N—F o vR— FICET 8% (V)

Ne—F 4 7R — FOBECE T 2% (5 2 #H)
BERMICBE ST 2RESRN

# F B
BB # E
5 OR B K

I m Ei2

R=T 4 IR~ VRGBT 5 press cycle (ZAEER AL T 5 limiting factor Thb, Licho
T, HERERE B BT press cycle DEMER NN D UENDH B, Lo Lishih, BECLELE
NROWENL, —EOKEOHEY 5 5chDtiiieRit 5, - OBERME & A - FHECOWTL, &
kEF ORI BHDW, FEOBERFME LA LTNOMERMEC IOTHRDBLNBRELDTH S,
IR LT, BERMEROMYBEN LY S OMENRINT B, Tinbb, MRS ELEK
S¥RINESR LTIX Farrng, F.®, Koimany, F.®, Kiavpirz, W.', Eisser, K.99, Miess, G, &
W. ScueBerT?®, A - fH - £ 4K, StrickLer, H.S.?, Cerezova, V.M.?®, CHANYSCHEV,
M.L®, Keviwerts; R0 BRIOTERYN, EROCEAINTNS, FBERECHLTE,
AnonD, Krauprrz!® & X-0T, £OEMIBAFED, BLA Rliconthidshtvs, Ll
e HENERI R 5EHE L, —EKREOHME S 5 1ediciy, K7, BE, B zohoEEHEC ks
WTER LTSS blous, DMAKSIK LT, & LT, REKS O X 3 HHiPEREE L&
DIEENER IR T30, ZADRTIHN <y FRSFL LAKMLTE D, 240BERMOENE
KiEHE VBRI & SIBR, D= v PRSI EICK T 2 AN DL By, BIERD
R TEER, DRGSR — FHECOWTHR CAcht, BIERR 20 min OBE, MR/ EKER 10
% T AT SIS DK L, BUERE 10 min 0%, BEMEDO B b HEE
1% b i, BETERICBLRIZMA Lich oz Litd k5%, HHEOENE s>, LibiF
FE LTRERB, ABLAPIRFEKENTLALVEVL CACHEDORH ENZ LI, LichtDT, &
ERMOEHEEE 2 2881, DM~y PR OEHNBEOET 2t bl bitw, Tibdb, HE/N
FEKREHED T2 Z LIMBEETORAEC i 3 © T, KBS IOHBOMRILY 1:2 55\
1:3 L LTRBM KRR HSEER LTh, ~v F2BOKS BRI T EERIBETH S,
R R RE C—EKEDOHE Y 5 3 lediciy, BLH L BEREC OV TER Uit oy
ZLEbBHATEH B,

TOLSEERICECT, ORISR, MMINRIERE ERREICRE T IHER &S ORGSO

(1) AHTHERSBHEABPIRESR - B0+ (2) HELES A 7RSSR TEE8
(3) ARHEHHESERH ERETEER o ‘
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W, BERMRENET % 1o OBUEAS LU RERMCOWTEE L,

Rk DL, MERBRBIC KT 5= 7 4 7 4F— FREROEFEHEO—I & LTk d D
T, BAFERSRERBLOIMRMO T 4, oA T BB RE L B2V eid v R
BWEMAEL WHECHRERESL MELCEBEXREBL FERETA¥EAEERETERL, 3
DITIRERIOR Y & & DI I LTHL DYE &\ Ioid W A FE AR EZF T U, ¥ eERR0%
e b LERERBIAREFERRESAR S LELS SiLxHB LbTF s,

I AENRE EFEHEMMERESS S U/ MK

1. EBRRAE

(1) FBoHAMk XU RREMH

ERRCAE LB 7 H ~ Y Pinus densifira S. et Z. T, MHERBBCREIhifcv—Ev7s -
= VVRBITIT ooy —RIDT, 0.2X1~3X20 mm oigmd\ﬁa 0.5X3~6x40mm DHBR/N
HafEl Uk, M SKRIBEERBMNBIC S TRBY 25%, 20%, 15%, WE% 15%, 10%, 7%
RissL5RARB LI, /i, FABHERNERD R LB Thb,

EFERIRFEMIE (1 ¥ 254 & UA-104) 2\, A7 LA BOBEIL 5%, MNoslsRizER
11% (RENEHToEERS B, WET7% Thh, BHLEIIER Lishots, *— 3 v 7 13RE
25X 25cm DABFICERE, AROLEERRM 1:1 kB L5, FTCEHETHZ LR XDk, BYE
TREX 140°C T—%E, EMEXMEREY 35 kglem?, 25kglem?, 15kglem® & Lic, +— FEX 20
mm, F— FHE 0.65 BBREBUIELEHE 2 E L,

(2) WWIRE -ARMORE

W v AR 2 VBN R — I v OB =y FABRREE (BXHHE X OFENIC) Kb b
UHEAL, ANERELRENEREBETECHRE L, LOoBEV N~y MBS LT D, 100°C
MR OERREICET 5 ¥ TORMZHE L,

2. RBERELUVICER

BER M Z N T B eI, M= v FhOEERIOMEAIEEY, T3 1HESHE Liniud s

BIsV, DD, EEERICERMT 5BLH

B & @
ok surface R B ERIWETS B3, BEGHICEL
120-( s T, =9 PAPEELZHEPLHCERLMEET
100 Center - EAZRB L AEETHEY, COBHKICE
80 Initial pressure 25 <3em? W, TIHERRM & NIRRT O TR
Pressing speed 40 mm/s

Face particleMC. 25 %
Core particleMC. 7 %
Hot plate temperature 140 °C

=]

i

JE
TEMPERATURE c»
N &5 3

54 ¢ 8 0 12 14 16 18 20
B E R M .
CURING TIME «mim)
Fig. 1 ZYEFOPNK ~ v + ORERE
Temperature curves of particle mattress
in hot pressing.

o

Ll

M=y FEVER 1T BIRE LR B 1,
Fig. 1 RT3, ¥ FREOREIEE
BCBBRECEL, TOE ¥REKTEC—
EREZE, NRRERERECKL
THRAC LA LIL U, RERE BBREC
BLIEBES EAT S, £ZT 100°C ik
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FUE, BREREE LY, BEKHCKIBR L LD
WotcleO LR E LB, Livl, ZORMREER
IR DEKE, K- FRE, MMERESCEAR
, —72A 100°C Ll % TE D, BEFET LUERR
FERIXVBHEDME TN TV B299D), = DRRIC
WL, 20X RBESINEE A ERD ORI, DI,
THEMER X0 7 L ADIERE &, WIREE 100
°C T 5 ¥ CORM L DRI, Fig. 2 KRT R
D TH%,

PBHEREE 15 kglem? i3\~ T, fbDESEC L%
LT, M=y b OEFGEENBIRCE 25, K
BE EARMILE  h2D T\ B, & e, WHIERE 25

(V) CAT-#8 & HF —113 —

ERJE # JE

%»‘2 =T Initial pressure

s E I5 K§/cm?

WS 4F

-;‘;{,D—:'o

0 =2

R -

- - 35 ° A

[ vh

YsE I

SF<

1 | 1

20 40
JLRQANERE

PRESSING: SPEED ("Msec).

