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Studies on the Treatment of woed with Phenolic Resin,
Urea Resin, and Polyethylene Glycol for
Dimensional Stability
by
G:%: mn
—. #5 (Introduction)
AR R IA A e ST 22— » FHERRBARESE (lignin) B2 I

HEHE (fiber) FEATIEL » MEHAG IR > BREEL » N5 BEHERS » (R ERY
— > KEEEL 5 P B W S PRAGERES » FE IR AR > ZUPHSEIIHE » BRI AR
DA » ABTAYHHST IR RS SR 2 F kT I Ptz » EH TR IE » Bl
AW 2 RIERIB T » NG TIIAF o

(—) bl o 4l » EARHM %22 (Stabilization by mechanical restraints) o

()RR » EAM%E (Stabilization with external or internal coa-
tings) ©

(Z) BB E IR R 2 Bk3E » AR SO B RPER L » WA 2%
(Stabilization by chemically reducing the hygroscopicity, that is reducing
wood’s affinity for water) o

(P9 AR B M EUA RARRARIEI R A » A K Z Mg » SRR 42252 (Sta-
bilization by bulking that is putting a non-volatile material into the cell wall
thus reducing their capacity for water) ¢

() LB B A A [E RS ARAE » Be D KK 4EES & » iARM %% (Sta-
bilization by chemically cross-linking the structure units of the fiber so as
to reduce the amount by which they can be seperated by water) o

Dl EAMURIT S R » SATRAM T3ETITHE » BMR(—)(T)(L) =8 » Bk
() THRPRE S AAICSE > (RAN A Bl e = JBa 7 30 e AR 2 R B 2 e
Wkt > JRF( ) TR — A I TSR R 2 iR » B h bk 28 AT e
EZRR » (BB S B RERAMEREE » BRUIEEFEBITRER (Epis
K4+ Impreg wood Compreg wood) » Z8Z. " Fi (Polyethylene glycol) Bt A/t »
B A » (RAFI TR ARG P B 2 B e ARAM > STHARIEZEI » 1R A5,
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BB 2 M LR R E 2R 5 BRCE)(A) W EREL G kA 2R - AR R
WO AT R 0 E BT IR S IR » M S 2 > BRI PG
K2 e 2 RPE TR » 3 ¢ (—)BERE » (D)RZFURIE > (Z)IMLRIEE=
it » HIH LM B2 M o AREREIRAEIE > IRIBRIFRA BHiE R
5 R T A2 B SR A R 25 ik (Alnus formosana Makino) » <3k (Machilus
kusanoi Hay) » 115 (Trema orientalis (L.) BL.) &s=H#f » & FH0NhE » i
NR2s » AT ZE s A R b2 2R3 » RSN o MEREHI AR » AW e » Rl
BT > A BEESREHOE » MIsEILE | R SHPTR I RELERBIGE TR
R o ARG A B A E A A B E 2B » SRR » FRILREN] >
P !

= REME (Testing material)

(=R EE

(1) %#74% (Alnus formosana Makino) » ZE##4% ¢ KEMF»> QB 1 X 47
o2 % o BHERER (Betulaceae) o

EIEBA > WK > o0 > WEH ARSI » MR > SRR > =10
cm » FEMA > WEHERIEE > HEIEIE— > FHWFE TR » MEEMURIEIF » REARTUR
B> FEETE > £ 3 cm » FRGEIEVE » 2SS o A TIAAHED D SRR M o A2
EIRR » BEZE IR 2,500 m B A » RAHEFIERIR RFH > B OobHE 5
REAW > MAHEERE G » RBZR T » QBB RASRG » KEREE o ARV
5 > MBI (WL 041 > MBS R BAEMAERIE) » ik > IS > K
E/b o BEIUIREL BAF > M5 PSS o

(2) *%HE (Machilus kusanoi Hay) » A4 ¢ & x-~x 7> BiE#F (Laura-
ceae) ¢

WHEARBAR » ERTR LR » WREENR » KB > FEEE > RIGEZEE
T > B12~2044 » RITEAEN » FIREEMA » HHEZEH » BRI » THA » [H[#E
TEIE » FEARH T AT » B AK » 23 ERRE » BWI2AE » IMAEFER »
MM o RERMBARSEMMEZ — » SEEEE » HEOHRILEE » PR
A, » FIRSBEL » THEE R » T FERAT IR » M5 » WIOLRRSE » AL » BEA > B
s BER > RASH o

(3) 1M (Trema orientalis (L.) BL.) » Ze884 : (UM > A L v F v w
=7 % JRERY > = ¥~ > JBRF (Ulmaceae) o '

HIEATEA » 2 BISHEHGER o 85 IR R AT 5t > AT AT o DR
B R AR IR YR » AR SRR » +E AR B R > HEEARR » DA
R Bkt » KRB Z S > YRR » IEMEED » RIS T > e
2> FRIAA > BMERA » TOEHIBHR » BRIR0Y > AREUEE > DRI > KR
/s REHE > BT > AT 0.38~0.51 » 2841 L 0.28 » KA FILEREE - ;A
W > A KB o K » B2 R R FEMASH o X B B KSRIRZ TR o



(Z)RE%EH :

(1) i (Phenolic resin) .

