Filich b HEARLE 285 —H A bR 2R — (1993) 77— 95H

BET V=& KRR ERBFEORAE (1)
—HHIENREE & PEG SiRIEED W 78—

LN TLE

1, [Fe®Ic

MR SRR S N BKERARGEY RIS (1, RBESNS F ToMICHRER AT X
STHAEITTH< T L ->Twd, SHNIEIAMOERSTHL LN D —ZAR~I Lo —22h
WY 5 ZHEEBAEMC L > Taah, FLIRD LICRRTH S, B35 < & - 7ok E sl
BBk GEES, ZOFIEHRTEEELIGELTREL LM E LToflifid k), £2T,
Wi 72 AR & sk L 5 25 SRy 2 RET IR HEIFEINTETL,

KRBT R, 1914212 T — 0 o ST S22 ) IPEEIRBICIA $ 5 (D. W. Grattan
1987)» 19504EfLICALRRK TRAMG S 1172 PEG (R Y =F v > 7)) 3 — ) SR R ER L (B. B,
Christensen 1970, iR 1972), 19804Ffi4:1z M A v THIZEI NizarF R 5 2 740 PEG # &
BERDL2AT v 7EBHBEFHAELHAEZ POIIRIE CELL T3 (P, Hoffmann 1984, 1986,
1990) & &1z, 20HEACwDEEA & 8 2 KU RWET T, AMOEb e Bl E R TTENICFIHS L
T &/ 227 o—2Z (Sucrose) Friilfbil (Powell 1903) % 7Kg H LAM ORIFIZIEH 2 A 511970
B4 F ) T THE D (Franguelli 1971), 19804RfCHN 2 6122 7 v — 27 ¥ O PSREARIERE % 7k
R &R LTl b B TSROk 2 rh D icif FRIc e 5 T X 72 (G. S. Grosso 1981, Parrent.
J. M 1985, A. Morgos 1987, P. Hoffmann 1993, 4~ 1988, 1994)

—h, kP LHEESNTEMRAFHED I B, PEGHRERHAEL L ERLIFETH LY
LIFo X9 FESA BB T 5,

1 e LTolRkEHER T 27201203, PEG I2 L 2RMNE A, & OB/KBRREZEEA05, Bl
bl TR ICEIREDIFEREERSEL TR 5% v, Lk TRIFLEINIE 1 42
CHFFIChAEI EHH D (D W. Grattan 1987),

2 PALLIARICA L TRl 2 o123, WiETMEO &2 TR PEG (47 FR3300f%)
EERLLZINE L 5%\, L L, PEG ERMAE A KD B HR2IEFICAT btk WAz
I3, PEGIZ & ZM/RHRBIC L - TARM P BRUCIET 5. Sz <3 Es T8 PEG (41
H200~400) # 6iF 8¢ 245, {84 T PEG 3WIE CTHETH ), WBFHLARMICH L THo7%
PR ER S 2 52 LT ED v, L bIIEMED M W72 ISR TORE ICHE S 5,

3 PEG & T LcARMIZEmN P2 ko & 5 1I2BET 5, AMERO PEG 7212 E -

R IRSTRR G S b SERF YRR | T 634 4% JURAR ST AT 1 ik



TAHREEZ BT HIEL H D55 80% RH £ 2 2 SR EREE TIIHE U PEG WEHT 28075 5
(IRH 1972),

4 RMEICHI > TEIRIET PEG SR EMKET 5 £, PEG »EALA WL THEMERRELTE
BEBEEIE B, 0 PEG DEBRALARIC L - T, A & &8 L OB ERMOBIEIR 1 7
T YR EHIETT 540 H 5 (Malcom 1993, H§i# fi 1994),

—%, A7u—RENARE LIHRE 2G5 PEG R L W L THAZm b 0,

fEge LZe i 6wl T k5 ZiEL b 5,

1 B4 TFEII PEGITHE L ThEWwaT, R~ &FRB»EHETRTT 5. L2L, 3
—ByNTRALNTNSE LIS, A7 u—ROWHREEHEEEWTEHRILLHETIIERIC
B2 ZET 2% (P. Hoffmann 1990),