Fig. 2 /M~y FORKEE LF

R & W EER R M DRI

The effects of initial pressure and

pressing speed on initial temperature
rising in inner layer.

kglem® & 35kglem® TIZ L A EENL, MEEEYE 2 T Z0BEIR DRI, LIAMDT,
ZOEEDOFR- FHEOBRE, WINEE LARMEF 5 b 0MERE & LT 25kglemt T+ T

HBEELZLIS,

¥, KBLAEONEKEY 5% 7%, 20% :10%, 15% : I5%CEAALET, MHEREY
25 kglem?® & 15kglem? & LI HEIRE D 100°C fHEIET % ¥ TOBRIL Fig. 3 ©xRT i kb
T, MHEMEC)H»bOTRBLABOEKEN 25% : 7% OHABHEDL FTRELR, T
JPEREE 15kglem® X b b 25kglem® 3\ AR D T B, CHIXWHIEMESAREWIZY, MK
~y P OEMGEELKE 78D cd, BiE: OBBEHIVNE Y, Lo THBERE LR F <k
HLEZbID, ZOHERNDL, WRERE EFCRET I SKRROFEL, WHERECENTRE
L5Ths, 2T, WHEME 25kg/em* TRBONEKEEY 25%, 20%, 15%, HBOTh%E 7
%, 10%, BREThETnEECELLI R, TOHEK, NBEEH 100°C HEET 5 ¥ TORMH

MEARFE
( Initial pressure IS wgem

~

wi

I

- 25 Kyni

st —

100°Ciz 933500 BE R
TIMES REQUIRED TO
ATTAIN TO 1007T (mim)

® 20 B

7 10 15
/B ABNREKR
FACEAQRE PARTICLE
MOISTURE CONTENT (%)

Fig. 3 /Mr=yv P ONIPIRE LFE
il & P ERRE - MR a7k®R
DR

The effects of initial pressure and

particle moisture content on initial

temperature rising.

| ®BIE AR
Face particle '
o moisture tontent "
B~
EoE 15% "
:% =L 3 " x/
%58 el
» o
H [ 254
T onZ
p &3
S =
SET o
i 1 L L
7 i0 15
P e Bk R
CORE PARTICLE

MOISTURE CONTENT G

Fig. 4 /M=y b ORIRIRE L5786
M & BKROBF
The effects of moisture content in
face and core particle on initial
temperature rising.
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X Fig. 4 TRT X351, BB EKROLITH1HLT, ARBPMNFEXKENRENEEELLDOTU
%, ¥R OEKEN—EDHE, KB/ OEKROHMN L & IBE LFSEIIEHEI LS,

—MRCBADERET, B D b EROHHEMIBIIVN S WD RIFTH D, BB/NH OKRSMS &
&L, RETHERENSL, LrdbroBKRNELEE L ORE, bERT 0T, BMEEIhS
FTIeB, Ete, REMHESKETHBBERMEIL Y DELIH, BMCHETEML> 52 L bR
DEBCEIED, Licht DT, RERSNSZE, NHRELFIEL KB, ¥ ABOKRSIUE
B, OBREOSKRHEHE CIHMESKRIE CRILEERNK TS 5720, NMEED EFEE ks L%
bbb, Thick LT, M~y b OFEFDEEE, WE/N OBKR - ORRE OHFH TIXE W ER
ThH?, EHERENAZVCHERAT LHAMEE EAREITE bk, THIZRBLABOMN
@ compressibility OFGEIC X5, 3BHA— FOEBRME LI W 22N TE L5, Lo T, ANEEL
SR OZDUFN I, PRKGE LTERBEEL, ABREL L5RETHD,

m BAERFR] S EE(LA®

| R REMIEEER OB LA BE S R B iy, NHCl 7 & OBMMESR AV bR E A%, BVER:
MaafET 2 BT 0 X 5 st 2 S BCIRmT 5 &, BWERM O SR &> CEEFEvESCL,
FRRBLC L OTHA— FHEDET2 & o, 2T, BREMET X 2 BEFHOEENRRALAT
W B2
L L, BEREORCETERIY, —BICRBHLEE S 35 E\ EA b 5o Prats, B 34— 7 4
I AF— FEISC R T, BEibrRo5i-nic NHC 0B L, BEREOEIELHenicd
@&l LT NH,OH %ink, EHMEEDEBOMEDON LR IEADT 5, AERICE\TiX Pratad
FEROBR YT & &b RHRBAEME ST, 0k 5 ABLEIERT X 5, ZERBEROTRE
HEIC oW TRES L, TBIRAEBET 5100, Fite, REMIEESERIC NHCl & NHOH 7
SO HFRB R 2 YR L =B 8 0, BB OMIRIC O\ TRET L1,

A, £B8 1

1. EBRAB®

(1 ® #

RREIEEERI S 514 7 v TD482 GhisksE) wat L, NH,Cl 0.5%, 1.0%, 1.5%, 2.0%, 2.5%
(IR T 5EH S OB, NHOH 0%, 1%, 2%, 3% (HIRRCK 3% 28% BROEH )
FLUK (3EOWMEDBFABIERICH L, 104175 X 51 L) % EhEFhOMAEHE TR
Uiz, BB, TIHBAMBEILR 48 (Catalyst X, Y, Zi, Zy) $X0° NHCl 20% iz R
U, TERRFEMAE A, B, C (F_TREBHEL) OWHKICH L, 3%, 5%, 10% (NHCl DB 2.5%,
5%, 7.5%) &¥&mM L7z

(2) WEHE

(a)pH  FBEELL-BELH L BB 2 EA LEERIC oW, HHMBERTERAQHNO HM-55
#7 A\ pH £ — 5 —ic k) pH RRE L,

(bIKiE  EREEIREI ORI 2 R IO\ T, FRaH S s/ERT A B BRI R HC X
hEARE L,
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(c)WERM  BERMOMETEL, SREOBEEHLES UCEERILER 40mm ORBREIT
#50¢ £ b, 30°C DERKECERRE LTRET S TORMERE LY, LhRRERLIFHEZZXT
BELRWES, 1RHCS L ERKEOREY 10°C T2 LF54¢ Ly, BEOBERITIO,

(OBLER  BULRMORER, R LEESE 1.5mm EI0F 7 ARCERHOE, BERR
BDR—n— 797V r—2—%f, EEHNOBEDESES5 s 42 (1/20mm) CHHE LI, £
“T100°C AR I T AR EICZ DO # 5 ARY &, BEEEHCTEET 58 ToonE, £0EL

LI ot A b o T b Ris L, T DM LB LR Z R DT,

()EMRBR  EEHOLERR L AR T 5 HESN RO T, —KELRUHOMHERILEL
FB D OEFDOTEE AT,

FBINIETER] 15 &>« — LiICE D, 20°C 48 Bfiflds L OF 72 ByREIER, 60°C 24 Refifl#R, 100°C 24
BB L0 72 B OB R RS X CERIWER Y Th THRE Lc, R EhO0W 5 IRE

BEELL,

2. EREREOLCCEE

(1) NHCI-NH,0H FRBE{LH

NHCl %X 0° NH,OH % AiPRCE~ A CRABIECHRM LT, #HREA%RO pH, HE, SER
T, BLER S X OBEEBIEGED pH #RE LickERiL Table 1 XU Fig. 5~6 KRTLEHTH

%, BLHEID pH 11 NH,OH OFEIMC LY 7A AV ERRL, EERNBE7AH VETHAIRC b
B, BEEIREM LA DIREDR LA LB LD, L LEEREIL, NHCI 1.5% LETix
WERHOEIUT L A Ele IeD T B, BLRREIRRERR & ARCENZRT, NHCI ﬁbué@
B URERE CEEE TV, S OfE, NHOH OFMICX b, BRICHT 5 REMIEOME KIS %
HHTBHEVTED LN B, CHIRORICRIC L 530 EX N5, Tiby, &7 ve-=

NH4 OH content

3 %) NH40H content
o
s SR 5]
£300( g 50k 3
E 5 a
w
Z250[ =
I W ]
| & 5 a0r
# 2200 =
< 2
2y s | N
o 150 w \
i uz" i-J é | X
= L 30
100 o = 0*_*\\\;Ii
D o =
© 0 £
=
0 ] 1 L H S 1 i 1 1
05 L0 15 20 25 : 05 10 15 20 25

NH,C2 CONTENT ()
BEEREE © 30°C (lhr 225

NHaCQ CONTENT (4) . .
Fig. 6 WL & BELBRMED

PO 1hr Z2iT 10°C 5D BatR
Fig. 5 BERME & EREmED The effects of ammonium chloride

BaLR
‘The effects of ammonium chloride
and ammonium on gel-time of
adhesive.

and ammonium on hardening time
of adhesive (in 100°C).



