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2V = VRDWCTRHBED X 51 Bryant HE LU HalL bR 2T, ¥fs, EhIZiX W.J. Herz-
BERG® A% Pinus Radiata bark & Fh 5 2V =VESEHHL, ThCAL LT AT e F2ERAIRT
ARAEREEIL LT &Y =Y - FAATAT e FEIBEZHEEL WA L bbhd X 5L, RILAT
AFe FRERSRAZ Lok ), EEMMEL S 52 LIZBILATH B2, » T~ Y OKEHRSC O
TR D X 5 BBV T J.0. Tromeson® 5IZ L 5 Beater adhesive & LT arabo-
galactan D, % 5\ % P.H., Kutuzov® I X% # 5 < Y p: 5D Gum arabic OB D\ TEEE S 5
T ERGe LizhoT, ZOMETLE T FHITCER A 7HEEEYHE L LTHLRTHS 57~
Y D SREERT £ DIKEEHER S DETEMC O\ TRES R 17807,

1. £ B F &

EV -

KRR HE L i ML REFIRE » 7 ~ ¥ Larix Kaempferi Sarc. (7KK S 8.87%) T, &X10cm,
& 2cm, X 5em DOERM (L) OBETERBLER L. i, HKMEML 7 BRMKCRBREL
by, COBEOBETHRBRELLHERE Lmm OMITE TRKEER S LR §5 2 L23ETHLS &
Zig Lico h b ORBHIERE 20°C, BIRIEE 45% THRIB LI bl ARRBEKRITRTI~10Y%
Th Bo '
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#H 7=V R E LR KMEMTHT 2 BHERIOAL AT AT e FIOZEK, @HF <V (Z
DEFEDPHIIREDERICH Lic b 7 < v BB/ VS KEIHE 707 d D Th 5) Bk
¥ 150g (2.3% W) T AL AT AT e F30% B 5.7 CAOKMHY : TR ALATAFE F=22
1) &%, 50°CT 1/10 CHEMELBMEK, OH 7~ Y/ ABKMEKLEEL, B LT 5E75
7 2VORBEH, T SEHNF 72V EASHALTAT L FRERBCEAL, KCEECERLLES
¥, ORFKEMES KL LT AT F 0% BRKICFND 25% B Li=d D, @FRERMIE (TD511, 45%%
¥) i Catalyst 376 % 3% M L7bDTh Do LOBMBEIIA—F 4 7 44— FREEC 1T 5EEH
EBAELHREL LT, 0.005g/cm? & Ui

B S AHIBVERE 140°C, ZYERR] 10min, FEREE 10kgjem® Th %o
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N T =Y REENDHIKMBESMINED X 51C 8.87% Th 52, EMICHALAT AT & FEREE
NT5HB81E, ROREHE (K 0.5mm BIEE) TEERBRSOLNNRCIND LEX bR 5,
BN 7=V DLEHEIL 0.55 THLBDT, REMLem?, WX 1mm O (FWE) & Eh 587K
ROZERETHI 0.005¢ LHETIND. SR FLT, HwALATATE ¥ 30% BEKROBMEIZ 0.005
glem? (FE) Thbmb, BAMHKS L7 R AT AT FOBRAHEAIS 1 1T Bo
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Table 1. » 7~ Y M OERMEE

No. | B # LB E A TR B BRRED
1| # | R ATAF e N 30% BE 11.4 (2.0

2 | fkHHA z 7 -

3 7 BIRMHE - &4 &7 45 e FERRKRD 20.4 (3.4

4 ” TIENT 7 &V 50% B 18.1  (6.4)

5 g TIRHT I E2VehkA AT AT e FEHRHSKI:D0%EBEK| 23.4  0.8)

6 | & M| AraTAFe F 30% BWRCIRE 25% &0 52.8 (16.4)

7 2 REMIBEERI(TD 511 » 45%¥¥) - Catalyst 376 - 3% RN 60.8 (14.8)

B 1) # 7~ VNARKRINE 1508 (2.3%H) AL AT AT L ¥ 30% B 5.7 (BK
HlY: T AL ATAF e FEBM 2 ¢ 1) 0%, 50°C T 1/101C284E L o a0
2) 77 =V/NARKHHE R EREL, L1,
B &R VSRR 2 ESERIRMA B A SR L LT 0.005 g/em?
BE4M B 140°C, B 10min, EFFE 10kg/cm?
KEHERNDEBE LI 77 XK T 7 8V D 0% W, BIXOTIHENT 78V L RAATAFEF

(ERAHL 2 1) 50% BHE Th TRSKIBREBICEN LIsB &k Th Th No.4, No.5 OEFEN
ERLI. ThBDZ Eh b T~ BKMERS, BCRKMBRATDO 7 7 K75 7 513, BEC
XV EEEE AT 5 2 LB AIRIE Dl HIHK - AL AT AT e FBREROETENNEMC AL 5T
AT FEBHLIBE, BT TN T 2 2Y 50% BROEEN X Y RCin oD BB
DG ThHB L EbND, ROBALATAT € FOEFL LEFNIOHROERT, KA LT L
Fe FIRRBEGEHRINT 5 & (No.6), BENLG LA CREBISEEHOEREH (No.7) KIEET 5
rrmE3ht.