B DI 2 s ik B — A FIR IR IS A AR » MR B AF2ZKIA
P s BEEE/S o -FRAL » 25 BB BEENE » B ASUER G 2 By VR BY 3 0k R g
[/

Wk ¢ DA Selk—4-h > P HT-ER A X10% &S /b8hsik15cc » 1%
*ﬂﬁé—ﬂﬁ&%#ﬁ% TR SR A IERGEGOC I » BIESR 1 (L mBh » = TSR
P 2 T SR ] BH TR E65~T0"C > RS 5 hrs 4% » DL 0.1NGfES = 7128 pH7.5 » 4%
RHENERIE » WA

MR o AR T A S — RS B AR Z AL GBI A » K Z R IREERR A » ]
MHREZE 5~6 fZiK » MAMAT BAFZ BB » MEHOER » GEHORS EE R U AT KT IR
SHIKGME » BB IR 2R, » e 3 118 A B BP ALK S BETH i H B AR RK
(R T ATE XS B I R A R o

(2) PRVE (Urea resin) :

ST 2 IR I i -2 15 o P B s R i By R A AR ] > B e e PR IR 4
HE > RESUREE 2 A » A (Catalyst) ZFR%E > pH EZSMESRTE » 35
3&2:&&??1!&:‘?%?: > B AHUIE (o P 22 PR N 4 85 0 v B P RS LR

gk s DU (Formaldehyde) T45-FEUBA=REIKRA > LL1 %2 W5 5K
1’&&4 %Dfli’i"‘lﬂff pH 7 B 1E > EMA—4-FiZ R » RILZBUEMBEFIIMATZ
I JE I [ (He*(amethylene tetramine) 6 g = DB M 2 — D& —HHLH—D
SEASRA RS » B— DiE— BRI A B » EEE0 CRE » MRS ED FI Th#%
ﬁFWﬁ#M% %H&H%%ﬁ%ﬁ s 42 B > IEIZE R > I > IS o

FEET L BB TR AT EZ S » pH {HR 8 » #24 hrs BEARELZIREIR
1 » FAR=FENHTH AT AT R B o

(3) HZ._#i (Polyethylene glycol) :

(RERIHA Z A7 H il Carbowax 15004 (L ZELZp4) » TRCFE30%
2K > BAREBEH 2 o

PERT o+ B4t 500~600 » ZURAR » S (Melting Point) 37~40°C » #i
BTk » M5 1.151(20°C) > 30 % /KWt 1.056(20°C) » Fo—eMEPT R id I
FELLHl o

=. KB H1: (Experimental methods)

(—=)E By = %5t (Experimental design)

b )| DB R e 1 o S N

(1) BEEEpsEA (DL 105 5b%) IRIERIRH (BK24/HE) BEIRRTAR 5

(2) BEFREEEIEL FIERIR (Phenolic resin) » P&l (Urea resin) » I Z A% (Polye-
thylene glycol) =i 5

(3) sHHRNCERAHS (Alnus formosana Makino) » AZEHS (Machilus Ku-



sanoi Hay) » IJ# ik (Trema orientalis (L.) BL.) =Hff o
A5 2x3x 335 18 fAfAA » HEBI5 K » ILFF 90 i » BIEEFRIZFEME 15
Fo» dERHMERR A 105 A o
()RB A ERSE (Experimental methods and procedure)
(1) M2 BUE « AR AM SR LA
Yh iz bt » M2 30 mm % 30mm X 5 mm IR
HRRA » SRR » SRR POV mE —
FLHELR » DI o (hnalE) &
(2) BIRH =T | SRR 2 i FE i
1830 % VIR B (A Z b4
(3) EEHE
(A)FUM IS » SR LT » 2EMEBRERIEN P » AT IR
T > FRET TG54 » BEFEM ALK » IE BRI » BERL 2R
EF » 5085 24 hrs 1% » A A105°C HE4 73 24 hrs » f3L 522 Wiih% » MCHRESL » JE
Bl iR St AR R AN R 2 = E o
( B ) SRIEIRAS SR FRAT - BB BV AR A T2/ 0542 » IR E FRE o
(C)H(A)(B)MEHRSRE » BRI IZIRER » WARIEKS G RDulgIREEE »
LA e = i 2 3 = R 2 2R B R o

TilgIRREE( %) - RIEFEA T NREE — BB IR A 185
(Anti Swelling efficiency) SKREZERAT IR AR

g, SREEER (Experimental Results)
(mLEHERZEM > BEEERSERAESSERR

Resin content of treated wood (Dry specimens):

#—3 5 (Phenolic resin)

| = e s [y e W . ™ '1'79%' -2&‘,"“4’ Sk
ke lw | @ . eoseeeeesseneser 8 koo @& | RSl
o | a I3} R
8 @ 2 | Oven dry | Oven dry | Oven dry Resin content after leaching
] e 3 g weight weight weight :

e 5 ; of untreated| of treated after gy Z54
W o | f { 8 = | wood (g) | wood (g) [leaching (g)| (g) | (%) | (25) | (2) | (2) | (%
% 8, 1ap 2.7329 3.3416 3.2800 |0.6087 18.21 0.5471| 16,67
w2 5 S 1AP, 2.4116 29853 | 29334 |0.5737 19.21 05218 17.78

m Biidn )t | G | e ted ug
KD EE| 1AP, 686 3 X 0.5924] 18. Y 16.60
B &7 1aPs 2.5783 3.1786 3.1282 ;o.soosi 1888 18.40 05499 17.57 16.94
= : -
7 kg 1BP; 2.8957 3.4156 3.3642 0.5899} 17.27 |0.5385] 16.00
R 1BP, 2.5853 3.1900 31457 |0.6047| 18.95 0.5604( 17.81
2 HES 1BP; 2.8047 3.3775 3.3296 |0.5728 16.95 |0.5249| 15.76
e 1BP, 2.7415 3.3666 3.3192 [0.6251 1856 05777| 17.40
8 M 1BP; 2.7786 3.4345 3.3919 |0.6559 19.09 18.160.6133 1808 17.01
a5 T
S e 1CP 17935 2.3752 2.3435 05817 24.49| io.ssoo 23.46]
I gEm| 1CP 1.9390 2.5645 25365 |0.6255/ 24.39) 10,5975 2355
oo #SE_| 1CP 1.7385 2.3619 23300 |0.6234 26.39 05915 25.38
e 19283 | 25232 | 24961 05949 2357 0.5678 22.72
: avl ICP, | 18873 24900 | 24700 |0.6027| 24.20 24.60/0.5827 2359 23.74




