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MANJIRO FUKUYAMA and HIROYUKI URAKAMI

Dimensional stability of wood by polyethylene glycol treatment

EHE (20COEMHTT, v FHATN—=2RKEHY 5O SRR LT JIS % 4 7O,
LRERBRSICRY) 7o 7)) 2 -0 (PEG) AUF! (BRI 400, 600, 1,000, 1,540,
2,000, B 5, 10, 20, 30, 50%) %17\, WEMOITHLEYE (ASE) >0 TR L1,

BoELRHBBEIRDEEY TH %,

1) PEGEEEIZ I ~2DFN 2N THTFREICIEERTH b, BREEE & ICEBRICRmL
1z (Fig. 1, Fig. 2),

2) Bulking ratio & PEG DEEH30% CTEHEH45% (7 5) £121350% (v R H AT
—R) ICETDHLBI—E LY, MIEEERD PEG Y FCREMI NS B8 » 51 (Fig. 2,
Fig. 3),

3) Bulking ratio 12[A—BEOHEEICIZH Y I DOR-FHEID 1 ~2 DN 2B THFROET
& X BITITIZERIICHEINT 20, A—STFaics T 2BEELcEL QO BEoRES I b

Hia2Ricd 52 LB 5Ntz (Pig. 4),

4) ASE & bulking ratio 27wo o FUTZ

BB s ht: (Fig. 5)o

DT, R-FEICHTNOES  HEH

5 YbhHIRFN—2DT, R-FHETIk PEG OOTFEOET, BEEORIICE > TASEASRA
U, PEG-400D35&1CIZBE20% L LT, PEG-600 OBAICIZTEAE30% L, FT100% % 1212 2 hue

EWASEME S ufz (Table 1, Fig. 6),

6) #v7D T, R-AHMNITIE PEG OHFELBEEICE - T ASE 1285875 2 %739 5,

PEG-400D & 13 BE30% L), T ASE 1395~98

£ E)
ARAIBKEE DB G TWE D © /s 5 WAk
Th o, HICHERSORIBE ST T « B
U, CHUThES Ky 0EIT & - TFEO R,
WD B IEH « NREBIR 2L T, COARMOEKHK
AL S TEOE, FHCEMED & OERIcE
RGO 551, AP T o AES
oY s ke 51T X A ULRER D, & 5iTidiiieD

%ici#E LTz (Table 2, Fig. 7),

EFRHI T DO R T 3 HERREE DG — &
IR UTRD « AUt « fids b is EDIENR, 1d/s
BELWEEIEIN R  BAL THES2E L KT
S, AMOMIT/anUIidFIf LopEE L 252 &0
DIz, TDIZHICRBICEIR /20 Uid{bEE
AFE % fs U CHEREEME 2 S U, KRG IS I
B o a0 ME], & 2030 « Bagko g £ o
HEOWHEFEPH#EL LN TN D,

A OREDOJBELEAVLED 5 5, & KKRD
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BUWEMERY) ZF LS ) a—v (PEG) OKIBK
B & U CREEFRMED PEG » AR ORI ic
FTAIE, 20 IR 1Kk > TRAMIHEZA
MHREE (ERRRED) 1CfREs S ¥ 2B, HRIESHE
75 RBICENTEREESE LN, UL b RO
PR A2E L EFRIRRNC &5, BRIEARMINTA
LM O EREL, EEREHhopkicEAta
TWhaD,
AEEZEMEBICE T 5 PEG OILRHE 2HIES
B2IDDOPHEERELT, VIR RIAY
SHICT X 31213 —0> o558 & T PEG UHE %
v, R OTEEZERICONW TR LIZDT, %
DFRERZHET %o