2 TEEEEELBERROLOHICIIRA I O-ADHBEERICERTALENFHE, LrL, 60C
AR ICHRIB L7227 0 — ZORAKIERE VT L, HLOBEAZRM Iz L Tkt ~HE%
EMEEES Z EHTEZ v (Imazu & A. Morgos 1993),

3 R7u—AERETRELAME, FHZRmLHEZTbE (L OAMARD AL OHEE
T5, 7220, BBEENR 7 n—ABEICERL2LOZEMESHEERE I CRET 2L, X
7 u—ZPE L TREIZS 5 (Imazu 1990),

4 HEEOPTH R 70— ADEIRERIEERIIEA & LToMRrH B 2012, KREEPoOwRE
BUPSRED I EH%n (G 1994), 7272 LIRIREERIER TIIBEMORET 5B H 5D T,
R EREEL T B, £/, A7 0—2PETNT L) 2EHRENRERE TR, BEOEWK
Eizxtd 2B &0 5, (D. W. Grattan 1987),

FRIXNOBEMN, LRLAL ) R7 0 -2 ERENMESEMILLEHL, PEGRRIn—R %

MW ieteko HEIb 2K EAMORFEHEEMELEMMLT 2 Lich b, Dldizid,

FAEORERELH 2 5L 3 — v v L FIREEZRIEERETOREEIRDLILL, Lb,

ROIALE AL EHIZB VT, AMOBFECHY M TR RET2Z L bERINE, =
NEDBREM Lah b b, REREGEOHMEIIHERL, FIERE L TOMED Kb i
FRHETLIE L 6%\, 612, SOOI X 5 RO RN AL PRAED [E R~
WifFeFELbL, TELRNVLETATFLEHEZHV, B RHTHEBRO ) bICEKBTE S
RAFINEOMBEILEENLDTH S,

2. REMfEEeLToETILO—-LoNE
7N —ATHRRICET 2 27 0— 24 EOFREMICH LT, @eiEiric k- T 13RI
AR ENTALEA S TH B, ZILLOPI 7L — L3RRI I3 e W2 e Ese b B, BRI



Name FEmpirical formula ~ Structural formula MW Maximum solubility

at 70°C
Sucrose C,,H,,0 SHeoN
2t =1 ' 342 76%
OH H 0 H HO
HO CHy0H
H OH OH H
Glucose CgH,04 180 779%
H an
CHy0H
Galactose C6H120s A0, 180 25°C 68%
l)'.‘ill H
H OH
H OH
CH0H H ol
Lactitol ~ C2thaOn 17 1 " 349 85%
PN " CRgoH
H r.mH 4 CHa0H
& CH50H CH,OH
Maltitol C,H,,04, H 2_n . "z . i 80%
) CHa0H
Ho \OH H . DH_T/
Mannitol C.H,,0
6=t H H OH OH 182 41%
HOHzc—'—C‘_C—(IZ—CHEOII
OH OH H H
Xylltol CSH]ZOS 152 87%

OH H OH
HOHC —C— C—C|: — CHa0H

H OH H

Bl1 REEEE LT o — R

Fig.l Characteristics of Sugar and Sugar Alcohol
PreEdk Sy, TEBERZECRHHSN TS, 22T, fEkMEA 3N T =72 PEG #4000, PEG #200,
Z7a—=2r3iZ, BTN I —NORGEREE L TOBIEERET 220121 2R L2,

PEG <e¥H % At N BE & TiRE 849 21213 2 N 6 DIRIFETEORBIEATIE X 70 5 (RIFIET
DIFBIEITTNBEICIFT 572502, FLRETHIUEENMREDES WA F AT NI =774 EDIE
FEEFRDE L, HVWT2r=F = (Mannitol) Zc X DHBEE, A7 v —Z (Sucrose) 7 7 F b
—Jb (Lactitol) % ¥ @ ZHIK5 T-h D PEG (#200~#400) %% <, PEG #4000% £ O @4y 5+
IHRBE A DR,

