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Table 2. = B
The results

E B F B ! D. M. U.
I\io\ of experiment ‘ ‘ Water solution ‘
T 0.1 ‘ 0.2 0.3 0.4 !
D. M U T;Euntyﬁ %% 86.9 86.9 86.9 86.9 i
E *lialanced We,ght ' 0.9895 " 1.0155 1.0247 0.9345
i’ iontalid Welght) 0.8599 \ 0.8825 0.8905 0.8121
, Mol | 0.007166 | 0.007354 0.007420 0.006768
i?"he loss in quamt% € } 0.1165 ‘ 0.0840 0.0675 0.0710
B CH,O \}ii,eig% g } 0.01672 - 0.03738 0.02617 0.03236
Free CH.O & v { 0.000557 0.001246 0.000872 0.001079
B HO Gii,eig% £ o978 o.04662 0.04133 0.03864
free 1O K:;Io] ” ~ 0.00554 | 0.002590 0.002296 ' 0.002146
P%eﬁicentagé?of con?ensat:i/gn ‘ 38.65 ’ 17.6 15.47 15.85
_ %otfperigmafe OfIcha{;’ge} 42.56 i" 26.07 21.85 23.83
R%;tﬁ‘ boéi oH —%g\,elfht g r 0.2413 ’ 0.2030 0.2230 0.1401
CI%/ISl ilsLC;C{g T | 0.008044 0.006767 0.007433 0.004670
l%er(c:gltggeiof rest Cg 0 : 56.13 46.01 50.09 34.5
?otalgperf:[éntafe o}[ chz{rlxg 43.87 53.99 49.91 65.5

% % D. M. U. | FrxFv—~LREDOI L,
B HO @ REX v CH.0 0FEEXR U D,
o4 o HH H.0 % D.M. U, 240 2EETHED 100 #F LS.
SEERT 1 BHE CH0 ki H.O 2 10f% D. M. U. 1D 2 {ZETEH 100

ZEL D,
#CH0% : BEEHRO 2Fw—~13% CH.O 2121 T D. M. U. 10D 2ETHD
100 #FEL 5%,

R ¢ BEEHRDO CH0 %% 100 L hELAb D

145, TORDITERI, K XCNEITR,

£ % 0

HERUO THRRL L TF 2F v ~ A JRED 0.5 %UKRKEHZFAEL, =vv <A ¥~ 752 21055
Higw LT 70°C OEEKMRC TRIES 2 10 52 LIS 10 cc #FIRL T2 ~ FEALBIC Y 7y
HYVETR7 A< )V vEBIVHH 7 AL~ ) vEREE L1, #55E Table 30:khTh5b,

£ B®R NI

FAFe - LRRE—BROBE L akilv~X, B Lo~ XK IORGEEEIRIIEROES &
D7 A1~V vERBIOHHZ7A 1~V vELR 2 ~ FEBIPY 7T v 3 VR TER L, Tihbb,
HoOHTLH, 70°C TMEALIKTF 2 Fr ~ A JRED 1 KEREZFARLTE D 50cc e~y picT
LY AT~ T FAL2HETOMEL, v~ X, RIGERinz o, ZEEHEELML T 70°C
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I ) o R

of experiment I

KW K D. M. U. Kai+e— il w —~X
of D. M. U. Water solution of D. M. U.+a cellulose
0.5 | 0.6 0.7 P—1 | P—2 P—3
86.9 86.9 86.9 86.9 ' 86.9 86.9
1.0175 1.0566 1.105 1.0105 ; 1.0500 1.0506
0.8842 0.9182 0.9603 0.8781 } 0.9125 0.91297
0.007368 0.007652 1.008003 0.007318 g 0.007604 0.007608
6.0722 0.08167 0.0865 0.1705 ‘ 0.1895 \ 0.1140
0.01455 [ 0.02702 0.04132 0.03477 : 0.03438 i 0.02154
0.000485 0.000900 0.001377 0.001159 | 0.001146 ] 0.000718
0.05765 [ 0.06398 : 0.04518 0.13573 0.15512 0.09246
0.003203 0.003028 0.002510 0.007540 0.008618 0.005137
21.74 19.79 15.68 51.52 56.67 33.76
25.03 25.66 24.28 59.44 64.20 38.47
0.1374  0.1726 ' 0.169 0.1317 0.1317 0.1601
0.004580 ‘ 0.005755 0.005656 0.004393 0.004393 0.005337
31.08 % 37.60 ‘ 35.35 30.02 28.89 35.07
68.92 - 62.40 | 64.67 69.98 71.11 64.93
Remarks D. M. U.: Dimethylol urea
Free H:O: The loss in quantity — Weight of free CH.O
Percentage of condensation : 2>I<VII\C/)IIOIO£) ffrge.: ﬁ‘iOU. x100
Total percentage of change, 1 : Mol of free CH.O+ Mol of free H,O %100

2x Mol of D. M. U.