—116 — HERBRBHARE H 14357

Table 1. NH,CI-NH,OH ZRBELH| DR
Catalystic effect of ammonium chloride and ammonium type hardener
(Adhesive : Plyamine TD482 45% solids).

%5

NH4CI %1 NH’OH *2 pH ﬁ E] ﬁ Fﬂﬁ %3 *5 . . FiF ﬁE 'ft ﬁ .Faﬁ

Gel.time of VlSCOSIfEY Hardening

W om | @ 4 | adwesive |°GRGEC JEEL

% % Hardener | After mixing (min) cP) (see.)
(Resin solution) (8.1 (81) (above 400)

0 4.86 3.45 28 41 29
0.5 1 10.10 5.10 138 42 31
. 2 10.40 5.65 277 38 38
3 10.73 7.25 325 39 50
0 4,65 3.25 18 48 27
1.0 1 9.75 3.85 68 39 31
. 2 10.20 5.75 156 38.5 35
3 10.55 6.85 265 40 46
0 4.70 3.15 17 47 25
1.5 1 9.63 4.05 18 49 28
: 2 9.70 4.95 81 40 35
3 10.38 6.25 220 40 46
6] 4.55 3.20 16 47 23
2.0 1 9.30 3.95 18 50 26
. 2 9.70 4.55 92 39 31
3 10.20 6.CO 162 37.5 45
0 4.33 3.15 15 56 21
2.5 1 9.20 3.65 19 45 25
: 2 9.60 4.45 86 46 .28
3 9.85 5.85 172 46 40

* PTERVAR (45 % BREE) EE

Solid per cent to the resin solution.

* BIEBIVAIR (45 % HREE) &Y NH,OH (28 % HBED)
Solution (28 % solids) per cent to the resin solution.

* SRENEEE 30°C, 30°C IoC 1 Rl CHlE Lis\ B 1B 21 10°C 5.,
Gelatinized temperature is 30°C, but if the adhesive is not gelatinized for one hour
at 30°C, gelatinized temperature is raised at a rate of 10°C every one hour.

* E{LIREE 100°C
Hardening temperature is. 100 °C.

Y AR X 5 REBIEOBRGE, REMISHOEHO L~ ) VIRET vE =Y 2HWEH L, KRD
TENFFAFVUVT FT I Vv EEBRERENS,
6H-CHO+4NH,Cl—> (CHz)¢N,+4HCI+6H;0
B2 (eS¢ 5 BB OERZIH S, BoRNFImiEcis, L2 T, 7 vE=Y&EEm
LB, BEEOoAL <) VRKRORIE R R T,
6H:CHO+4NH,OH-> (CHz)¢N,+10H,0
Fh@x, 7VE=FYOEMC L OTHELT ve=v AR L AEBREROEANMH X, LihtoT
REBIROBEIIF I D & 1Lt B,
PEoikE, BErErER L, H5BEOTMEMNMEL oo L LAVERRMEHEO Rt o, BtAlZ%
#2 LT NHCI 1.0%, 1.5%, 2.0%, 2.5%, NH,OH 2%, 3% %3z ricliz
(2) TERERIERLH
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Table 2. THEBRMEBELEIOHER
Catalystic effect of the latent hardener on the market.

. FIsnE > GEERERF | MG B | LR
# & Al Bt Al Q . pH . Viscosit'y of ngdening

Adhesive Hardener uantity of Gel-tm}e of adhesive time of

h addition ..._ |- adhesive (at 30°C) adhesive

(Resin content)] (pH value) % After mixing (min) CP) (sec.)
0 7.7 — 52 above 400
A X 3 6.9 410 35 30
0 . . 5 6.7 385 38 27
(44.5% solids) | (pH :7.74) 10 6.5 351 28 23
[} 7.4 —_ 52 above 400
B Y 3 6.6 329 49 44
0 . . 5 6.4 295 45 30
(41.5% solids) | (pH : 7.25) 10 6.3 576 39 24
B z 0 7.4 — 52 above 400
t 3 7.0 563 50 above 400
P N . 5 6.6 452 45.5 137
(41.5% solids) | (pH : 8.23) 10 6.1 395 35 54
B z 0 7.4 — 52 above 400
2 3 6.7 196 43.5 34
P . . 5 8.4 212 47 36
(41.5% solids) | (pH : 10.25) 10 9.5 237 34 38
¢ NH,CI 0 7.5 — 87 above 400
(20% sol.) 2.5 4.3 58 90 28
o . '5.0 4.0 34 76 24
(43.5% solids) | ;51 4.75) 7.5 3.9 23 73 2

* EGERIARETE

Solution per cent to the resin solution,

*2 BEERERIE Table 1 2R
Gelatinized temperature is 30°C, but if the adhesive is not gelatinized for one hour at
30°C, gelatinized temperature is raised at a rate of 10°C every one hour,

* LR 100°C
Hardening temperature is 100°C.

TR BLEI MR OFMITHTL 52, KEFET 1 vRObDLH#EESND, 2hbDHD
KIUKEDIHD NHCI 20% HEO pH K XU Zh b OB LAl 2 REMIGCES Lo pH,
B, HERRH, BRREZRIE LRI Table 2 RRTEED THS,

A—X %, B—Y R, B—ZRIIEELEID pH 3B 7 A5 )V HTH Do, BAEO pH BHRMEDOH
meE bbb ThET LT 5, BERR, BLREE SHRmBEOWINC & 37e>TaEL Iedh, T
A—X SRITBRERRK 2SR ORBULRME S, BAEB LR ORYETRE LTV 5, B—Z: KBt
HiHm7T A h ) WThBicw, BAHRD pH XRmMBOHINE & dCE oy, BEHE, Bnmed
EINBEOMC & 78> TEL DT\ 5, Zhid NH,CI—NH,OH RELAIOBHAK, NHOH ORI
BOMMOKICR LA L —& 3%, C—NHCl FRix NHCl ® pH 2B\ e, BAHO pH 3%
EORME & ST U, BERRESERCE -, Lo T, 20 X)) RBtHNEERAAR &
f, BVERERMICT ) SBRcBEER TRV E ), FBLOBROIDIERTHZ LN TERL,

LAEDKER, TEmRMEREEAE LT X (GRS %, 10%) & Z. GRmE3 %, 5%, 10%) 02
BrERATHLIC L

(3) REMIeEGERIOEL



“Table 8. EEBICHE « DBULAI LRI L8 OLLRBRHE

The results of durability test in the case of addition of various hardeners to urea.resin adhesive.