w—F MRiE (Urea resin)
S|, r&ﬂﬂﬁﬁ/&ﬂmﬁz}w Qﬁ'erhﬁtﬁ'&%& oI & & ﬁﬁ?@ﬂ&ﬁt
G 2 Oven dry | Oven dry | Oven dry Resin content after leaching
Mg 8 weight weight weight
2 K- of untreated| of! treated after I3 7y
%O | i wood (g) | wood (g) [leaching (g)| (2) | (%) | (22) () | (28) | (%)
%5 2.6874 3.0866 29389 |0.39921 12.93 0.2515 8.55
ﬁé o 2.7721 3.2190 3.0336 |0.4469 13.88 0.2615 8.62
L 2.3973 3.0296 2.8211 |0.6323 20.87 0.4238 15.02
R fg"é [ 25415 2.9764 27763 |.4349 14.61 0.2348 8.45
w3 2.5564 2.9466 27550 |0.3902 13.24] 15.11/0.1986! 7.20| 9.57
5 x'f';if 3.5107 4.3572 4.1068 |0.8465) 19.43 0.5961] 14.51|
i “;-gh 3.1138 3.8355 3.6160 |0.7217| 18.82 0.5022| 13.89
- |FEas 3.4590 41173 3.8940 06583 15.99 0.4350, 11.17
= % | 33106 4.0585 3.8486 |0.7479 18.43 0.5380, 13.98
| Hig ‘ 3.2909 41695 39191 |0.8786| 21.07| 1875 0.6282 16.03 13.92
oS 1.9327 2.7021 2.4201 |0.7694) 28.47 0.4874 2013
Iig S 1.8856 2,7431 2.3836 |0.8575{ 31.26 0.4980, 20.89
ﬁfgf_i 1.8761 2.6410 2.3526 |0.7649 28.95 0.4765| 20.25
gt’, 1.9469 2.7570 24579 |0.8101| 29.38 0.5110 20.79
Wk 1.9488 2.8101 24897 |0.8613 30.65| 29.74/0.5409 21.72| 20.76
W=7 IKZ " F: (Polyethylene glycol)
R W, ﬁmm%mwwﬁﬁ agpawE B & G | Qoo
8 ;» 2 [ Oven dry | Oven d Oven dry | Resin content after leaching
Moz g £ weight we]ght weight
id j—)‘ é of untreated: of treated after S 5 3
b®) wood (g) | wood (g) leachmg (@) (&) | () | (22) | (@) | (%) | (%)
%g 2.6646 2.8783 2.6715 |0.2137 7.42| 10,0069 0.25
’:___3 o 24496 2.6460 2.4501 |0.1964) 7.42 0.0095 0.38
52 2.6775 2.7785 25876 |0.2010 7.23 0.0101 0.39
3% ’ﬁ"gz 2.5053 2.7926 2.6057 |0.1963 7.02 0.0094 0.36
| B3 2.8287 3.0420 28414 02133 701 72200127 044 036
" E j\g 26728 2.9524 2.6891 |0.2796| 9.47 0.0163  0.60
4 : g R 2.5861 2.8776 2.6004 |0.2915| 10.12| 0.0143{ 0.69
2 %3S 25749 2.8472 25887 |0.2723) 9.56 0.0138] 0.53
R L 2.7097 3.0162 2.7246 | 0.3065 10.16 0.0149 0.54
"g WS 2.6730 2.9452 26853 |0.2722| 9.24| 9.71/0.0123] 045 056
Te e | 17854 2.0208 1.8170 |0.2444| 12.04 0.0316/ 1.73
i 8 ; 1.7720 2.0467 1.7956 |0.2747 13.42 0.0236 1.31
%S 1.9836 2.2139 20043 [0.2303 10.40 0.0207 1.03
g4 1.7680 2.0337 17901 |0.2679 13,17 0.0241] 1.34
Rﬁﬁﬁ 1.8627 20961 | 18936 (02334 1113 12.030.0309 163 141




(DUBHEEREZEY > BEEXRSRRAEEERE
Resin content of treated wood (Wet specimens):
#lOF EpiE (Phenolic resin)

Bz W, |6 ROERRERESR e B & Ok | GO
e & 2 | Oven dry | Oven dry | Oven dry Resin content after leaching
B og | = g weight weight weight =
= % | . L% . 2‘ of untreated| of ltreated at:ter ‘ Y ‘*’]ﬂi‘i—j = Z’IZ':‘;L-'-J
WO |1k e wood (g) | wood (g) [leaching (g)| () | (%) | (%) | (&) | (22) | (2
f‘.:% 2AP, 2.7345 3.1757 31279 |0.4612 14.43 0.3934| 12.57
=2 | 24P 27722 3.4867 3.4216 [0.7145 20.49 0.6494| 18.97
%5% 2AP; 2.4848 3.4696 3.4150 |0.9846| 28.38 0.9302] 27:23
it o2 | 24P, 2.5035 3.1660 3.1151 |0.6625 20.92 0.6116/ 19.63
!’F}};}% 2AP; 2.4283 3.0842 | 30335 |0.6560 21.26 21.10/0.6053 19.95 19.67
= j\g 2BP, | 26715 35695 |  3.5195 |0.8800 24.94 0.8480| 24.09
$ 2 2BP; 2.6205 3.5735 35197 | 0.9530 26.66 0.8922) 25.54
2 7 é 9BP; 2.7320 3.7140 3.6703 |0.9820, 26.44 0.9383] 25,56
g1 3 | 2BP, 2.5680 3.5160 3.4767 |0.9510] 27.02 0.9089 26.13
B RS \ 2BP; 2.8087 3.8385 3.7839  1.0299) 26.83) 26.39/0.9952 25.77| 25.42
m% 2CP, 1.8378 2.5544 25205 |1.7166| 28.05 0.6827| 27.08
] Eg | 2P, 1.9132 2.6681 2.6380 |0.7549 28.29 0.7248 27.47
#E5_ | 2CP, 17803 |  2.4889 2.4637 |0.6996| 28.10 0.6744| 27.37
g2 | 2cp, | 21072 | 28548 2.8316 |0.7476 26.18 0.7244 25.58
Eﬂtﬁ 2CPs 1 1.8747 25704 | 25433 |0.6957 27.06 27.51 06686 2628 26.76
#wAFR MR (Urea resin)
BB |6y EENEEREESeEaEsE B R 2 6 i B
g g E weight weight” weighty after Jezching
21 . & |, 2 [of untreated of treated after 7y ' S 2]
WO | i wood (g) | wood (g) |leaching (g)| (8) | (%) | (%) | (&) | (%) | (%)
®E | 2aU, 2.9421 35773 3.3525 |0.6352 17.76 0.4104| 12.24
y@é g | 24U, 2.6263 3.2145 3.0345 |0.5882 18.30 0.4082| 13.45
ng 2AU, 2.6927 3.3065 3.0280 |0.6038 18.78 0.3353 11.07
i) a2 | 2AU, 2.6133 3.2248 3.0355 |0.6115| 18.96 0.4222 13.91/
’F%i 2AU; 2.7271 3.4015 31840 |0.6744] 19.83 18.73 0.4569 14.35 13.00
b klg 2BU, | 33270 4.2505 3.8780 |0.9235 21.73 0.5510, 14.22
F| & | 28U, 3.1580 4.0320 37930 |0.8739 21.68 0.6350, 16.74
§ 3{’25 2BU, 3.1629 3.9130 3.6435 |0.7501 19.17 0.4806| 13.19
DE ;f | 2BU, 3.1218 3.9680 3.7240 |0.8462 21.33 0.6022| 16.17
= | S ‘ 2BUj 3.2372 4.2125 3.9515 09753 23.15 214107143 18.08 15.68
|— - o . T .
iy e 15888 | 2.4410 21045 |0.8522 34.91 05157 2450
g .4 | 2CU; 1.7087 2.6922 23240 | 09835 3653 0.6153 26.48
%57 | 2cu, 1.6268 25125 | 22185 |0.8857 35.25 0.5917| 26.67
g4 | =zcu, 1.5851 25105 2.2040 |0.9254] 36.86 0.6189 28.08
‘m{_&: | 2CU; 1.6059 2.5490 .2.2965 | 09431/ 37.00] 36.11/0.6906 30.07| 27.16




