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SHIGEKI YATA, JUNSUKE MUkUDAI and HiroMU KajiTA

Penetration of liquid into the air-dried hardwoods

BE LEMOKEMOBE~DKE LU 0.5 % Direct Sky Blue 6B KIFKOBREER (KAET
DEEZ LR EBEEA) 2TVEBRONE - ERTOBEREHEEL Lic, TOKR, EELARE
LB LHHOBHOEA, €Y, VF/FRERET, ¥V, 0, 27, 72/ F3FLL
BB TH 7o LHIBLMELD LEBRBOBBENEVY, v Ya, 77, vV, ¥F&=
TREBEDED - 2o KAMBEBN~OHEIZE U RIF—ICET LIchs, —FmpTOMREIRE
I REIC X D —EOEANED b, HE - ERIBOXEIZAD SNL0, RT HRIZL AR
L0 LERBET, BEHERREBICHTVEE LRV, BEEA LK, IHOEARBHERSF
BARUIA, DM TREHEETS -2 AMEBANOKEIZ—BTLREORELRIZD
BETRE—ICHKE L TE D, A - SHEEHERZE GICE LS SROMRSREE O E % &

hEXhi,

* El

NI TO—EOMEDL SV, BE - Bl LK
Mo~ S ERE KB N EE LI EEBETHS
Ag, Cu, Zn, Cr (V) B &EDA A VIR HBEERML S
HIFBENICABICIEBRBE LD 22 &, IoITHET
ZERNC D BREEFHTH - 2B AT Z ORIFIEEA
HEEAEE L CHHEBE LT S BRT-BEAMICEES
&N, £ U THBREOWERTHNTEEZ D
WREEIC E » TERASHROE—tdsidhoh b T &
DRI XNz, —MRICEERM~OBRIKR B IIRIT—
CHTT 2 EINTHBY D, BE Y 17, ¥
Y, Ly F59 v >0 T [HRKRRTTEEIC
RERBT D, BE»SHBHR~ORBIZELIL
Vo FNTHIGEE, ATHRR, HHETHIEA LR
HABICRBET 2BREHENDORBRITLAEINTD
%] &L TW3B, —F Stone 593 aspen {ZDNT/¥
AR T RE ICHRE) U MR R ED
BEd 3 ERT B, T/ Wardrop 59 |3 Eucaly-
ptus regnans A Tl, TTEEICAD Z Th OB

T 3AEHE, B E XU EMRICERLEZE-> T
FEL, X5ICHRHTRED OB EARMEICIRENY
B ERNTN B, PLED X S ICAMMBE R~ DHAAT
FHRFICOVTORBRMKT UE—H LTIV,
CHREAFEOERS 3V RBBREIC X 2HBEED
EZRILL3500ENIE,
LERMOBEA, BRI DEGES, LELECE
LWERDNMHZ, T TARRTEHEROLERS
Hic20T, REETCTOEE LHBRICE T 25K
BORE MBI OBEBESREEAT oo TBE
BALKBH IOV THRERDONE SAABRICE T
LZHRERAOEEET 7. 5 LTHERIICEEY
DO FN% BT 5 & EEFICHEBRERICE W THEBNIC
KBFEOT T EVEINLAROBHESHEZT S
I Lo

HREIUTGE

1. #EH
AEERTIIHILM2E, RILMEDASE0EAH
A L7z (Table 1), 1387 7 # 718 E OB LM I3 ETL

BRI SR RE A E MR R
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Table 1 Wood samples

Common name

Scientific name

Diffuse-porous wood

ARAKASHI
SHIRAKASHI
AKAGASHI
BUNA
MOCHINOKI
NANAMENOKI
SOYOGO
AOHADA
YAMAZAKURA
UWAMIZUZAKURA
BIWA

FUU

ISUNOKI
HANNOKI
MAKANBA

. POPLAR

TABUNOKI
KUSUNOKI
KAKI

NEJIKI
YABUTSUBAKI
YAMAURUSHI
HONOKI
RYOBU
KATSURA
MUKUNOKI
TOCHINOKI
KUMANOMI1ZUKI
ONIGURUMI

Quercus glauca Thunb.

