a polarity. There for, the molecules of water, which owns the
dipol moment, become attracted by the strong polarity of hydroxyl groups of
wood in the electrostatic manner, and distributed and orientated on the free
surface of micells of wood. This process of swelling is, perhaps, due to the
reaction of hydration.

An interfacial potential is caused by the difference of electric properties
taking place at an interface of a solid and a liquid substance inclusive of that
of water and wood interfacial potential, such as dielectric constant, polority,
conductivity and others. In this case the solid substance always becomes elect-
rically charged, thereby causing an electric unequality between the two substances
and then the interface becomes to have free energy. Owing to the degradation
of free energy the molecules of solvent or ions come to have their orientation
constantly, and hence an electric double layers is come out. The potential
available in this double layers or what is called ¢-potential is the one which
enables us to measure the interfacial orientation, condition and degree of tne
distribution of ions and molecules of the solvent. Based upon this theory of
¢-potential on the electric double layer Prof. K. Kanamaru of Tokyo Institute of
Technology has effected a sceries of useful investigations on the celiulose of
cotton and silk.5~1»

The present examiners found it most profitable to measure the ¢-potential
of wood, and after repeated experiments they have found out that as such the
method of elecirophoresis is the most suitable. Especially in the study of
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hydrophility of wood which has greatly to do with wood improvement this
method has been applied so as to ascertain the degree of water absorbed by
wood, character of absorption and the mutual corretation between absorption
and the ¢-potential.

The measurement by ¢-potential has also besen found helpful to the basic
study of wood preservation by impregnation of preservatives, adhesion of wood
by means of adhesives and the industry of plywood and laminated wood. This
was especially the case with the study on the adhesion of wood which deals
with actions taking place on the surface of wood, and the questions haw to
promote the adhesive power as well as water proof strength of wood have
constantly been studied from the view point of the ¢-potential so as to establish
a permanent theory in this connection. Stamm,?#®* using the method of electro-
6smose, and Lottermoser,” using the electrophoratic method, obtained £-potential
values of wood.

I . Methods for measuring the ¢-potential.

For measuring the £-potential in general there are diverse types of methods
such as the methode of electric streaming, the metnod of electro-osmose, the
method of electro-phoresis, etc., but so far the second method has been applied
for measuring the potential of wood, the most conspicuous instance of which
being treated in the report of A. J. Stamm, in which he estimates the mean
value of ¢-potential of wood at 0.026 volt.

The present examiners started the work of measuring ¢-potential of wood
by taking advantage of the method a adapted by Stamm. In couse of experi-
ment, however, they found it proctically impossible to pust on their experiment
by the method due to the couple obstructions as mentioned below :

(1) That solution has been dissolved owing to the electrolytic dissolution
at the electrode, and bubbles coming aut of the vessel which made the local
pressure of the anode and cathode greater so as to cause the remarked bubble
to move without giving any ¢-potential.

(2) In the experiment both the replacement of the testpeece and handling
of the apparatus are extremely difficult.

Invariably these obstructions made them adopt the next method electro-
phoreses. As shown in Fig. 1 the new apparatus is consist of a pyrex glass-
veesel which enables them to ascertain by the help of a microscope the electro-
phoretic velocity of each particl which is represented by u. They have measured
by the Helmholtz-Smoluckouski formura which follows:

dr.7n.u
D represents the dielectric constant of water
7 ” viscosity of water
H # electrolic potential gradient
u ” electrophretic velocity of particles

As to types of vessels used a horizontal one is common employed. But in
our case a vertical one was preferred because we wanted to ascertain the effect
of influence that gravity gives to the particles of wood.