MmAF T2 K (Polyethylene glycol)

s 0 | | 4 | R A L Py } 1- ﬂ e BIIR S
B = | i) o | B W |ﬁﬂﬂﬂ Lfﬁbiuﬁ'&ﬂgfii LﬁLfl fi&‘?‘?ﬁf‘ﬂ = A o i Resin content
8 8 2 | Oven dry | Oven dry | Oven dry | Resin content after leaching
e 3 g weight weight weight = e
2 | & é of untreated| of treated after 73y e i‘—J
WO |1 “ |5k = | wood (g) | wood (g) [leaching (g)| (=) | (%) | (%) | ®@ | (%) | (%
g 2AG, 2.4615 2.8410 ‘ 24889 |0.3795 13.35 0.0274] 1.10
?‘“E o | 2AG, 2.5881 2.0490 |  2.6133 |0.3609 1223 0.0252 0.96
‘ ’é% 2AGy 2.7316 3.0995 2.7548 |03679 11.86 0.0232] 0.84
® | ﬁ‘gE 2AG, 2.6680 3.0478 26930 |0.3798 12.48 0.0250, 0.92
‘1‘%5 2AGs 26759 |  3.0504 27196 |0.3745 12.27| 12.44 00.437| 1.60] 1.08
Sl | WY BT ] e T ==
= S| xe 9BG, | 2537 ‘] 30216 | 25606 |0.4845 16.03 10,0235 0.1
s = | |
:" & 2BG, 2.7254 3.1949 | 27379 |0.4695 14.69 0.0125) 0.45
&
§ a}fgm? 2BG, 2.6885 3.1800 2.7505 |0.4915 15.45 0.0620, 2.25
S (R
ad| 2 2BG, 2.6779 34038 | 29999 07259 21.32 0.3220, 10.73| °
-3 ﬁ‘ig 2BG; 2.5240 3.1493 | 2.6987 o.ezssi 19.85 17.47/0.1747| 6.47| 4.16
& o - | s > -
m% l 2CG, 2.0102 2.3815 2.0909 |0.3713 15.595 0.0807| 3.85
i EE,' 2CG, 1.9392 2.3461 20191 |0.4069 17.34| 00799 3.95
#E_ | 20G 1.9525 2.3303 2.0321 [0.3778| 16.21 0.0796, 3.91
g2 | 2cG, 1.8792 2.2786 1.9594 [0.3994| 17.52 0.0802f 4.09
‘ﬂs 2CGs 1.9419 2.3672 20276 |0.4253 17.96 16.92(0.0857 4.22| 4.00
() RBzEMEREE .
(%) Swelling of treated wood with dry specimen:
#F-LFX EIF (Phenolic resin)
| PR 2RI HE R S 2RI Y | - q "
B 1 il Dimension of Dimension of [ F& Iéﬁ IIH Z iz e E: 2
dry wood dry wood welling of treated wood
= Y |y : L [ 9% ] & Ify)
2 § _g _§ ﬁ,‘_“. e % 3 E”‘? 3 FE . | Tangential direction ‘ Radial direction
B g E| €87 ®E3| =87 qes ENrTrar e
3 &| 2| 55§ T5c| go SgiMeg Bp | ToMEg Bw |
o BEE SPE| ¥og| BEEMESE piSc |ys MESE pis
sEE RS C...‘\_,I ZEECSEE RS (¥, 2588 BN ﬁ]
: ‘ i W VUREeE 3~ | 2 RegEl g §
o E (B W W AT | E0 | < RS | &0 | i<
& s o 1AP| 2095 | 3080 | 31.80 | 3140 | 185 6.18 ‘ 060 | 195 |
a2 g & 1AP) 2870 | 31.05 | 3010 | 3170 | 140 | 4.8 065 | 2.09
B = S2| 1AP) 286" | 3125 | 30.05 | 3165 | 145 5.07 040 | 1.28
Mg ES| 1AP] 2905 | 3100 | 30.70 | 3175 | 165 | 5.8 075 | 242
% 87| 1AP] 2030 | 30.85 | 3075 | 31.55 | 145 ’ 495 | 535 070 | 2.27 2.00
- a4 B TR i s 2
Zkw. | 1BP| 3215 | 3140 | 3340 | 3175 | 125 3.89 0.35 111
H’ =2, 1BP) 31.85 | 31.60 | 33.05 | 31.80 | 120 | 3.77 020 | 063 |
LBES & 1BP, 3215 | 31.30 | 3350 | 3170 | 135 | 4.20 0.40 1.28
S| E327 1BP/ 3180 | 3145 | 3310 | 3190 | 130 | 4.09 0.45 1.43
}:,Tﬁgr«—- | 1BPg 3195 | 3155 | 32.95 | 32.00 ' .00 | 313 \ 382 0.45 1.43 1.18
= = = e B .
Siy_@ | 1cp| 3115 | 3045 | 3210 | 3095 | o095 | 3.05 050 | 1.64
o | "2Fm| ICP, 31.00 | 30.55 | 31.80 | 3110  0.80 | 258 0.55 1.80
Ig #5s_| 1ICPs 3140 | 30.30 | 3205 | 30.75 | 0.65 2.07 0.45 1.49
& F4| 1ICPJ 3100 | 3070 | 3170 | 3120 @ 070 | 2.26 050 | 1.63
i S%| 1ICPy 3115 | 3040 | 32.00 & 3075 | 085 | 273 [ 254 035 115 1.54




