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Pp=T%UTOEXRICHRCRBEIETDOFHINIC X 2 Hysteresis ORI L (/2 FhA
& neglegible ORICBDIL 2 AFIDRIEDIHITICHR CTIXEBRIEEOR L £ T A e 27 Y
> AGRDBBDON TV 2o TIRRIBFIGOEIREIRIRAER L K20 D LB 2 b s,

KA E LTS HZTREZ SN TV IERIICOWTIEH R & IR L THRS &

(a) Freundlich ©W 75

TAURFURD 77 AR FED BN R T — i R T H 2 78

1
a:acp?{

a : WIgE

b KFERE

o EERIEIL L D 135 2T
n ' MERHCER Bk



AW % HOBMAEWENTE B2 () — 8 —
& U THEBRERD DI/ MAREIC L OT «, # X580 2% LREH AT
a@=5.4652 x PV-5946
B T Ik
a=4.8919 x Po+5000
LR oA, 813 Hicnr$nd 2 OERKOMR T kR & WEEOR T ilikkt, BKE @ O/
SVHEBICOMEN INEB2ETH Y, EMECEWKEKORPUTHER T 2 FL AR v,
TORBKIERAI A E 5827 AW & AR RO FE & T 28R G E O 48
H R EICE WAL T IR A RO TR A I & D TR E BT 2 BICRLE T L\
MEFRTEOTZOWENCEDEVWIEICE 2 D EHK2 BN,
(b) Langmir Ok 7&=
CORBEFEF B~ TED BHET VD YO LUEL 7588 ADRERTH D

a—= _(X-QIBQP
T 14+a-P
a : WIR R

P oKiESKE

B BR
P (mm Hg)
8

16 / I/

/44

R &8N
----- Langmir &

- — -— Peundlich X
"""" — WHenry £

0 5 o 5 w0 2% 30 35S

a, B PN L DT % 2R E L TERENH SR/ DEARBIC L OT a RUE 8 &2
® 5 LR R TR

WIBL W TR -
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g 2:5173:P
~1+0.0419-P

ERD, # 13 HicRTind —BAVWIERIC R CERBR LM 2N 2T 228, BMEC
TS E @=10~202 O ICHMNT 2 ERFFROMFOB IR B ETHE Mk Vo
(¢) WilliamsHenry O ‘ '
ZORIERIEFHBEFTEHOLHE TV D DO LRELREEF ZAORFATH Y, —Kic
Langmir OXTEHA LAV L D BVWEOHAICHVWONZERXTH D

log{‘f =R,—Ra

a IR
P ok#EKE
Ry, Ry: BRI X O TREZ ZMBOEHE LT HR/NDEFEICLOT R KU R: 5803
LB RITI

log 1‘;7 =0.6945—0.0228 @

B ) T Ik
1og—1‘§— =0.5299—0.00815 a
& i Y RIS E WHEER TSI SRR X DT HE 2 b 2illific it o BT H 243,
# 5 &
£ B I | 3t # i
KEIE l T &KER \ Freundlich ; Langmir W-Henry
' FEL T HEHI
P.mmHg % Lo Lo LD
15.86 33.29 28.23 | —5.06 28.40 | —4.89 30.40 | —2.89
12.65 24.62 25.33 0.71 25.60 0.98 26.03 1.41
8.57 17.39 19.60 2.21 | 20.78 3.39 20.01 2.62
4.92 11.62 14.09 2.47 | 14.50 2.88 13.20 1.58
2.05 7.71 ©8.37 0.66 7.27 | —0.44 6.01 | —1.70
0.74 5.61 3.88 | —1.73 2.89 | —2.72 2.02 | —3.59
0.22 3.84 2.21 | —1.13 0.90 | —2.44 0.50 | —2.84
0.11 1.03 1.03 0 : 0.45 | —0.58 0.20 | —0.83
0.06 0 0 0 0.15 0.15 0 0
0.10 1.76 1.55 | —0.21 0.25 | —1.51 0.23 | —1.53
0.15 ‘ 2,40 1.9 | —0.50 0.78 @ —1.62 0.26 | —2.14
0.70 4.07 4.09 0.02 1.71 | —2.36 2.51 | —1.56
3.59 7.63 9.26 1.61 7.86 0.23 10.70 3.07
4.84 7.81 10.45 2.64 10.13 2.52 13.51 5.70
8.34 12.07 14.13 2.06 | 15.56 3.49 18.61 6.54
12.23 20.00 17.12 | —2.88 | 19.73 | —0.27 21.60 1.60
15.80 27.25 19.45 | —7.80 23.93  —3.3 28.05 0.80