E S B

1. BLEAMEIR HBR A

EEAICIZ Y b B R v — 2 (Picea sitchensis Carr.)
CEEERIE © 1.2om, BME D 11.7%, [EHE:
0.44) M BT (Cercidiphyllum japonica Sieb. et
Zuce.) CEHAERIE © 1.8un, Bk : 8.3%, KEHE
10.48) DIEFERE LML &L L 72 JISITHEHL
T AHIEZH E SAROEARR b OBiE 3.0cm (H# (T)
B X3.0em CEB®R) SR, B 30.5em (e (L)
) OB 2RV, BEBA X T, R-GAIOH]
B 25 bicd 21291, &5 UHKRAEDME
AR I HIE R RERR 2 3T 12,

2. BEEZEA

#EA U7z PEG 12 AFRrF&43400, 600, 1,000,
1,540, 2,000(LLF, PEG-400, PEG-600, -~ & #&9)
O 5EET, BEIXLTHhE 5, 10, 20, 30, 50%D
5B E Ui, /s, LANEEAILIAIC PEG OBEHZ
5 Nic B R ORI KE (RA7e—F v —
FOBR), FoHERF OEERICE T 2 ERERED
FatAE i< MgCly DAIFIE/KAIK (20°C THX R34
%) (EH7r—F +— bV Z28) 2V,

3. HBFOWE, HIEEZL S ICHEEDOEHE
HERH OEHEBIIMUE, PEG UWEHTHOBE
b 1REFITONTTHREL, Th5I320C—EF TR
D7a—F v — MRT I —VIOFEIE (Fz72L, U
HEBFOBAIIIVERW T —II, V—VD)

I I I]I v 4V‘ VI VI
Eﬁiﬁ‘ }éﬁi k> s %g B lﬁz

iUtz ds-> CalEE R b B5— DB ki, 37ab
51— CREBRFRIGHBIET 5 L 2HtlT 5

B35 H

oI 4 EEREOIRE FEEE 2R TEKIC, T8
Al UK T 3 B ORISR 2 R TaIKic, 72 VE
B ci i RBR A 0B & 0FRER L, PEG
WUFESRERF C IR F SRR 2R S & B ARER
IRERRRE RN TERIC b 1256 U, MUEEEF
&3 bk38F »— oI, W, VI, PEG B
T, IV, iKW TEREOF T v 2tk hF
BAOBE LR I%, BE (BF0. 1mg D{LFEXR
BEEHE) 726 T, R-FROHAE (E1/1000mmd
£A4 Py — A 21775

EROREM/D 5 PEG &4E3K, bulking ratio 72 6
CHUNAERES] (ASE) 2Rw 5 C &icUTzds, L
MRS OMESERICE 5 e, EE7r—F+— I
KB HBEHTELSNVIZEREREVIICBIT 5%
h 5 & ok ks h o fMEYOEHITER U T
ETOERPEL, WTFhOBE § VIOHEMFEME S
Blhiz, biaicVicis) 3 g~ BRoSEE oA
i T-Hl . v bR FV—20.69%, 71 50.51
%, R-HF:vhwAFIV—20.55%, 51 750.46
%, SHBEBROYHOWDHKIZY b A S v —21.83
%, HvI2.17%Th-1. ASE OFEIZHNER
ExFr$ PEG MBRERERF & @ UK 2170, B
BV 1 A 2R 205 O T LS HH
WOMEBIIEET S BNEIZ 50D, PEG aEEP
bulking ratio TizIl K VIOHIEE 2 H 5D T,
O CRD I EHERKS S FEERJEICE LTkl
HERICEL CTORMEBRBRETH 5, T T TEER
ik PEG 44X & bulking ratio ICIZKHIERE (JE
JLEBIRERF T DN TR D 12 I R VIO ER S 6 T
JFHHOEEME) 2R3 ticl, RRTEERE
Bl

(1) PEG &HZE (Po)

W;—Wo+ K, 2
Pe= kﬁﬁiafxmo (%) (1)