BAK W

(Urea resin)

i [ ier PR 2 R E R HI : B 15 =
& At Dimension of Dtmensmn of BE Swellfr{ of-}t i atgg s d G
dry wood _ wet wood g
i ; 7 [23 17 e i
é’ § E 35,—. [ 5% — fid Tangential direction Radial direction
B E 3 E 'Eg"‘ rag’\ ggA ESA 3 % ‘zfj,.\ fﬁc i ZE
5 | z| §58| 558 5EE £8eieg~ Py |TgMeg (Ww | Fg
O Bo0c| go0g MO-Z| BoIMEEE pemy ~ MmEge o
SR8 SEE| PEE S2EWMESE wER kT MESE pEQ |y
&0 Rl ST, TR LE RS HEeag TR S
3 B m m a EERT a0 @R gAT | &0 | @s
x| 2800 | 3075 | 3020 | 3185 | 220 | 7.86 110 | 358
2 8 s 29.15 30.50 31.60 31.40 2.45 8.40 0.90 2.95
B |.=9= 2915 | 3050 | 31.20 | 3145 | 205 | 7.03 | 095 | 311
Z'Y‘ﬂ"' 5 2 28.60 30.55 30.70 31.60 2.10 7,34 1.05 3.44
}‘é} e 28.55 30.50 30.70 l 31.60 2.15 7.53 7.63‘ 1.10 3.61 3.34
g 2. 31.00 | 30.30 32.65 32.00 j 1.65 5.32 0.70 2.24
G e i 31.10 31.70 32.75 32.10 1.65 5.31 0.40 1.26
& IS i 30.80 31.80 32.55 32.10 1.65 5.34 0.30 0.94
i, “i"* 31.85 31.05 33.75 31.70 190 5.97 ‘ 0.65 2.09
=) Hﬁz 31.30 | 31.10 33.20 ’ 31.80 | 1.90 | 6.67 S.GOI 0.70 2.25 1.77
W e 3070 ‘ 3000 | 3220 | 3065 | 150 | 489 | 065 | 217
e "Tg ) 30.80 | 30.00 32.15 30.50 1.65 5.07 0.50 1.67
ﬂ,@ =P 30.50 30.20 | 32.05 30.85 1.55 5.08 0.65 215
| p..-f:’ i 30.80 30.15 32.30 | 30.75 1.50 4.87 0.60 1.99
W = 3075 | 30.10 | 3230 | 3065 | 155 | 504 | 499 055 | 183 | 19
BILFE RIZTE (Polyethylene glveol)
£ 3 N A S R A AR R R = o 1 _
I L) Dlmcnslxon of Dimension of B Iégwellﬁg of:%re’lteggj wonug 3
 dry weed wet wood St ‘ -
= = = o i i 7 ®E
R @ 53":7“. i 'M,F 8 ¥ Tangential direction Radial dlrcct)on
1 & o S ey — :A e e = . | 7
g a g%; ..‘E%:‘ 5:%’;‘ gggif@ g W ‘JE*? 8 9,J Wy |*g
5 > PRl B o e @ & B B s
EEE| SEE cof| SEEMESE e ), MEsE HIF\&‘\ B,
] RO 8T &0 TETIRESE 5= 2 RELE >
i I I - S
o = - 29.30 30.35 31.90 31.25 2.60 J 8.87 0.90 2.97
B 284 29.50 30.40 31.90 31.25 2.40 8.14 0.85 2.80
4 = 3.5 29.30 30.40 32.00 31.20 2.70 9.22 0.80 2.63
FLES 29.65 | 3050 | 32.00 | 3140 | 255 | 8.60 090 | 295
EE} o 29.65 30.40 | 32.05 31.25 ‘ 2.40 8.09 8.68 0.85 2.63 2.80
S — <
Bikw. 3115 | 3130 | 3250 | 3180 | 135 | 433 050 | 1.60
il g 31.30 31.55 32.65 31.80 1.35 4,31 0.25 0.79
° 'ﬁﬁﬁ 8 31.45 31.40 32.70 31.80 1.25 3.97 0.40 127
EGE 3150 | 3125 | 3275 | 3180 | 125 | 3.97 [ 055 | 176
5 = 31.75 31.20 33.15 31.70 | 1.40 4.41 4.20‘ 0.50 1.60 1.40
Bl : = it
Sl w . 3030 | 3065 | 3180 | 3125 | 150 | 495 0.60 | 1.96
: g 3065 | 30.00 | 3220 | 3065 | 155 | 5.6 0.65 | 217
fit %3 e 30.20 30.20 31.95 30.90 1.75 5.79 0.70 2.32
R 30.50 | 29.90 | 3220 | 3060 | 170 | 557 070 | 234
WE S~ 30.30 30.40 31.80 31.05 | 1.60 5.28 5.33. 0.65 2.14 2.19
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Swelling of treated wood with wet specimen:

#B+3#& IF (Phenolic resin)
ST RS e D b A e ie |
Bz il i Dimension of | Dimension gf % : I ®
dry wood wet ond Swelling of treated wood
= A i 1 ETAPEE S Al i 11
s § & X BE'E‘ : " 3 3}? : % 5 | Tangential direction Radial direction
_-m & b g B o~ —mo~ o~ r~ IA‘_": N : < i
o 2, =1 C:'gd .gﬁ:‘ E'gg' .E'-_'O'-F”iﬁcﬂ) % e ‘:’i‘cg iﬁgm,\ I e zi’“@
5 w z g8 293 &85 ToEEE 4Gl S S B 25 E~ N
gl Sfg| HEEl zEgglsg eSS | g (g §E| pES |
S el gmo| Meal =Yg M—E% 159 JQ = O 5 HAE &\ if']
§57) 587 587 Ssomebg M9S |\ Me mifg M3 e
W | HR ! (W il I G i}EE'" BN i< [EEA~ | W fili<d
d g | 2ap) 3085 | 2095 | 3205 | 3145 | 150 | 491 050 | 1.62
WS G5 2AP; 8055 | 30.85 | 3215 | 3140 | 160 | 524 055 | 1.78
B |50 8| 2AP; 2995 | 313G | 3140 | 3170 | 145 | 4.84 040 | 1.28
{70 EE 2AP, 29.50 31.30 30.50 31.75 1.00 3.39 0.40 1.28
B & 2Al’5| 30.55 30.95 31.85 | 31.40 1.30 4.25 4.53 045 1.45 1.48
STLas. co rwt =l - =
ot ‘ S
8ko.. | 2BP 3255 | 31.65 | 3310 | 3295 | 055 | 1.69 130 | 411
:\ = 2| 2BPy 3240 31.65 33.30 31.85 0.20 278 0.20 0.63
SFES 5.9 2BPs 33.15 31.55 34.10 3L.75 0.55 2.87 0.20 0.63
S 8 27| 2BPy 3265 | 31.60 | 3340 | 3215 | 075 | 2.30 055 | 1.74
£ v ik 2BPs|  32.65 | 3175 33.50 31.80 0.85 2.60 2.45/ 0.05 0.16 1.45
Q..' U U . J 3 e (AF
Tl 8 | 2CPy 3140 3060 | 3210 | 3105 | 070 | 2.23 0.45 1.47
1 = 'E @m| 2CPs 31.15 31.00 32.00 31.30 0.85 2.73 0.30 0.97
g ‘ {85 | 2CPs 3160 | 30.20 | 3230 | 3070 = Q.70 2.22 0.50 1.66
d ('“EA 2CP4| 31.10 30.90 31.95 31.40 0.85 2.73 0.50 1.62
!yg,ﬁ S~ 2CP; 31.20 30.85 | 32.05 31.10 ! 272 253 0.25 0.81 e1.31
Ht-—& PRI (Urea resin)
' R A L [ b e o B : .
i | b ‘lemensmn of Dimension of # # z iz I #
1 Srvwoon W2E e Swelling of treated wood
=1 P ” 5 r”.] {T;E []
S 3 g ‘!1"'./-? (i f"?é i i ential direction | Radial direction
E! o = Bal =f~. — ;:ﬁ ] :f\ — O~ . el
& E &l 2| EEE| ESE E5% .2'5;’4'.5 gu“ﬁ oSy |Be |#g
&5 2 Z Po=l goRl LoORl gURl 8 S B @ = 8
Ol Mogl god Y&dgl gPg HE@EM S| ME S gl eEg P2
i S| M2 §8°| MaE-lefsg TS | Mo mah el G |
‘ o y W 3 o G »=Eell B >
¥ ‘ Fifi Er A | I ¥l Iri) jii3a) ’i%*w i< [BEQ N fii<C
5 g .| 2AUT 2870 30.75 30.50 31.70 6.27 0.95 3,09
" ) 2AU,! 28.80 30.85 30.70 31.85 6.60 1.00 3.24
il 'sE o lAUa 29.00 30.65 31.10 31.70 7.24 1.05 3.43
i EE" 2AU, 29.90 30.50 32.20 | 31.40 7.69 0.90 2.95
B L 2AUs 29.10 | 30.65 31.00 | 31.65 687 6.93 1.00 3.26 3.19
Elke. | 28U 3200 | 3135 | 3350 | 3275 469 140 | 447
8 2€.| 2BU| 3205 | 3115 | 3375 | 3180 5.30 0.65 | 2.09
3 "':ﬁ @5 2BUs  32.00 31.30 33.45 31.80 4.53 0.50 1.60
g/ 82| 2BUJ 3210 | 3140 | 33.80 | 3170 5.30 030 | 096
S e = ‘ 2BU; 3190 | 3120 | 3345 @ 3175 486 | 494 055 | 176 @ 218
i e . 2cu,| 3080 @ 3055 | 2205 | 3120 4.06 0.65 | 213
g"«:‘ P 2CU2 30.70 30.65 31.95 31.30 4.07 0.65 2.12
MG RESE | 2CUG 30.75 | 30.70 | 32.00 | 31.20 4.07 | 0.50 | 163
; g 1 2CU, 31.25 30.75 32.25 31.20 3.20 0.55 1.79
Wk o 2CUs 30.80 30.95 32.00 31.40 3.90 3.86/ 0.50 1.62 1,86
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K HZTE (Polyethylene glycol)