g 3 ) | BEMEH Hardener 20°C, 48 hr 20°C, 72hr 60°C, 24k 100°C, 24 hr 1(;% fr
- 7 B [ EEROREFEIERERR R ERIERERR SR ERNHR ERRSE HEENRRE BERRIR
No. Quantity | Reducing | Reducing | Reducing | Reducing | Reducing Reducing Reducing
Descrip- of ratio of | ratio of | ratio of | ratio of | ratio of | Reducing ratio | ratio of | Reducing ratio | ratio of
Adhesive | tion p addition | weight | diameter | weight | diameter | weight of diameter weight of diameter weight
3] %) 9] 3] (%) (3] ' %> %) N¢?) %)
10 : : 0 24.1 — 2.1 — 39.6 | — (No cure) 43.7 | — (Bubble) © 46.5
Catalyst _ _ _ (Surrounding
11 A X 5 25.4 31.3 46.4 51.8 M.7(00 00 s Tittlel 540
— — R . . Surrounding
12 10 23.5 29.4 | 47:6 52.3 {3. (crack iahy 54.6
20 : 0 24.1 — 29.6 — 44.9 | — 48.3 | — (Bubble) 50.3
21 B Catalyst 3 27.8 7.9 34.0 9.5 54.4 | Hard crack 55.8 | Same as before 56.5
22 Z 5 26.0 7.2 33.8 8.8 55.8 Lo 56.4 v 57.1
23 10 |' 26.2 9.5 34.6 9.5 | . 58.0 2 : 59.2 7 59.8
30 NH,CI 0 24.1 — 30.0 — 43.8 | — ] 47.3 | Bubble a little) 50.4
C 209 sol Yellowish crack Bubble in the
31 o =0 2.5 25.0 8.6 30.8 8.6 56.1 | (many) 57.3 | crack 57.9
40 28%14;11 0 22.6 — 27.8 — 4.4 | — 7.0 | — 49.8
(NH,OH" Bubble (many), Swell, bubble,
41 . :0%) 2.§ 18.8 10.5 23.0 12.3 47.9 | crack (many) 53.0 | orack 54.1
| . _ Bubble (many),
421 ) 1.0 24.3 31,2 6.1 53.6 crack (many) 55.5 | Same as be:fore 56.0
422 (gg&gH 1.5 24.0 — 30.8 6.1 54,0 s 55.3 7 55.8
423 Plyamine :30/;) 2.0 22.1 —'1 28,3 5.3 55.0 2 ’ 56.4 p 56.9
424 TD482 2.5 22.0 2.6 27.6 7.0 53.4 2 54.9 2 55.4
431 1.0 22.6 6.1 28.0 7.8 44.6 7z 56.6 7 57.2
432 (gg%lH 1.5 22.2. 6.1 27.1 8.8 47.9 % 55.9 2 56.4
433 : 29 2.0 | 214 6.9 25.9 7.8 47.2 2 55.2 ” 55.6
434 2.5 22.9 5.2 27.6 7.0 54.4 2 55.8 7 56.3

—gIl —

S EEERY

Lo
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—iC RES IR EEAICBE LA LT NHCl %
HHT 554, NHC BREMECEEL TS
fodb, BE LcRREMIEIER R O 5 biIciEE &
ZL, FUYHREL, DWIEHELTLES, Zh
BRBK, BRAL A7 AT e FOBEIIBHDTEH
59, LadZ0BguE, NHCl ORMENSV L
EFRELWDOT; KFEBROL 5K NHCl DED%
VAR T A LEND B,

Lo Lieht b, BEERBRIIRIEHEIC ST 28182
EVELTHOT, CORRTEELLBETIE
BRICE\T, IEGRBRC X IS OIE, *Lv v o
E&%#H~, NHCL, NHOH Hingo¥E, 2o
EHRBAEBELR OB R Lo T, BLHEE
RO RFSNEE LB ORENE L UM %
CRINCY N

RERDFFIL Table 3 33X Phot. 1 iKRT 2
BHThD, HRFEMIEE bBEB LMW Licv b
DI, 100°C THELL THEEE TIHEEET S =
ek, bThRBREERLRTERG, Thick
L, NHCl D&% 5mn Lich Dz L WHET 52,

FRIPNIVOVENSRELCHELTLE DO,

—119 —

(Note) #5113 Table 3 &R
The specimen numbers are shown in Table 3.
Phot. 1 FEILREBRIC X 2 REBIGEFERI DI
#E & QU EIh IR
Shrinkage and crack of urea resin adhesive
in durability test.

ZOMOBLHID 5 b Tix, TR X2HEV 8L, BEALEREEClkh Dk, DT,

NH,CI i NH,OH 3 % %% LI/ A — 72UHEY<, S5 NHOH 2 %#¥EM L/ A — 75 %

>3 Tk b, NHOH OFEIMEREBIBOEBLCH LT7 7 AT 3 Z 2B D bR,
COR, BRIFATHEE2E T 3BT —EC I\ €, BLREONHSRLETE5DTHS L

#% bhna, Catalyst X IZFFEOE

¥

(RO EN S 100°C K is1F BB — 55 -
EnL, polindineni g Lslc 5
TREFTHLHLELLNS, c2

B. 5B IT c3

1. EBFG % L7.5-{ DI D2 D3 SPECIMEN

(1) RetomEm Gl G2 G3 C : Bending i

FERRICHE LIt =~ Y Picea EFI lEF2 EF5| | D : Tensile &IREEH
. . G : Screw holding
Jezoensis CARr., T, FBMKHIINE —10 — KRR UEFHN
T B, MAKR R B Hygroscony

[= 45Cm —

EBWTERE 20%, NE10% cics

Fig. 7 REBF OB (BAL unit : cm)

OB L,

Sampling of specimen.
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500 Curing time
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The effects of quantity in hardener on tensile strength
perpendicular to surface of particle board.
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The effects of quantity in hardener on wood screw
holding power of particle board.
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The effects of quantity in hardener on hygroscopic
thickness expansion of particle board.
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PBESE 2T S BN, FRCBVERER 10min DBADETAE LU,
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Table 4. NH,OH, NH,Cl ¥Ringis X OBVERE & #5888 O M 0 S A HTR
Analysis of variance between quantity of ammonium, ammonium
chloride, curing time and board properties. .
HIRE [MFy v R MEES | ARUARS | B B R |REEIHmE
Bending Young’s Tensile Wood screw | Hygroscopi-| Thickness
strength modulus strength | holding power | city expansion
sig. | )| Sig. |0 ()] Sig. [0 9| Sie. | 0% | Sig. |0 )| Sie. | # (%)
A(Ammonium)| % 5.3| sk 29.4{ #** 15.3] ** 2.8 * 6.5
Ammonium
B chloride $ok 26.2| % 15.6| ** 16.9] sk 64.8 Aok 28.4
C(Curing time) ok 7.1) #x 118,11
AXB ok e sk ok ] sk l
BxC 68.5 - 55.0 67.8 » 32.4 | 64.5 [ 85.4
CxA ‘ J J
AXBXC y
E .