BEOEIREERIZE OREILIC X » TRGIHIEZEL ST, MEMC L 2BIREMIEY 22 %



Maximum solubility

boTwd, LAaL, KREFERTIEIC 80 T

BT B A b b, KRCRS % sl
B—2%Ty = - NOMSREETEE RS P e
Z 75 ' gl
TRmANH B, *v ) b—rXylito)  § g
252+ b=, =/NF F— (Maltitol) g o S & Lactitol
LYodiTra—NizR7o— kgL 60 w - N O Maltitol
o
THAEMORBEE ZITT  WIFRAFEOHE =8 “* Sucrose
WThd (EHHE 1986), A = SR E
20 30 40 50 60 70 80
F 72, BAEHERNC 3B E T IR Femperature(c)
ﬁfg*éﬂ%g X?ﬂ—Xiiiﬁﬁg'@'ﬁiﬁﬁl E‘z X?D-Ztﬂ#?)bj—)bmfﬁm{éﬁ
PR E &, kafific X 5.4 4 5 —  Fig2 Solubility of Sucrose and Sugar Alcohol
FIRIGR A 5 2 AR & - CORETERH ST
LTHFaTaI b S, ShicnlL TH ki N
90 | actitol
TLA—NDRr= b =RF ) b=, 80 /
—— Sucrose P
77F b=, PAFR-MBALT—F g ;g : e pession //
RS2 SFHELAV, —F, PEGIE £ s0 | —— reomm %
AHIZHRT 5 REEARD LS wBe § 0 w p
>
CBEEETLES, $72, PEG M%E T 20 | e [
10 | i F .
MERSE C RIICBIR T T 2 ERALL T o e A,
L 23 43 59 75 85 94
B oA, ARMBERET LI LH =19

WHESNTWS (Malcom 1993), S———
WeB3 2R MR & LT B I BIIERE g 2o m—x - M2 - PEG oW
R ARMPMIcEREEILESXH L, + Figd Hygroscopicity of Sucrose, Sugar Alecohol and PEG

2T 2 I & PEG /kicat 3 2 1AMt 27T, PEG IMERORIETRERAT 545, KIROHE

NARTOC T8T%, 57 F b —i385%, =T b—i380% % CTHEMT % (S. Budavari 1989).

TP O AR T O MRt BT 2% Etk i, FPEO LI Rk Zilolics »TIRE
TEAMETH S, LIELIEFMEE L2 L2, SRERETO PEG OB EM L 53 2 &£, PEG
50 LURAREAD A PR 2 RIR T 2D B, —EME I B T ARG ORINE S HHEE LA ER
TR % LT 3 &, PEG #4000%° 2 7 0 — 2 (380~85% X L T, M7 v a — o ¥ ) b — (3
60%, =NF b —NI385%HIE, T 7 F L —IF0%LLLTH B,

% 72, 20°C DER T THMIERE 2 #E L2727 — 7 WICABREGE U 72 RAEs ik w4 # i
T5&, B3IZRT &2, PEGH00DWIRIEAH I L <, A7 17— 2% PEG #4000{385% RH



PR AR TABICRIBYEYG B L b, 261, UUOBIBRETIIRA 7 o—213HEH LTk
D), PEG#4000 AT 2, I LTHT N2 =D F 7 F b — L I3REESDE {, 4%DE
MRIET LA L v,