Quercus myrsinaefolia Blume
Quercus acuta Thunb.

Fagus crenata Blume

llex integra Thunb.

llex chinensis Sims.

llex pedunculosa Miq.

llex macropoda Miq.

Prunus jamasakura Sieb.

Prunus grayana Maxim.

Eriobotrya japonica Lindl.
Ligquidambar formosana Hance
Distylium racemosum Sieb. et Zucc.
Alnus japonica Steud.

Betula maximowicziz Regel

Populus nigra L. var. italica Koehne
Machilus thunbergii Sieb. et Zucc.
Cinnamomum camphora Sieb.
Diospyros kaki Thunb.

Lyonia elliptica Okuyama

Camellia japonica Linn.

Rhrus trichocarpa Miq.

Magnolia obovata Thunb.

Clethra barbinervis Sieb. et Zucc.
Cercidiphyllum japonicum Sieb. et Zucc.
Aphananthe aspera Planch.

Aesculus turbinata Blume

Cornus macrophylla Wall.

Juglans mandschurica subsp. sieboldiana (Maxim.) Kitam.

Ring-porous wood

[ o T BN« NG I NGV I I

R I R R e e S R Sl o
= O WO N0 U bW

AKINIRE
KEYAKI

ENOKI

ENJYU
NISEAKASHIYA
NEMUNOKI
KONARA
MIZUNARA
KUNUGI

KURI
TAKANOTSUME
SEN
YACHIDAMO
SHOIJI
NURUDE
YAMAGUWA
AKAMEGASHIWA
NIWAURUSHI
KIHADA

KIRI
KENPONASHI

Ulmus parvifolia Jacq.
Zelkova serrata Makino

Celtis sinensts Pers. var. japonica Nakai
Sophora japonica Linn.
Robinia pseudo-acacia L.
Albizzia julibrissin Durazz.
Quercus serrata Thunb.
Quercus crispula Blume
Quercus acutissima Carr.
Castanea crenata Sieb. et Zucc.
Evodiopanax innovans Nakai
Kalopanax septemlobus Koidz.
Fraxinus mandshurica Rupr. var. japonica Maxim.
Fraxinus spaethiana Lingelsh
Rhus chinensis Mill.

Morus bombycis Koidz.
Mallotus japonicus Muell. Arg.
Ailanthus altissima Swingle
Phellodendron amurense Rupr.
Pauvlownia tomentosa Steud.
Hovenia dulcis Thunb.
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Micawiz, REFTHIR 5wy X 2w X 2() om ZHEHE
& L SIMEOROAHZREE T (MTRER) ©
% 2em PIFIC, F7o87 5 0K D ICERIENE
U IEWHMTIZ 25 em T Lic, BB IREREARITC
HE USERAE S THR L7c (MC: 10~13 %), #HK
MR D ERAHERAL i34 BLA s S ERIC AN T No. 1,
No. 2 «e--e- LIBRBE S 24 LT Lico METIL I
MARDTE 2HMBELELICOVTEM L, AT
RHT X OMIC 20T No. 1 Z&E4AE %k (Outer-
most sample), No. 2 DIFEA N4 (Inner sample) &
Ltzo A—HETHEROMEEHR LcBaiTiZsE
£DFHEIC A, B DT,

2. HHERAEE
#J k45 L8 0.5 9 Direct Sky Blue 6B /K74
F Lo COZRHREMSY KL D AMADEREY
gepld L THEINTV S, THREROBETHA
MAOBREBRBICE TR EZICTET 5 T &8
758, DOATFENASVI-DEBEMRENNTIEA
EHEBH LN EDH -, LIchi-» T, TOF
EHIAM P~ OKOREREBREBRICHEL TS ¥
WrL7co
3. EBAE
AERTRAIETOEE LHES TUBEEARE
W (Fig. 1), ¥ 9EEHERETR, KER-XK

(A)

1) Distilled water
2) 05°/, aq. solution
of Direct Sky Blue
68

(23«2§mmHg.24h)

p (1 atm. 20h)
? KK 05%, aqg.solution
0 of DSB. 68
0

Fig. 1. Methods of liquid penetration into wood.
(A) Penetration by capillary pressure.
(B) Impregnation under the vacuum
evacuation and subsequent atmos-

pheric pressure.

