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Studies on the Wettability of Wood.

Part I. Determination of the Wettability of Wood.

Hiromu Kamita* and Kanji NagaTo**
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Photo. 1 Contact angle measurement apparatus
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. Inside diameter of the glass tubes : 0.53+0.03cm
i
T & B Bk ORI, Temperature : 20°C, Fill method : b) (see Table 2)
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VIR gED b) OFik Fig. 5 Semi-logarithmic relationship between capillary rise
Lk » TR LR, and time in hours.

Fig. 4 KR+ X5, 72 Conditions. (see Fig. 4)
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Table 1 Specimen data for Hinoki, Wood flour size, Porosity,
Height of Capillary rise.

Inside diameter Degree of Height of
No. | Wood flour size |of the glass tube Porosity** Capillary rise*
o ____ (mesh) (cm) Po Gl (em)
1 20~40 0.33+0.01 88.1 31.3
2 ” 0.53+0.03 88.6 32.2
3 ” " 0.710.03 88.3 32.0
4 40~60 0.33+0.01 85.9 33.2
5 ” 0.53+0.03 85.3 33.7
6 ” 0.71+0.03 85.4 33.8
7 60~80 0.33x0.01 84.1 35.5
8 ” 0.53+0.03 84.6 35.4
9 7 0.71+0.03 84.7 34.9

* at the reading time of 72 hours.
** P, = degree of Porosity (based on oven dry weight.)

P=L5 00 )

V : total wood flour volume.
. M
: solid volume |= ‘S_)

Vo
M: oven dry weight of the wood flour.
S': specific gravity of wood substance (1.5)

Po=Y = V° % 100(%) (14)

TZic, ViEdHAREAERBED 24K BTHD, Ve IRBEHEKXINED 2 EET, Vo=M/S
TRDONE, M BABHESKROEER, SIAROELE (1.50) TH2, Tablelitionb kD
K,%%ﬁm*%@mwh§¢$mé®ﬁﬁémémmm&fﬁ%<,mﬁbkc&uﬁﬁéﬂbh
3, Lizh-T, J BODIG 5L TWVaLHiC, MECELTRABORELE—T 2 LEND
%,

RIELERBCRIZTH I RAENBROFBELDE, T 7 AENOKBOODFAHABD b) OHEE
KX -, W7 RAERBRBENLCHSAEBICKOLEATHRZEBICEM LTS (Table 1
BRR), Lid-T, RRBIEORERBAEVARDT 7 AEEERT 2 EBET LY,

i) #35RE~OREDOOBDF

KIBFIEE 40~60mesh, # 7 XENE 0.53cm OHDAFNT, DFOIFEHOODHFILOVTE
Ftl7z,

a) HI7RAERCEARREBRET U THRTLHE,

b) HEAWZE N 7 REHIC 5em T HARK THRL, umnwméwbSEﬁyxméw%%T

X, ZNERVELTOHIHE,

c) DERUFEHETHREL, ETRIEEIOMELTO2D Sk,

OHHDESELTIE, MRLASHEEARNLCENTEE, ) ORI Table 2 TRT
EIK, ) OFEICEZHDIE b), ¢) KLXZ2HDORHERTEELASREV, chid, a) Tz
%, KRHEEROFEEERBAE Bk sitksbnsBbhs, LHL, b), ) OF
ETRRERESEDONBVOT, BIFICHIELOERVTOHDHFREASICIREACEELRIT
BRVERRTEL, £CTABTIR b)) OFECXBcEE LT,
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Table 3 IT;RT &L ST, MDOEHENBELVES
BESELBACLEN-TEASIRE S
T3, ThIADEREIBETT S0
EZbNB, Lizd-T, KEBIUREEEN
DREX—EIT ELEND B,

Dbkofh, LREOEBRFELLTIE, #7R
ERNEE, ABOAKRLRENEBEIONDD, &
HEETRAHSRETD -7,

PILAHTOREHERL S, EFERERHEL
TROESICHERTE B,

(1) EEEREOEMEZ, WNEHHTIEIKE
{, BEL&EbIRNELILY, B0~T2RERE®KICIZ
FEHEICET 2, LM -T, METHTIIE
PREETHZOT, BEELHETE4CI
THEEEZROEONEE L, AR TIIT2HERI%
DiExEBTEELE,

2 ABKEIEBEORICEEBLRITEEZ
b, mesh WAREXN2EERENELLLHE
MARH250T, KIBNEEK—3 2 0BNH 5,
A TIE 40~60mesh NI EE L7,

(8) HF7AEHNEH 03~0.7cm FHFERNICH 2
BAKE, 77 ABEBEMLL TS, SHEBE
UERBRIZTAENT 2 OTHRET 3 HEIZ L,
EBTRAR LETANEEL 05cm Db DA

Table 2 Relationship between fill
method and height of cap-
illary rise.