LlEo k912, PEG (#200, #4000) 27— F ) b=, 527F F—N, 2LF =%
EDWET NV — & RS 5 &, TERDIRATMETH 2 PEG #400013i12:E M, #icEtk, @Ak, W
wIEICHEZ S D, PEG£200(2iE M (5 b O DAL IRIEEE IS PEG #4000LL LR S 5,
Fi2, A70—23E2{DETPEG LY LERTS D5, JEFIE &Rt Ic i ED S 5, ZHizx L
TEREE (KT, R, BvieEtt, Eh6, @, (KRiEYEZ & o E Lo
MELELT, BT 2—NDF2F PN T =N ERIRTHIENTEL, F7F =3
ITNaA—ZFEETZ 7 b—AREPOCLLHAMEETLL, wAF PN 2D IV IR EPLE D
EHWEZRIL L TATMIZOC 6N THHTH b, Bk, AMEERT 20 —ZA0~3 iR
=2 ¥ D EFRIZ N3 — 25w AE L TERICE IR b0 TH B, Lich-T, ZHHOSRE
WL > THELLKIE IV a —28E2MHT 22 813, ro—2R0KIHES 2 IR T 2 50 HH
HrEHFEILNE, Lirh, KZHTARMIZIRET 2O R T, Bk & i U T b BRAfF 575
WHZ7 b—REELDFI7Fb—iE, EMCRSIUCSWHEE ) LA TES, Bull, ¥ETL
I—=NDHNTHF7F b —NIIRHICZ 5% WHWEE U T LENZT &I R3 o250, Kl
DEFLTAFLELS L 5Twd, ZHEHLTHEMMEOESEMIEDSALF =i, BEDL S
SIERMA D SICHEPR AN T S20IZEMTH L, LT, R TEAT LT WEMAN
THETNI—NELTZ7Fb—NEE/IRT S, &8, 27F b—ND{t2£134-0- (B-D-7772
Fiov) D=0y b—=NTHAH (L 1989), F/o, FEERICITESFINPE QAN % Hviz,

3. W7 O—-LERWIFRELEO SRR

3.1 HIBHE

3.1. 1 KREEE

AR R E LT ENOEE A 5 FIMAATIC L - THE S AR AR & #H Lz, EEleHg
BEHED L RTHEOMBIAM 2 Tvw 572012, F—ORM 2 SR L 72508 T b HLR Bk 2 2
R LA EN, £2T, Hiik
RENFRIE & LT E7kE% My, WL
Gk (MG E=Umax) DB 19 boad [
FrEfs i, REHEIN4AD LS -
oy F—AHOR—RA 7 S e o
M1210mm DJE & THHEMISERILL B4 SURoORIKES

72o TN E ) e EERFEL ORI L Fig4 Sampling Method

\



2k 5T, (B ERE 2 ENICEL It TES L ITh ), JHEEO B ER RIS %
=72, (P. Hoffmann 1993),

fLANERRONE

FREL L 7o Bk 2Bk o & B (A& 7k$E =Umax) OWED 72O I HFHRPTHRE L2, £D
th, FEERMANEAMIRESREETLL L L30MRESRL, WEPTTIOFKELL, O
A 70k 2 EHED KL%, NEHEIOBERZH/KERE LTHE LR, £01&, SEHIEEEE H-
T105+ 2°C ORI THML 72, ERBROBER L2 2 EE L LTUEL, 13X &5 kiR L
Hfitd SfaAIEAR#E (Umax) Z8E L7,

f R — 2N E A
LAk s =
f A&7k # (Umax) T %100 13X

IR O RIE

At 7 NOAROMEICH L THEERICH - 720w GG 0) & Flc il 2 Hm Okt m)
ICTEEELERD AT v v AMO By #12T, TV SN FATRAFOHEEWE LIz, KR
BHIA —7 12 & 5 T105+ 2 CORM TR ZRELICERESE, RIFLHFAIBOTELERZHE
L, ZOfRR» HIMEEE RS, BB MONHE (Btan) L BEHEOPHFE (frad) IZLLTIC
AT 2RICE - THM LA, E/, BERbm & RS molHER £ 884 LR D EPEHER (Bes) (33
Rick-THEHHB LA,
ﬂﬁ%ﬂmmﬂﬁ—ﬁﬁ%ﬁ&mﬁﬁx

PRAFAL I i )~
AROEIGHEHE (Ges) = {1— (1—pgtan) X (1—pgrad) } X100 —————3 X
3.1.2 &l