F Uk — 4 —RICHERE 12cm OERIIAE X ZOHic
60 ml OEFEAKE AN, WEBIMOEIIZIZA v v a
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BRI R A B H LI O &K E AR TR S0V E
S ThoE L, 58 1 EOIWY H LAFERRIZK
M TH -1, M—FHEORFBKISMEL, 20L&
BENCERE LD O ORIBEEZZEF]  fo IR &R
FHRBE A ERIOKICE N T2, BBk
34~ 9IBREITH - Tco BHBOFRRICIEFTHED
HEARENDSOESHIBOFEREOAIE LT OZEELH
FEAED» SHEBIWN, &5 LTHMERES O OPIKE
EAREREHIC R DTz COBAZRPTIRY S 9 H#HE L
TR ERIZBAE PRI D ICH AR L THE
L7288 & REEOREBEIL 2L bHMNIE0D, 7
FHEROITIHEROBRICEK 3 LRI TUKE
WCEBEBED LNIEh -1,

WK EBRAKRZ R RBUOKEREE TRERL,
A RERKEREFERERB IS, MOl Lk
RKFERBZOTHAR—2 ) —HY 7 TRERBKL, £
D & 105°C QU RN TR Lo, £ LT Fig. 11
R UL7c & S L AR OBATHL 547 2.3 mm [ij
RCIEXRER L, =R+ VEcaELcobERL
LT, HRMOEBRSERELT-> . RT o0
TREANPRBEZEE LI, $AEEOHBEEES
JUBEROF 0 —2AOHFEOAN,

—%, WEEAEDBEACE, R aMECEM L
TN E ST LTE — —RNITE S guEbkIERE A7z
Db, 30°C T24B5R, 23~24 mmHg TEEISK L,
D& & KRG T T0M RE U TR TR S w7,
ZOBABEOAEZEKREHNRSOE > THOHRELIEAR
(glem3) Z3kdTc, & L THMEK, HArhiuilz gl
LCEBTOBMERZEE L

HWRLEEZR

1. EEERERCHT ZBKREEMOBK

Fig. 2 \{C Bk & & MRIOBFKO—PIERT, HED
BRI E BT 508, MICIS RO E SR &
2 EMERERERELD, ZOERRIT y=atsz
THRIND, TTICHRAREFHOFELREOHICIR
BRI 5 O CE RSBSOS T 3 T L asm b
TV B, REEROHMESZ, ZOFINEZRNT
FBREIE 0.9 P EATR Lico EBRROYH @ 30
NOBBTOPNTH - Tco —HBE & BBUKEDOR
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Fig. 2. Relationship between water uptake by capil-
lary pressure and penetration time. The
vertical lines through the data points show
the standard deviation.

INETRTIEEE UTHERATEZ200EEZI NS, £
CTHEBBICOVTHER 6 BXUZ DSHEHX %
Table 2~4 |Z7R U7z, £ L FAIOBAKIT DN TITH
BRCHLROOENDD, £7, FF/FIEEDER
BMEFY, 277 FREQOHRBM & DOMICII206
BEOZEBED L. BAMEBAMOE DN
TR, RAMBIBAM LD BILTRBERESKED

ETEHELH LY, KERICTER LIBETREZ
D& S IEMEMIZED SN - foo DM EBHMOEIC
DNVTIE, RROBHRE S D AMOF S RIFISRFED
2L, BickA/ F, =N, VF FBETE
LnEBSED NI, LhL, v ¥Va, #7735, ¥
AV, YFLETREBRERKL 12, FRiE - 5%
HEOEERED LWL -1,

R-T Hgokk#ic DV Tid (Table 3~4), LK
LD BHLLIKBEBARBTHD, ZOH (51D T/L)
131/30(e7)~1/3(¥ =2'v) FTILEHICH/->T
W5, RETHADHICIRDF D EIFIT,