: TR R T B .
E M i Dimension of | Dimension of | & Moz I Bk O®
‘ Ay rood wet wood Swelling of treated wood '
~ =5 T B 5% ] 1 I
8 8 E 534.‘..“ e !-’&,E |i_f§§ . | Tangential direction } Radial direction
. Bl B| 85 5. B 5.2 W Tl e e
- 5 g 5| 823 27 E237 ESEMS. |Buw e 'iﬁ_g o | Ba |Fs
5 @ | 2| 8%El TTE §TE SLEL S8~ E SlpEesl e | 8
SBE| SPE ¥Og SOEMEJE| peiSS g™ MESE = 2y~
.:\.,-:C s B3 “‘-:-E ZAl 205 2 ﬂ‘\'s o\ 'Jq_; S m’(u o\ Jg
e e I £ L BURELE  s— | S REdE 5SS
W | = B W ] 2] 1y BAT | WP < R w0 | i<
= = _l2a6G| 2015 | 3070 | 3100 | 3150 | 185 | 635 080 | 261 |
w33 8 2| 2AGy 29.60 | 3075 | 3200 | 3115 | 240 | 811 040 | 1.30
w  [(CECT 2AG, 2955 | 3055 | 3195 | 3125 | 240 | 812 070 | 2.29
~ L ES 2AG¢i 29.10 | 30.60 | 31.40 | 31.40 | 230 7.90 | 0.80 2.61
G S| 2AGs 2955 | 3060 | 3200 | 3125 | 245 | 829 | 775 065 | 212 | 219
5, - = - = e e L e
Z ¥ka. |2BG| 3185 | 3145 | 3280 | 3175 | 095 “ 298 | 030 | 095 |
o 28 .| 2BG, 3170 | 31.65 3265 | 3200 | 095 | 3.00 035 | 111
SHEE & % 2BGy 3140 | 31.60 | 3255 | 31.90 ’ 115 | 3.66 030 | 095
> S ET| 2BGy 31.30 | 3165 | 3265 | 3200 | 135 | 431 035 | LI
= i | 2BG5 3155 | 3165 | 3260 | 3190 | 105 | 333 | 346 025 | 079 | 098
B Bl Lo o ) SN 2
£E 2 5 2G| 3075 | 3035 | 3210 | 3110 | 135 | 439 | 075 | 247
~| E'3m| 2CGy 3060 | 30.75 | 31.90 | 3125 | 1.30 | 4.25 | 050 | 1.63
BZ [#S%_| 2CGy 30.85 | 3010 | 3230 | 30.85 & 145 | 470 075 | 249
G-2.43] 2CGy| 3075 | 3020 | 3215 | 30.80 | 1.40 | 455 0.60 | 1.99
WE 8%| 2CGy 3065 | 3065 | 3205 | 3130 | 140 | 457 449 065 | 212 | 214
(R)AMBEZEMFIERE .
(]
(%) Swelling of untreated wood:
B=E%R
T RREH TR R AT R SreoCEE . O
i ‘ )3 Dimension of dry|Dimension of wet ES ESE enl.—lﬂ ? geategé? L ogﬁ %
untreated wood | unrteatea wood il e g
bl ; : % G 1 ]
8 23 T 1 x ﬁg . L . Tangential direction Radijal direction
S | -3 L 8 == x -
Q| 5 b D (e Tl (B S i T | T 5 i g % end
& | Z| 538 S%¢| gie ZfE MEy Bu |TgME, Ww g
] To WO TES ANE i S 2§z Ea S
ch g 2B gifF SEE ME9E =S b2 SRR | ¥
S%7) BT | 587 %3 mEsg NES He lmehg RS He
- = bh= Y~ L] SRS £ =
m R A i I Fi A | N | i< R RS | {ES
% 2. A, 2980 | 3100 | 3280 | 3240 | 3.00 | 1007 140 | 452
35Sl As | 2970 | 3095 | 3280 | 3235 | 310 | 10.44 140 | 452
ESS A, | 2980 | 3085 | 3275 | 3215 | 295 | 9.90 130 | 421
HAES| A, | 2075 | 308 | 3280 | 3260 | 305 | 1025 175 | 567
W 87| As | 2995 | 3090 | 3285 3210 | 290 | 968 | 10.07 1.20 | 388 | 456
Ag.. | B | 3125 | 308 | 3355 | 3170 | 230 | 7.36 [ 090 | 292
=2, Bs | 3L15| 3090 | 3350 | 318 | 235 | 754 095 | 3.07
W55 B | 308 | 3250 | 3300 | 3335 | 215 | 697 0.85 | 262
83| B, | 3090 | 3190 | 3325 | 3300 | 235 | 761 110 | 345
por B, | 308 | 3210 | 3310 | 3300 | 225 | 7.29 | 735 o090 | 280 | 297
W@ C | 3100 | 308 | 3335 | 3160 | 235 | 758 i 085 | 276
ESR Co | 3045 | 3060 | 3255 | 3140 | 210 | 690 0.80 | 261
#SE | Cs | 3040 | 3100 | 3260 | 3180 | 220 | 724 030 | 258
g G 30.85 3075 | 33.00 | 3160 | 215 6.97 0.75 2.44
it 8% Cs | 3105 | 3100 ‘ 3340 | 3185 ‘ 235 | 757 | 7.5 0.8 | 274 | 263
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Anti swelling efficiency of treated wood:
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B xR
1 = == . ?}‘iﬁ%ﬂﬂﬂziﬁ;ﬂﬁ?ﬁ‘ 75) BTN (22) | Dt 4
b bz ] i B welling of Swelling of Anti swe]lmg
g 2 | untreated wood | treated wood efficiency
2 i | | €y | 7 53 7 i et
. 8 @ L I = 1 N o LS Y 1
< e s | 2 S0 | Tz £ ge ‘ g e =
s o® g | g | E @ " |89 | g8 | ERI 38| B85l RE~
| &84 8% | FE o ARE R aEs g
| W Fi i s )] | | G} I 7 iG]
el E jitaay
g | EEAE | 1aP | 1840 1007 | 456 | 535 | 200 | 46.87 | 5614
% Phenolic | & 3£ 4| 1BP | 1816 | 735 207 | 382 | 118 | 48.03 | 6027
3 ‘ resn A on % y;,t; ICP | 2461 | 725 263 | 254 | 154 | 6497 | 4144
§ ‘_ﬁ g 16 o 1 | 1aU | 1511 | 1007 456 | 7.63 \ 3.34 24.23‘ 26.54
E-I Urea | 3£ #i| 1BU | 1875 | 7.35 207 | 560 @ 177 | 2381 | 4040
5 | Femip “u % Wk | 10U | 2074 | 7.2 263 | 499 | 196 | 3117 2548
> a e e —.
- |1;r§_/ - | B R | 1AG 722 | 1007 456 & 858 | 280 | 1559 | 3860
o et ‘;ﬁ{‘;}c S # K| IBG | 971 | 7.35 207 | 420 | 140 | 428 | 52.86
| glycol |l % WE| 1CG | 1203 | 7.25 263 | 533 | 219 | 2648 | 1673
| ‘ : , ¥
N A O
i mewskdy | 2ap | 210 | 1007 456 | 453 | 148 | 55.01 | 67.54
" Phenolic | & £ #i| 2BP | 2639 | 7.5 297 | 245 | 145 | 6667 | 5L18
“B | TR Ly % BE| 2CP | 2754 | 725 263 | 253 | 131 | 6510 | 50.19
: | '
e R | AP SR | 2AU | 1873 | 10.07 4.56 6.93 319 | 3118 | 30.60
'{,g Urea | £ fii| 2BU | 2141 | 735 297 | 494 | 218 | 3279 | 26.60
f i |u.| % JE| 2CU | 3511 | 7.25 263 | 386 | 186 | 4676 | 298
b || e i .=
S | mz—m | ﬁ ,r\a;,‘ 2AG ‘ 12.44 | 10.07 456 | 755 | 219 | 2502 | 5197
H [{1‘;‘1{; i}f Wi 2BG | 1747 | 735 207 | 346 | 098 | 5293 | 67.00
glycol 2CG ‘ 1692 | 7.5 263 | 449 | 214 | 3807 | 1863
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#H. 3% (Conclusion)
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B2 R o
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ERMIBIRIEE > % » ML SIS % 2 BIEHENA30% Ll - Z FiigiE a2 » |
SER =R B A 2 R ERR » DR » B TERZ > TRISEE o