BWETNa—NELTZ7F b—NEHW, MEROEERE BT 572002, FpET—MRiNI<
BNTWAESTED PEG#4000B8 L Urg—w v/ Y THW LG A 7 o— 20 KIEHRZ HWTHE
BET-72, £, —IOERICIZES RO PEG #200% w72,

3.2 EBROKLEL
3.2.1 EREBLICET 258

FERH AT B MR ER & v, B L HEZE R NE L2k, LIFIRART L) 2 FIETE
BRALEIA TR O IREE % K BR8240 b RMILER 2 (T - 72,

REH EARM D FEERY 70 E, 1)y F@akizR L T100g 82 AL 727kiERE (100g/1) 1A
NTHEAAERT THRE Lz, IEROBRE FRIZ OKERICHEZEMT 22 L TER LA, T4b
b, BHERTORREIELLZ O THEOBREHINSE S Z L TREROREZ LA SEDL L
DTHb, &8, EBRY L TNVITEZTNEZRMIER L2, SIUIERITH O 2 7KIE R ORI L
L THEEBRY 7 N0RGERINS WD, KEHEOREZRLICHEEEZ G L Wr6TH DL, T,

Wi (%) =

100 —————23%



PEG#4000 Sucrose Lactitol

9%

23%

38%

55%

71%

80%

5 EREE®RNIC X SAROEDINHE (7 ¥ %)
Fig.5 Shrinkage Due to the Difference in Impregnation Concentration (Zelkova serrata Makino)



C ORI I A & L 0. 1wt %69 KATHON CG-ICP (Rohm & Hass Co.) ZinZ7z (A.
Morgos 1993). % ¥, KEEHOWEAIOF M4 (Isothiazolones) (315ppm T#H 5,

R, KBRY 7N R ANTAKEETRIZ N CTOC ISHERE L 72, 36513 3 HRIC100g/1 ORiE#E
HEE 9 26), 6 HiRI2300g/1 ORIFTREE23%), 9 HIRIC600g/1 (RiFHERE8%), 12H#I21200g/
| OKIETEIRESS%), 15H£122400g/1 ORIERKIREETI%), 18H#124800g/1 (RIEHEIRAES1%) DI
ATHRA LR, EBRYT 7L, TO%3IAMIChl-oTINERFMFZ2MERL, SLICERDEL
i L TRy 2 KR 38, Bl MICIEIRE 2K90% F T LA S TH T Lz, EBRARHIZRE
AO#T BB TH) BT 720 SN T H BT L, Fcder iU ik & WE T 51i11225C, 4% RH o
MR SRIT 1 7 A IREHR B I - 72,
3.2.2 RBHOLIRELRIZEZARMOTERICHT 5 HEER

KM PE~DOERER OB E D B L &2, LIFLIEFRE L % 2 0 3 ERIEROIRELR %
EDLICRETEDPTH B, —iENIC PEG #4000&2ETIE—E BN 5 ~20% FiciRE % 1
AT aHEMEHINTED, SRBMOERELO—RIZE > T, RMEIChL: - TESP LR
B LA-% 5 & 5 280 wold, PEGIEHROIRE = 38U BR3¢ 5 EARMAEE~D PEG E#RD
LR R & — AT D AU W 29012, R NEE D 7K 252U AR SN D PEG IF ISR S L TR &
WHET B0 b Th b KR AN ~DIFR D AEILEUL, 7 FRKE CHRuEEDE W PEG #4000
£0 3, grEYS HEHGRE D E B O H 2R ITARMIZIRE L, BBV AL WEFHI LN
%, %2 T PEG#4000, PEG#200, 227 wv—2, 77F b —NOGREKER (50%) ITWBA 2%
WML TAMORBEEE L, Bk L TRBHm, B H 1 &20mm, #HEDT m50mm 047 v % (AL
FERE=619%) #MECKIE (70°C) &= (28°C) T4 H MR Lcfic-HEEgR bz WE L7z,
3.3 EEROFHliHE

PLUEEEIA (ASE)