Akt % B OMMADZEAOIIE B2 () SROD

p=102%~202 OB CH I 2 SRERiLO R T IFROBINICIZHEZE L CHA LRV, TRHD%
Belic & 2 Rl & e & OIRZEE Y 5 RIOR L e 3T OEBRF O b 28 p=1076~20%
OHPFTIEFERZ L C KM E FE L TV ARVLEREPH TS ) TR AM OB PO —20 )
L B2 bILDo

(ii) Hysteresis gifrOFHE

@

BLIcoR Lietn < ¢ F = Y #H OB E IR O St kiiikid —>® Hysteresis Loop % 4§
275, cOYEENE Allmand® AURfiL 7 2 ILHERGEIRICRNT 2 & 27V o ABR E bz
DI T D b MIRAMEEEBGE & 35 2 e KHESHLA YO EIC DWW TR BT 2m <, Hic +
F~YHPHC DWW T AR & Gl EH) & @ Hysteresis 2T 2 Lo R0 IKESR
EOTFICRT RS LD AR A RGEHRR L fIfEOI TRANZFE LV 27V o AT
& BIMREROFHE L P 511, AERICHWZ b F=YHicowT b ke z ofific
BT SR E R LT v 2o ERRICRG 2 B0 o Bl d L E o=5~T%IcRBDH b
i b C O IC > Tld Hysteresis #MEMRA & neglegible T& %O THEHERE D & 13[4
BT b I\ WE /KR & 3 iUz 2 OFEHE L. LD AR B KR ARG KR & LT 5
N2bDOLM 5, 78 Hysteresis Griph [Z57KHHKy 8~20% Ofiifdss Loop OHudE 72 b
BAKR 202 TiE 2 & Hysteresis ZHIIKEICITL T DM AFRY S50 THIZRTHD
SHERIERORT DO LR 07 ) RO HETH 2HETH Y, ThEnike 3 Pthitic
P=52% M IAs 28l miasglbi, SRR M ORI R T @=10%~20% ©
R CRlRA BRI T 2 TR L T HLBECT (T b RMICRF R IR & UL oD
b, Bigko Barkas Zs#a@hi e L THROTW 35S Tieman® #silld MEEOIRT & L TR
LTWw2HE & Koehler® #s Absorption point & LTE#HILTW 3 RKRLFAA ERL
A—HEOWRE 52 TVIHETDH 2,

V. BEREBELCRETHEDZE

(1) A R o ek

P & L TH W e i SR EAAARE + F~ YA CEM, I MRS &
L ARl O FEEIIA v b ORI b O SEEOMFICH b, Uik 10x60x2mm O
KE e HEEL LTt EFE 2l ok 48502 Mlicr s, 2O THLEEE 105°C T
B LR T L ORGRRIED SR F RO M Wilo 1 HLIZ R REICRR LT 20 %
B M OMEICH Wico MER S » 7~ & ~ OJKIC10~90% DIRFEOBTRE AtL5 > & ~

1) Allmand: Journ. phys. chem. 33, 1929. s. 1151~1694.

2) Tieman: Technologie of wood. :

3) Koehler.B.S.: The properties and uses wood. 1924.