CH.O Mol als Metylol radical in the rest chemicals

Percentage of rest CH,O : 3% Mol of D. M. U.

X100
Total percentage of change, Il : 100 — (Percentage of CH:O in the rest chemicals)

ERAEARCEEL 40 S 70°C I TRISHEBICHE D H L KFIC THEE, §7 72 20NEREE
FTHZLE ERTOWTR7 A1~ ) vEBRIVHEH 7 A~V vER 3 ~ FEADOR Y T v » V¥
CTERL 7, fi2Ri2 Table 4D LR THS.

£ B W

80cc DIKH =V v <A ¥~ 7 FACANT70°C DEENMEFCMIAL TR E, CF 2 Fv ~ LR
HD 5 %R TEL, %0 20 cc AN 5IKO FICHENL T405H1 70°C TRES#5, tiw ~ %,
S TEL S WK R R EIRE DI MA Do HIGHREDICEHHL Teivw ~X, UL 7EREEL, #
IZONWT 2~ FERAEDIL > 7 v A VRIS T 1. LAFICEEL . f5813 Table5D k50 Th b,
RATR v =3y STk 70°C OKTEIRL RS
%o RENZEHIL 100 2 Y & 2 LITO DR Ao, BABRBIIHASEIEL LD, 75 VAR

a— Al w~XLv—3 v AT X hEERIL,
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Table 3. 52 B
The results
D. M. U. { Concentration . 0.5 % Water solution Purlty 96.70%
- FSEsfE (min) | - ‘ N 60 ]
~~_ Time of reaction ’ 30 ! 90
Weight 0.024159 0.022268 , 0.023419
Total CH.O
0.000805 0.000742 ’ 0.000781
Percentage of change 100 ] 92.17 ' 96.94
Weight 0.000469 0.007527 ' 0.008943
Free CH,O }
Mol \ 0.000156 0.000251 ’ 0.000298
W & & o ac mrf ' { -
Percentage of coudeusation ) 19.39 , E .15 33 04
Table 4. ££ B
The rezults
~_ Sort of samples 0 «a celluloser 1 g a-cellulose
= ;\ . i — I d . "
_ mmerced in !
Condition of cellulose ’ Dry water ‘ Dry
D. M. U. purity . 89.3 . 89.30 86.82 | 89.30
” Weight ' 0.5026 0.5066 ' 0.5170 0.4985
p ’ |
’ Content 0.4488  0.4525 - 0.4487 I 0.4436
’ Mol 0.003741 | 0.003771  0.003740 0.003713
Weight 0.2293 0.2279 . 0.2350 0.2167
Total CH.O ‘ \
Mol 0.007643 i 0.007596 ‘ 0.007833 0.007223
w 1t H % l o i -
Bercentags of chinge 102. 1 [ 100.7 104.69 9.5
Weight 0.03903 | 0.03945 | 0.05259 0.04419
Free CH.O
Mol 0.001331 0.001315 ‘ 0.001753 0.001473
- R R R B
& * % ' 17.79 j 17.44 | 23.4 19.83

Percentage of coudeunsation

g 1B

pi i
b

B2 1 %ad v — FEIRC ARG R B
7o B FTTKRBELIEE, 6 HIFLIEREE Ui 74~ v AR IAG & ISR AR 7L 2 — 1,
V- VEREGEIRTY Y 2 A

CH.O

A | A S

CH.O

& %

EEIRELIADTH D,

7~ FEEICEREE S S O TR CH0 el CH0 &L b D
¥ CH,O ®=n% D. M. U. 21D 2{EHETED 100 ¥FLmbD
YT v A VKT TEESED LD THST X YEH LA CHO

BH CH:0 1% D. M. U. =10 2ECED 100 #F U0

L, 30°C 24 BB S 7=/ ~A 7 XLy a b DOTEAELKL

~v

v —[EREI AR T 16 MEHAMR L 2088, Mk hr vy =~ a5 0 7 - XHRTIR
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L A
of experiment IT
Balanced weight 3.4980 g----10cc 0.04997 g Content 0.04832 g Mol 0.0004027
) i
120 150 180 210 : 240
1
7 4 74 ; 7 7
\