2. BEEAERCKDTAR
BEEAKICLZEAR & #M ORELE O Bif%x

Fig. 3 iIt/R Lz M OBEARIF ) ZBROTHS
ICHEICRKEALTED, KREROX D BEARHT
3, BARRBHOZEBRBITKET 22 EM8bh 5, L
MU, HMTREFSOLIUEEBMPLI R/ F,
277 FDEOUHBEBMEITRKELEHLTED,

HEREERED SNV, TL - hFD (3 JIS Z
2104 1T A WK KR &, 24RRHIBOBRKB EHEE
ORI TIIEOHHELTEYD 5N 2 D0 Tl e
BETH-7cELTWVB, F/obk e BEAD 316 DL
ERNCOVWTRBEE E HEOBRIIABE TRV EL
T3, AMATOIATETO IRKMICHI5EE L
ROBESICREEREREZRED OO THEYL, #E,

FBEREIC S LU0 HREARE TIIZ OFEE TS
LERBICIHRIE U0, BRREISRINEDH 302
SEHIISEALEE U6 O ARICIIZERIKGER
BROLNTBbDEEZ N5,

3. EELFBELCHITBZKEHRDOFEHNEE

LD RBEERRD IO/ REICHNERS UhERL
B> TERL, CZTROMITOVTEEST
2720 LEANDOEEPKIEROEE LR IZIEEICRY
—#ETL T3, UL, —FERATORENREEIC
RERICE D —EOR#ERD bz, Photo. 113y
a v 7T, EEICHEENICRE L, —FRATIIERY
HEEICEENICHRB LTS, TERRIGEORA
1~ 2FEMOBEIIR - EBELIBBRIFT,

COMEABMDIZ LA SOBBICEVOTHRD SN,
Photo. 2 {3, Y 2 v 7 & IZHICEMEIC RIFICHKET
¥ TYNEOPTH B, TOMEBERNTEREIZMIC

100
y=-053x + 092

— r=-097 o;S.W
o 08F
3
Q
> oaf
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E]
3ot
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Specific gravity
Fig. 3. Amount of 0.5%, aqueous solution of Direct
Sky Blue 6B impregnated into wood under
the vacuum evacuation and atmospheric pres-

sure vs. specific gravity of wood.

S.W; sapwood, H.W; heartwood.
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Table 2 Slope of the regression line drawn between the water uptake of wood and the square
Penetration to longitudinal direction by capillary rise method.

!

Diffuse-porous wood

TOCHINOKI
HONOKI

MAKANBA

NEJIKI
YABUTSUBAKI

POPLAR
ONIGURUMI

BUNA

FUU
YAMAZAKURA

UWAMIZUZAKURA

NANAMENOKI
KUMANOMIZUKI
AOHADA
YAMAURUSHI
ARAKASHI
KUSUNOKI
KATSURA
TABUNOKI

BIWA
HANNOKI
ISUNOKI
RYOBU
MUKUNOKI
MOCHINOKI
KAKI
SOYOGO
SHIRAKASHI
ARAKASHI
AKAGASHI

491

039
028
038
021
043
046
038
057
052
020

012
017
022
093
017
033

016

005
035
020
014
005
005

1
|
I
\

Sapwood
No. 1214 7a b
1 1.3 0.55 0.667=+0.
A-1 3.8 0.47 0.381+0.
A-2 3.2 0.46 0.254+0.
A-1 0.5 0.68 0.282+0.
B-1 0.5 0.65 0.21440.
1 0.6 0.78 0.255+0.
A-1 1.5 0.87 0.212+0.
B-1 1.3 0.82 0.267+0.
1 10.0 0.46 0.212+0.
2 13.0 0.43 0.181z0.
1 1.3 0.40 0.187=0.
1 1.0 0.55 0.159+0.
2 1.3 0.57 0.157+0.
3 0.7 0.55 0.236+0.
1 5.3 0.67 0.183+0.
A-1 4.2 0.74 0.138+0.
B-1 4.4 0.63 0.192+0.
1 0.8 0.54 0.155+0.
1 2.0 0.76 0.116+0.
1 1.1 0.69 0.105+0.
1 1.5 0.75 0.102+0.
1 2.8 0.62 0.101+0.
A-1 1.4 0.91 0.074%0.
1 4.0 0.55 0.078+0.
Outermost sample (Sapwood)
1 2.4 0.76 0.674%0.
1 2.3 0.55 0.322+0.
1 0.9 0.90 0.295+0.
1 1.4 0.75 0.214+0.
1 0.9 0.67 0.173=%0.
1 1.5 0.55 0.155+0.
1 2.0 0.78 0.120%0.
1 0.8 0.72 0.095=+0.
1 1.7 0.90 0.080+0.
B-1 3.0 0.98 0.0670.
1 3.6 0.98 0.066=+0.
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root of time.