It should be noted that the electrophoretic velocity of the particle represents
the mean velocity of upward and downward movemeants of the particle. As to
the kind of electricity used a current of 100 V. A. C. rectified by the rectifier,
and was applied parallel to the czlls a discharge tube with the constant potential,
V.R. B. 133/60 prepared by the Tokyo Sibaura Electric Co., so that the current
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can always keep up the constant potential of 135 V. For determing the value
of H, the examiners tried at first to ascertain the voltage prevailing between P
and P/, but it was found later that it was practically impossible to measure
the correct value of power by this means due to a high resistance offered by
the measurement.

We have therefore meacured the voltage prevailing between P and the earth
on tae lower side, so as to find the balauce of the two voltages. The balance,
U, was divided by L or tne destance between P and P’/ and the result was the
vatue of H in our case. The actual distance between P and P’ was 5.6cm in
our cace.

The water employed to the present test was confined to that possessing the
conductivity of 1x10~7 {5 and the strictest case nas been taken for Keeping its
purity. We way add in this connection that the distilled conductivity water
used in the test was specially prepared by Prof. N. Ando of Tokyo Institute of
Technology.

The atmospheric temperature in the room where our experiment was carried
aut varied from 12°C to 22°C and the dielectric constant represented by D and
the velocity of was determinad each time by the physical constant table taking
the condition of temperzture into account.

A grave qustion in this experiment is how to measure the real velocity of
electrophoresis of wood particles, that is, the velocity of particles that are
perfectly free from the influence of electro-osmose. How and where then, can
we pick up the particles that ali completely free from the influence of electro-
osmose?

Now, take u. for the velocity of electro-omose at a given point in the vessel
and u. ror the velocity of electrophoresis at the same place. In that case the
apparernt ve]oc1ty of the particle, U, may be expreesed by the followmg expression :

Now tnat vessel is completely water-tight '1llowmff no water to run away,
we get the following formura:

Hence
_dUds  TUds g o
U.= fds = s =U 4)

From this we know that the velocity of electrophoresis of particles can be
denoted by the mean value of velocity on the total area.

Based upon this theory we have prepared a distribution curve showing
variations of the particles in the vessel (Fig. 2), and we found that the particle
completely free from the affection of electro-osmose is located at a point +0.57
R upward of the centre of the vessel.

. The ¢-potential of woods.

The wood used in this study have been used the heartwoods of Hinoki,
Sugi, Akamatsu, Makaba, Buna, Sinanoki and Red-lauan, and these woods were
made to investigate elsewhere.” Listed in table 1 are the growing district of
these woods.

The saw-dust of these woods was dryed at room temperature and was made
into fine particle (under 100 mesh) by ball mill made by porcelain. This fine
particle was washed repeatedly by distilled water, was suspended in water, and
next finest particle was obtained by centrifugal separator, and dried at room
temperature.
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The results of analysis obtained by standard method of analysis for these
woods are given in Fig. 2. The method for determining of ¢-potential have
been described at chapter ][. After immersing in water for 24 hours, the
¢-potential of woods were measured. The results are shown in Fig 3.

Briggs,'™® in his extensive streaming-potential measurements on celulose, ob-
tained ¢-potential values of --21.4mV, —16.1mV and —8.3mV for two different
kinds of filter paper, and a sulfite pulp against water. K. Kanamaru,” ® in
streaming potential measurements on celuloszs, obtained ¢-potential values: stan-
dard celulose, —43.43mV~—46.01 mv; oxycelulose, —12.43~--8.63 mV, respscti-
vely. So for as we know, ¢-potential value of celulose has been measured by
electrophoretic method. Stamm,?® using the method of electro-osmose, obtained
¢-potential values for different woods against water. Using a more reliable
method for determining the effective capillary cross section than was used in
the earlier calculations, he obtained values averaging 26 mV.%

We investigators obtained the ¢-potential values of woods by electro phoretic
method. The ¢-potential value of wood is smoiler than the value of standard
cellulose, but larger than the value of oxy-cellulose. If the composition of
wood is composed of 50% «-cellulose and 50% hemi cellulose, lignine and pectin
etc., it seems improbable that the value of ¢-potential of wood mediate between
the value of standard cellulose and oxy-cellulosze. We obtained ¢-potential values
for different woodworking adhesives. The results are shown in Fig. 4.