” ‘ 7 l ” ’ 7 | 7
0.0114087 0.011505 0.013337 0.013920 0.014630
0.000380 0.000384 0.000445 0.000464 0.000488

47.22 ‘ 47.62 { 55.20 x 57.62 60.55
m o o R

of experiment JII

3 g a-cellulose 5g B-cellulose 1g ngv%}érwolo 1’ E(izvcé]e:vcl)og
‘I’gz;l:rced in Dry ‘Iﬂlggfrced in Dry Dry Dry
86.82 89.30 86.82 86.82 | 86.82 86.82
0.4975 . 0.5087 0.5137 0.5029 0.5122 0.5067
0.4320 j 0.4516 0.4460 | 0.4366 0.4447 0.4399
0.003600 I 0.003763 0.003713 0.003638 0.003706 0.003666
0.2234 0.2007 0.2177 0.2293 0.2368 0.2428
0.007447 0.006990 0.007257 | 0.007643 0.007954 0.008059
103.43 | 92.87 97.72 [ 105.04 | 107.32 ‘ 109.95
0.02220 0.03804 0.03150 0.03933 0.02328 0.02529
0.000740 0.001268 0.00105 0.001311 . 0.000776 0.000843
10.28 | 16.84 | 404 18.02:ﬁ_>i 10.47 11.49

Remarks Total CH,O :

Percentage of change :

2X Mol of

D. M. U, <10

Rest CH.O +Free CH.O (analyze by Iodine-method)
Mol of total CH,O

Free CH:O : Free CH:O with condensation (analyze by Potassium-cyanide method)

Percentage of change :

Mol of free CH.O

x100

2X Mol of

D. M. U.

SO EREIDOH KL LTF 2 F v ~ L REHRRC ERROFERE T AN ORHFITL, 100°C
TEWT 30 HMEE IR IDITDONWTF 2 Frv — L RBHKDMEE RO L B,

£ BV

FAFe L REO 1 %R TREL, V-3 v S TR IVT FREEMLT,

D

Table 6, 30°C
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Table 5. =22 Ex
The results
i
D.M.U. D. M. U. D. M. U. D. M. U. |
Sort of Purity ' Weight ~ Content Mol |
samples
| % & g !
a. C—1g ‘ 92.83 0.09152 0.08594 0.0007079 1
. C—3g 92.83 0.09152 0.08594 0.0007079
. C—5¢g 92.83 0.09152 0.08594 0.0007079
B. C—lg 91.59 0.09977 0.09138 0.0007615
B. C—lg — — — —
P —ig 92.83 0.09152 0.08594 | 0.0007079 1
P —ig 92.77 0.09014 0.08362 ‘ 0.0006969
P —ig 92.06 0.09960 0.09169 | 0.0007641
N—Buna (Beech) powder } 92.83 0.09152 0.08594 } 0.0007079
N—Buna (Beech) powder ! 92.06 0.09960 0.09169 0.0007641
A. B—Buna (Beech) powder 1 92.77 0.09014 0.08362 0.0006969
A. B—Buna (Beech) powder 92.05 0.09996 0.09200 0.0007678
A. K—Buna (Beech) powder 92.77 0.09014 0.08362 0.0006969 |
A. K—Buna (Beech) powder 91.59 0.09977 0.09138 0.0007615 |
N —Sugi powder 92.83 0.09152 0.08594 0.0007079 '
N —Sugi powder 92.05 0.09996 0.09200 0.0007668 |
A. B—Sugi powder 92,77 0.09014 0.08362 | 0.0006969 l{
A. B—Sugi powder 92.05 0.09996 0.09200 0.0007668 |
A. K—Sugi powder ‘ 92,77 0.09014 0.08362 0.0006969 i
A. K—Sugi powder : 91.59 0.09977 | 0.09138 0.0007615
N —Hinoki powder ! 92.83 0.09152 0.08594 ! 0,0007079 \
N —Hinoki powder 92.06 | 0.09960 0.09169 0.0007641 |
A. B—Hinoki powder 92.77 0.09014 0.08362 0.0006969
A. B—Hinoki powder 92.05 0.09996 0.09200 0.0007668 I‘
A. K—Hinoki powder [ 92.77 0.09014 0.08362 0.0006969
A. K—Hinoki powder 92.59 0.09977 0.09138 | 0.0007615