DEDRER, 77~ w:éinamkgﬁﬁ‘zﬁ, BRHCT7 9 RH 57 2 V1%, AFHAMATAT e FRERM
THI LR L VEREERERT B LABDOLNLDT, XL LI, KRICHNRDBARRRE s
D7

m 3ER—koRE

Riikd X 51 Bark #5K ¥ 712 Bark extract D & ¥ = V4 L AT RN AT AT & FRBERICKIE X
&, BEEALT 2 BAREERELEL, RS eA - FRELED ~— FF~F - 21 7kb¥ 5
Fxie L, 3SEA-FORBCZOEZYBAT AL, HE 0.7 BEOR- Y& T 5
ZLDEIRER I B L E X bR B. L 0T, WRBIIEROREEIELEAL, EECAL A BIVA
F=YINF LT R A 7AFE FEALT, RBKD, AT ANLTATF e VEEME, RREEHEMO
B o\ TR Lo '

1. EBAE

1) RetoFEM

FEMT AL U BRI IBRE A £ 24 Castanopsis cuspidata (Tuuns.) ScHoTTkY® I3 X O'FKHIRFARR
EWBENE» 7~ Larix Kaempferi Sars. %\, MEOHRII/A- FOABAK =2 o 1
Castanopsis Thumbergii (Maxino) Hatsusuima® % i\ vize 2 b OHBRMIIUBREDO Y =2 — LV 7
CRYVRBIVIT 9V y —IRIDT, 0.2X1~3X20mm DFRBR/NA & 0.5X 3~6X40mm DB/
RFEEHLI. PREKRIAL AT AT e FRIBRICE\TREY 20% 3 X0 30%, ARE 10%ic
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7eis, HEEOHERBR LONEL bIRFEME (TD 511) % &
fFLicho (&B 11%, PB 7%) &1 &H%2BIR LI BILH

(@) MHRBRE
R DI Fig. LKA T L Sic, RBORE2OHMEL Ll
B BB TR O R K O MR b A

FRBF D% 3em 2 L,

2. ERBERELUICER
(1) AFHALATATE FERMBOBE

The relation between quantities of paraformaldehyde
and the board properties (SUDAJII).

T B <CORBMIBCK LT Catalyst 376 % 3 % ¥ Lz, X/8,
MBI 1 ¢ 2, BUIRTER 25X 28cm, +— FEX 15mm, +—
FHE 0.7, ZERE 140°C, BER[10min, ERFEAY & 2 —
VX HTHAFERGEE 35kg/em® X L, 2.5min I XiC 10kg/em? 3D step
down Xiz. BERBBILELE 2/KE Lz

RURENRRA % 5om BIRY) DRI D% JIS A
5908—1957 ¥z L1=d3D7=

NI ERALATAT e FERINE L A — FHEDBER (X2 1)

B W®" % # " . . , ,
Curing condition r B gﬂﬂﬁ lﬂ;g‘% KB BT ;}E}#j’;l CR| Bz %ﬁ%é
=R/ H 237 & A gpecific | Bend-|Young-|Tensile | Wood | Hygro-|Thick-
EKE |[7AFe ¥ l.t ing gtr- ’s urig- st;lesx;gth screw scg’gil;:i- nesls ex- i
Face par-¥RiN& 8Tavily \ength |dulus | perpen-| holdinglty pansion
ticle mo-{Paraform- X 10* |(dicularto| power Remark
mtent [ rartes Chgl | Che| fourface |\ = |
) % em®)| em®) |(kglem®)| (kg | (%) | (%)
4 0.69(0.04) (267 (52)14.5(0.3)| 5.3(0.6)[36.8(6.6)|128(0.7)| 2.6(0.7)| ( ) EE#e(R=E
20 6 0.72(0.02)|266 (29)[4.6(0.2)| 5.9(1.6)(35.9(6.3)[2.5(0.4)| 2.7(0.6) Standard
8 0.71(0.04)|247 (35)[4.4(0.3)| 4.5(0.6)(32.3(4.4)|2.4(".7)| 2.6(0.9) deviation
4 0.71(0.03)|256 (45) (4.6 (0.3)| 4.6(1.3)[31.1(4.0)[3.0(0.6)| 2.7(0.5)
30 6 0.73(0.02) 223 (29) (4.4 (0.3)| 5.3(0.9)[34.2(3.1)(2.6(0.6)| 2.5(0.7)
8 0.68(0.04) 233 (29)(4.5(0.3)| 5.1(0.6)[34.7 (4.2)[2.4(0.6)| 2.2(0.6)
. EIEING 1@%%'1\
30 6 [0680000[17939).7 0] 3905 (OGBDB10.8)| 27O, FHLHE2 75%)
free(extracts 2.78%)
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Table 3. 2FHNATAT e FIRIMEE A— FHEDBER (#5=)

The relation between quantities of paraformaldehyde
and the board properties (Larch).