(R)BEEAM Z RPN > KA, LA = A2 RIS » WAMTEERES
2R > BES QIGEIEERA » RERIERS R E0RT > BT Rk » B0 SR
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BraEf 2.5 oo | MEIILAEESE b R % B PRI 2 MERE R R IR IS 2 48t » H pTiR IR
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. 2B (Reference)

(1) BRIHH ~ BERIEESES A » S H B2 2 A, » FUEB94:10/ o

(2) FRbLE ~ SPRURI b S eAlh - 2SS B » BUmM14E12)] o

(3) FAWE > fhore ~ RIER SR saEhes ﬁtﬁé‘fﬁﬁm > REES8AET [ o

(4)  HAMISEEH » R TSERE » 1958~1963.

(5) JONE F. Blais Amino Resins 1959,

(6) DAVID F. Gould Phenolic Resins 1959.

(7) Carbowax Union Carbide Chemicals Company 1957.

(8) Stabilization of wood. A review of Current methods Alfred J. Stamrn E. P. J. Vol. XII. No. 4.
Apr. 1962.

+, EXHIE (English Summary)

The objective of this experiment is to determine the stabilizing effect
of phenolic resin, urea resin and polyethylene glycol treatment on Alnus
formosana Makino, Machilus Kusanoi Hay., Trema orientalis (L). BL. Both
oven-dried wood and wood that has been soaked in water overnight are used
to compare their absorbtion of different chemicals. The specimen are dipped
into the aqueous solution, and then vacuum is applied for 15 min. They are
kept in the solution overnight. The excessive chemicals on the surface are
removed after being taken out from the solution. The specimen are air
seasoned for 24 hours and then dried in an oven for 24 hours to cure the
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chemicals in the wood. The absoptions and dimensions of specimen are then
determined. After soaking in running water foo 72 hours, these specimen
are weighed and their dimensions are measured again. The antiswelling
efficiency is determined by the following formula.

Swelling of __ Swelling of
untreated wood treated wood
Antiswelling efficiency= e x 100
(%) Swelling of untreated wood

Comparing the data obtained from this experiment, a preliminary con-
clusion can be drawn as follow:

1. Lumber of higher moisture content shows more rapid absoption of
aqueous resin solution than that of lower moisture content, other conditions
being equal.

2. The phenolic resin itself is more stable than urea resin. No significant
property change is shown, when the phenolic resin is stored for 3 months
at temperature of 20 C., whereas precipitation takes place in urea resin
solution in only 3-7 days after preparation. Proper polymerization of urea
resin helps prolong the pot life of resin solution, but in the meantime
retarts penetration into wood cells, because the viscosity is increased. The
polyethylene glycol 1500 is a waxy, white semisolid, with a melting point
between 37 and 40°C. It is water soluble and chemically stable. When used
for wood impregnation, preservatives may be added to its agqueous solution
to prevent sapstain fungi.

3. Other condition being equal. Trema has more rapid absorbtion and
higher retention than Machilus and Alnus. Alnus has slowest absorbtion
and lowest retention among the 3 kinds of species.

4. Phenolic resin has better water resistance than urea resin and polye-
thylene glycol. Only 2% of resin content of phenolic resin treated wood is
washed off after 72 hours of soaking in running water. With same testing
method, 5% and 10% of resin loss are found for urea resin and polyethylene
glycol respectively.

5. Difference in hardness and apperance of wood treated with these 3
different chemicals are also noted. The phenolic resin and urea resin treated
wood has increased hardnese and coarse surface, whereas the wood treated
with polyethylene glycol has reduced hardness and smoother surface.

6. As far as dimensional stability is concerned, phenolic resin treated
wood is the best, polyethylene glycol treated wood ranks the next and urea
resin treated wood the last. Wood having 20% phenolic resin content has
50% of antiswelling efficiency. Wood with 20% of urea resin content has
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only 30% of antiswelling efficiency. This is about three-fifths of that obta-
inable with the phenolic resin treated wood at same resin content. Wood
having 15% of polyethylene glycol content has more than 30% of antiswel-
ling efficiency, and thus appears more stable than urea resin treated wood.

7. All these 3 chemicals have stabilizing effect on wood. However, beca-
use of their high cost, they can hardly be used widely in the near future
as a wood stabilizer. The phenolic resin which cost twice as much as urea
resin is used more widely than the cheaper resin due to its better stabilizing
effect, plasticity and resistance to decay. The feature of polyethylene glycol
in reducing the hardness of wood and thus improving its workability has

been recognized as an though its cost is even twice the phenolic resin.
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