4) FhE UURC TR T ARESE AR B EE R 68 5 (1949) FhiROMBTH 50



~ % — R TR 55465
6 %
‘ ’ B3 12 > T Bk Wt S5 170 (2 T2 R
| ‘No.llNo.Z No.3’No.4 méjﬁﬁ!No.l‘ No. 2| No. 3| No. 4 |7
W, gr io.2956‘o.2715 0.29700.2755 0.2883/ 0.24020.2903 0. 2658
) cm? (0.867 0.785 0.829 0.788 0.840 | 0.707 [0.797 (0.785
t* Vinao smé 10,258 (0,846 | 0,958 0.8 0.960 | 0.813 [0.929 |0.904
Wo/Ve | gr/cms 0.341 0.346 | 0.358 :0.350 0.348 10.343 0.340 10.365 (0.339 |0.346
g | WolVmes |grjem? 0.329 0.821 0.318 0.309 0.819 0.300 |0.296 0.513 0.294 (0.801
5 cmd 0.700 (0.665 0.729 0.706 0.774 | 0.658 (0.740 [0.732
5/ Vmas % [78.00 (78.55 | 78.13 79.28 | 78.49 80.54 | 81.00 [79.62 [31.01 80.54
W, or  0.35300.3837| 0.3565/0.3980) 0.3835| 0.4251/0.3085/0. 3924
v, cmg io.gzo 0.981 | 0.913 |0.984 0.933 | 0.910 0.979 [0.953
Ll Vs em? 1.003 1.077 | 1.021 1.077 1.064 | 1.024 [1.101 |1.077
Wo/Ve | gr/cms 0.384 0.391 | 0.390 [0.404 | 0.892 0.411 | 0.467 [0.398 (0.412 [0.422
4 | WolVinas | gr/cms |0.352 (0.356 | 0.349 (0.870 | 0.357 [0.361 | 0.415 0.859 [0.364 (0.375
5 cms  0.765 0.810 | 0.776 (0.718 0.811 | 0.746 |0.848 |0.822
8/ Vmaz % 76.26 75.71 | 76.05 |72.96 | 75.24 (76.20 | 72.78 |77.01 |76.27 /75.56
Wy | g 0.59000.4965 0.4920/0.4613 0.6076| 0.45460. 4385(0. 4106
Vo cms [0.855 [0.858 | 0.844 [0.783 0.691 | 0.854 0.772 [0.805
1t Vo cms [0.917 [0.910 | 0.867 [0.833 0.888 | 0.875 |0.821 [0.858
W,/Vs | gr/em? [0.690 0.579 | 0.604 [0.589 | 0.615 [0.879 | 0.532 0.568 [0.510 [0.622
4 | Wo/Viax | grjcms 0.650 0.546 | 0.568 [0.554 |0.554 0.684 | 0.520 (0.534 [0.479 |0.554
5 cms |0.516 |0.574 | 0.567 [0.521 0.489 | 0.575 [0.535 [0.587
8/Vmaw | % [56.26 |63.03 | 65.36 |62.51 | 65.79 [55.10 | 65.74 (65.12 (68.45 63.60
[ w, gr  0.27950.3055 0.26060.3067, 0.2591 0.2415/0.26100. 2345
g Ve cms  0.875 [1.004 | 0.824 0.986 —10.883 10.810 0.779
w Vinao cm?  0.962 1.107'|0.912 [1.008 0.958 0.913 |1.013 [0.920
- WilVo | gr/cms 0.319 0.304 0.316 0.311 |0.312 |  —|0.273 [0.318 [0.301 |0.297
| WoiVimaw |gr/cms 0.291 0.276 [0.286 [0.279 | 0.283 | 0.270]0.265 (0.258 [0.255 [0.262
k3 > ems 0.776 0.901 | 0.737 |0.891 0.791 0.752 |0.843 [0.772
8/ Vmaz % '80.71 81.43 |80.75 |31.18 | 81.01 | 80.53 2.9 |83.20 |83.91 18300
W gr  |0.26570.2957 0.31580.2735 0.2801] 0.28590.2604/0. 2846
& Vo cm? (0.789 (0.875 | 0.918 10.800 0.814 | 0.769 0.793 [0.818
& Py cm3 (0.872 (0.968 | 1.024 [0.894 0.937 | 0.965 0.881 [0.949
Wt WoVe | gr/cm? 0.337 0.338 | 0.344 0.342 | 0.340 [0.344 | 0.872 (0.328 [0.348 l0.348
| WyVias | gr/cms 0.305 0.306 | 0.309 0.306 | 0.306 0.299 | 0.296 [0.296 0.300 [0.208
2 5 | cms [0.693 0.769 | 0.811 [0.711 0.755 | 0.779 [0.712 |0.764
o/Vuas | % |79.51 [79.47 | 79.21 [79.48 |79.41 [20.52 | 80.65 |80.84 [80.48 |20.62
Wy 2@ E R (gr)
Vo: SHEERE (om?)
Vimaz * fl7KEEAFRE  (cm3)
WolVy : 2B (gr/om?)

WO/ Vinaw *
i

5/ Vmas

ARUERS (gr/cm?)