curﬁik;gﬁcﬁﬁfaon k= gﬁaﬁ v iﬂﬁ&%ﬁg%uﬁ’: FIBR | B

VIR Tensil %ﬁgm
o= ensile
§§;§g’* 375 3| Specific | Bend- | Youn- | strengthl Wood | Hygro-| Thick- a—
Face pa-PRinE gravity |ingst-|g’sm- | perpen-| screw |scopici-/nessex-
rticle df;araform- rength | odulus |dicular to| holding ty pansion Remark
moisture |aldehyde (kg E(kl(/)‘ surface | power
it 2| | (ke
G | o) | omd) |hglemd| ) | 5 | 99

g 8'??%8’8% ggggg 4'28'2 §; go.gg gs.s%gg 2.5%0.5% 2.550.5) () EHREE
20 710 4.5(0.2)| 3.7(0.6)[36.0(3.8)(2.7(0.6)[2.7 (0.6 -
8 10.69(0.02)[265(19)|4.5(0.2)| 4.6(0.9)[34.2(4.7)[2.8(0:6[2.8 (0.6% Standard deviation

0.73(0.02)1231( 7)(4.5(0.2)| 4.5(0.9)|33.9(2.2)|2.5(0.6)|2.5(0.6)
0.71(0.02)|261(28)]4.7(0.1)| 4.4(1.0)[32.5(5.0)]|2.9(0.3)|2.9(0.3)
0.69(0.02)|242(31)|4.4(0.2)| 4.3(1.0)[31.8(5.1)(2.7(0.5)]2.7(0.5)

30

@ O\

e N Ty
30 6 06900184 D210 470622232505, FALIE 8.877%)
free (extracts 8.87%)

HERBERGD L X B LAV =V + RAAATAF b FEIERBET ABO A Y =V B XU TALVAT AT
v FOEAHIZIII: 1 Thbo HERAXSCAR LY =V R BHBEGL L VWbRTWADT, ATk
ATAFE F1GTHATHD LELZBNI LL, H#ROH TV BIVTALSAIDOVT, 2Tk
VMATAFe FIRNER 4%, 6%, 8% L LIciERIL Table 2~3KRTLkh T, HRMEBELHTS
AEAFOERITRCOMECIHIY, FEEREI Dl THEALSA, H TV e 2T kLA
TAFe FEMEL 4% D EREDKWZ LR, Ll, F— FRENEVC L&, ABCREE
JEEERnERINTH B b2nbbd, &~ FERECENEIMEGC L2vhb, RINCBREREHOT
BEL 5 I EBRCBERRSOTRENE L LR S L L, BKHEBAE LI OR— FIXAE LK
WD LD AHLLHENMET LT ) HERICAEEEN RV ORABEEHLRA DT S %),
T & S KHHRA VN ERRC D TAE BB 5L T 5 2 LXRBD ORI ULORER, 38
A— FORBPNORSFIAC L 2EEIRBLBLHOFRACLY, HIBEELOMRENSRVHE
Hico

@ PHRGOYE

BERIO/N KRS T8 5 LEBCHEET 2EBRANHERT 5 L bh T2t Y, RELE(LD
EDBIE, =T 28— Fie BTAHE (DY Kk W TEELEI S, KENSWINEH TS
Do EEHIC Z OEBIC IS\ THMR Lic A — FOREO PR R/ IR AKE 20% L) 30% OBHAK
BIFTh O LnL, HERBROEEE Table 2~ 3 WRLAL HC, MHELLIELALHERRE
EZE b0t TrLA, AL UM DHMFRICEVLT, MEKE 20% OBAIC 30% OHEX
b 5% level DEBRRY L O THENCEWENBLNZ. S0 LIXREOKEY 5 v = v A0 EREC
LT, RE)OHE~DKSEE L L SCBB LD TRV 2 E L bR S, IHESERRE L
FruRisbige

(3) BRI X 5HE
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The effect of urea quantities on bending
strength of particle board.
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The effect of urea quantities on tensile
strength perpendicular to surface of
particle board.
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The effect cf urea quantities on
hygroscopicity of particle board.
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The effect of urea quantities on Young’s
modulus of particle board.
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The effect of urea quantities on wood
screw holding power of particle board.
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The effect of urea quantities on hygroscopic
thickness expansion of particle board.
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Table 4. REHRME X CRAHEEERIC I 2BEOX - 'HE (»5~v)
The board properties depending on addition of urea and urea resin adhesive (Larch).

BB & EOE | dhge| g v GEEER KU \RiER | REE | # %
Curing condition X v ${Tensile fRiEH Hygro- M Remark
Specific | Bend- | Youn- 'strength| Wood |scopici-
% om B Ring: | gravity |ing str-ig’s mo-] perpen-| screw ty Thi- | (Face parti-
' ength dulus dicular to| holding ckness icle moisture
Additives Quantity surface | power i ex- |content)
(kg| | (kg | (kg] pansion

em?) | emD | emd | (k) | (%) | (/ ) &)

Paraformaldehyde 6 [0.71(0.02)|261(28)}4.7(0.1)| 4.4(1.0)32.5(5.0)2.9(0.3)[2.9(0.3) 30

Paraformaldehyde 6

|
Para ¢ 73(002)[387 (31)55.3(0.3) —  lzesp30o|e02)] 30
Urea resin Engeeg Y 072002)17DBI0O]  — B6CDRAOD140D| 2