Heartwood
No. w 7a 14
2 1.3 0.56 0.14440.028
A-3 1.6 0.48 0.057+0.012
B-1 3.4 0.50 0.046+0.004
A-2 1.6 0.79 0.131+0.027
B-2 0.8 0.78 0.04440.006
3 18.0 0.42 0.159+0.026
4 13.0 0.40 0.147+0.024
2 1.5 0.45 0.03540.004
3 2.1 0.56 0.07240.003
4 1.3 0.63 0.087%0.010
5 1.7 0.66 0.07340.003
A-2 4.5 0.71 0.098+0.006
B-2 4.7 0.66 0.052+0.004
B-2 3.8 0.69 0.055:£0.004
2 2.7 0.52 0.058+0.004
3 2.3 0.51 0.069+0.003
2 6.0 0.59 0.044+0.002
1 2.5 0.46 0.076+0.003
1 0.9 0.73 0.035+0.002
Inner sample*
2 1.4 0.76 0.574+0.065
2 1.9 0.56 0.521+0.026
2 0.9 0.93 0.196+0.047
2 1.7 0.76 0.187+0.004
2 0.7 0.60 0.128+0.012
2 5.0 0.58 0.07840.031
2 2.1 079 0.112+0.019
2 0.6 0.69 0.078+0.022
2 1.8 0.8 0.103+0.003
B-2 3.0 1.04 0.058+0.005
2 6.0 1.0 80.098+0.006
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Table 2 Continued

Sapwood Heartwood
Ring-porous wood
No. w 7a b No. w 7a b
MIZUNARA A-1 0.9 0.58 0.385+0.079 A-2 1.0 0.64 0.094+0.003
B-1 1.2 0.59 0.177+0.024
B-2 1.3 0.76 0.166+0.024
NEMUNOKI 1 3.7 0.65 0.239+0.015 2 2.8 0.61 0.098+0.007
ENJYU 1 6.0 0.71 0.227+0.029 2 8.0 0.69 0.19240.012
3 6.3 0.74 0.158+40.010
KEYAKI 1 1.1 0.60 0.174+0.038 2 2.1 0.72 0.05140.006
SHIOJI 1 1.1 0.48 0.17140.024 2 2.3 0.63 0.292+0.016
YACHIDAMO 1 1.0 0.47 0.142+0.012 2 1.4 0.59 0.206+0.015
3 1.3 0.57 0.279+40.040
4 1.3 0.60 0.183£0.019
5 2.0 0.72 0.167+0.016
6 2.0 0.72 0.277+0.019
KENPONASHI 1 1.9 0.65 0.1314+0.021 2 2.3 0.69 0.04940.007
NIWAURUSHI 1 9.0 0.54 0.104+0.015
YAMAGUWA 1 7.0 0.74 0.099+0.005 2 10.0 0.73 0.058+0.005
NISEAKASHIYA A-1 10.0 0.77 0.093+0.016 A-2 7.0 0.79 0.027+0.003
A-3 6.0 0.73 0.035+0.003
A-4 5.3 0.67 0.037+0.003
B-1 13.0 0.77 0.076%0.007
AKINIRE 1 6.3 0.72 0.092+£0.004 2 2.5 0.75  0.039+0.006
KIHADA 1 2.2 0.52 0.082+0.008 2 2.1 0.53 0.061+0.003
KONARA 1 3.0 0.81 0.08040.008 2 2.0 0.71 0.060+0.003
NURUDE 1 3.7 0.50 0.073+0.006 2 3.7 0.50 0.046-£0.005
KURI 1 2.5 0.52 0.07240.003
SEN 1 1.1 0.50 0.064£0.009
KIRI 1 5.0 0.22 0.033+£0.003
Outermost sample (Sapwood) Inner sample*
ENOKI 1 4.3 0.75 0.166+0.013 2 6.0 0.71 0.141+0.009
AKAMEGASHIWA 1 2.3 0.54 0.122:+0.012 2 4.0 0.52 0.116+0.011
TAKANOTSUME 1 2.4 0.54 0.11540.019 2 1.2 0.53 0.108+0.018
KUNUGI 1 1.6 0.82 0.1141+0.015 2 3.2 0.8 0.106+0.008

