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Hiromu Kaprta and Junsuke Mukupar: Studies on the wettability
of wood II. Influences of some extracting treatments on the
wettability of wood.
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MHHABIC L 2 KHER O activity OB bk E4%%
B LA E Y, Cho DRE SRR &
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FERAEPUC EA (2 3 TR 0 L 78 % Y
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Il BREIUEER

(1) EEEASEEIMEOMR

S B L O EREAEREOEE LA ERRE
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X OB T 2B E L H B, WThoBs
50~ 7205 MBI IITFEHEICET 3. BEPERIE
EAT2HE, EAEERE LT Washburn {2
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The height of capillary rise (cm)
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Fig. 1. Change of the height of capillary rise of water with TORELVNE Ry, HOFHIAICE
time for various extracted wood LTERELAZELT S,

Species: Red lauan, 40~60mesh Lanl, ZBTOKRE» 7 21k 5

Inside diameter of the glass tubes: 0.53+0.05cm WO EE LR &2 3848, OKRWE

Fill method : b) (see Report I’) FHELOABE Y T ARETHRE N B

Temperature : 30°C
Holocellulose (delignified four times)

EFOBOWHEO LR (22 TE, —iG

O Cellulose (removed hemicellulose from KENRNEVI) DIENS, QRLIFHD

holocellulose) Mg~ ENBE (Z - TiENEah

o Alcohol-bezol extracted wood (Shr) L3 OTo0EREER LA

Ether extracted wood (Shr) e .

:& Water extracted wood (100°C, 9hr) 2570, MRERBRIC ST S EA b,

—o— ” (20°C, 48hr) EREBEORE T (RRICHNTE,
Alkali extracted wood FEElk, —IG1EED) o L85 ERL,

:g: Control (not treated) SEEE LTHEROSBEE L b

Zz 603, LicdioT, b dREVY DIIEKER
nask & <, WTEROERREICK T 2 Bk’
B ERT.

BRI & b 2> T RBRTFHOODHE LY
LS ORDEERR~OBRGENRE (T2b 5
Q) vz ah, ICL3 L LEVEDHEBEOF
HWEAEGETS. CoLrCLTRRELLICE
DN HEEREETIMBERENERLT K
HIC L OBOFEEECETS. LeL, CoLHFE
Bicksn T, Cho ETCHBEL T 2ET,OH
HRDEE~NDBFEL LU L W ECKEOEE~D
o WA fTHON 2120, EEELAEREI NS (723,
1 ' 2 3456810 2030 5070 FoiER - AE—-EE oA, Fig. 1 ORT X

Time (hr) Scfafphigic 3 nEEIOLND.

: N I : T (21 6
Fig. 2. Logarithmic relationship between the height
X . . . Y 5 £ O PPN [3]
of capillary rise and the time in hours. dh
Species . Red lauan ¥/ ‘i_di, =abtB=L ceectriiiiiiitiioiieinnenes [4]

Symbols : Same as shown in Fig. 1. 3. [4IRE EAEERTHY, LAEENH

A Il I W

The height of capillary rise (cm)
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BELTab L3l ediTt®3. nhsBIFTH B
IREBUNES- D LRFEE DT, MR ab 3k
EL3LELXONS.

72, BE LASOTHEME (he) 3, #iEE0), (@t
MABbOI>THREZLDTHY, he b LU
ab (&, AHEFNHELEZXONS. UEnL > 4H
RIS > TEFERAKRICL Y Bk BT 3.