) Note: ( ) EE#{RZ= Standard deviation

RSHEANATAT e Fefivief— FEEOEE, BECEBLTHALATATE F « ¥ ARKERED
Nod. COBEDOHAL AT AT e VL THEN L, EEEOMMOERTREY T AL LT LT
e FIEERI Lico MWHERROERIL Fig. 2~ 7k X0 Tabled KR T30 T, REBMOBEILED
DTEETHB. Tiebb, AFCADHE, MRS, Ty v 7Rk CTRRERME 2%, 4%

6% L DT level DEREFTHEELS Y, KRURHENCHWTERNE 2%, 4%6MORT
5% level, MEFRINE 6% WIMOMT 1% level DERBTCHEEIBD b, T, BERIL2%
ik 4% HBMOMT 1% level, 2% ¥k 6% HRMOMT 5% level OERFTHEELNS O
BY, 2 BRI & RN & ORICIRBEL e otc. BB SHMETIERNIS LU 2% e 4%
KLU 6% HINLDHT 1% level DERBCHEENRD bIic. # 7~ Y OBEIRE 4 BIEMD
ZThH AN, HRMEOMIC FXT 1% level DERFECHERENTD b, Inks, IRABIIEHES]
CXHRRLIcA— FERBEBMO A — F T2 e, ML 3, MIwE, fdvvrsResnT
HEENRDLNAED, ARUBHITIE 1Y level DERETHEENRED bh b,

LLED#R, i RRBIEEEERL A LA - FOMEICERS € 2 DI RRE G L 6% B
BERMULFUIRbigve CHIXA LA DBE, KEERTER 2.78% ThY, RISEIEOTRE
RERLTH 230 LBbhb. #7<Y DOBEIRSERBOTRREE LRIV, TIXRNT 7 4
vig EDREERAC R T DRMBIEDORIRFBCEEL R\ kb e EL2 bRd, Led2T, REH
7=V NFDRE R, BEEFEOBRE T2k,

IV AFRVEACHT IBLOBREGORE
MEOERRIC I W UIBERE, BERMEZ—EL LT3BA— FERER LA, SR AT<YR
BT B EEOBERR AR RET B, 55 <Y RBI OLOREEA— FOTICHE T, B
FRE, BERM, NFaKE, <ShLra7ir5e FE, ILEOMOBMBELEID LI, K- it
By ok E B L
1. EBAE
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ERCHE LRI EBRE Y 7~ v (BKAMERSE 8.29%) Larix Kaempferi Sarc. DL D4
EL LTHAY, BIECARLEHERC LD 0.2X1~3X20mm (EREA) O/ E2ER L.

© W& %

INFEH THATHANLATAT e FERMEIZ1 Y,

2%, 4% 1L, RALTAFE FBEERDOE TR

ML, MEOERBRENEN 15%, 20%, 25% Kitb X5 Lice £DIFD, AFHAATATEF
4% HMOLDERL, 7 =+ vHESS (A2 7r—1 900) 0.65%, RFK6%, 7v€=7 0.25%
(28% &) HXhThEEM LI lods, HBOk-», RFEWIE (TD511) %11% (B{LANL Catalyst

376 ZIRHICH L 3 %) I Licd DERBIR Liz.

cm ,

o

30

c3

I |E2|ESI
4

54

8%  SPECIMEN
C: e Bending
E: @& & 2 Water absorption

Fig. 8 AR DIRK

Sampling of specimens.

BFEREL U DD LERBROE A 140°C, 160°C, 180°C &
L, ZDMOBAE 140°C & Lo BERHIL 5 min, 10min, 15
min & L, FEXEEZBVERR] 5min OF4, 35kglem®(2min), 20
kglem® (2 min), 10kg/em?® (1min), BAFEE:RE 10min OHE, 35
kglem? (3min), 20kg/em? ( 3min), 10kglem? (4 min), BERH
15min DPpE, 35kglem® (5min), 20kglem® (5min), 10kg/em?
(5min) DX 512, £hELHR step down IR1o

FARTE B 30X 30em, +— FEX 5mm, K— FHLEO0.8 &L,
BB & Stk 3R L Lico

(3 MHERRHE

HFRBRIE JIS A 5008 (1961) i X b, ARkCHFY v 7Edb
bR THE Lice £DEABKRIIRBATHRE 5X5em L,

Guring temp. 140% x10%
350 Curing time 10 min [ Curing temp. 140%C

o Fara-formaldehyd e Curing time 10 min

| o— 2% & formaldehyde

S 300F o-o 4% 3 ol Peacformaldehyde

X } > o—o 2%

e ! =3 o--—0 4 % 1
LT “? # R )
. Z 250k i .3 20 ;
#7 ' N '

5 ¥ S
N “ ¥ =
~ & 200+ o 40
85 82 :

2 5 ¢

i > ‘

150k ! 7 30F
7 \ { | 1. 1 | 1

PARTICLE MATTRESS MOISTURE CONTENT (%)
M 7Y & K
Fig. 9 #» 7 <Y EEA— FOMIRE L/
K~y P EKEOBFR
The effect of moisture contents in particle

mattress on bending strength of larch mono-
layer board.