T CIitW, i3 PEGULEHDO L ER (£), Woidill
Hpto2HER (&), K 3#ERE (v b 27w
— =2 :K;=0.9817, #v 7 K;=0.9783) ThH 5%,

(2) Bulking ratio (Br)

_ L=l K, P
B: -74:72;47x100 (%) (2)

Z 21T 1y 1t PEG AL D L& (em), o i34
HElo2ERE (), K 3FHERE (kw27
V—2z 1 T-/5F] K.=0.9931, R-J57i Ke=0.9945,
#5  T-F5H K:=0.9949, R-51 K2=0.9954)
Thhb,

(3) ASE
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ASE:ﬂﬁ—Lxmo (%) ()

T 2t Dy i3 EEBR T OB KK (%), DI
PEG JHEBEB T OB AIHER (%) Tdh b,

RRLRUER

Table 1 KT~ Table 2 132 EOHHETRD 12 RDTF
8, ABEEickly5 PEG 445K, bulking ratio 75
5z ASE », zhxh 7HoBROLLE 2
YANHIRTN—-ZKF A Y TDT, R-JGHENTDOWVTR
Uiz DT, UTCOREICHE SN THRE, K12
T &ITT 5,

(1) PEG&EX

PEG SHEOTRIKGH > BE 27 4 — 42—
EUTRYT & Fig. 1 ©&8HT, SEROERFE
(0)/2 6 IeEBEY (C.V) &L, v harT

Table 1.

W—R 1 0=0.5~5.8%, C.V.=3.9~11.6%, 17
10=0.7~6.8%, C.V.=4.2~11.2% Th b, 7
Al—DTFEOERICONTAHASB E, WThOEE LB
BEMEL A1 ESEEIZIAS picEmL, MENC
5 PfEEhIC S 123 HkEL L 72 PEG BERESOK
BIRRBEICKEU THARLIIC EPERTE S0,
FHRE—BEDEEITONTARLE, AYITRBITS1
~2DFMN, Tbb PEG-2,000 QEES0%ICBY
ZEIENIEE, /55 ICEE0%ICET 5 PEG-
400 & PEG-2,0000 X AV EBRDOER PRV TS
FRETOSGERICIBERLEEEVBED LN/, B
BT T PEG OFYFKAK (Ta: >30,000, #
B 130%) ZRIWTHEEUCEEEE? ORIk 5L,
SERIDTROBIMCE > THSL DKL Uy FR
KD B B & LT 505, AEEBRTC DX 5 SHA
D3EE 5 s - i BENE, AL 72 PEG 2SH#AY

PEG content (Pc), bulking ratio (Br) and antishrink efficiency (ASE) of sitka

spruce treated with PEG of various molecular weights and concentrations.

Molecular weight Concentration Pe T-direction R-direction

(%) %) B: (%) | ASE (%) | B:(%) | ASE (%)

5 8.6 3.1 31.5 2.4 46.2

10 17.0 5.7 62.2 3.9 74.3

400 20 35.1 8.7 99.2 5.1 98.8

30 56.6 9.1 102.8 5.2 99.6

50 92.6 9.1 101.5 5.2 99.4

5 8.6 3.2 30.8 2.4 45.1

10 16.9 5.6 61.6 3.9 73.2

600 ~ 20 | 35.2 8.6 97.1 5.0 97.6

30 50.7 8.7 99.0 5.1 98.7

50 | 88.5 8.7 98.0 5.1 98.1

5 8.0 2.6 27.0 2.1 39.1

10 16.1 5.2 57.8 3.5 70.3

1,000 20 34.4 8.1 90.7 4.8 95.3

30 52.4 8.3 94.2 5.0 96.9

50 94.5 8.3 92.8 4.9 96.4

5 8.5 2.5 | 27.2 1.9 | 36.4

10 15.6 4.7 56.3 3.4 65.9

1,540 20 | 33.5 7.6 86.5 4.6 91.6

30 50.9 8.0 91.0 4.7 94.3

50 93.9 7.9 89.2 4.8 93.2

5 7.2 2.4 26.4 1.8 34.8

10 : 14.5 4.4 51.6 3.0 62.2

2,000 | 20 32.2 6.8 80.4 4.3 87.3

30 51.4 7.4 86.1 4.6 91.1

50 91.3 7.4 83.3 4.6 88.4
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Table 2. PEG content (P¢), bulking ratio (B:) and antishrink efficiency (ASE) of Katsura
treated with PEG of various molecular weights and concentrations.