K=

(gr or cmd)

T RUKERARL 0T A K ED I (%)



A« BOBRWERFNTI B2 8 (Ingh) — 87 —

» — il 5RO ¥ & 4 BAFRSCANTEEL 7 > 7~ ¥ ~O % $ RS Ic B
L, EPcERYINE L CFHERICEL2EZICF > 7 — ¥ — LR 2 TRAROBELRKL
oo TEIEASOIEBEIERY @ U TLZ 20°C Wit L5 > 7 — & — h OBRIBE R HRILE S
5 Wilson @32 (Journ. Ind. Eng. chem. 1921.13) (T X D THEH L 2o EBRITH Wit
CoWTilER, 2FER Wogr) 2EAER (Voem®) kiR (Vmscm®), 2ILE
(WalVoegriem?), FREB RS (grim®), ik (O gr or cm?®), RKREARRICH T 2 ki
(em®), DR (8/Viae %) %% S L £ IC OV TH 6 RKICR Lo

2) HsEkER

WEOF LS 14, 15 MRk L,

14 R A # 16 X IR
) Yk -
so* , ®
= —0— &M

261 28 4 —_——. WA

—o— i# —ebeee Mt
£ --»—ig * — 0~ mEH(R=025-0%)

A 53 —@— B4 (R%030)

oD - AR H (B RBE= S ]

—@— R¥n \’i_ﬁhﬂ‘l.:

P R e i AL T S A S R R R R R TR T

(i) % #

AR T OV TORERE R EARER AR B O Ttk 52 2 b OORETD 243, KEH
TG 2 kRO Z i SUE L% 2% BHEORIC B b 20 Bl sl R fMEDHNLE £ TR,
AR A EFTTRIT S b fUfEOHEL T BB MR Rl RO HR b o s
%o

(i) & #

TR C I AT e L TR IBIER AR & b2 72 D ARV %R LKL 79 firhs &R
RUNED Hysteresis ghRIEKECHINL THT < MR & 5 2 BB st 2 /ke4 209 R
DoAY FELVHHIRE R LTV D,
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(i) 1 #

BT OV TEBNEVOB AR AR ITIL L TH i DRV E R L T b, C OZEEIRET
RS CEDTIHA LT TS Y, LB IELD Hysteresis ZULUEFEA EAYT
& b BAEOEL TR AR ORI i RO SR D TD D

(iv) AR B DR

SElm OIEE U < B 2HEHT DWW T OPSERINE YL 7 ok LicAt, ey '\/‘fdﬂ’ﬂﬁw)'z}i

B BeRrd 0.255~0.309 OHEFTHOT, z OWAOILTREC CIR/RA E358 7380 2FI
R a b D7eo Zollor? ZMEIRYE L Uil & DR T FLWH L7z Ol it gif 28 0.41~0.€0 T
b, FL ZNEARERITH W 7e & BT & O IEE LT AL Aok Rithiduk 2 BREE £
TRIVERARYE & 2 2UKEKEDOHTINE LITILT O/ b OARIBR AR E (2D bD LR
HHND,

507 EK
ik i & K = (
BRELILTE | BRI | ARIRRUE | ~ Rings/cm = 5.0~5.2 Jl\iings/crn = 1.3~1.6

gr/cm3 % mmHg | No.1 | No. 2| No. 3| No. 4 7F#fil No. 1| No. 2| No. 3| No. 4 |l
1.000 100.0 17.4 i 31.20] 29.98 26.71| 26.21| 28.53] 29.85| 26.65 26.44| 26.18| 27.28
1.027 98.2 17.1 29.52| 24.78 26.02| 25.01 26.38) 27.36| 23.88| 23.34] 23.29| 24.47
1.164 82.4 14.3 24.87) 22.41) 22.79| 23.44] 23.38| 24.50| 23.23| 23.18 23.51| 23.61
1.225 72.2 12.6  21.04] 19.08 19.22 20.70 20.01| 22.13 21.64 20.01] 20.55) 21.08
1.320 54.0 9.4 | 17.11) 15.71} 14.74{ 15.55{ 15.93| 17.54] 16.23] 15.20 15.58| 16.14
1.381 40.2 7.0 13.06, 10.08, 10.48| 10.76; 11.10 11.29 10.28 9.91f 10.53| 10.50
1.525 14.9 2.6 6.38 4.65 5.41| 5.71) 5.69] 5.83 3.96° 4.18 4.57| 4.64
1.625 4.2 0.7 : 5.08 2.78 2.92| 3.20, 3.50| 3.69] 2.30, 1.90] 2.38 2.57
1.713 0.5 0.1 4.400 2.13) 2.46| 2.35 2.84 3.31 1.79| 1.33 1.57| 2.00
1.836 0.3 . 0.1 2.61 2.13; 2.07| 2.05 2.22] 2.94 1.52| 0.95 1.10| 1.63
0.0 0 2.15 1.47) 1.69] 1.79 1.78 2.75 1.18 0.76] 0.84] 1.38