(Note) Sig. : A&, #x 1%level, % 5 9% level,

Table 5. EEEANCE(LHIZEHRM LAV BEDOHX— FHE
.The, board properties in the case of adhesive without hardener.
wERH & E|wrms v ] EER hpopen e B % | mEE s
Young’s | o | Wood screw : W o o=E
Curing Specific Bending modulus d‘g 1 holding Hygroscopi- | Thickness
time gravity .strength X 10* pterpe; rlguc:r power city expansion
(min) | . (kglem® | (kglem® | “9, 50 % 5 % %)
. (kglem®)
10 0.65(0.01) 465(18) 4.8(0:2) 2.000.1) 58.1(5.9) 2.5(0.3) 2.4(0.3)
20 0.65(0.01) 469(14) 5.000.1) 2.6(0.2) 57.2(5.8) 3.000.4) 2.9(0.4)
HEE Significance non 5% 1% non 5% non
Note : ( ) EE{FZ Standard deviation.
Table 6. THERBAUBIEIZEN LIBEDOA— FHE
The board properties in the case of addition of latent hardener on the market.
m ok A - .
P | Hadener _gMERM kB |mgms | WERR ARURED RERE 2
#® 8 %@ji strength | Wood screw Hygr(l){scopic
2/, | Curin. . Bending [perpendicul- holding thickness
gsge' Discrip- Que(l)rfxtlty timeg S?:fll,?c strength |ar to surface] power expansion
tion | qdition| mim | BV | (hglem® | (Rglem® (kg %
5 10 0.66(0.02) 438(12) 2.2(0.8) 57.6(6.0) 1.9(0.4)
Catalyst 20 | 0.67(0.01) |  459(32) | 3.1(0.9) | 58.9(5.0) | 2.1(0.4)
A X
10 10 0.68(0.02) 478(14) 2.8(0.6) 61.7(8.5) 1.6(0.3)
20 0.65(0.02) 477(10) 2.5(0.2) | 62.1(7.7) 2.000.4)
3 10 0.67(0.02) 394(13) 1.9(0.3) 56.8(6.3) 1.9(0.3)
20 0.68(0.02) 481(13) 2.6(0.6) 64.7(9.5) 2.0(0.4)
B Catalyst 5 10 0.67(0.02) 415(33) 2.5(0.5) 61.6(6.9) 1.6(0.2)
20 0.67(0.03) 430(50) 2.5(0.7) 62.6(7.0) 2.0(0.3)
10 10 0.67(0.02) 426(32) 1.6(0.4) 59.4(4.3) 1.6(0.4)
20 0.66(0.02) 385(65) 1.6(0.7) 58.2(4.7) 1.9(0.5)
c NH,CI 10 |0.67(0.02) 247¢ 9) | 0.8(0.2) | 58.6(3.2) | 2.8(0.4)
(20% sol.) 2.5 20 0.66(0.02) 249(38) 0.8(0.3) 55.9(6.1) 3.4(0.8)

Note : ( ) HEU{Fz= Standard deviation.
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L7cht o CEMEREHE OB AT, EERCH T 2B LB 2+t 2 0ERo LB Z L 2R LT
% »

(2) THHEBREBELRIOBE

TR LR A 7R LB & OMERBIE R, Table 6 RT2xDThD, THEDWTDH
BOHORKR, B—2Z: REARRMOBEOHMIT v v /R, BREEIRMBEER CBYERME 10min &
20 min DRI THTENRD bhIHDTe, FDIEH DEEEN RS bHIDE, A—X FEAVEMOM
¥R (5% leveD, B—Z. REBELHRFRMOBEOIL BB (1% level) OXRT, Z OEEDOHINED
EICIZ L A CERNBD Lo\, HE ORKHEXREIC B\ T, Bikd NH,CI—NH,OH REELH| D
BELABKETLY, NHCI—NHOH FRBLAEGHAERA LS 52 L 2R LTW5, ok, HED®.
B Uiz C—NH,Cl 20% ¥ 2.5% HMOF— FHEIEZ, BBEBCHEREbDTE»DR, HIHE
fLic X BHEIET L 2 bhass, BiFEHO NHOH RIOHELEREXT530Th5,

Pl ED#R, BLAIOMHEA L FHDO N <9 FOEKEY, R OEROBE L VEDK LI LT
X b, BERENL 10min (K- FEX 1mm %7b 0.5min) T+ THD, ILREREBEDTREY
BB LRI, fok, NHCI—NHOH FREEEH L LTk NHCI 1.5%, NHOOH 2 % DWEMAZY T,
A,

IV BERREBERE

FPEOERIC I\ C, BLRIRMA LTI aKkE Y S 2EEETIRD2 20D, 20mmESDAT
— FOBERR] (BVEIREE 140°C) % 10min LTFICEMEL S 52 20 @Bb b, £2T, X LIEE.
BE 140°C K RT ERMBEDCHE DA — FHE, LU

SR RIANEIC 3510 5 BUETRIE A — FAEIC % X 1 e oL § i
TRET LTS E '90:

1. EBAE W g .

(1) REoHEN . 8

EEMCHE UL = V' <~ ¥ Picea jezoensis Carr. T, B w7
HERAEORHCHS B, /N ERRITERFBHEIC I T <m§ 6-[
I8 20%, WB 10% Kioh X 5 IR Lis, =5

(2) A 4 f alf/ Eperature i

SRFALRRBIG (7547 < v TDIS2, BE 45%), Al 5 N
RIERE 11%, NB 7%, BB EREFER TR LT NHCI |-+|o_?¥9 ;8204,7 e
1.5% (#i5), NHOH 2% (28% WD, K5 6.5% %GR L sum;i . ;«TER

Tz = § Y ZIPIEE 45X 45 em DR D HER, WEOLH POSITION OF SPECIMEN
BRI 112 0785 X 5 CF Tl Lic, ZVEREQBVERR Fig. 14 #— FEXHHOS
5min OFPA 140°C, 160°C, 180°C x L, PAER:R 10min ¥ RIS & PR

DEIR
LU 20min DFA 140°C —F & LI, EMEArSa—-n The effects of curing time on.

1324 5min OES, 25kglem? (1.5min), 15kglem?® (1.5 distribution of moisture con-
?“Eﬁﬁiﬂ in DHA 4l ¢ ) ¢l ( tent throughout board thick--
min), 10 kglem® (1'min), 5kglem* (1min) DIEE L, EER ness,
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R 13.3%K LD T, BFEHEDOEX
FHHDEKRKLSFL Fig. 14 DX 5
ootz < v FPHROKPIERBKRS D
—IcANBEEE LT, WEKS %2
ML, T00b, HiciCE+52
Biamlice LhL, REKS O
EHHBHI D I fod, BYERIHIC S
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F— VEI LBERE, BERMOBER

Relation between curing temperature, curing
time and board thickness.

A — FE X Board thickness

WERE | RUERM i
Curing
tempera- Curing B FE E #% HOE OB
ture ’ time Immediately After
C) (min) after pressing humidifying
20 19.42 19.83
140 10 19.74 19.91
5 20.39 20.64
160 20.06 20.32
5
180 19.96 20.28

min, 20 min BEICIT, BRCET LTV & OHp, REOHEEELE L3RRS &8
bbb, LhLE—- FESHHOKESHTHS L, Fig. 15 KiRTikh, ZOREDOEETIE, 5min
BB 20min ¥ TOBMERMOERC & 5 RBHEOZIE LT, '
BUERE 140°C I 3513 2 BERSE & & — FHEOBIRIL Fig. 16~21 ©RT L 560 Thb, Zhbico
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ZOMOIREEH L THBEENR DN, B Y v /R QBRI OWT, S HREAERMOEKED
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NHh, BERMESmin ¥ TREIELLCEAI, 02 00#HEK
B OB TR bhvic, BVERRH 5 min (30T 5 HEER OE
Tk, ARBORBELRMEOTRE &, RERDONBEKS 2 hOBER
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BEDIERN D, BEE 20mm K— FRBUERE 140°C R\ T 5min MTRETSHA, BWbhic
WHEOETHRRBD bl 2T, BYERRH 5 min i\, BVERE% 140°C, 160°C, 180°C IT&E X
TSRO A — FHECOWTRE Lz, BEIHROEKESML Fig. 22 LR T X5, RESELD
I L7=232TC, Fig. 14 R BBE 10 min OB{OSFCEL LT 5, LaL, BE 20min OHE
LRFLIREXRERC LT3, RBREBEZOFN— FE3X Table 7 AT X5, BEREIMENL
spring back L, 180°C ‘GiX\ < 4 A distance bar X Wi IgD T\ 3%, ZhbDE— FiE, FABEC
WA E XA spring back LTk h, PABEENOETHRTFEIN, ¥ Fig. 231, BERE LR
— FEXHFROKENHOMEKTEH 54, REC X 32RBHEDEL 140°C & 160°C, 180°C O TH
LAa@ED bR, ARBLED 140°C OBRRCHEETSH 5.