PARTICLE MATTRESS MOISTURE CONTENT (%)
Mo = w k& K %
Fig. 10 » 7=V BEREHR—- FOFr /R
LiINF = o P EIKIEDOER
The effect of moisture contents in particle

mattress on Young’s modulus of larch mono-
layer board.
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Table 5. BxDRRELBEDO» 7~V ERBE— FOME (1)

The properties of larch mono-layer board in various curing condition (1).

R R & # ko E | #Es | Mgy | &K R BKER
Curing condition 7R ' By I
Specific | Bending | Young’s Water | Thickness i %
%o Al Ysing | sravity | strength | modulus |absorption’ expansion H
X 104 Remark
Additives Quantity
9] (kglem®) | (kglem®) €3] %)
Paraformaldehyde 4 0.78(0.02)| 266(27) | 5.2(0.4) (181 1(24.2)! 85.3(8.7)
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The properties of larch mono-layer board in various curing condition ( 2).

B4 Curing condition k. B | JRRE| By | Bk R | BKEX
- N v IR HinR
%gﬁl@ﬁﬁ% LR KE PR Specific |Bending|Young’s| Water |Thick- | f§ #
& Particle | Pressing, gravity |strength|modulus gbsorp- ness ex- Remark
Addi 4 (| OIStuTe  time x 1o |Hon pansion
itives and 1t's quantity; content
% | Ny | mim rglomd|helem®| % | @)
gi‘;fifgr;’;f]ffh%d‘gs 4 25 10 {0.82(0.03)| 323(37)[6.1(0.7)(96.7(26.2)|48.4(12.2)
Paraf"[}rfefdehyde : 20 10 [0.83(0.03)| 320(64)l5.8(0.3)(76.0(12.2)|42.7(16.7)
Urea resin 11 15 5 [0.78(0.02)| 462(51)[5.9(0.7)138.5( 4.2)|15.1( 4.8)
Paraformaldehyde 4 25 15 (0.80(0.02)| 339(14)[5.5(0.1)|140.7(8.6)[73.1( 5.5)| Ammo-
niwum
P”ﬁm‘gﬁfnyd% ot 25 15 [0.74(0.08)| 324(59)5.1(0.9)| 68.1(8.D[26.0( 4.6)| 150 o0y

) Note: ( ) iZH#E&{FzZE Standard deviation
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Studies on Particle Board (VI).

Suitability of species as raw material for particle board production (No. 1).

Manufacture of particle board using

wooden extractives for particle bonding (I).

Mutsumi IwasuiTa, Shigeharu Ismimara and Toshiyo MaTsupa
(Résumé)

I. Introduction

The cost of particle board is strongly influenced by the cost of adhesive, which frequent-
ly is the biggest single item in the total production cost. With a view to reducing this production
cost, the method of using the bark extracts as a means of replacing synthetic resin bonding agent
for board has been investigated by L.H. Bryant? and R. B. Hair®. In these previous papers, it
has been recognized that the tannin-like constituents of bark react with formaldehyde within the
board during hot-pressing and can substitute synthetic resin. But as it is necessary in this
case to apply substantial pressures, the resultant board becomes inevitably of high density. If this
process is applied to the surface layer of three-layer board, owing to low compressibility of the inner
layer, as described in the a_uthor’s previous paper®, density of the surface layer increases.and
therefore it seems that it is possible to manufacture the three-layer particle board with about 0.7
specific gravity.

From this view point, this study deals with the possibility of using the wocden particle,
in which the water extracts are contained, and formaldehyde as a means of replacing synthetic
resin bonding agents for the surface layer of three-layer boards.

II. Adhesion quality of the larch wood extractives

It has been demonstrated in the previous paper as mentioned above that the tanninlike con-
stituent can be possessed adhesion quality with the aid of formaldehyde. No paper, however,
has reported on the adhesion quality of larch wood extractives. But some limited information has
been reported about the arabogalactan asa beater adhesive by J.O. Trompson® and picking up
gum arabic from larch tree by P. H. Kuruzov®. Therefore, at the begining of this study,
adhesion quality of larch wood extracts, especially of the polysaccharide (arabogaractan) was
investigated as follows:

1. Experimental procedure

(1) Preparation of specimens

Species of specimén was larch-Karamatsu (Larix Kaempferi Sarc., larch wood extracts

8.87%), and specimen was edge grain wood (heart wood) 10X2X0.5¢m in size. A certain part
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of specimens were submerged in pure water for a week so as to take off wood extracts from
the surface of specimen to about 1mm depth. All specimens were conditioned to 9~10 % in
moisture content at 20°C temperature and 45 % relative humidity.

(2) Curing condition

The coating chemicals for larch wocden specimen and specimen extracted with cold water
were as follows:

@® formaldehyde 30 2% solution

(® concentrated solution of larch wood extracts+formaldehyde [(wood extracts : paraform-
aldehyde=2 : 1) the solution concentrated at 50°C to 1/10 solution to which was added 30 %
formaldehyde solution 5.7 g to larch wood extracts 150 g (2.3 % solution)]

® 50 % arabogalactan solution which was isolated from larch wood extracts

@ mixed solution (50 % solid) in which paraformaldehyde was mixed with arabogalactan
(mixing ratio 1: 1)

® 30 % formaldehyde solution + urea solid (mixing ratio 4 : 1)

® wurea resin (TD511, 45 % sol.) + catalyst 376 (latent hardener, mixed in 3 % of urea
resin)

These chemicals were spread at 0.005 g/em?, based on resin spread in manufacture of particle
board. Other curing conditions were 140°C temperature, 10 kg/cm? pressure and 10 min curing time,

(3) Testing procedure

Adhesion strength was measured on shear strength type of specimens. The area of lap-joint
was 2cm?® The number of replications was 5~6.