1.836 0.3 0.1 ' 3.78 3.98 2.99 5.42| 4.04 2.53 3.04 3.6l 2.95 3.03
1.713 0.5 0.1 4.17) 4.72, 3.4¢9] 5.12| 4.38 2.78 3.36, 3.09 4.11 3.49
1.625 4.2 0.7 | 4.75 5.18 4.06| 5.97| 4.99 3.71 4.20, 4.35 4.53] 4.20
1.525 14.9 2.6 ‘ 6.33 6.25 5.48 8.27, 6.58] 5.64] 6.12] 6.03 6.43] 6.06
1.381 40.2 7.0 : 11.81 11.39 11.07 13.65 11.98 10.35 11.65 11.87) 11.70 11.39
1.320 54.0 9.4 | 19.07| 17.93 16.40| 19.62| 18.26| 16.10| 16.92 16.67 16.55| 16.51
1.225. 72.2 12.6 ! 21.96| 20.12| 21.09| 24.73, 21.97| 21.13| 25.15/ 24.85) 22.14) 23.32
1.164 82.4 14.3 23.58| 23.64! 22.57| 26.44 24.06] 23.24 25.78 25.92| 27.27| 25.55
1.027 98.2 17.1 ‘ 24.55/ 31.51] 30.31 33.60| 29.99| 30.56] 29.98 32.57 29.87| 30.77
1.000 100.0 17.4 ¢ 34.00) 31.18 30.00| 23. 05! 22.06/ 29.38 32.771 30.11] 31.73 31.00

V. Mo B®BELZEIE

1) Zollor: cited by Halord L.Derry. Equibilm moisture content of salt-treated wood.
(Bull. of the New York State Collage of Forestry at Syracuse Univ. Tech. Publcation
NO. 58 1941.)
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Wiy 2 PHERIELO ISEIC H Wi b D & DT D WT CEiR#HEE=1.3~1.6) fLst);
ORI Y M 78 —AD AEGFEE R A51F1E 10 mm X 6 mm coﬂL..»U DD P i+ 2 it k-
¥, Tiﬁ;i@?kll iﬂjdzf 2 DOBEHRCALE T ) LERRA IO HIEE T 2 EGEE & 2 e 3k

# 16 X

MR UHHMTBICK 2 0.91 mm ORFAIC SEERIIO BB e L2 ies T I o 4ipha R ofk
B, AHORE & Lo I HRIERIBIRE R OHEMERIEO AR IEIC R T T 1, A%
BT 012 k- s — ¥ f R — R K O RRERIC A C IR, MR OMEE L% 5 2 foo 4
RAFEEIRIC £ 0T 2 OFIPRIEL TRIEL ¢ T 2BICIMEL, 20 AKEII Rl Tl

THICRIEIC IS TIt 256%~302%, SRS TId 27%~35%, WilRigicivcid 1.5
%~6.52% THDlzo MSEICIEFFEE Ywoomm D 2 ¥ o3v — ¥ — & J[J WHlIIR W MO R IIT AT

EIMSE DK EALE By ¢ FiT Ligroin JHicisk LCilE k17207,

2) kiR

Fel Lk 20 [EO 23 bic BRCHER IcIREMER T AL Ure b O R OLE T A0 & Dk b
O 2 THpds LAZHLANC A5 BB BREL T 2 1 e D Fe b ORI AST~d 04
ORI TH Do

(i) IWEfiOIEIE

HWEIE Z DRKIRESK % T H 2D T HIBRER THZEARIED $ Dic 20 TR il —3k
RORMBICWENEASIE Lo f/RRIEIC R TIE 2 OR/KRABREBE T LT 256%~302%
ThHh, ZOWPEICHT 21 2OBILIEMDHT/ITH 20T WL EXKRICR TR

%)) MSEMDO 2 % i\ oo MUBRIEICR T IR IO KR 2 27%~35% TH Y, W
FAT NG 2 MO B R AT @=30% T 25 & & L TP & b Bk 73k T
151E Lizo IEIEII 223 51

—-(-JO)
—e(p)

0.99609
—e(@)

THbh, ¥ L&fbwu&tb’}‘ﬂiuﬂn.L@ GKNEPAS 1.59%~6.5% TH bV, BURHIHHTING 2 thii
ORI @=5% TH DT @p=5% ITHIF 2E 3 EHMEE LTl biEihine & b s
IE Lz 035 )