Fill PDegree*o’x;J ’ c H%ight of .
orosity* Po apillary rise
method %) (cm)
a 92.6 | 30.3
85.3 33.7
c 84.9 34.2

* gsee Table 1.

Species ; Hinoki 40~60mesh, Inside diam-
eter of the glass tube; 0.53+0.03cm Tempera-
ture; 20°C

a : filled naturally by no dropping the tube.

b : filled by dropping the tube five times
from a height of 10cm after every 5cm
of fill.

¢ : filled by the same fill method with b,
and by dropping the tube ten times.

Table 3 Height of capillary rise
at three temperatures.

Tempe- | Surface tesnoin Height of
rature of water Capillary rise*
) (dyne/cm) (cm)
10 74.2 31.0
20 72.7 33.7
30 71.2 38.4
* see Table 1.
Conditions : Species, Hinoki 40~60mesh.

Inside diameter of the glass tube, 0.53+0.03cm.
Temperature, 20°C. Fill method, b) (see Table

WazEicli, 2).

(0) H7IRAERORHOETAEIR, B&iEicH
BOOABROTEREBIZREALES LN, SDHFAREETICEMNFEILL, AT, &
KA % H# 7 A%ghic 5em T THRMEREL, 10cm OFI»o 5@F 5 AELREET S&, chE
R L TOD 2 HHEICREIL 7.

() BEIESIRECEL(EEL, BEMECNIRCLAN-TERGOELS, £ TR
HIEFES 255, AHTIR 20°C &Lt

B EfABlEE

BEDEEICE L ThhB TN, BETLETCOBRBOEMAIINS L, Nk dhiZRE.
CO& I REMABICE - TAHOBBYELZRF T 254, MEERE2IOLSKRHTIEIBREDX
WEELLMEMMAESNE P E VA ENRD 5, HERMICEICE 20, MEROKE, A
DO ZAFv A, UENRN MAOKHHE, MEOHL XIRETH S,

B AR R ORIEIC ST, AEREFLBRERNT, BE - GESRH LTV, ol
KEBET=F 2 —2—TRATZEE, MNEERMOBAZICRIERLZMNEL, 0 BI5°LIETRE
LWEBDLNBEL /NI GUHANAD D, BEREEDHOME[MBLI THRHLOE LT Sb
B2, HBLAELSiCT=A 2 — 4 —CHBEANATZHEEL, RELLEEDLORD 3 HEOTH
ODHBAEE / FH—KIZDWTZ CAAH 1R, Tabled IKRT L HIC, WTFhOMEIKENTS,
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D and h (mm)

cos @

Time (min.)

Fig. 6 Change of water droplet with time on Hinoki
Temperature ; 20°C, Volume of droplet: 0.003cc, Cross
section, Measuring direction : R-direction.

BB D cos 0 ZHEFEDOZNLI DB KREV, KERTIE, —Bo=d 4 —2 —CHEHEMNAT L HESE
AL,

BEMAOE AT L YREER, DVOYIRIEREMA LKBEMRAOE TS LD, THIZEMAORE
Fls bBEET S, 2T, MBNEHOEMANKIOVAORRICKFEEZNESE, 20EROR
BENEEEL .

MFiE Fig. 6 iICRT X, BTIFUMIERCEL TOEKBHOBRMBIEEAEELLET, &R
(h)Qf}biﬁ%F’aﬁ@i‘éi@&&Ncﬁ/}‘b, Db, GIELHIEBELBLL, DikEEkLTLE S,

MBRZRFA b, "= 74 P EEORBNBAREOHRIE AT T 4V, 7Y VIR EDOEBDT

Table 4 Difference in the cosine contact angle in the three
grain directions

Section l\(/ll_easu.ring Mean cos @
irection
Sawn surface planed surface
T v | L& 0.925+0.004(0. 919+0. 003) —
angentia Tang. 0.928+0.002(0. 923+0. 003) 0.944+0.002
Radial Long. 0.911-0.003(0.910+0.003) S
adia Rad. 0.916+0.004(0. 914+0. 003) 0.925+0.002
c Tang. 0.184--0. 019(0. 154+0. 005) —
ross Rad. 0.1940.010(0. 185+0. 004) 0.795+0.004