(2) KihHmPEc L3S

AKHHAEIC L » TRM D SBEBRE N 3RS, T
ARARANFY) —X, RV =X ED—TD~ T &
AR —2ATHY, COEFVEBRSTHZ 2V =,
@k, 7arrueAf I N3 L bhTH 3

B - R RO BB T 2515 79

PO KA AAEREH DT O RBEER L, Table 1
ICARUL7:. WL ¢, b, ab L0 hy i, # oK
(100°C, 6 Fsff)) #hHAABE >MMFE >¥K (20°C, 6
R MHAEOIETH 3. hee TidBukih AR
B, BABFEHMII LV Y K-SV TI8Y%, &Y
A b F9VTBERTHY, -Gk AERE
i, JAEFRKLIOOL Y K50 T29%, kU4
P SUVYTAHGNTHB. Bk, BYOEEETE
ETBE, RTA b - T UV OB KA L SN
FIZERC T, MR &K £ 72 i Bok b AR i1
VTN LFENEGBHONI. DFIC, vy K- 5
T DEKBBAERE D b L0 hye L BukEEH

Table 1. Relations between extract by various treatments and the constant a, b, ab, the

height of capillary rise (hy;), which are the indexes for estimating of the

wettability of two species using the capillary rise method.

[

. ’ Red lauan White lauan
Conditions :Eﬁxtract* 1 b ab ho** |Extract* a 1 b l ab By **
() Cem) (%) | (em)
Control , — 0.235 4.8 1.128 13.0 — 0.241 3.5 0.844 11.7
(not treated)
The extracting treatment with water.
20°C  6hr | 0.96 0.350 2.1 0.735 9.2 4.55 0.356 2.6 0.926 11.2
” 24 1.58 0.342 1.7 0.581 10.0
” 48 1.66 0.344 2.4 0.826 10.5
40 6 1.41 0.317 3.2 1.014 11.8
60 ” 1.66 0.292 3.9 1.139 13.1
80 ” 2.17 0.280 4.5 1.260 14.2
100 3 4.78 0.281 4.3 1.208 14.0
” 6 5.20 0.262 5.2 1.362 15.4 | 8.48 0.279 4.7 1.311 15.0
” 9 5.25 0.244 5.7 1.391 15.8
The extracting treatment with 0.19 caustic soda.
1 hr 13.23 0.260 2.2 0.572 6.7 | 12.61 0.264 3.0 0.792 10.7
Ether extraction.
3 hr 4.59 0.216 4.5 0.972 11.8
6 5.55 0.270 2.7 0.729 8.4, 5.60 0.328 0.9 0.295 4.0
9 6.96 0.164 6.1 1.000 12.1
12 7.06 0.320 3.4 1.088 10.0
Alcohol-benzol extraction.
3 hr 4.90 0.214 2.2 0.471 5.3
6 4.62 0.187 4.0 0.748 12.7 1 7.31 0.134 3.3 0.442 6.2
9 | 6.18 0.165 9.6 1.584 20.4
12 6.20 0.155 10.5 1.628 19.9
Delignification
0.5 hr 11.90 0.198 13.0 2.574 30.6 | 2.00 0.217 9.6 2.083 24.9
1 16.31 0.194 16.0 3.104 36.9 | 10.26 0.197 11.3 2.226 26.0
2 23.36 0.181 16.5 2.987 36.1 | 17.46 0.177 10.8 1.912 27.7
3 24.91 0.167 17.7 2.956 36.6 | 23.65 0.174 12.8 2.227 27.8
4 32.59 0.158 19.3 3.049 37.3 | 29.15 0.180 13.6 2.448 29.1
Removing hemicellulose.
2 hr 7.55 0.276 9.0 2.484 28.3 | 8.40 0.275 7.4 2.035 22.2
4 17.01 0.264 11.0 2.904 33.9 | 13.68 0.262 9.3 2.437 27.8
6 19.23 0.263 11.7 3.077 35.0 | 18.43 0.266 9.9 2.633 29.4
8 20.95 0.261 12.0 3.132 35.4 | 21.92 0.246 10.2 2.509 31.0
10 23.75 0.258 12.5 3.225 37.4 | 22.66 0.244 10.5 2.562 31.9

* based on oven dry weight.