SHETE R DA 2 R IR & L CHE R & T U 72, DU AL I3 B SRR e o0 IO
Y ZREREEOIFEENELE LT, UTIERT 4RI Lo THB LA, $/, HHhmE ik
5t O PLAREEIR & #8A L 72K D EflEE R (ASEcs) (2532 k> TR L 72,

L | RMAHOWEE (UW) —UBAHONEE (TW)
TSR (ASE) = TERAH DR (UW) 4%

A O WEHNHEN S (ASEcs) = {1— (1—ASEtan) X (1—ASErad)}x100 —5 =

4, EEMER
4.1 FETEEICET 2 HEBRRSHR
4,1.1 EiRBRE LS HETELED %
5 2% b=, PEG#40008 LR 2 a—2% M, EK9 %, 23%, 38%, 55%, 71%, 81%N#&



FERIER AR L2z,

B kaokg L 2B o ERM I & R E 2 E Lz, WEICHZ-

TIARNEOFRET 5, B4H0, AR O SIGEE & ISR (ASE) B & LB Ei#% o) & &
IZ2WT, TREN IMORER A HME L TFHEZ ROz, EEREDER DIHSKIEZX 5 2
. T, KOWMER (8 cs) X2 THELEERNELERGE - 7TIZRT,

FlLLr v ¥ (BAIEKE=619%, IHEE frad=25.00, Ftan=69.30, Bcs=76.98) % H\ 7

EBTIE, A7 00— 2RI NERDE

BT, B EAENELENRIRD GG WY, Fh

DI 120 EE AR 1 AR O 2 05 3 IR IS B B, 81% iR L4 13 frad=0.65, Stan=

2.98, fcs=3.62L 7% ), MALFNDIRIE TR

H-LTARHEIHEES0.91 & % - 72, PEG
#4000i3 9 %6 &= OB TlE 3 FRIOHE ftv D
P CTRb BIF LR ER LD, 23%2 5
55% DI FA-BERE TI3ich B R
etz LL, #0LIEOREIBEICE
b rBUTEEREREmEL, 1%, 81%,
BN TIZZ 7 F = LA TRIFLER
BRIz, 77 F—VIFERRED LS
sz, RO LHARE I E LA s PR
EfEsmLE L, ORI -2k
EEPATLTW D, Bi2Z272F b—0d
HEREWEFRA 70— L W H->Tw 3,
89% N A iRIRIE I B 1T B IR (3 Brad=
0.29, ftan=-0.75, fes=-1.04& 7% 0, §
A1 (Brad) (i3F & A BT H
D, HgHm (ftan) ChTHICEET S
LR aB TS (W

RizHL L2 EHOFE LT, E/ %

(L& 7R3 =389%, AUHE frad=3.47,
Btan=10.88, Bcs=13.97) # W /2 KB T
I3 PEG #4000, A7 0—2, S7F F—N
D=FEDEREIIH - BRE TRIF% T
REMZERLIZ, CON, 72F b—NE&
BRI R R b R HEREE R R LT,

80 r

N, O _—
70 = Lactitol
‘.\ \ O“
1 ~—— Sucrose
60 g o
X - ——+—— PEG#4000
'a 50 . - '.\ - = 1
(&} \

o | L N m

T 40 - :

=]

7 =

& 30 \
@ \ B
0 \
2 20 r A} g
3] ‘ . g
10 | o
‘ S
e Bes —1
o | ! L - PR m— |
0 9 23 as 55 70 o a0
-10
Concentration(%)

6 EIRIREOEIZ X B AR HTIHERO L (7 v %)

Fig.6 Change in Shrinkage of Cross-Cut Section Due to the
Difference in Impregnation Concentration (Zelkova
serrata Makino)

20.00
1 Y e

8.00 - — — \ Lactitol
16.00 i ‘\‘ —C— Sucrase

g 14.00 #-=—— " i : —— rechion

= 12.00 | A\

=] i\ \

S 10.00 W \

(7] A\ >

w AN

n  8.00 :
§ \\ e
5 6.00 \
4.00 % *
| e N
I . i
2.00 ‘ o Su— ~ Ye—
0.00 - — . . ——
0 9 23 38 55 70 a1 89
Concentration(%)