Values in brackets were obtained on the photograph of the droplet.
Temperature ; 20°C, Volume of droplet; 0.003cc, Water (surface tension
72.8dynes/cm) were used in all cases.
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9 O(D D D
WO M
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20F D

Buna (sap wood)

"= White lauah

—
<
)
D

Height of capillary rise (cm)
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Fg. 7 Chang of the height of capillary rise with time for five
species.
Inside diameter of the glass tubes: 0.53+0.03cm
Wood flour: 40~60mesh, Fill method : b) (see Table 2)
Temperature : 20°C
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Table 5 Wettability values of species of wood, expressed
by height of capillary rise.

Species | Wood flour size Degree of Ca};I)ielllgal}g/ (gse
\ (mesh) | Porosity (%) (cm)

60~80 84.6 35.4
Hinoki (sapwood) } 40~60 85.3 33.7
20~40 88.6 32.2
60~80 84.1 32.8
Sugi (heartwood) { 40~60 85.0 31.8
20~40 85.5 29.3
spring wood { 40~60 83.3 30.5
summer wood { ” 85.1 29.6
60~80 84.8 38.4

Sugi (sapwood) { 40~60 85.3 37.3 .
20~40 86.8 33.6
{ 60~80 85.2 19.8
Buna (sapwood) % 40~60 86.0 16.2
{ 20~40 86.7 15.9
60~80 83.0 12.2
White lauvan { 40~60 83.4 11.7
20~40 85.3 10.2
60~80 79.3 11.4
Red lauan g 40~60 80.6 10.7
20~40 81.9 9.8
. 40~ e 27.5
Douglas fir!» ‘{ 20~40 o 21.0
Red alder!® ‘{ 40~ T 2.4
20~40 e 18.5

Western red ceder'® '{ 40~ T 19.1 *%
20~40 _ 17.5
. 40~ _ 12.0
Bagtican!'® { 20~40 _ 6.5
Red wood!? { 40~ T 2.8
20~40 _— 17.7

* at the reading time of 72 hours.
** at the reading time of 48 hours.
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0. BElEHEDHEA

PDEDXSICHRHA LK 2HET, ko4 W TzhThoBBEEERE Ui,

R (Cryptomeria japonica D. DON.)

7+ (Fagus crenata BLUME)

F:74 + 79 v (Pentacme contorta M. et. R.)

Vv ¥F3 7 v (Shorea negrosensis FOXW.)

A EEBELERE

BRBICOWT 3FEEHD mesh OB AHESM, #HHEL, 40~60mesh £HNHADERE(L %=
Fig. 7 Im L7ze e 2 NENDS AL, TR0 EE LRGOEE, oL ) FO/REIU
Kﬁﬁt%b%TT%MSKTLtOEg7KTTi9K MECE - TEELRERBIZELLS
W& 2, T8bb, X¥, v/ F30H0 LREENKE SERIBTIRIZEHMBICET S, Ch
CRUTHEERM, LIk TA NI Ty, Ly K57 v EOBOEREEINS VR, BEEICD
FooTED/NICBEELVEETEREMEET 2, Ld, UEHEMMEBEESHID WO H
KEEESE N EEZRLTHWE (Table 5 2R), b/ FIOWTHEMB LA (Table 1) WEEHH
ElUEAEOBRR, Zhs4BBROVTHADONS. ZAFIKODVTHRE LR, Table
5 ICRTEHE, AMRLHED S, LHOERZEMED EEESPLPE,

Table 6 Wettability values of species of wood, expressed by
cosine-contact angle on the planed surfaces

B— \\Section Tangential Radial Cross
o Tl Spring : Summer Spring Summer Spring Summer
Species T wood ' wood wood wood wood wood
Hinoki (sap wood) 0.944i0.002t0.93410.002 0.925+0.002 0.795+0.004
Sugi (heart wood) 0.93610.002}0.902i0.0030.858i0.013:0.851i0.0040.738i0.017]0.627i0.005
White lauan 0.779+0.005 0.788+0.002 0.523+0.008
, (0. 8T)*
Red lauan 0.770+0.003 0.768+0.002 0.477+0.008
(0. 8912)*