W: Average width of annual ring (mm).
7s: Specific gravity in air-dry condition (MC; 10~139%,).
&: Slope of regression line and its 959, confidence limit (g-cm-_z-h_%).
y=a+bfx. v; water uptake (g/cm?), x; time (h).
* Inner position on a cross section of wood which was impossible to distinguish between sapwood and
heartwood by colour.
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Table 3 Slope of the regression line drawn between
the water uptake of wood and the square root
of time. Penetration from the outside sur-
face to the radial direction by capillary rise
method.

Diffuse-porous wood

e Sapwood
— P b
TOCHINOKI 0.54  0.065+0.020
FUU 0.64  0.036+0.012
YAMAZAKURA 0.67  0.030+0.001
MUKUNOKI 0.61  0.030-+0.001
HANNOKI 0.54  0.028+0.005
MOCHINOKI 0.55  0.02840.004
NANAMENOKI 0.74  0.028+0.001
YABUTSUBAKI 0.86  0.027+0.003
BIWA 0.75  0.026+0.005
KAKI 0.74  0.023+0.002
POPLAR 0.45  0.022+0.002
SHIRAKASHI 0.89  0.022+0.001
BUNA 0.59  0.0220.002
RYOBU 0.76  0.022-0.002
HONOKI 0. 47 0.020+0. 001
NEJIKI 0.76  0.02040.002
AOHADA 0.76  0.01940.001
KUMANOMIZUKI 0.70  0.01740.003
MAKANBA 0.72  0.015+0.001
Heartwood
POPLAR 0.43  0.031+0.002
BUNA 0.60  0.01440.001
HONOKI 0.48  0.014+0.001
" Ringporouswood
Sapwood
o _7a A
ENOKI 0.78  0.037+0.002
YAMAGUWA 0.67  0.035+0.003
ENJYU 0.70  0.030+0.005
AKAMEGASHIWA 0.57  0.02740.003
NEMUNOKI 0.62  0.027+0.002
AKINIRE 0.72  0.025+0.001
KONARA 0.71  0.024+0.002
KUNUGI 0.88  0.024+0.002
MIZUNARA 0.57  0.023+0.004
TAKANOTSUME 0.54  0.019+0.002
KENPONASHI 0.60 0.019+0.001
KIHADA 0.48  0.01740.001
SHIOJI 0.47  0.015+0.001
YACHIDAMO 0.50  0.014+0.001
Heartwood
MIZUNARA 0.67  0.018+0.001
ENJYU 0.66  0.017+0.002
SEN 0.50  0.019+0.001
KURI 0.46  0.013+0.001
YACHIDAMO 0.60

0.014+0. 001

Letters; same as Table 2.

Table 4 Slope of the regression line drawn between
the water uptake of sapwood and the square
root of time. Penetration to the tangential
direction by capillary rise method.