7 FEREOSEGCIC L AARDmEEROE (L /%)
Fig.7 Change in Shrinkage of Cross-Cut Section Due to the

Difference in Impregnation Concentration

(Chamaecyparis Obtusa)



9 %ERDBEBETINI LA L TELEEDRIIR SN vhs, 23%LIERIZ 2B A NI R A5 L,
B81% D ENZIIE I B 1T 2 INHEHRIT frad=0.00, Stan=0.73, Bcs=0.73D I 55 7 ~HEREE RS 5
L7z, —7%, PEG #4000DIU#ER 13, KL OEFRICHE W TIEHHE L <, SS%DERIRE TlIA D m
PHEHRFT 1% EZ7F F—, Z70—Z2 L) L0055, 81%DERIREICE T 2 A 1 WG
FIIL.BHDEIF iz R LIz, A7 0 — 2135 7 F b — EARTPT LLedhs b e hm b L,
B1X% D ERIRIEIZ BT 2R N IHER20.84% D RIF 2o fili & m L7z,

DEDEIIZZ7F =3 R 70— 2 L0 LEISHEREEREDE , PEG #4000 L 5 i0h B E
BERBITAAREELRKND v, 77 F =3 FH b L2 ILTES (Rl &7k 3R =619%) 4 3E8T (f
&k =389%) 15t L THIBO~90% D EEIE AT d 1Lld, RKNHEIHERFRIZBEWT 2 %N k%
ERRERIILITES,

4.1.2 FHILKIE L BFionEIC & 2 FEEE M g

BFERLHLREBOE N L - T, RELHDFERRGEEL ZLEDDH 52 LIFRBRMICH SN
Twd, 22T, BWHRLHLIKEDRZ 5 6 FOE % H\ T PEG #4000, A7 v—2, 77F F—
IVEREDO B EIRIRE R B R THEREEE R L1z, 72, B&RIRIELSDE%, T1%, 81% 7
WA OROMINHEE (Bes) o6 A TEEEMED LR Z B 8 ~RI13IZRT,

2 X (fuFERkE=189%, IS grad=4.53, ftan=5.43, Fcs=9.71) T, Z7F b—n, R
7 v —2, PEG#000E2ENTTIZBWTARMHEIGES (Bes) 133 ~ 7 %DWRE R LI, Zh
IFINBERIC & BIERORAIC L > TARMPIRR L7272 8 F L LN 505 WRNEIGERA 7 —R >
Z 7 F b —>PEG#000DIET/HE < % b,

2 (FAERE=240%, IHEHE frad=3.00, Btan=6.29, Bcs=9.10) TIIS5%IEHE T
7 TEEREEERL, 8128 TROLEWNDE L AFERVELND, 612, Z7FbP—NVERZ
O — 213 PEG #4000 & ) b b ¥ 2 I THEEEEDRIEE TH - 72,

b/ ¥ (A& 7KkE#E =2389%, IS prad=3.47, ptan=10.88, Bcs=13.97) TIZZ 7 F b —nd
MEREEF R LR, BB DREETT TISARNEIHE (Bes) 131.9%ICEL T3, RETR
7 u—ZERE33.3%, PEG #4000&82ETIRT.5% ThH 5 Z L2 6 b B A ZZFIERITH§ 5 )
EREEDE SIS,

JR3ERE D 7 ) (BUAE /KRR =470%, I frad=18.50, Btan=237.20, Bcs=48.82) TlavTi
DERBET BT H80~90% D S E AT ER L 2 UL RAF 2 HELEIZE S5 Uk v, R
2 PEG#400013 2 7 m—2 L O & FEEELEMAE <, 7 7 F b =13 PEG #4000\ & DD, 80~90
% O i B A s L Ie BB I IS I o iR A S L7, C RS IR SR P o
doThAESNLLEEZ LN, SBOBELMEIETH 5,

7YX (MAIERFE=619%, IHEHE prad=25.00, Atan=69.30, Bcs=76.98) TlE, WThoE
RBICB VT L80~90% 0 il iE T 1o L e I U BAF 2o SHEEEMR S S ke v R ERD