WHERRORIL Fig.24~29 WRTLHENT, Z LK DOWTOSEANOKESE, BERE LI
I LT Y v /R LTDAR 1Y level THRENRD bV, ¥ HIBERE DR KEDORFHD
EORER LB &, MRS CIXBERE 160°C L 140°C, 180°C Dfic 1% level THEEN S D,
B v v 7R TIE 160°C & 140°C ORI 1% level, 160°C & 180°C DT 5 % level THEEMN
Dbt HEEENOHEIAERE OMTEEENRD b2k, ZhbD 3 HRRECH LT
maximum curve #i o, & OEFNIILE® DR L —FKT 3, Eﬂ?fi{l}?’(ff%%kl%d%, B
160°C % Z DRI KHIC 31T HEE{E & A 7c L, RFED 140°C, 20 min ZYED X — FHE L BT S &,
SB35 % level THEENLBUME, TRTENBD LRI, LichtoT, BERM%Y 5min
ML THRERE 2 160°C iy, HEEAsbTHETT20AT, B LALENRL, 20
mm A= Fd 5min THEL 5 HHAEHEATED iz,

vV B -2

R=TF g 7R — FRUEIC VT % press cycle DFEHEICOWTIL, press cycle 24ERBYERFTSH
limiting factor TH 2T, RS OWERTRbI TS, ThHDTRTL, ~y FPERBIT
ZRGEINC & 5 NEIRE EFOMBECRT AT W5, Lirl, WeTbLRRBASBRMETLS &,
W=y PG OHINE & bisy, HMEOREEXRL BLhhibb, Lich > CRERMEERL, 22,
MWHOREYR 5 H1cdicix, RKEL»LABCHI O TRITIRGEMNEZED, Lard/MNr <Y P OKS
T ORBROBE L hEDIL, —HBLHIOHRNEH &, EREO LANYETLHS LEH
B, TOEXS LT, PHIERRE LN KRPC XD TORNRBIRED LAMGE, ERMBED
DOHRMILHELH], 2 HCRBEREDF — FHENOHECO W THI L, KEROEREZE,

(1) PRRE LA IETOERE KEL, EMENKALD G LEMEE,IKRE Y,
HEMEGE & LT OB & BB e BT, WMREOLEANEL 8B, Lol 25kglem® L
ETRENRRL D, ET VAOMEEEDOEEL kb, LiptoT, K- FLE 0.65 BEOH
B OMBERE & LTIL 25 kglem? B4 TH D, Lo Lighih, MAKRSZHTEE EFC s JiET#
a1, MHERECKEX Y KRTHS, ‘

Ticbhb, REDRAKGSDE G EROERENRLILD, ERABN KD G EBIRBRA K
ThoHlcd, NRRE AR RD, LienoT, BERARHEE EF2EL T30, REKS %
L LsFhuginbiny &\ 5 MTRERDER L —B T 523, BERMOERHEDOISEH, S, HB/INFK
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BETELLEGVIESTLVEN LD Z L0RBDONI, LA LENLERBNKGEELT, P~
v FDRGEEVILTHIDRE, RENBEEDRSTEL, M~y PRENAT VAL BKS
W & G uiabiawv 2 i3, BiERD R\ TTTRER L 8D TH 2,

(2) REBIGHETEROBMEIL % 85 5 b DBELE] (NHCD DN, 7n O EREIR R O Mk 4 B
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Studies on Particle Board (V).
Studies on the pressing (2).

Factors affecting the pressing time.
Mutsumi IwasuiTa, Toshiyo MaTsupa and Shigeharu ISHIHARA

(Résumé)

I Introduction.

The press cycle in practical prcduction of particle board is one of the factors limiting-
output of prcduction. Hence, -the shortening of curing time in particle mattress has been:
investigated by many researchers; F. Faurni®, F. Korimann'®, W, Krauvpitz!¥ and others®™
1N19)20)25) have studied the effects of moisture content of wocden particle, or addition of mois--
ture to surface particle on acceleration of the initial temperature rising in the inner layer and.
the physical properties of pafticle board. Besides, Anon® and W. Krauprrz!® have studied:
the curing temperature, and others!”*) the pressing method and hardener in adhesive.

But in order to shorten the curing time, and to prcduce the board having good physical’
properties, it is necessary to synthetically consider the moisture in wocden particles, curing
temperature and hardener in adhesive. Since addition of excessive water to surface layer-
increases the amount of absolute moisture throughout the thickness, the physical properties
of board are decreased by short pressing time. Therefore, in the case of shortening the curing-
time, the amount of absolute moisture in particle mattress must be decreased. But, since the-
extreme low moisture content of core particle in the three-layer board causes depression of
physical properties in the board, it is necessary to comsider the reduction of total moisture-
content in particle mattress in spite of excessive 'moisture content in surface particle by-
decreasing the volume of face particle.

Simultaneously, to maintain the properties up to a certain level in a short pressing time;.
it is of course necessary to consider the hardener in adhesive and curing temperature.

From these points of view, this study deals with the effects of moisture content of wocden-
particle on acceleration of initial temperature rising in the inner layer, the effects of hardener-
in adhesive, and curing temperature on the physical properties of particle board in the shor--
tening of curing time.

I The effects of initial pressing condition and wooden particle moisture content.

on the initial temperature rising in inner layer.

1. Pressing condition.
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Species of wooden particle is AKAMATSU (Pinus densiflora S.et Z.) and the size of them
;are 0.2X1~3%X20 mm in surface layer, 0.5X3~6X40mm in core. The adhesive is urea resin
.and quantities used for particles in 11 % at surface layer and 7 % at core in oven-dry condition.
The structure of the board is three layers. Weighing ratio of surface to core particlesis 1:1
in dry state. The particle moisture contents before pressing are 25, 20, 15% in surface
layer and 7, 10, 15 % in core. The size of board is 25X25X2cm. The specific gravity of
“board is about 0.65. The temperature of the press hot plate is 140°C, and the initial pressure
115, 25 and 35 kg/cm?®.
2. Results.
(1) The effects of initial pressing condition.
The time required to reach a temperature of about 100°C at the inner layer in 25 and 35
kglem? of initial pressure was faster in the same rate than in 15kg/em?® of initial pressure,
! ‘but there was no difference of temperature rising between 25 and 35 kg/cm? of initial pressure,
:and no influence of temperature rising on pressing speed (or crossing speed in hot plate) in
-these pressures (Fig. 2). This is because of the fact that compressive deformation rate of
-particle mattress in the hot press increases with increase in initial pressure, and the contact
resistance between mattress and hot plate regarded as heating medium is also improved in
‘high initial pressure.
(2) The effects of wooden particle moisture content.
The effects of wooden particle moisture content on the temperature rising in inner layer
‘were more considerable than that of the initial pressure (Fig. 3).
i When the moisture content was high in surface particles and low in core, the time required
: ‘to reach a temperature of 100°C at the inner layer became less (Fig. 4). Because the heat
-conductivity is improved as the moisture content goes up in surface particles, and thermal
-diffusibility is increased as the moisture content goes down in core particles. Consequently,
it is conmsistent with the above-mentioned paper that surface moisture content should be
‘increased for the purpose of accelerating the inner temperature rising, but from the standpoint
-of shortening the curing time, it is recognized that moisture content of inner particle must
i “be decreased as much as possible. However, we have described in our previous paper® that
-the volume of surface particle should be decreased or excessive water should be sprayed to
‘the surface of particle mattress before pressing in order to increase the moisture content of
surface particle and to decrease the average moisture content in particle mattress.
II The effects of hardener on the properties of urea resin adhesive.
1. Preparing condition.