V. Fluctuation of ¢-Potential due to tne lapse of
time of immersion.

Tests conducted upon particles of wood immersed in the water show that
the value of the ¢-potentizl taking place or the interface of the two layers
declines in proportion as the length of time of immersion. No concrete experi-
ment has ever been effected before as to this particular phenomenon occurring
on the surface of wood particles. Various experiments by the examiners, however,
testified that boith hydration and moisture gheorption by the wood are largely
affected by the condition of wood, that is, whether it has suffered a chemical
treatment, or a career of dry; and that this affection by the wood condition
has a close relation with the said fluctuation of ¢-potential. Particulars concer-
ning this theory being given in chapter V, we wisch here to refer only to the
manner in which ¢-potential fluctuation takes place.

Prof. K. Kanamaru maintains that a similar decline in the value of ¢-potential
occurs in the beating of cellulose and the beating pulp,’ and gives the value
of ¢-potential then available in a simple formula as follous:

—log (¢—¢ ) =kt,

a¢
& =a(¢—<¢)

. In the formula ¢, denotes the ultimate {-potential. This formula has been
theoretically in troduced under a presumption that the velocity of hydration

)
In the formula n the of cellulose micells to be hydrated, or molecules of cellulose
in free state on the surface. '

Unlike Prof. Kanamaru’s method the examiners wanted to ascertain the
extent of ¢-potential iluctuation solely through experiments. The wood particles

used comprised 4 kinds made out of the beach woods, that is, (a) a wood which

proceeds with the unimocular reaction represented by the formula,
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has not suffered any kind of treatment, (b) a wood that went on a drying for
6 hour under the temperature of 40°C, (¢) a wood that has suffered a drying
for 6 hours under the temperature of 120°C, and (d) a wood soaked 24 hours
in the solution of 19% NaOH. The result of teste showing the value of ¢-
potential in each case is given in Table 3 and Fig. 3.

As may be seen in Fig. 3 ¢-potential declines accutely in all cases during
the first six hours of immersion, but in later haurs its speed of declining
becomes less conspicuous. It appears that the deciine of potential in all casea
forms an exponential curve representing asymptote, {=¢, and from this curve
as well as the measured value we may ascertain the value of ¢,. Then the
relation between log ({—¢,) and t or time of immersion can almost be denoted
by a straight line as is illustrated in Fig. 4.

The manner in which ¢-potential on the interface of the wood is affected
by the time of its immersion in the water may be expressed in the following
formula no matter whether the wood is a treated one or not:

—10g (E—Co) =Rt (D)
when computed by the differentiated calculus this formula may be replaced by
the following:

—gf‘:a(C—Cm) ()

In the formula a represents 2.303 K, &, the value of ¢-potential when t is 0,
and ¢, the value of ¢-potential when t is oo.

From this we can know that the decline or dropping of potential in the
interface of the wood partakes is the same nature in principle as that occurring
in the interface of cellulose,'® the only feature ther characteriges wood is that
in the case of wood an accute dropping of ¢-potential lasts as long as 6 hours
as against 40 odd minutes of the latter, which his no change at all of potential
after that. ‘ :

It is supposed that this dropping of potential is outing to the hydration of
micells of the wood. When wood is immersed in the water the crevices of
micells constituting the wood begin to swell and thereby cause the micells to
display then reaction of hydration. The time required for hydration by micells
is limited so long as they are free from any accident taking place within
themselves.