Diffuse-porous wood

7a b

TOCHINOKI 0.54  0.061+0.020
FUU 0.71  0.030+0.005
YABUTSUBAKI 0.87  0.025+0.003
RYOBU 0.76  0.025+0.003
HANNOKI 0.57  0.024+0.007
YAMAZAKURA 0.71  0.023+0.003
NEJIKI 0.79  0.023+0.002
MUKUNOKI 0.68  0.020=£0.001
MOCHINOKI 0.57  0.02140.002
BIWA 0.75  0.01840.002
AOHADA 0.76  0.0180.003
HONOKI 0.47 0.018+0. 002
SOYOGO 0.75  0.017+0.003
BUNA 0.55  0.0170.002
POPLAR 0.48 0

.013+0. 003

Ring-porous wood

7a b
ENOKI 0.75 0.0294-0. 002
KONARA 0.83 0.027+0.004
NEMUNOKI 0.63 0.024+0.003
MIZUNARA 0.59 0.02340.002
AKAMEGASHIWA 0.57 0.022+0.001
YACHIDAMO 0.48 0.018+0.001
TAKANOTSUME 0.54 0.017+0.001
ENJYU 0.70 0.01640. 002
KUNUGI 0.85 0.01440. 001
AKINIRE 0.74 0.014+0.001

Letters; same as Table 2.

2IF, NV FRENDH B, TR LB
Miciz—E b8 »7, ¥T Photo. 2-b DEFEEIA
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BEEICORBIFICHRBLTHWE3Dbh3, ZH5DIR
BE IR PERTERIN . ZROBRELNE
B o5, TOEWPEIRMEHSER LTS T EHTRB X
n5, Photo. 313k / ¥ TH3, CLDEA, FRWN
OREENMBICEBELEIZIET VA LCHE LTV 3,
zooft, BAMOGICRBFERALSEICDI: > T/NMET
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Fig. 4. Relationship between the slope (b) of regres-

sion line for longitudinal penetration by the
capillary pressure and the volumetric propor-
tion of vessel in wood.
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1~4 Capillary rise of the dye solution to the

1

10

longitudinal direction for 30 minutes.

Cross sections of RYOBU sapwood. Height

from the base: @; 5.0 mm, 4; 9.5 mm.

Sapwood of YABUTSUBAKI.
from the base: ¢; 3 mm, 4; 5.5 mm.

Height

c:en-
larged view of a part of . 4 and e: enlarged
view of ¢. Note the staining of bordered
pits of tracheids.

Sapwood of HONOKI.
base: @; 3 mm, 4; 5.5 mm.

Height from the

Sapwood of HANNOKI. Height from
the base: 10 mm. &: enlarged view of the
annual ring boundary of 2. Note the stain-

ing of bordered pits.

Position of penetration front in vessel ele-
ment at the capillary rise process. a:
sapwood of RYOBU. &:
HONOKI.

sapwood of

Penetration of the dye solution to the tan-
gential direction of YABUTSUBAKI sap-
wood. Penetration time: 4 hrs.

Penetration of the dye solution into
KONARA under the vacuum evacuation
and subsequent atmospheric pressure.
S. W: sapwood, H.W: heartwood.

Penetration of the dye solution into RYOBU
sapwood by the vacuum impregnation.
Perfect penetration except a small number
of cells in the initial earlywood.

Penetration of the dye solution into
AKINIRE sapwood by the vacuum impreg-
nation. Note the selective penetration into
vessels of latewood, except a few annual
rings at the outermost position of xylem in

which all vessels were penetrated.

Penetration of the dye solution into
HONOKI heartwood by the vacuum im-
pregnation. Note the selective penetration
into vessels and the vasicentric cells around
the latewood vessels.
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Table 5 Types of selective penetration to the longitudinal direction of sapwood in the capillary rise process.

Diffuse-porous wood

Ring-porous wood

Vessels in latewood

RYOBU, BIWA, KATSURA(H),
BUNA, KUMANOMIZUKI,
YAMAZAKURA#%

. AKINIRE, MIZUNARA,
KEYAKI, ENOKI, KONARA,
AKAMEGASHIWA, KUNUGI,
YAMAGUWA, NURUDE,
NISEAKASHIYA,
NIWAURUSHI, SEN(H),
KENPONASHI

Vessels in earlywood

NEJIKI, HANNOKI, ISUNOKI,
YABUTSUBAKI*2, (POPLAR)

Vesesls (at random)

HONOKI, KAKI, TOCHINOKI,
POPLAR, YAMAURUSHI,
MAKANBA, MUKUNOKI,
SHIRAKASHI,ARAKASHI,
AKAGASHI, ONIGURUMI,
UWAMIEZUZAKURA*!