2. Results

Although the larch wood extracts as mentioned above are 8.87 %, in the case of
spreading formaldehyde solution to larch wood, it seems that only extracts at near surface are
necessary for adhesion. As the specific gravity of larch specimen is 0.55, it is presumed that the
wood extracts at the surface (1c¢m?in surface area and 1mm in depth) are about 0.005¢ in dry
state. On the other hand, since the spread of 30 % formaldehyde solution are 0.005 g/cm?, the solid
content ratio of the wood extracts and paraformaldehyde is about 3 : 1. In this curing condition,
testing result of adhesion strength obtained is shown as No. 1 in Table 1. The specimen ex-
tracted with water was not cured in the same curing condition (No. 2). For the same specimen
extracted with water, in the case of spreading the concentrated solution of paraformaldehyde
mixed with wood extracts, adhesion strength was shown in No. 3. In the case of spreading
the 50 % solution of arabogaractan+formaldehyde, adhesion strength was shown as No. 4 and
No. 5 respectively. From these results, it was recognized that water extracts of larch wood,
especially the arabogalactan, possess adhesion ability in hotpressing. In order to catch the free
formaldehyde and reinforce the adhesion strength, if urea was added to formaldehyde (No. 6),
the adhesion strength became almost as high as that of urea resin (No. 7).

III. Manufacture of three-layer particle board

In the case of reaction of bark extracts with formaldehyde within the board, as above-described,
in hct-pressing as a means of replacing synthetic resin bonding agents for board, since it is ne-
cessary to apply high pressure, the resultant board inevitably increases its density. If this
process is applied to the surface layer of a three layer-board, however, it seems possible to
manufacture a three-layer particle board with about 0.7 specific. gravity. Therefore, using
urea resin in inner layer and SUDAJII or larch wooden particle and paraformaldehyde in surface
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Table 1. Adhesion quality of larch wood extractives.

: 2
No. Specimens Chemicals for adhesion Sheg;t;g;}%thd(ekéé ct'lnog)
1 Larch solid wood Formaldehyde 30% solution : 11.4 (2.0
2 | Extracts free larch 7 7 —
Concentrated solution of the cold water
3 ” extracts-+Formaldehyde? 20.4 (3.9
4 2 Arabogalactan® 50% solution 18.1 ( 6.4)
50% solution of arabogalactan-formaldehyde
5 7 (Solid content ratiol : 1) 23.4 (0.8
. '| Formaldehyde 30% solution + Urea (25% of .
6 Larch solid wood formaldehyde) 52.8 (16.4)
Urea resin adhesive + Catalyst 376 (3% of
7 z urea resin solution) 60.8 (14.8)

Note 1) The solution concentrated at 50°C to 1/10 of solution which added 30 % formaldehyde
solution 5.7 g to larch wocd extracts 150 g (2.3 % solution) (water extracts : para-
formaldehyde=2 : 1) )

2) Arabogalactan was isolated from larch wocd extracts.

layer, the effects of surface moisture, paraformaldehyde content and addition of urea on adhesion
quality of particle, were investigated as follows.

1. Experimental procedure

(1) Preparation of specimen

Species of wooden particles were chinquapin wood (SUDAJII) (Caétanopsis cuspidata (THUNB.)
Scrortky) and larch (Larix Kaempferi Sarc.). In the case of chinquapin wocd, KOJII (Cast-
anopsis Thumbergii (Marino) Hatsusima) was used fcr ccre layer-particles, The size cf them
were 0.2X1~3X%20 mm for the surface layer, 0.5X 3~6X 40 mm for the core. The particle mcisture
contents befcre pressing were 20 % and 30% for the surface layer and 10 % for the core.

(2) Curing condition

Paraformaldehyde quantities used for surface particles were 4%, 6% and 8 % of absolute
dry wocd weight. Moreover, i;i the case of 6 % paraformaldehyde content, quantities of urea added
to paraformaldehyde were 2 %, 4% and 6 % of absolute dry wood particle weight for SUDAJII
particles and only 6 % for larch particles. Besides, paraformaldehyde was added to SUDAJII
and larch wocd particles extracted with water (additional quantity 6%). Urea resin (Plyamine
TD511, 45 % solids) quantity used for core particle is 7 %. As a control, urea resin (TD511)
was used for surface particles (additional quantity 11 %). The hardener, catalyst 376, mixed
in 3% of urea resin. Weighing ratio of surface to core particles was 1:2 in dry state. The
size of board was 25'X 18X 1.5¢cm. The specific gravity of board about 0.7. The temperature of
hot press plates 140°C, and the pressing time 10min. The pressure was applied in a step-down
system of 35 kglem®—>25 kglem?— 15 kglem®— 5 kglem? every 2.5 min. Two replication were used
for each condition

(3) ‘Testing procedure

Sampling of specimens is shown in Fig, 1. Width of bending specimen was 3cm and woed
screw holding specimens were cut from both sides of bending specimens afte: testing because of
small size of board. Others were tested by JIS A 5908~1957.