** at the reading time of 72 hours.
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Fig. 3. Relations between the extracting temperature
of water extraction and the height of capillary

rise after 72 hours (hyy)
Species: Red lauan, 40~60mesh
Extracting time : 6hr

# Table 1 iR L7z, Bicaohn 3 L5, KB
HoOMBEBREN BT LLEOCHEERIE LY, he
CEBICHART S, 2oHBEES 20°C (Bkhh
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(Bokit ) oS, wtRE e EFE (he) o
BAth# Fig. 4 (SR L7z, %K (20°C) hHamBalRt
D hes id, HEFRHEECLTOLEEAERLET,
AR DTN L D L. F/-hER (Table 1)
(TR R 72 B E TS, BRI LT BT E
e, =5, #ok (100°C) AR T, MR
WEL B EHEREL, RSB TS %
ICbET 3. E/2 heid, #HABAEIC Lo THE <
mh, Fom®Ex, SEREME TS %, 6RHITI8
%, 9WRIT22% THB. EF ab ik 20°C, 100°C &

195
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E
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Fig. 4. Relations between the height of
capillary rise (h;;) and the extracting
time of water extraction.

Species: Red lauan, 40~60mesh
Extracting temperature : 20° and 100°C

LR h B ERESCKD, b HREL
713 (Table 1), ¥74bb, MHFEIRZ2
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F - FRHEEE (& ¢ 100°C) pS—EnSE, hH
WS¢ 7 3 LB EE > T 3%, Chid
MER» S WO L SIS, KRBCEFET MY
DEERBHDZNOFHRBIELL, Thiced
7o TARMER D activity AL ECLD6D
LEZOLND.

(3) 7aryHHABCLIEE

7n Y K S IZIZA L D TH DAY
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LDhEe. Tabb, 7An ) HHABERE O Lk
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DBV » K- 59 T18.2%, o4 b S50y
TI2.6251 3% 7 2 120, REHAE D 2270 0 R4
k333 &%z2003.

TR ) BRI LY, 3 MoBEECf
DEMET 28 (B, V=) 25, AFERE
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AL TREEAP KT T2 L0 E 2003, 24,
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8)

(@) HEERIC & 2 AR o g

AREBHIC L - TR ot h 2 o, Bl
i, K, A5 E, A%, TAruAL FEETHD
EODIPY, HEHFIOMIIC L - THitHRHC S0 D
D, FLoTORSIMET 2. Table 1 (C/RT L5,
6 BN o b, ab, hyy (3ljHAE & ¢, IRALBE >
TN XY S2—FADIET, hp (ZARRK O 2

25

(cm)

20

L. Control

0 3 6 9 12
Extracting time (hr)

Fig. 5. Relations between the height of capillary
rise (hz) and the extracting time of solvent
extractions.

Species: Red lauan, 40~60 mesh.

Open circles: Alcohol-benzol extracted
wood.

Solid circles: Ether extracted wood.
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Relations between the height of capillary
rise (solid line), lignin content in delign-
ified wood (dotted line) and the treating
time of delignification.
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Fig. 6.

Open circles:
Solid circles:

MIESKE D Z i 235, DF Y 2.3 /4
VO-it,wﬁé%ﬂWAﬁb%;UaMka
D) ik, WG E 4o, AT Ch S
MR 55 L ELICKELAD. Vb
ty, MR & o Y, TE EXUBEEL NS
W EFERLTO D,
It VLR OREHE 3 TS R B 5
S5 CHY, F2BY 5= MIEsSEE L AT H
, LRGSR D & E LICEERS DO—D
t&ov‘:/wm BRIL, T OREAM
THARATD D A TN TR Y . K DS AL
EEARE Y, BAEoRGLmEsSHT EF A
s d.
(6) Mhi~ 3 A — ALURIC L D
Wiaels v 7 = v C4 D R &, 0.2% L
w 5 R CIOREMIALEL 4 25 &R o~z e —
ARKIBIERLEE N, ern —ADRERD. T
DB, REEF BT S e~ em
—AFRITED EoDbR TS
wn =200k (v 157 OFE R
iy Fige 1 (/R L7225,
KBt Fn MU L O, BIESMEZHE U TR
ABER K s L O b B o 2 h LD L v
Frokukaz—A (B 7= 4 BERTLED
ARkt e er e — A (i~ L m — A 10

(o T

V=

LL
VR

udu — A

ey,

(cm)

h72

Fig. 7.