NEMUNOKI, YACHIDAMO,
SHIOJI, ENJYU,
TAKANOTSUME

Uniform penetration to all

axial cells

i (ISUNOKI)

FUU, MOCHINOKI, SOYOGO,
NANAMENOKI, AOHADA

Outermost cells of latewood

(HANNOKI), (SOYOGO), (FUU),
(NANAMENOKI), (AOHADA),
(TOCHI), (MOCHINOKI)

(NURUDE)

Non-penetration

| KUSUNOKI, TABUNOKI : KIRI, KIHADA

H: Heartwood.

*]1: In addition, some of tracheids were preferentially penetrated.

*2: In addition, vasicentric cells were preferentially penetrated.

( ): Secondary feature.
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Table 6 Penetration range of the dye solution in the wood tissue under the impregnation by vacuum evacuation

and subsequent atmospheric pressure.

|

Sapwood

Heartwood

Perfect penetration.

TOCHI, BIWA, ISUNOKI, FUU
NEJIKI, MOCHINOKI,
HANNOKI, AKAMEGASHIWA

Perfect penetration, except

RYOBU, HONOKI,

some cells of the initial NANAMENOKI,
earlywood. UWASIZUZAKURA
Perfect penetration, except YABUTSUBAKI

a part of latewood.

Perfect penetration, except
some fibers at a long dis-
tance from vessel, and mul-

tiseriate ray.

SOYOGO, POPLAR,
MAKANBA, YAMAZAKURA,
YAMAURUSHI, AOHADA,
BUNA, KAKI, KONARA,
TAKANOTSUME,
ONIGURUMI, MIZUNARA,
SHIRAKASHI, ARAKASHI,
AKAGASHI, ENJYU, KUNUGI,
YACHIDAMO, SHIOJI

POPLAR, MIZUNARA, SHIOJI,
YACHIDAMO

Penetration into vessels,
vasicentric cells, and axial
cells at the outermost posi-

tion of latewood.

NIWAURUSHI, NURUDE

YAMAZAKURA,
UWAMIZUZAKURA, TOCHI,
NEMUNOKI, MAKANBA,
ISUNOKI, KURI, BUNA,
HONOKI, KATSURA,
ONIGURUMI

Penetration into vessels and

vasicentric cells.

MUKUNOKI, KEYAKI, ENOKI,
KUSUNOKI

MUKUNOKI, ENJYU

Penetration into the vessels

of latewood.

YAMAGUWA, AKINIRE,
KIHADA, NISEAKASHIYA

SEN, KONARA

Penetration into a few ves-

sels.

TABUNOKI, KEYAKI,
AKINIRE, KIHADA,
NURUDE, YAMAGUWA,

NISEAKASHIYA
Penetration into the axial KIRI
cells at the annual ring
boundary.
Non-penetration. KUSUNOKI
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Summary

The flow paths of liquids into air-dried hardwoods
were studied using penetrating water or a 0.59%,
aqueous solution of Direct Sky Blue 6B with the capil-
lary rise method and the vacuum impregnation method.

In the longitudinal penetration by the capillary rise
method, penetration rates into the fifty hardwoods
showed wide variations (Table 2). Sapwood was
more permeable than heartwood, except ENJYU,
POPLAR, SHIOJI and YACHIDAMO. Liquid
flow into the wood tissue was so irregular that many
cells remained without penetration. Types of pre-
ferential penetration in longitudinal direction were
classified into six groups (Table 5). Penetration to

the radial and tangential directions were far less than

that to the longitudina direction (Table 3 and 4).
Ray tissue, except that of TOCHINOKI, was not
effective in facilitating the radial penetration.

In the penetration method using vacuum evacuation
and subsequent atmospheric pressure, volume of the
impregnated solution in sapwood was entirely depen-
dent on the specific gravity of wood except KIRI.
In heartwood the volume of the impregnated solution
had no correlation to the specific gravity of wood
(Fig. 3). After the vacuum impregnation, penetration
range in the wood tissue showed wide variations with
species (Table 6). In many species, penetration into

fiber bundles and multiseriate rays were very difficult.