Molecular weight Concentration Pe T-direction - R-direction

(%) (%) Br (%) ASE (%) Br (%) ASE (%)

5 16.1 4.2 51.0 2.5 66.0

10 22.8 5.6 69.9 3.0 82.6

400 20 29.3 6.7 83.3 3.3 87.9

30 46.8 7.9 96.5 3.5 95.2

50 70.3 8.1 97.7 3.7 96.6

5 16.3 4.2 51.7 2.5 67.3

10 24.0 5.6 72.2 3.2 82.5

600 20 30.1 6.7 84.1 3.3 88.7

30 47.4 7.6 94.7 3.6 94.7

50 67.3 7.8 94.6 3.6 94.8

5 16.5 4.3 52.3 2.4 66.6

10 22.3 5.5 66.6 3.2 84.1

1,000 20 30.5 6.7 83.4 3.2 90.0

30 45.3 7.4 90.9 3.6 92.9

50 72.8 7.7 90.3 3.5 93.5

5 14.4 3.9 49.4 2.2 63.0

10 22.4 5.1 62.8 3.2 85.5

1,540 20 28.3 6.5 82.9 3.2 88.7

30 43.2 7.0 88.3 3.4 91.8

50 72.2 7.2 87.9 3.4 92.1

5 14.2 3.8 49.1 2.1 63.9

10 19.3 4.8 61.9 3.0 86.9

2,000 20 32.7 6.4 82.6 3.1 89.5

30 40.7 6.7 85.0 3.2 90.4

50 63.9 6.8 85.0 3.3 90.5

ESFEOLDOTH Y, U RKREBORE 2H
WCHBB/S IR b i—> D ER R {ETHMBEILI-C T
BRUIZEDEEZEN S,

Fig. 2 B EOKEESE, B—BEOHEEIC
BEERICHFRIKEELS/DNE U TREEICONT
SEXROPLHHEZRKD, WEDRKEEZ oy FLIZE
DTHb, Mick 5 Lt TENThE ZFFRLBED
B ERBERMSER L h, MEOBRIEThTh

VRHRFI—R I Pe=1.87C—2.48

H v 5 1 Pc=1.19C+8.97

P.: PEG 3FX (%), C: BE (%)
THABCEMNTESH, Fig.2 ERicRoh’s
o BEEE-BEEHRIBERN TS S EHT 2 £
U, ¥ HRT—23I3IZE S %8 5 HIRAC 5
BEoOEKRZ, 7V I70BERIERBETCIEERNEL,
HBE CREEBENEBAEC S BOEBERT &

WHIERSBEHLND, CDOERIIEWBT S ASE @
HERLOHRITAE, YIRSV —2EDEHYS
ORFEMETOVIREINCEHOE RS T LB TE S
23, ZDRRSEBHEEITE 5 8 O, S/KULEERIC
BT 2O EIC L 5§ D, HBVIFNFEE
OO BERIZE 3 § O IZBIBFETIZHE S T,

(2) Bulking ratio

bulking ratio IFFNEOSER & 13 Fk» RicL,
PEG B EICKEEK E BIRL 20 5 MIFEBEHIT B
BEIIIHL, FEREBBENICUEEL I PEG ERED
D SHAFE” BRT, ASE OfFEE 3 2 AKET
»Hb,

(29X TK» 5 % bulking ratio OEKEHSEUNE
HERFroKick 2BERIGEE (Vb2 TIv—2 1 T
-HM7.9%, R-F1W4.9%, Hv 5 . T-J5HA7.8%,
R-713.8%) LIEDME & 725 2 &I138EED OHIER
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Fig. 1. Relationship between PEG content and
molecular weight.
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Fig. 2. Relationship between PEG content and
concentration.