2. Results

(1) The effect of paraformaldehyde quantities.
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When using urea resin adhesive for core of the three-layer board and SUDAJII or larch
wood particles and paraformaldehyde for the surface layers, especially in the case of 4%, 6 %
and 8 % in paraformaldehyde quantities, the properties of the three-layer board are as shown in
Table 2~3, and all the properties between paraformaldehyde quantities were not significant at
the 5% level of probability. Although 'urea resin was used in the core layer and board
density was high, board strengths were relatively low. This means that it is not necessary to
add SUDAJII and larch particles more than 4 % paraformaldehyde, and that the conditions
required for reaction were not suitable or the extracts required for adhesion were not sufficient.
But, since the properties.of a board made from wood particles without the extracts deteriorated
more than those of a board made from wooden particles with extracts, it was recognized that the
wood extracts of both species have a remarkable influence on the adhesion of wooden particles.

(2) The effect of moisture content of wooden particle.

It has been described that if the particle moisture content before pressing is too high, reactive
materials related to adhesion are squeezed out of the mixture on application of pressure®. But
from the view point of plasticization of surface layer, high moisture content in the surface layer
is effective in manufacture of the three-layer board, as described in the author’s previous paper®.
In this experiment surface smoothness of board, was improved at 30% of surface particle mois-
ture content as compared with 20%. The difference of board properties between particle moisture
content, as shown in Table 2~3, was scarcely significant in both species.

(3) The effect of urea additives

In the case of board manufacture using paraformaldehyde, a large quantity of formalde-
hyde vapour is lost in hot-pressing. For the purpose of retaining free formaldehyde and reinforcing
adhesion of particles, urea was added to paraformaldehyde. Results obtained in testing of the pro-
perties show that the effect of urea on the properties was remarkable, as can be seen in Fig.
2~7 and Table 4. Compared with the board made with urea resin adhesive only, bending
strength and Young’s modulus between board with 6 % of urea and board with urea resin adhe-
sive were not significant at the 5 % level of probability, whereas wood screw holding power of
a board with 6 % urea was less than that of a board with urea resin at the 1% level of
probability.

Consequently, it is necessary for improving the properties of a board using extracts to add
6 % of urea to paraformaldehyde. This is because of the fact that as wood extracts in SU-
DAJII is only 2.78 % of wooden particles in dry state, the extracts required for adhesion is not
enough, but although the extracts in larch is adequate, the condition required for reaction may
be not suitable.

1V. Effects of various curing conditions for larch extracts

In this chapter, for the purpose of deciding the optimum curing condition of larch extracts,
the relation between board properties and several variables such as curing temperature, curing
time, moisture content in wocden particles, quantities of paraformaldehyde, and other
additives was fundamentally investigated on mono-layer boards made a larch face particles
only.

1. Experimental procedure

(1) Preparation of specimens

Species of wooden particles were mainly heartwood of larch (Larix Kaempferi Sarc., larch

wood extracts 8.2 %) and partially sapwood of the same larch. The size of wood particle was
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0.2X1~3%20mm (face particle).

(2) Curing condition

Paraformaldehyde quantities used were 1%, 2% and 4 % of absolute dry wocd weigyt ot
particles. Wood particle moisture contents before pressing were: 15 %, 20 % and}25 %. Besides,
in the case of 4 % additional quantity of paraformaidehyde, 0.65 % nonion type active agent,
6 % of urea and 0.25 % (28 % solids) of ammonium were respectively added (based on absolute
dry weight of wooden particle). As a control, urea resin (TD511) was used (aditional quantity
11 %). Hardener, catalyst 376 (32 of urea resin). The pressing times were 5min, 10min
and 15 min, and the pressures were applied by the following step-down system; in 5min of the
pressing time 35 kglem? (2min) — 20 kglem? (2min) — 10 kglem® (1min), in 10 min of the
pressing time 35 kgfem? (3min) — 20 kglem® (3min) — 10 kglem?® (4min), in 15 min of the
pressing time 35 kglem?® — 20 kg/em?—>10 kglem every 5min, The size of board was 30X 30X0.5
mm, and the specific gravity of board is about 0.8. The number of becards is 3sheets in each
condition respectivery.

(3) Testing procedure _

Bending strength was tested by JIS A 5908 (1961) and Young’s modulus was measured
simultanecusly. Water absorption was tested by JIS A 5907 (1961) (25°C, 24 hours), and
thickness expansion was measured at the center of specimen (size: 5X5cm?). Sampling of spe-
cimens is shown in Fig. 8 and the number of specimens was nine