[ aven nr;

Cross-section( 3cs)

D

L W

PEG#4000

&

Lactitol Sucrose
M8 AF (MAIETkE=189%) DA O HEE
Fig.8 Shrinkage of the Cross-Cut Section,
Cryptomeria japonica (Umax=189%)

[ 1 oven Dry
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B 54.50%
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Cross-section({ gcs)
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Lactitol Sucrose PEG#4000
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Conservation of Waterlogged Wood Using Sugar Alcohol (1)

Setsuo IMAZU

Kashihara archaeological Institute Unebi-cho Kashihara-shi, Nara 634, Japan

The PEG method has increased over the world as a method to preserve waterlogged
wood and a lot of achievements have been reported. On the other hand, some problems of the
PEG impregnating method have also been pointed out and, new impregnating methods in
which some kinds of sugar, for example, Sucrose, are used, have been studied at many
research institutes in Europe. Although the Sucrose impregnating method has many excellent
characteristics compared with the PEG method, it has also several weak points. For example,
it cannot sufficiently strengthen weak organic relics, the color of solution changes to dark
brown by the effect of caramelizing or Maillard reaction during the heating process, Sucrose
may dissolve from the wood when it is left under a high humidity condition for a long time,
or the dissolved Sucrose is susceptible to the attack by insects or fungi.

As a material which can cope with defects found in the conventional preserving process
agents, for waterlogged wood, we selected some sugar alcohol which had excellent character-
istics, for example, high infiltration (low molecular weight), non - decay, heat stability, non-
coloring, high solubility, and low hygroscopicity, which we could not get from natural sugars.
I estimated that Lactitol and Maltitol were most effective as preserving materials of water-
logged wood in sugar alcohol, because they had the glucose radical, a high solubility and a
low hygroscopicity. We took note especially of the potentiality of Lactitol, because the range
of industrial application has widened recently and the price has gone down to the practical
level. I compared Lactitol impregnating method with PEG #4000 or Sucrose impregnating
method. In result, I found that Lactitol always shows a higher demensional stability compared
with Sucrose. The rate of shrinkage of the cross section of deteriorated hard wood (Umax =
619%) and soft wood (Umax = 389%) impregnated with Lactitol in the concentration of 70
to 90% was about 2 % in the impregnating process. Moreover, in result of experiments test
pieces of different kinds of wood and different degree of deterioration used, the anti-shrinkage
effect (ASE cs) in the impregnating process was 99 or more for coniferous wood impregnated
with Lactitol in the concentration of 50% to 70% and it was confirmed that a similar anti-

shrinkage effect was obtained for hard wood impregnated with Lactitol in the concentration



of 80% to 90%. As it is learned from foregoing description, the Lactitol impregnating method
is effective in terms of the demensional stability for waterlogged wood regardless of the
species of wood and the moisture content, and the anti-shrinkage effect (ASE) by Lactitol is
always higher than that by Sucrose. Furthermore, it was found that the material impregnated
with Lactitol did not shrink by a quick change of concentration contrary to the gradual rising
of concentration for a long time or a moderate slope of rising concentration in the PEG #4000
method. In the result I found now the possibility of reducing the impregnating period signifi-
cantly by making the concentration slope be steep by use of the sugar alcohol like Lactitol. It
is also important that the material impregnated with Lactitol has a higher resistance against
the attack of insects or fungi compared with Sucrose. Although the material impregnated with
Sucrose has no risk of attack by harmful insects including ant, if it is dry, the trouble happens
when Sucrose starts to dissolve. However, as a result of test in which the material impregnat-
ed with Lactitol was left in a party of ant’s after soaking with water, no damage by ant was
observed.

In conclusion, it is clear that some sugar alcohol have high solubility and low hygros-
copicity, and they can give high demensional stability in the preservating process and stability
against the change of environment to waterlogged wood. It is expected that some sugar alco-

hol can be used for a safe and economical preservation of waterlogged wood.