Bo bz Ns EcAThHY, KEBOHEESE
Table 1 &z ¢ Table 2 it 6 AL s ity v AT
— 20T, R-A, #v5oT-Fao—fic Eito ¢
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Fig. 3. Relationship between bulking ratio and
PEG content.
@ : PEG-400 @© : PEG-600
O : PEG-1,000 & : PEG-1,540
w : PEG-2,000

LB LN A,

Fig. 3 ix Fig. 2 & o H#HT, PEG UHD BHEE
IR OEEL 22 EFER 2 Hv, chick s
bulking ratio ®Z&{t%» 7 v v N U728 O T, bulking
ratio OEUEIRZE (o) 76 CREEZEE (C.V.) O
#BIE, v b HARTV—2DT,R-/5[] : 6=0.1~0.8
%, C.V.=3.6~17.4%, #>Y5DT, R-JA 0=
0.2~0.7%, C.V.=3.1~14.7% Th %, Kick 3 &
v 5 D R-JTADEHEREEIE o & D & ol %
FiTT 50, REPHEET 5 L 3EXRVK0%ITET
A% CIIAEROMEINCAE > T bulking ratio 5Bk
Uy, b I ATV —2DBEIISERNS0% T, A
7 D Z 345 % TIiZiZ—ED bulking ratio 1CH|EE
ERCES
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Fig. 2 kKX % & k&2 bulking ratio 231TIT—SE{E
IcE# 7 5 PEG OBEIIHBAENTHhE30%TH Y,
AEERD & 5 i fkEN] 2 B v CITRR/S IR b 55—
BRI R CUE 21T > e A ik, PEG OEELS
30% CEHEXM5% E121350%1CZET 5 & KIFBEPS bs
PEG NF TR, CORELED BEDLSER
DFEITIIHIEP C 5 iz PEG BEBET 3129 “H
IFR” ORI TE/N T & Fig. 2 KO Fig. 3
oSN %,

2%, Fig. 4 13BE % /85 4 — 4 — & UCHiRE
DT, R-FANZDOWT bulking ratio &3 FED R
2Fay hU DTHB, Af» PEG THET 3
LRIEED & 5 IR MIREBED REBiIc PEG S#EEL T
At 2RI RIS 2100, A—0FE, R—8
BEoBE1213@R TR 51 5 bulking ratio »3 R-
TR s T-AAIREBNT KREZESZ RT T &K
MOBEH, [REREL SHEL THRD ETH 5,

10
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Fig. 4. Relationship between bulking ratio and
molecular weight.
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® O O, ® o :Refer to footnote
in Fig. 1.
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Fig. 5. Relationship between ASE and bulking
ratio.

Fig. 4 itk % &, A—BEOHEITIIHIYID R-
BHEICR SN BEI0% K U20%I1T81F 5 1 ~2 DF
N2BRNT, BEICIIETOZERNS 3B TFROK
F& & %1z bulking ratio iZiZIZESRANICEINT 5
%2R, RGOS 22~ D PEG O
BUIDTRBMEL 22 I ERBICL DT EBHMET X
%o

RITE—5rF&iCH 1T 5 bulking ratio OB
I TAHRBZE, Y rHZAFV—-ZD T, R-HHA
TIRBRE20%LUT, »vV5DT-HaDHE I BE30
2% LT THEE ORnicaE bulking ratio 1289 5 v ic
WRT 20, COREULOBETRRBILBEIALT
Hb, FhvsoR-FHAIOHEIZBES Bickl)
HEVVEZBRNTEDFENTIhOBE s BERTD
bulking ratio ITIZZERMED &5 N/TU,