The adhesives and hardeners added to the adhesives are as follows:

Adhesive Hardener and quantity of addition
Urea resin (Plyamine TD 482) NH,CI: 0.5, 1.0, 1.5, 2.0 and 2.5%*
(45% solids) NH,OH (28% sol.): 0, 1, 2 and 3%*

Some quantities of water
(Total of all contents is 10% of urea resin solution)

Urea resin A (44.5% solids) X (Latent catalyst of market): 3, 5 and 10%*
. o/%
Urea resin B (41.5% solids) BZ{l ELatent catalys;/t of market)).: 3, 5 a;ld 10%
Zs ( e ): 2
Urea resin C (43.5% solids) NH,Cl (20% sol.): 2.5, 5 and 7.5%

i (* Quantity of addition is based on each adhesive solution.
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2. Testing procedures.

(1) Measurement of gel-time: 50 g of urea resin, mixing the hardener in each condition,.
was heated in glass test-tube at 30°C, If the adhesive did not gelatinize within one hour at
30°C, -gelatinized temperature was raised at a rate of 10°C every one hour.

(2) Measurement of hardening time : The glass-plate was coated with the adhesive of
each conditions at 5 mils (1/20 mm) in thickness, and then put on the hot plate of which
temperature was 100°C. And, immediately, the surface of resin film was scratched by pin.
moving constantly. According as the resin hardened, the scratching seam on the surface of
resin film disappeared. We calculated the hardening time from the distance of scratching-
seam on the resin film.

(3) Aging time: As it is difficult to measure the durability of adhesive in a short
pericd, the following methcd was used in order to consider the difference among each condition
of adhesives. Certain quantities of adhesive mixed with the hardener were put into a Petri-dish,.
and the reducing ratio-of weight and the ratio of shrinkage in diameter of adhesive were
measured after 48 and 72 hours at 20°C, 24 hours at 60°C, and then 24 hours and 72 hours
at 100°C. Simultaneously the cracking of adhesive was observed.

3. Results.

(1) Ammonium chloride-ammonium type hardener.

The catalystic effects after mixing ammeoenium chloride and ammonium to the urea resin
at the rate given in the above table are shown in Table 1, Fig. 5, 6. Although pH value

of hardener was increased by adding ammonium, and the adhesive was weak alkaline, pH

value of almost all adhesives mixed with the hardener was decreased.

Gel-time was postpcned with increase of ammonium and was shortened with increase of’
ammonium chloride, but gel-time was almost unchangeable above 1.5 % in ammonium chloride.
Hardening time showed the same tendency as gel-time, but the influence of ammonium chloride-
on hardening time was not so evident as gel-time. Consequently, the effects which restrain.
the reaction of condensation in urea resin at room temperature are recognized, but it can be-
considered that these relations depend on the following mechanism of reaction; the free
formaldehyde in urea resin is affected by ammonium chloride in the condensation of urea.
resin, and hexamethylenetetramine and hydrochloric acid is generated as shown in the follow--
ing formula,

6H:CHO+4NH,Cl—>(CH;)¢N,+4HC1+46H:0

If the generation of hydrochloric acid which accelerates the condensation is restrained, it
is possible to restrain the condensation. Therefore, in the case of adding ammonium, the
free formaldehyde reacts as shown in the-following formula.

6H-CHO+4NH,OH—(CH3)¢N,+10H:0

Then, as the generation of hydrochloric acid by ammcnium chloride is restrained as a:
result of adding ammonium, the condensation of urea resin can be restrained.

Consequently, considered with the operation of manufacture in the faétory, from the
viewpoint of having a certain pot life and of shortening the press cycle, 1.0%, 1.5%, 2.0
% and 2.5 % in ammonium chloride and.2 %, 3% in ammonium were used as the hardener
of pressing condition in this experiment.

(2) Latent hardener on the market.

The constitution of latent hardener on the market is not clear, but it is pressumed that
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these hardeners generally consists of organic amine. The catalystic effects after mixing these
hardeners and 20 % solution of ammonium chloride to the urea resin are shown in Table 2.
The pH value of mixed adhesives (A-x, B-y and B-z type) were slightly decreased with
increases of hardener on account of weak alkaline in the pH value of these hardeners. Both
gel-time and hardening time in same adhesives were shortened with increases of hardener,
especially in A-x type adhesive ; however, hardening time was shortened in spite of having
long gel-time., In B-z; type adhesive the pH value of mixed adhesive was increased with
increases of hardener on account of strong alkalinei in the pH value of this hardener, whereas
both gel-time and hardening time were prolonged in the same condition of hardener. These
phenomena are consistent with the tendency shown in adding ammonium in the case of
ammonium chloride-ammonium type hardener. In C-ammonium chloride type adhesive pH value
after mixing was decreased with increase of ammonium chloride and gel-time was also.
extremely shortened on account of acid in the pH value of ammonium chloride. And therefore,
such hardener as ammonium chloride cannot be used owing to the danger of precure, except
the special manufacturing method having very short glue-coating, mat-forming and hotpress-
ing time.

(3) The durability of adhesive.

In the case of using ammonium chloride as a hardener in urea resin adhesive, since the
ammonium chloride is mixed in urea resin, cured urea resin begins to shrink within a short
period and cracks, then finally breaks down. These phenomena depend on dehydration and
deformaldehydification (discharge of formaldehyde) in urea resin. Moreover, when the
quantity of ammonium chloride is increased, these phenomena occur remarkably, which points
to the advisability of giving further study to cases having much content of ammonium chloride
as above mentioned. However, as the durability test requires observation for a long pericd,
this experiment was limited to investigation about the shrinkage and cracking of resin by
means of heating on account of accelerating the aging.

The results obtained are shown in Table 3. and Photo. 1. Although all urea resin
without hardener have been heated in 100°C, resin evidenced no shrinkage, but only bubble,
whereas urea resin with ammonium chloride was apt to shrink remarkably, or cracked, and
finally resin was broken down. Besides, urea resin with latent catalyst of market X shrunk
slightly and showed signs of cracking.  Subsequently, urea resin with ammonium chloride
and ammonium added shrank slightly.

Therefore, it is recognized that addition of ammonium is useful for aging of urea resin.
On the other hand, it seems that hardener with high durability has an inhibitive effect of
curing reaction, but it can be considered that the latent catalyst X is an effective hardener for
urea resin adhesive, because it makes resin cure quickly and moreover scarcely shrinks in
durability test of urea resin. '

IV The effects of hardener on the properties of particle board. 2

1. Preparing condition.

Species of wooden particle is EZOMATSU (Picea jezoensis Carr.) and the size of them are
0.2X1~3X%20 mm in surface layer, 0.5X3~6X40mm in core. The particle moisture contents.
before pressing are 20 % in surface layer and 10 % in core. The adhesives and hardeners.
are as mentioned above and resin quantities used for particles is 11 % at surface layer and

7 9 at core in oven-dry condition. The structure of the board is three layers and weighing
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ratio of surface to core particles is 1: 2 in dry state. The size of board is 45X45X2cm.
The specific gravity of board is about 0.65. The temperature of the press hot plate is 140°C.
Pressing times are 10 min and 20 min. The pressure is applied by such step-down system as
25 kglem?—>15 kglem®—10 kglcm?—5 kglem® every 5min in the case of 20 min of pressing time,
and 25 kg/em®—15 kglem? every 5 min in the cases of 10 min of pressing.