0.90600
=lg )1 e(@)

1(30) = l((p) =I(q )

1—¢(B

IG)=lp)~ ()



— 90 — ARG PIERE $465
(i) HEU LA i 1 2P REEO 281k

% o8 %

o=5% RUBES | RKIBCROBRE  fkisr D p=5% iF: TOM

lt W AR B b | e W BB M W % | K M % | B O %
1 |3.2720] 8. 255513 2828 3. 5511: 3.5691 3.5827 0.2791] 7.9 i0.3436 9.6 | 0.2999, 8.4
2 | 3.2804] 3. 2636|3 .3006 3.5730| 3.5654| 3.5801 0.2926] 8.2 0.3018 &.510.2795 7.8
3 ]3.2809 8. 266‘7‘ 3.3000; 3. 5724| 3.5642| 3.5765 0.2915 8.2 ’0.2980 8.4 1 0.2765 7.7
4 | 3.2749 3. 2910l .2956 3.5682| 3.5625 3.5793) 0.2933 8.2 ;0.3015 8.510.2837, 7.9
5 | 3.2932! 3.2760 3.3136' 3.5750 3.5677| 3.5825/ 0.2818/ 7.9 10.2917 8.210.2689 7.5
6 | 3.2947) 3.2773) 3.3186] 3.5743 i 3.5664| 3.6065 0.2797] 7.510.2801] 8.1)0.2879 8.0
7 |38.2845 3.2703 3.3092 3. 574-9| 3.5663 3.5821| 0.2804! 7.8 ;0.2960 8.310.2729) 7.6
8 | 8.2710, 3.2480] 3.2938 3. 5715| 3.5629| 3.5793| 0.3005 8.4 |0.3149] 8.8 0.2855] §&8.0
9 | 8.2833 3.2635!3.3305| 3. 5725' .5632| 3.6053| 0.2887 8.1 '0.2007 8.4 | 0.2748 7.6
10 | 8.2758 3.2538!3.2887 3. 5703: .5635| 3.5827 0.2975] 8.3 %0.3097 8.7 10.2940, 8.2
11 | 3.2849, 3.2618 3.3066' 3. 5785' .5700| 3.5862 0.2936] 8.2 10.2957| 8.3 0.279| 7.8
12 | 3.2742; 8.2571]3.2987; 3.5772 3.5688| 3.5848! 0.3030; 8.5 !0.3117 8.7 ,0.2861 8.0
13 | 8.2769 3.2495 3.2963| 3. 6036I 3.5726| 3.5842 0.3267] 9.1 0.3231] 9.0 | 0.2879] 8.0
14 | 3.2888; 3.2673 3.3333| 3. 575:;l 3.5682 3.5845 0.2855 8.0 0.3009 8.4 0.2512} 7.0
15 8.26351 3.2614'3.2955 3. 57:)5: .5750| 3.5843| 0.31200 8.7 0.3136 8.4 0.2888 3.1
16 |3. 2806 3. 2654 3. 2967‘ 3. 5772[ .5701] 3.5853| 0.2966 8.3 0.3047| 8.5 | 0.2886 ‘ 8.0
17 |38.28 26! 3. 2607i .3035, 3: 5782i .5578 8.5852) 0.2956) 8.3 '0.2971 8.4 0.2817) 7.9
18 | 8.2544) 3.2479 3.2643 3.5760 3.5710! 3.5801| 0.3216] 9.0 10.3231] 9.0 0.3158 8.8
19 |{s8. 2768‘ 3. 2828| 3.2028 3. 5746' 3.5656, 3.5802 0.2978 8.3 10.2828 7.9 |0.2874 8.1
20 13, 2952' 3. 2885’ .3095] l:7511 .5678| 3.5807 0.2799; 7.8 1H).2’793 7. .8 10.2712] 7.6