2. Results

(1) The effect of wood particle moisture conten

In the case of the mono-layer high density board as in this experiment, the movement of
particle mattress moisture during hot pressing is different from the three-layer board. The
board being easy to rupture or “blow” especially in high moisture at the time the platten pressure
is released. Even if board does not blow, bonding strength of the inner layer is apt to decrease.
Fig. 9~10 illustrate the relation between particle mattress moisture content and bonding pro-
perties in 10 min pressing time. The reason why the strength in 4 % of paraformaldehyde was
less than in 2 % of paraformaldehyde at 25 % of particle mattress moisture content depends on
the “blowing” mentioned above. But bending strength and also Ycung’s mcdulus were significantly
increased at the 1% level of probability in the range of 15 % to 25 % of the particle mattress
moisture content. These phenomena indicate that in the case of bonding of the wocd particles by
means of using their own extractives, [the wood particle moisture not only acts as plasti-
ciser, but also dissolves the wood extracts in the particles and offers a chance for the formaldehyde
to react with the extractives. But Table 5 illustrates that water proofing [property of these
boards is inferior., This means that an unsoluble substance was not formed, whereas the
board by the extracts-free particles or sap-wood particles, and board by heartwocd particles wi-
thout paraformaldehyde have all disintegrated in water soak., Consequently, it can be presumed
that some chemical reaction has cccured within the board during the hot pressing.

(2) The effect of curing temperature.

According to L.H.Bryant?, the optimum temperature in reaction of tannin with formalde-
hyde is 130°C, whereas in this study the relation between the board properties and the curing
temperatures from 140°C to 180°C in reaction of larch extracts with formaldehyde are as in Fig.
11, 12. From these results, bending strength between temperatures were significant at the 5%
level of probabillity, Young’s mcdulus between temperatures were significant at the 1 % level of
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probability. These phenomena are influenced by reduction of strength at 140°C in the case of
1% or 2% of paraformaldehyde quantities, The reduction of strength was caused by high moi-
sture content of the particle mattress in a short curing cycle (5min), slow cure between larch
extracts and formaldehyde, and consequent rupture in the inner layer of the board at the time
when the platten pressure was released. Therefore, it seems that if the curing time is prolonged,
the board properties are not affected by the curing temperature in the range of this experiment,

(3) The effect of curing time.

The “blowing” phenomenon in hotpressing of the particle mattress easily happens in the case
of excessive moisture in the particle mattress of a high density board, but the two cases of “blo-
wing” are accounted for by the following curing condition. The one is urea resin [adhesive with
the hardener, and in this case, on account of quick cure of adhesive, the evaporation |path of inner
moisture is shut by surrounding part of board which is quickly cured. Consequently, vapour pres-
sure in the inner layer is increased and adhesive layer of particles are ruptured at the time when
the pressure is released. The other is slow cured adhesive; if the curing time is short, the board
will easily “blow” on account of high moisture in the particle mattress. In this case, therefore,
the “blowing” can be protected by prolonging the curing time, but the former cannot avoid the
“blowing”, even if the curing time is prolonged. The case using larch extracts in this experiment
belongs to the latter. Bending properties were increased with the increase of the curing time as
shown in Fig, 13. Although water-proofing properties, as shown in Table 6, are somewhat
improved with the increase of the curing time, the water unsoluble substance is not entirely formed.

(4) The effect of paraformaldehyde quantities

In the foregoing experiment it was not necessary for the face layer of the three-layer board
to add above 4 % of paraformaldehyde. In the present experiment of larch mono-layer board,
the board properties in which 1%, 2% and 4% of paraformaldehyde were added [are g.hown
in Fig. 9~12, and the effect of difference in additional quantity of paraformaldehyde is not
obvious. The partial difference of properties is due to the “blowing” by influence of particle
mattress moisture and the curing time. Especially water-proofing properties are extremely inferior
under every curing condition, and the difference between additional quantity of paraformaldehyde
is not recognized. But in the case of 0 % in paraformaldehyde, since the board was disintegrated
during water soaking, it can be recognized that some water unsoluble lsubstance is formed
between arabogalactan and formaldehyde.

(5) The effect of various additives

The wooden particle used in this experiment is 0.2 mm in thick and surface area of the parti-
cle is less than that of a granule or fiber. In the case of utilizing the extracts of such a particles,
it seems that since the surface area of particle is so small, the possibility of reaction is little
indeed, and therefore the water-proofing adhesion quality of the board becomes worse as men-
tioned above. According to P. Nasuan®, as a resin can be formed by condensation between
carbohydrate and formaldehyde, it is presumed that even if a chance of reaction is given, the
water-proofing adhesion quality may also improve. Hence, with this point of view in mind, this
experiment dealt with addition of an active agent to provide a chance for reaction, and an addition
of ammonium as a catalyzer for acceleration of reaction, and the results obtained are shown in
Table 7. In the case of adding active agent, both bending properties and water-proofing properties
were more increased than those of boards with only paraformaldehyde in same curing conditions.

But compared with boards using urea resin adhesive, water-proofing property were much in-
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ferior. In the case of adding 0.25 % of ammonium as a catalyzer, water-proofing property
was more significantly increased than that of board with only paraformaldehyde in the same curing
condisions. But even in this case, since the board properties were somewhat inferior, it is not
considered that a reaction was entirely formed. A

Consequently, it was recognized that larch extracts could be treated to react with form-
aldehyde as a mean of replacing synthetic resin bonding agents for the boards, and that addition
of catalyzer could be useful for accelerating the reaction. Therefore, it is believed that further
investigation of the catalyzer and the additional optimum conditions may produce a satisfactorily
bonded surface layer of the three-layer board, and that a new manufacturing method of the
three-layer particle board could be established.