Green heart!® 0.549£0. 006** 0.5530.004** 0.550+0. 006**
Douglas fir!® 0.98** —_ —
parana pine® 0.70** —_— —_—
Europian redwood!® 0.93** —_— —
English oak!® 0.95%* R —
White oak!® ) 0.640 —_— _
Red oak!? 0.643 —_— —_
Aspen'? 0.785 —_— —_—
Ekki'® 0.82** _ —_
Teak!'® 0.85%* —_ R
Acapu'? 0.006 _ —_—
Tangile!® 0.58* —_— —_—
Almon!® 0.85* _— _

* microtome cut surface.
** gsanded surface.
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Height of capillary rise (cm)
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Sugi (sap wood)

Sugi (heart wood)

Buna (sap wood) [ L1711 A

=1 Height
[ Cosine
White lauan e e Wt V= |
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]
0 O.2 0.4 0..6 0l8 lIO

cosf

Fig. 8 Relationship between the height of capillary rise at reading
time of 72hours and cosine of contact angle on the planed
surfaces.

Height of capillary rise; Inside diameter of glass tubes: 0.53
+0.03cm, Wood flour : 40~60mesh, Fill method: b) (see Table
2), Temperature: 20°C

Contact angle; Volume of droplet: 0.003cc, Tangential section
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Résumé

In such processes as adhesion, surface coating, impregnation wettability has a significant
meaning. However few studies have been made on the wettability of wood. It is well known
that the successful adhesion and surface coating are accomplished with the aid of the wett-
ability of wood which depends on many factors, but this dependence has not been clearly
understood yet.

The present paper is concerned with establishing the measurement method of wettability
of wood, factors affecting wettability of wood, and differences in wettability among the
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species of wood. Wood flours prepared from Hinoki (Chamaecyparis obtusa ENDL.), Sugi
(Cryptomeria japomica D. DON.), Buna (Fagus crenata BLUME), White lauan (Pentacme
contorta M. et R.) and Red lauan (Shorea negrosensts FOXW.) were used for these experi-
ments, and water was used as a wetting liquid.

I. Factors affecting the wettability of Hinoki are at first investigated by the two
method, the capillary rise method and the contact angle method.

a) The capillary rise method: The apparatus consisted of glass tubes about 600mm high
with various inside diameters and a screen of 100 mesh at each bottom (Fig. 2). Wood flour
was filled uniformly in the glass tubes up to the height of approximately 500mm. The tube
was then immersed in water to a depth of 15mm, and the height of capillary rise of water
through the wood flour was measured at appropriate intervals. Wettability of the sample is
expressed by the height of capillary rise of water after 72 hours in centimeters.

The wettability difined above was affected with many factors except the inside diameter
of the glass tubes (Table 1). The height of capillary rise increased with the fineness of
wood flour (Table 1). It also depended slightly on the degree of filling wood flour (Table
2). For this reason it was necessary to standardise the size distribution and the degree of
filling of wood flour used. An increase in temperature reduces the surface tension of water
and consequently increases the height of capillary rise (Table 3).

b) The contact angle method: The contact angle between the solid-liquid interface and
liquid-air surface was measured by a goniometer eyepiece (Fig. 3). Both the three section
of wood and the direction of the grain affected the wettability (Table 4). It was also found
that the contact angle changed with the lapse of time after dropping of water on the surface
of wood (Table 6).

II. As for Sugi, there were some differences in wettability between spring and summer
wood, and between sap and heart wood. The spring or sap wood was more wettable than
summer or heart wood, respectively. These were confirmed by both the capillary rise and
the contact angle method (Table 5. 6).

III. The height of capillary rise gave the following order of decreasing in wettability:
‘1) Sugi (sap wood), 2) Hinoki (sap wood), 3) Sugi (heart wood), 4) Buna (sap wood), 5)
White lauan and 6) Red lauan (Fig. 8). The same order was also obtained by the contact
angle method applied on the planed surfaces of wood (Fig 8). As a rule conifers are admi-
ttedly more wettable than hardwood and tropical woods. In all species examined the wetta-
bility of the planed surfaces of wood was higher than that of the sawn surfaces.

IV. It seems that the capillary rise method does not need any comlicated apparatus, and
that the method gives reporoducible values of wettability. But the method can not distinguish
the value of one section of wood from that of others, and is a time-consuming method. On
the other hand, the contact angle method is a quick and simple method to conduct, although

the values obtained indicate a considerable variation and are affected by the time observed.