2. Testing procedure.

Specimens were humidified in air condition of 20°C and 65 % (R.H.), and tested by JIS
A 5908-1957 after attaining the equilibrium moisture content.

Sampling of specimen is shown in Fig. 7.

3. Results.

(1) Ammonium chloride-ammonium type hardener.

The physical and mechanical properties of particle board obtained in the case of adding
ammonium chloride-ammonium type hardener to urea resin are shown in Fig. 8~13, And the
results by analysis of variance in relation between various properties and quantities of ammo-
nium chloride or ammonium in terms of pressing time are shown in Table 4. The properties,
except hygroscopicity, between 10 min and 20 min in pressing time were not significant at 5 %
level of probability in all hardenmers. This depends on the depression of particle moisture
content before pressing and the effect of using hardener. The differences between additioaal
quantities of ammonium were hardly recognized, but the properties of board were depressed
by excessive quantities of ammonium chloride; and optimum quantity of it for tensile strength
perpendicular to surface was 1.5 % of urea resin solution.

Since wood screw holding power which indicates the property of surface layer was de-
creased with increases of ammonium chloride, it seems that it is not necessary for surface
layer in three layer board to use the hardener. Table 5 illustrates the properties of three
layer board without hardener in both face and core layer. Bonding properties and wood ‘screw
holding power which indicates the properties of surface layer were equal to or more than that
of board using hardener, while tensile strength perpendicular to surface which indicates the
inner bonding strength was extremely depressed, especially in the case of 10 min of pressing
time.

Consequently, these phenomena indicate that for shortening the pressing cycle it is neces-
sary to investigate sufficiently the hardener added to the adhesive.

(2) Latent catalyst on the market.

The physical and mechanical properties of particle board obtained in the case of adding
various latent catalyst on the market to urea resin are shown in Table 6. In this case, the
difference of properties depending on pressing time and additional quantities of latent hardener
were scarcely recognized, but the absolute value of the properties were almost consistent
‘with the optimum value in the case of ammonium chloride-ammonium type hardener. The
properties of bozird using only ammonium chloride (20 % sol. -2.5 %) as a control were
extremely depressed, compared with the above-mentioned latent hardeners.

It is considered that this depression of properties depends on precure of adhesive, and
therefore the effect of adding ammonium is proved by this fact. Consequently, the possi-
bility of shortening the curing time was obtained by increasing the additional quantity of

ammonium chloride and using ammonium.
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V The effects of pressing time and curing temperature on the properties
of particle board.

1. Preparing condition.

Species of wooden particle is EZOMATSU (Picea jezoensis Carr.)and the size and moisture
content of wooden particle are the same as that given in Chap. IV. The adhesive is urea
resin (Plyamine TD 482, 45 27 solids) and resin quantities used for particles is 11% at surface
layer and 7 % at core in oven-dry condition. As a hardener, ammonium chloride, ammonium
and water are respectively mixed in 1.5 %, 2 % (28 % solids) and 6.5 % of adhesive solution.
Curing temperatures are 140°C, 160°C and 180°C in the case of 5min pressing time, and
140°C only in the case of 10 min and 20 min pressing time. The pressure is applied by the
step-down system of 25 kgfem? (1.5 min)—>15 kglem® (1.5 min) —>10 kglem® (1 min)—> 5 kglem? (1
min) in the case of 5min pressing time, 25 kg/cm®—15kglem? every 5min in the case of 10
min pressing time and 25 kglem?—>15 kglem*—10 kglem*— 5 kglem?® every S5min in the case of
20 min pressing time. Other experimental conditions are the same as those given in Chap. 1IV.

2. Testing procedures.

Test specimen (10 emX1cem) of distribution of moisture content was sampled in center of
board immediately after pressing and divided into ten pieces in the direction of board thickness
with the string saw. And then moisture content of ten pieces of specimens was measured by
the oven-dry method. The physical and mechanical properties were tested by JIS A 5908-
1957.

3. Results.

(1) The effect of pressing time.

(a) Since wooden particle moisture content before pressing was decreased as compared
with the author’s previous papar®, moisture content distributions throughout board thickness
after pressing were as shown in Fig. 14. The moisture in the particle mattress once moved
from face layer to inner layer and made inner moisture high and then decreased again. But
as the absolute moisture content in face layer was relatively low, inner moisture in initial
stage of pressing was not more increased than that of the author’s previous paper®, hence it
is considered that the board properties are not depressed by change of inner moisture after
pressing in such a pressing time as 10 min. But it is rather significant that surface property
is worsened by extreme decrease of surface moisture after pressing in 10 or 20 min of pressing
time.

(b) The relation between pressing time in 140°C of curing temperature and board pro-
perties are shown in Fig., 16~21. Although the hardener was used and moisture of particle
mattress was reduced, in 140°C of curing temperature, modulus of elasticity and tensile
strength perpendicular to surface in 5 min of pressing time were markedly more decreased at the
1 % level of probability than that of 10~20 min of pressing time. The depression of tensile
strength perpendicular to surface in 5 min of pressing time depends on the shortage of pressing
time in the inner layer and the high moisture in the inner layer after pressing as compared
with other pressing time.

(c¢) The board thickness in 5 min of pressing time showed spring back immediately after
pressing and moreover was increased by humidifying (Table. 7). This is because of the fact
that the bonding strength of inner layer is low, and coincides with depression of tensile

strength perpendicular to surface. Bending properties are also affected by the bonding strength
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of inner layer.

(2) The effect of curing temperature,

(a) When the pressing temperature was changed from 140°C to 160°C and 180°C only
in 5 min of pressing time, with increases of curing temperature, the moisture content distribution
throughout board thickness, as shown in Fig. 22, was similar to the distribution of 10 min in
pressing time (140°C) in Fig. 14, but different from the distribution of 20 min in pressing time.
The board thickness immediately after pressing showed spring back in the case of low tem-
perature in pressing as shown in Table 7,

(b) The relation between board properties and curing temperature in 5min of pressing
time are as shown in Fig. 24~29. Bending strength between 160°C and 140°C, 180°C are
significant at the 5% level of probability. Mecdulus of elasticity between 160°C énd 140°C
are significant at the 1 % level and between 160°C and 180°C are significant at the 5%
level. Tensile strength perpendicular to surface between the curing temperature are not
significant at the 5 % level. But the relation between these properties and curing temperature
were indicated by the maximum curve. Other properties, wocd screw holding power and
hygroscopicity, between the curing temperature were not significant at the 5% level of
probability. Therefore, since it is considered that the optimum temperature in these pressings.
is 160°C, when the properties in board by this condition is compared with that of board by
140°C of curing temperature and 20 min of pressing time, most properties between two kind of’
board are not significant at the 5% level, except tensilé strength perpendicular to surface.
Tensile strength of short pressing time is less than that of 20 min in pressing time at 5%
significant level,

Consequently, even if the pressing time is shortened to 5min, when the curing temperature
is 160°C, board properties are only slightly depressed ; thus the possibility that the board with
20 min thickness can be pressed for 5min is recognized,

VI Conclusion. }

The pressing time of the board which is 20 min in thickness and 0.65 in specific gravity
can be shortened to 5min by application of the following pressing condition. Initial pressure is
25 kgfem?, moisture contents of surface and core particle are respectively 20 and 10 % (Weighing-
ratio of surface to core particles is 1: 2 in dry state). Hardeners, ammonium chloride and
ammonium (28 % solids), are respectively 1.5% and 2 % of urea resin solution. Curiné—

temperature is 160°C.