FOKIRIEICRT 288 & @p=5% ICBIE L3 (Fiitomn | 4 fO I DWw Tkl

UEBRRT) 24 U CARIRSE R R TR A 119 & &1 5.0 ﬂ%i L BACIRAEIC S 3 2 PUE=R

ST E 8 Ko AY , HENTHT 2 OPHIRIZIITHMAFIREE A O NEIC

2 UM OBHEE L 9.625~7.8%, ‘FTIE 9.1%~7.8%, 4 ClL 8.8%~7.6% O
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Résumé

This report covers in outline the work on the hygroscopical properties of
wood in relation to the shrinkage and the cellular constraction of wood. Early
experiments on the change of physical properties of wood with changes in
moisture content showed that most of all properties appeared to be constant for
all moisture contents above a certain critical value, whereas this value it changes
rapidly and continuously, as the moisture contents fell. This value appeared
to be a natural property of the material and was called the Fiber Saturation
point. For most wood ‘it lies between 25 and 30 percent moisture content.
This has been fully explained by Wilson and need not be detailed here, but it
showed should be noted that the inherent variability of wood makes an accuvate
determination a matter of some difficulty. Work on shrinkage brought to light
the fact that, on drying green wood very little shrinkage occurs until moisture
contents of between about 35 and 25 percent are reached, whereas below this
region the shrinkage increases progressively and appears to be proportional to
the fall in moisture content. So this investigation has a purpose to systematis
the respective factors of wood property by means of studying the cellular con-
straction of wood. The designation of project and the result obtained are as
follows. :

(1) The shrinkage curve.

Measuring the shrinkage progress of air-dried wood corresponding to various
water contents between the condition filled with water and dried absolutly on
two groups of sample which had comparatively broad width of annual ring
(density of growth ring =1.3~1.6) and comparatively narrow (density of growth
ring =5.0~5.2), their shrinkage curves according as absorption and desorption
were respectively searched. The progress of shrinkage at low moisture contents
was approximately almost linear, but it showed an evident inflexion zone at
moisture content 52, and at 15% in tangential shrinkage it was always convex
against this line, radial at @=10% convex, and both at 10~2095 concave against
this line. The value of shrinkage progress as considering almost linear, is cal-
culated from the equation.

Tg=—0.3710p+10.8241
Rd=—0.0907¢+ 2.3817
tg=—0.3812¢+10.7975
rd=—0.1220p+ 3.1928

Where Tg. and R. is the tangential or the radial shrinkage percent showed
by the sample which had comparatively broad width of annual ring, and {g and
rd is the other one that had comparatively narrow and @ the water content of
these samples.

Fig. 1~2 shows typical shrinkage curves for Todo-fir obtained by averaging
the individual curves obtained by several samples. The samples measure 600 mm?
‘and 40 mm in the direction in which shrinkage is to be measured. Only radial
and tangential shrinkage are given because the longitudinal shrinkage is very
small and may be neglected. The small shrinkage occuring at high moistur
content is seen in there graphs and on the assumption that this is due to the
premature shrinkage of the surface layers, a straight line shown dotted has
been drawn through the points .of lower moisture content to cut the zero
shrinkage line at sp. the moisture content at which shrinkage is supposed to
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start. This is shown by the four samples:
Tg: mp=29.18%
tg: mp=28.32%
Rd : mp=26.26%;
rd : mp=26.17%

It will be seen that the intersection point for the tangential section is at a
higher moisture content than for the radial as is usually the case in such curves.

On the progress of shrinkage at high moisture contents, an undoubted
hysteresis effect of shrinkage curve according to giving and taking out water
was observed. The curve for tangential shrinkage appeared such that at any
moisture content the dimension on trying were smaller than on wetting but the
curve for radial was found to be coincident with the shrinkage between the
critical moisture content and about 1202 moisture content, whereas under this
value a distinct hysteresis appeared such that at any moisture content the
dimensions on drying were greater than on wetting. Above 150% moisture content
this relation disappeared and the progress was very irregularly. The tangential
shrinkage hysteresis at hight moisture contents is considered on the assumption
that this is due to the premature shrinkage of the surface layers, but on the
radial hysteresis we may consider as the different shrinkage process between the
spring and the summer wood.

(2) The effect of wood quality to their shrinkage curves.

The effects of wood quality to their shrinkage a swelling properties were
observed about the shrinkage progress as above, employing as samples green
lumber, air dried wood, compression wood and the wood exposed in the open
for a long period of time. Between the shrinkage curves of green lumber and
aged lumber then was no formal difference, but as to compression wood the
progress of shrinkage at low moisture contents was almost completely linear
and it showed no point of inflexion as above. If the qualitative difference of
these samples is neglected, the relation between the bulk density (R) and the
volumetric shrinkage (a,) is shown that the maximam value of («a.) appeared
at the point.of R=0.32, so at any direction either increasing or decreasing of
R in the range of R=0.27~0.60 there is a tendency to decreasing the volumetric
shrinkage (aw).

(8) The hysteresis of moisture equilibrium.