It should be noted, however, that the micells suffer no change as regard
their nature. The water only permeates into the crevices of micells and cause
the swelling of the wood, which, therefore, is reversible when dried. In the
case of cellulodes this processs of swelling can clearly be illustrated by means
of the x-Ray analysis.l®

The reaction of swelling comes to an end when all the micells consisting
the wood have finished their action of hydration. Now that the crevice of a
micell is larger their a molecule of water in size, one and the same reaction
takes place either on the surface or within the inner parts of the wood. We
may, therefore, conclude that the dropping of ¢{-potential, which is undoubtedly
caused by hydration of micells, is nothing but a phenomenon caused by the
swelling of wood, or, in other words, the hydration of all the micells constitut-
ing the wood. The velocity of swelling, then, may be expressed in the following
formula :

R JCERY 6))
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In the expression, denotes the number of micells or the time of immersion,
% the velocity of swelling, and x the number of micells hydrated during a
given time represented by t.

The value of ¢-potential of wood particles consisting of unhydrated particles
each with the value of &, and those hydrated ones each with the value of &,
respectively represented by m and n may be expressed in the following formula :

_ m&e+tmé&y ..
¢= m+n 4

Therefore the actual value of wood particles immersed in the water for a

given amount of time is:
Cin—x)+¢. X

= n --(5)
From (5)
dat T n dt ©
From (5) (8)
—dt——-k(n n o ) (7
From (6) (7)
S 22K(EmCy) e (8)
dt ©

Formula (2) can easily be obtained, and in this way we can thoretically
explain that the fluctuation or decline of the ¢-potential of wood due to its
immersion in the water is caused by the reaction of each particle forming the
wood under the rule as given in the said formula.

V. Career of Wood and fluctuations of ¢-potential.

In chapter I we have been that ¢-potential of wood, no matter whether it
is a non-treated wood, a dry treated one, or a wood of 19% NaOH extraction,

is subject to a fluctuation under a rule which is denoted by a simple formula,

—%za (€—¢,). Also have we seen (See Fig. 3 and Table 3) that the value

of ¢, or the potential occurring or the interface of wood immediately after its
immersion in the water varies according as the condition of wood, that is,
whether the wood has suffered a heat drying, a treatment of 1% NaOH, or
what is known as a mercelized treatiment. Just the same ¢-potential can be
seen in cellulose and is being studied,” but the ¢-potential of wood has hithertos
been studied by few or no experts.

The fluctuation of ¢-potential of wood is caused by the hydration of micells
of wood which are composed of still finer particles. It is those fine particles
that attract molecules of the water, the very reaction being name Van der Waal’s
force. The internal molecular force taking place between the two opposing
particles is believed to occur from a strong polarity owned by free-state hydroxyls
growing on the interface of the wood micells, but in the inner part of wood
this force does not occur because the micells araund therse get saturated with
one another. The absorption of moisture by wood is caried out in the same
process as that of absorption of water. Thus we know that the hydrophility of
wood is caused by the remain affinity-force of free hydroxyl groups on the
interface with a strong polarity and polaritic orientation of molecules of
HyO. If we, therefore, apply any treatment to increase the volume of
free-atate hydroxyl gloups on the wood interface then we can increase the very
extent of absorption either of water or moisture by wood, and hence the value
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of the ¢-potential of wood. It is based upon this theory that a physical or a
chemical treatment is applied to wood, because such physical treatments as he
at treatment or the chemical treatment (mercerisation, etc.) goes far in
increasing the affinity force of wood againts the water.

When the wood suffers a treatment, either physical or chimical, it is some-
times accompanied by various reactions, such as (1) its compact gel-structure
becomes loasened, (2) the crevices between micells become enlarged, (3) the
free surface of micells is enlarged, or the hydroxyl gloups on its surface become
move active. When, therefore, the wood is immersed in the water, it becomes
to have a high potential, so that, owing to the high free energy, this system is
not stability. Exposed to the air a treated wood ahbsorbs more moisture quickly
than those not. When immersed in the water, it displays a more desperate
reaction of hydration than those not. For dsterming the value of & in the
catter case, however, care must be taken, for it often shows an irregular or iess
potential than expected. In course of its immersion in water, the micells of
wood get gradually hydrated and its potential begins to dz=cline by and by until
it comes to an equilibrium.