(3) ASE

Fig. 5 i¥ ASE & bulking ratio OBEE{% % [itdiE
DT, R-AMAICDNT Ty fLIZ$ DT, ASE ©
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BEIRZE (o) 726 ICEENMREL (C.V.) o®HIL, v
2PV —-2DT, R-JH :6=0.3~5.1%, C.V.
=0.3~14.7%, 7> 5DT, R-J5H :0=0.5~7.5%,
C.V.=0.5~14.7%Td %, Ktk % £ HE T OfEE
ZiERLU T ny MCIBETOEL2EXEBD LN
% %35, bulking ratio IZMIf@BERICILFE S % PEG [
BD “HIFR ARTHEETHA T L5, HED
ficiz W Fhofe b ERBERVSER Y Lo, 48, K
Itk % EHBENINE T-JTANc B L T R-J5 it
{&\> bulking ratio TEWY ASE Z/RUL T 3H3, T
O b FIE TN X 5 I R-TAOEER, NER
BT-HRaDZFHE b b BN & VS KMo, [
Bkic 0T, 2R TR 5 1 5 bulking ratio A&
¢, BRTRDHEN 3 ASEDELLBhizc ick %,
PEG &HRick 5 ASE oLz L TIEXRT %
T LB ULZY, MFBOBEKRIE Fig. 3 @ bulking
ratio—PEG SEXEHHOLEE =L FAKETHH, v
F AN —=2DT, R-FRITIEEERN50%T, #
v 5 DFNIIRIA5% TIRIT—ED ASE 2L, <
DD PEG OFEIZFAERIC0%TH %,

Fig. 6, Fig. 7 i3lifED T, R-HzhZhic
DWT ASE ¢ TROBER%? PEG QR %5

T %
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Fig. 6. Relationship between ASE and molecu-
lar weight for sitka spruce.
® ¢ O, ™ o Refer to footnote
in Fig. 1.
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Fig. 7. Relationship between ASE and molecu-
lar weight for Katsura.
@® €, O, ™ o :Refer to footnote
in Fig. 1.

— =& L TFoy b DTHS, 7 Fig. 6
DY M HRAFIN—=2ITDNTAHABE, T, R-FENT
N $ Fig. 4 1C7R L 12 bulking ratio DFZE & £ {6
Lo 2R, FA—3TFROBEICIIEBE20% % T
RIS T ASE 3E L LHINT 548, COBRE
UELOBETREBEALTHY, THA—BED
Bad ASE 3 T-BOETFICH: > T bulking ratio
Dz h &R TRIZERICEmL, T, R-J1
Mgy PEG-400 OHFAICIZBE20% U ET,
PEG-600 O%BE 113 E30% LI EC ASE 12100% %
TETHICEWNMEE 2 5, EERUANORDTR, R
ek AT-J7A & R-FAD ASE »Higd 5 &, &
FE 5 %K 0 10% OFEci IXAE 3K O v R- AN
PEG @ “i»>3%PR” BRx{Bbh sy, R-HME
DO ASE 3 T-/iaoz ik b & 8l (BE S5 %08
&g 1L ARE, BE10%08E S 1.268) 2R
b3, E20%LL BTk PEG-2,000 OB ITT-5HOD
ASE B R-AHIOZNL H b BHENEERT L%
RN THZOMICTIZZERIEED 5 s,