i & a.C-ira-tnw—x, B. Co-B-rw~—~x, P-oor AKg 7, N—HEALEH

A.B-o T a— o, Xy Y = VRS 4 0, ALK T g Y AR S 0

Table 6. £ BV O # H£

The results of experiment V

~_ ! : - 1
D.M.U.| D. M. U. D.M. U l D. M. U. |
|
Sort of Purity ‘ Weight . Content | Mol
samples |
R o~ % T - S g |
N —Beech weed powder l 95.52 | 0.09325 | 0.08907 ’ 0.000742
A. B—Beech wood powder | 7z ” | 7 i »
A. K—Beech wood powder 7 ” ! v ' 7
P — 1 g 7 2 i Ve 4
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U
of experiment I
Percentage of change \‘ Percentage of condensation
Blank test Percentage of change ‘\ Blank test ’ E:;g:g;i%ﬁ)sf
Mol % Mol % 1 Mol % | Mol 9
— \ . — 0.001401 98.92 0.0002954 } 20.86 ‘ 0.0003624 1 25.59
— — 0.001385 = 97.81 0.0002954 ' 20.86 ;| 0.0003416 24.13
— — . 0.001397 | 96.72 = 0.0002954 | 20.86 ' 0.0003416  24.13
0.001538 100.90 0.001537 100.90 0.0003416 | 22.43 | 0.0003646 23.90
o - - - - - -
— — 0.001398 98.92 ! 0.0002954 ‘ 20.86 0.0003139 22.17
0.001388 99.52 0.001392 = 99.88 0.0002376 } 17.05 0.0002030 14.57
0.001527 ‘ 99.54 0.001521 ‘ 99.52 0.0002954 ‘ 19.32 | 0.0001914 12.52
— — 0.001437 101.50 0.0002954 ) 20.86 0.0002677 18.91
0.001527 99.94 0.001525 ‘ 99.82 |  0.0002954 : 19.32 0.0002261 o 1479
0.001388 99.52 0.001389 99.68 0.0002376 17.05 0.0002146 i 15.39
0.001490 97.14 ! 0.001358 100.20 | 0.0002838 j 18.50 0.0002838 18.50
0.001388 99.52 ' 0.001393 | 99.92 0.0002376 17.76 0.0004686 33.62
0.001538 100.90 ‘ 0.001531 100.50 0.0002954 20.86 0.0005725 37.50
— — 0.001420 99.04 0.0002954 20.86 0.0002723 19.23
0.001490 97.14 0.001561 | 101.00 0.0002838 18.50 ‘ 0.0002607 ‘ 17.00
0.001388 99.52 0.001392 \ 99.88 0.0002376 17.05  0.0002376 17.05
0.001490 97.14 0.001538 100.20 0.0002838 18.50 0.0003069 20.01
0.001388 ‘ 99.52 ‘ 0.001392 ‘ 99.88 0.0002376 17.05 ! 0.0007458 | 53.50
0.001538 100.90 + 0.001527 | 100.20 0.0003416 22.43 0.0007227 47.50
— — ‘ 0.001409 ' 99.55 0.0002954 | 20.86 . 0.0002446 ‘ 17.27
0.001527 99.94 0.001534 ' 100.40 0.0002954 19.32 0.0002030 13.20
0.00'1388 | 99.52 0.001390 | 99.76 0.0002376 ’ 17.05 ©  0.0002030 14.57
0.001490 97.14 ‘ 0.001537 ‘ 100. 20 : 0.0002838 i 18.50 ‘ 0.0002610 14.70
0.001388 99.52 0.001388 ’ 99.59 | 0.0002376 i 17.05 ‘ 0.0004340 31.13
0.001538 100.90 ‘ 0.001533 | 100.60 ; 0.0003416 ‘ 22.43 ' 0.0005956 39.10
Remarks «. C::--a-cellulose, g8. C---.g-cellulose, P:---Rayon pulp, N:--:-Non treatment,
A. B--.-Treatment of extraction of alcohol and benzol mixed solution.
A. K----Treatment of extraction of alkaei solution.
(Fe2l, HMENEEE 30°C 04
(In this case, heat temperature is 30°C)
EN E I B o
Percentage of change \ Perceuntage of condeunsation
Blank test l Percentage of change Blank test 3;;32222%5) r?f
Mol | % | Mol } % | Mol | % Mol 9%
0.001480 99.71 0.001477 99.51 0.0002825 l 19.03 0.000314 21.15
7 e 0.001487 100.18 K 7 0.000325 21.92
4 4 0.001483 99.90 7 | K4 0.000337 22.72
” ” 0.001487 | 100.17 ” |7 | o.000314 | 2115
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Table 7.  SZRVO#HE (2L, HEAREE 100°C OHE)
The results of experiment V (In this case, heat temperature is 100°C)