In this case £—¢ shows the extent of absorption or hydration-degree, ¢y-— &,

the possible quantity of water to be absorbed by wood of the non-water state,

d¢

and o the veleeity of hydration. This theory leads us to the conclusion

that the property of hydration by wood, that is, extent of hydration, its tendency
and capacity, can be ascertained from the nature of ¢-potential as well as its
modes of fluctuations when immersed in the water. The actual results of tests
conducted based upon this theory are given in Table 5.

(a) Influence of dry-treatment

It is generally known that the kiln-dried wood has a weak hygroscopicity
than the un-treated wood.®

Fig 3 and Table 5 shows the changes of ¢-potential value and hygroscopicity.
The higher the temperature of dry-treatment is, the less the hygroscopicity of
wood becomes. This phenomenon is caused by the partial adhesion of micell
of wood, and the gelstructure of wood is reduced to compact. Next experiments
were done to analyze the relation between this partial adhesion of micells and
tensile strength of wood. A heartwood of Buna was machined into specimens
each 4x25x100 mm. ‘These specimens were dry treated, and were measured a
tensile strength perpendicular to grain of wood. The results are shown in
Table 6.

(b) The correlation between ¢-potential, absorption of water and absorption

of moisture

A heartwood of untreated Buna was machined into specimens eaca 2.0x1.5
x0.8cm (see Fig. 5), dried in the desiccator at room temperature. Thae sumples
used comprised 4 kinds made out of the Buna that is, (a) a wood which has
not suffered any kind of treament, (b) a wood that went on a drying for
6 hours under the temperature of 40°C. (¢) a wood that has suffered a drying
for 6 hours under the temprature of 120°C, and (d) a wood soaked 48 hours in
the solution of 1Y% NaOH. The percentage of water absorption, moisture
absorption and swelling has! been measured at 20°C, and then were calculated
by the formura,

Percentage of moisture (weight of absorped material) —(dry weight) 100

absorption = (dry weight) x

others.
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The results are shown in Fig. 6, 7, 8, 9 and Table 7, 8. As for the rate
of water absorption, there was a significant difference between 120°C treated
wood, 40°C treated wood, un-treated wood and treated of 1 % NaOH extraction.
There was a same relation between the fluctuation of ¢-potential and water
absorption due to the lapse of time immersion. (see Fig. 3) There was a came
relation between fluctuation of ¢-potetial and moisture absorption, too.

V. The relation between ¢-potential of wood and
concentration of hydrogen ions

Experiment were done to determine the relation between ¢-potential of wood
and concentration of hydrogen ions. Small concentration of electrolytes have
been shown to effect the ¢-potential of cellulosic materials that are negatively
charged with respec: to water. Briggs'® found form his streaming-potential
mesurements on cotton that monovalent cations, with the exception of hydrogen,
increase the negative ¢-potential up to concantrations of 0.1 milliequivalent.
Similar results were obtained by Stamm®® irom electo-osmotic measurements
on wood sections and by Lattermoser® from electrophoretic measurements on
suspended wood flour.

In our experiment, as sumples, we prepared the Buna, the Akamatsu, the
urea resin adhesive, the phenol resin adhesive and the soybzan glue. All sorts

of pH solutions were made by tae additions of 711810* NaOH and '118]0-— H.S0,: to

the distiled water. The results are shown in Fig 10. These fluctuations of
¢-potential of woocs du2 to the difference of concentration of hydrozen ion is
more like the fiuctuation of oxy-cellulose than the fluctuation of standard
cellulose.

In th adhesive-adherend interface, it seems improbable that the charge of
wood and adhesive is reversely at a certain concetration of hydrozen ion. It
may be concluded that the abovementioned adhesion is strong. Some experiment
was made to investigate this effect, but these experiments were done not to
analyze the effects of ¢-potential.