40
35
30|

257

20

no 2~ 36 <
hse (X,

MRS THB. Thbb, §iFEVERRECERC L
AU, Do ESEEINS <7y, WP RiECT
TNTVD DKL, BEEEREICHIZ > TEAZE
MEEL T 3. nZ kg, Table 1 » b 5L ab
TREND. FCHALGNB LI, meero—AR
¥t b 2, eru—2@ B zh L HKRENT G,
Futla—APRDN Il u— ADFHENKEE
WLCHB ERPR, ~1 e — ADREEI
ZERLTWD

Iro, OB T s~ A E BT T
WL, RLH il Ermentnsd. ¥abb,
Lo BT 2BiEEMTs L, ~ieru—RD
5 HAK Y v YEOKRIEHH BRI S L, R
{mpelbicty pwviEaihliah, T0RERHIAL
MTIFEALE VL —ADITe D, FHBE T~ <
Az ba — ARE L 22kt b & il o BY 6R
ﬁg7u,ME%%KmﬁﬁngvabiTww
VZRL 7. s LU En oW onie Lo, Mjkstk

(%)

25

LN Delignitied

»

20

15

110

Hemicellulose content

AV

4 6
Treating time

10
(hr)
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holocellulose using 0.2% oxalic and the treating
time,

Symbols : Same as shown in Fig. 6

Solid line : The height of capillary rise (hzs)
Dotted line : Hemicellulose content in
holocellulose.
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Summary

The purpose of the present study is to obtain
the knowledge about the relationship between the
chemical constituents of wood and the wettability
of wood. The wettability of wood which is ex-
tracted with water, caustic soda, ether, alcohol-
benzol, sodium chlorite, and oxalic acid, respec-
tively, are investigated and compared with that of
untreated wood using the capillary rise method
(shown in Ist report ©).

The wood flour prepared from Red lauan
(Shorea negrosonsis Foxw.) and White lauan
(Pentacme contorta M. et R.) were used for this
experiment, and water was used as a wetting
liquid.

Results obtained are as follows:

1) When the logarithm of the height of capillary
rise (h) in the extractive treated wood flour were
plotted against the logarithm of time (t), the
linear relationship was obtained (Fig. 2). From
the straight line the empirical formula may be
expressed by Eq. (2): logh=alogt--log b------ (2)

Then the Eq. (2) becomes dh/dt=-ab tr-1...... 3
where dh/dt is the rate of the capillary rise.

The constant ab in the Eq. (3) can be used as
the index to evaluate the rate of the capillary
rise. Therefore, it seems that the initial height
b (b: the height of capillary rise at one hour
after the start of measuring.), the constant ab
above mentioned, and the height of rise after 72

hours (h;,) are needed as the indexes for estimating

of the wettability of wood using the capillary rise
method.

2) The extracting treatment with cold water
(20°, 40°C) decreases the wettability of wood.
However, an increase in temperature of water,
which is used for extracting treatment, increases
the height of capillary rise, and the degree of
increase at 100°C becomes larger with longer
extracting time (Fig. 3 and 4).

3) The extracting treatment with caustic soda
(19) decreases considerably the wettability of
wood (Table 1).

4) The wettability of wood increases gradually
by the alcohol-benzol extraction, but the wettabili-
ty of extracted wood at the short time (3, 6
hours) is lower than that of untreated wood (Fig.
5).

5) The wettability of wood also increases con-
siderably by the delignification and especially
rapidly with more delignification. It is shown that
the wettability of holocellulose is higher than that
of other components (Fig. 6).

6) The wettability of flour removed hemi-
cellulose from holocellulose with 0.29;, oxalic acid,
is higher than that of untreated wood. The higher
capillary rise resulted from removing of the more
hemicellulose and the curve of process of capillary
rise is gradually nearer that of cellulose by such

a treatment.