The equilibrium moisture contents on isothermal desorption for moisture
equilibrium of air dried Todo-fir were searched. The hysteresis effect of absorp-
tive or desorptive equilibrium was given above 7% and at absorption the time
effect of equilibum was especially very remarkable. It seemed that the common
experimental equations on the absorption of gas (Freundlich’s Langimir’s or
W.Henry’s equation) did not almost fit for this natural property curve. The
inflexion point for the equilibrium curve seemed from this experiments to
disappear near the range of @=5~7%, below these points the effect of hysteresis
was almost negligible. This result were similar to those obtained the shrinkage
curve and the departure from the equation of gas absorption at the moisture
content @=10~20% was found to be coincident with the hysterecis effect of
moisture equilibrium, and with the shrinkage between about 10~20% moisture
cotent that might be supposed a thermal effect by W.W.Barkas.

(4) The effect of wood quality to the moisture equilibrium.

The differency of hysteresis effect above mentioned influenced by wood
quality were observed exploying as samples green lumber, air dried wood,
compression wood and the wood exposed in the open for a long period of times.
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This hysteresis effect for the green lumber are remarkable from about 10025
relative vapour pressure to a slightly reduced one, and for the aged lumber
they are not noticed below about 7% moisture content, but as to the compre-
ssion wood the progress of this effect seemed to be negligible.

(5) The transformation in repeating shrinkage.

The transformation of wood quality effected by 20 times shrinkage from
the condition filled with water to about 5% moisture content was observed. As
to the shrinkage progress of springwood and summerwood which pinched one
border-line between annual rings, it was shown that the more increased the
number of repeating times the more they approached to the shrinkage progress
of the border-line, but that of the border-line showed still irregular form and no
constant tendency.

(6) The shrinkage deformation of wood cell.

The deformation of wood cell was observed from the condition filled with
water to dried absolutely by being measured the thichness of cellmenbrane and
the diameter of cell-lumen about spring-wood and summer-wood respectively.

(a) As for the transformation of cell-lumen in tangential direction spring-
wood and summer-wood both showed the reduction of the diameter of lumen
according to the decrease of moisture content but in radial direction showed
rather the expasion of the diameter of lumen according to the decrease of
moisture content and this fact was especially very notable on the cell of
summer-wood.

(b) It was observed that in tangential direction the shrinkage mass of
cellmenbrane of spring-wood was a little larger than that of summer-wood but
in radial that of spring-wood was remarkably small.

(¢) As for the spring and summer-wood shrinkage of external cell form
in tangential direction, it was remarkably larger than in radial, and the
deformation from the condition filled with water to the fiber satulation point
was only observed on the summer-wood.

(d) The area shrinkage of cell-lumen was observed only in the spring-
wood, but in summer-wood the expansion of cell-lumen was rather remarkably.

(e) The area shrinkage mass of external cell form was observed both in
the spring and summer-wocd, but the deformation from the condition filled with
water to the fiber satulation point was only observed on the summer-wood.

(f) The shrinkage of the mass of cellmenbrane was observed both on the
spring and the summer-wood but the deformation from the condition filled with
water to the fibre satulation point was only observed on the summer-wood.

(g) As for the tangential or the radial wall of cellmenbrane, in the
spring-wood both showed the shrinkage process according to the decrease of
moisture content, but in the summer-wood the tangential showed the shrinkage
process, the radial rather the expansion. The shrinkage from the condition
filled with water to fibre satulation point may be due to the fact that the
critical water content of summer-wood is larger than that of spring-wood, and
so the shrinkage progress at the high moisture content are considered as the
special character on the cell of summer-wood.

Now it can be shown that the swelling and the shrinkage of cell elements
according-to the next Table:

Where (+)....The shrinkage process are observed.

(=)....The swelling process are observed.
(£)....The deformation of swelling and shrinkage are negligible
small.
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Diameter of | Thickness of External cell- Mass of [Mass of cell-
cell-lumen i cellmenbrane | form Area of | g menbrane
cell- men- |

tang. ' rad. | tang. ’ rad. l tang. | rad. [umen |brane ll tang. | rad.
Spring- | = ' R + + | + +
wood -, T 1 |
Summer- ' [
ood + - + N - + - -

The small deformation of the external cell-form in radial direction may be
due to the facts that the transformation of cell-lumen in radial direction is
observed very small or rather the expansion of the diameter of lumen according
to the decrease of moisture content is observed. These experimental result wiil
give a number of appropriateness to the explanation of the shrinkage and the

moisture content of wood.
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