Ric Fig. 7 ©Hv 50 ASE oW Th B &, Lk
Ty 2TV =22 MBS AEAZRTES
LR AEAPRIBEDOoBED OND, TDH
v 5 OB %2l 1319 % bulking ratio & ASE
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OBFZIZTRHNTHEIZT L LIXRETH S0
T, HEERZYSEWZRT LBALND Y NIRRT
W—Z LU TU TR 2R 5 LitT %,
#2250 ASE D3y k2 FV— 2D FIICIZIZHE
LIL 2 2R L T 3255 &, () T, R-
HEDEE30%, 50%75 5 T T-HADEE10%ic
B} 5 ASE 3 TROETICHE > THENT 2 Ha %
AU, PEG-400DH& 113 #3024 L ETT, R-FF
W $95~98% D ASE K87 5, (2) MBS %K
F10%DOHE I BEDTFENTHOHEE S R-AHEO
ASE »T-AHoxht h 8N E BES%, 10%
WIS 1385 2RT, 8 FA—ITROES
ik T-F A TEE20%%E T, R-AATEEIONE T
BRI ASE BELIAT S, ZETH3, T
NITHLT, Y50 ASE 5 hH RSNV —DF
hEELULERZRICLU TV S A % bulking ratio &
OBEETHIENT 5 &, (1) T-HHADEE20%DEEIC
1x bulking ratio DB EADTH 572, ASEiC
B FEEFE®LSS L, WTFROBE b I —EES
R, (2) R-TTHEIDMEEL0%F 020% DEFAITIE 4
BEZzhzho bulking ratio 2MTIT—EHE2TTC
LITEARLT, ASE R FRET—ELVUIEST
BOETICE> THMET T 2HA%2RY, 3) R-J5
[EIDHEEEI0% T35 5 ASE 11243 bulking ratio iz
SHBRL TV 5535, A—BEOMO § DB L TE

FR35H

L, FHCZ OJEMIZ TR A5 1,000 LLEOPEGIC I
WTHEETH S, (4) T, R-HHEIDOEEI0%K '50%
DAz bulking ratio HBPTFEOETICHNIZ
IFTEBRICHEINT 2D L, ASE i34rT&1,000L)
TTRP i ERT 2HmZRL, B T-AM
BN TZOEANHEETH S, RETH 5, Ulbd
~1zX dich v 5 DEAIRRITED PEG 8BXR 239
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Summary

The dimensional stability (the indication in terms
of antishrink efficiency : ASE) for the heartwood
of sitka spruce and Katsura treated with various
molecular weights and different concentrations of
polyethylene glyeol (PEG)
weight: 400, 600, 1,000, 1,540, and 2,000, concen-
tration of aqueous solution: 5, 10, 20, 30 and 50

(nominal molecular

percent in weight) under 20°C was investigated

using the specimen for shrinkage measurement

according to JIS.

The results obtained are as follows:

1) Although PEG content was independent of
molecular weights with a few exceptions, it
increased linearly with an increase in concen-
tration of PEG aqueous solution (Figs. 1 and 2).

2) The bulking ratio became almost constant when
PEG content reached 45 percent for Katsura

and 50 percent for sitka spruce under a
concentration of 30 percent. It was recognized
from this faet that the cell wall was saturat-
ed with PEG molecules (Figs. 2 and 3).

3) With minor exceptions in R-direction of Ka-
tsura, bulking ratio inereased almost linearly
with decreasing molecular weight under the
same concentration of PEG solution. However,
the tendency with the variation of concentration
was different between both species or the strue-
tural direction even in the same molecular
weight (Fig. 4).

4) In all cases of T-and R-directions for both
species, the linear relationship was given be-
tween ASE and bulking ratio (Fig. 5).

5) In both T-and R-directions for sitka spruce,

the values of ASE inereased with decreasing
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molecular weight and increasing concentration
of PEG solution, and the value of ASE was
nearly 100 percent above a concentration of
20 percent in PEG-400, and above 30 percent
in PEG-600 (Table 1, Fig. 6).

6) In the case of Katsura, the values of ASE

were slightly different between T- and R-
direetions with molecular weights and concen-
trations of PEG, but the value reached 95 to
98 percent above a concentration of 30 percent
in PEG-400 (Table 2, Fig. 7).