Percentage of condensation

D.M.U.D.M.U.D. M.U.|D. M. U.
| Percentage of

| condensation
Mol | % | Mol %

Blank test

Sort of
samples

{Purity Weight | Content] Mol
l % g g
N —Beech wood powder 87.46| 0.08069| 0.07057| 0.000588|0.000606
A. B—Beech wood powder 91.41; 0.09823| 0.08983| 0.000748 — —  0.000647 43.23
A. K—Beech wood powder 87.46, 0.08069| 0.07057| 0.000588;0.000606! 51.52' 0.000626| 53.28
P — 1g 91.41 0.09823 0.08983 0.000749 — — 0.000875' 58.41

51.52; 0.000503 42.74

24 R, 2) Table 7, 100°C 30 SHIE GO D>\ Ta~F, ¥ 7 v h VEKICTERL .

NATEIVORBIL 2. OERCHHLALODOLALTHS. 1 @772 alWTRIEIE, 30°C
DEBSCHE Ui, 2) ZEE% T 5 A F = — AN LUK C 30 2R L 708,
ELICHHL TR A UHETEEL I,

FERIL, VR IO VORKRYERTD L, TOMEROE(TIEAER LG FET % LFEET
BHOIERTH Ol L LN, KOG, BAREN, 74 v, 745 ) A0 s
CEATL 5O TRV & Bbh BN SOk, FICHIETIET % L, 572 F v ~ L REDHIEK
ISCADERYT B BIES ORI 30°CIRs W TiE, X Laok, OIS ORBEL, BilE
FOLCEE M EEARRRET S I 0S5V LR BT TR Y, EREAOBLRE, TihbbEEND
REXETD L0 L Bbhs. BiEs0S A OEERRILZ OFERE, ) T, Adhesion % $ 4
EINBHZELHLBDTH%,

b w — X ORI OB D b LA OB MOYE L & I TELL DT,

HED X5z 0B TRAMAHRY YL TH0T, EELIXOERTHELTIT, thoSER
BT, BATCHBIeA & L, $h, RERMIBEENLYHBEERTERWRIC L RELSH B0 DT
H5bo

2. SMEELVENFVE=VEROMEICLZIFAFA—ILRFLELB—XEOBEEHET 2%

DEL, bLALTEIORMD, F2Fv — o REGEKD 5\ EEGER LLFREE L T2 LIRET
Y, ~A 7R XORMEhESOMENET 2hThd, Ttk 2, S“A7T%F 2 Fv — L REHE
WZEERE, ~A7OWE Y RTHMEs X O 7 v € = YRS X DRENET A L iie s,

SR ORIEY, 7V Y Ry—F — 28 Lok,

F 2 Fv —~ L RIEEH (1%) CAKEAL 7% 2g AR, 70°C40 53fH, 35X 00 100°C 30 Zpfiglam L
for L 7 FoKEEER, SRmAE RIE L 7,

FFEFEY Table 81277,
Table 8.» W ofm oo #l %= Measurement of cupper number

| soc S0 AE “c 90 4 T AL 5
‘ mom om | zoec g ent  100°C 36 in. treatment
AN L 7 | Pul W } Pulp Pulp ‘
‘ . ulp + Water | + Pulp +Water +
i Non treated pulp ’ D. M. U. - D. M. U.

S M
Cupper 1.71
number

. | |
1.64 | 1.56  1.40 | 1.41 | 1.4

1

1.37‘ 1.36 [ 1.33 | 1.39 | .36 1.27 | 1.36
! !
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ORGSR UMEERL T 5, ZOBRE D ILEFSIEE L E AT E RV 2 Lk
AN

LaL7eais, $AMOBICE W T7A D Vi OEREERTHOT, ZOBEBIEETHLES H
s EIEEAMES, ZORBENT v T = VIR X AHEOIIEC S FECIIEL v 5, ZoOEDR
FRSHOBETH D, T, TOREDOISRMATIE, FEREELRVDO TN A L5 EXILHEHR
MThs, Licni DT, R & RERMIEEZER & O EFEGIFELRVC & 5.

Ere, A7 L REBIREER L Y REL, RHOBEFEOSE L AR AMH Tt S vic b ORBHRL
F D% b HITE L 7o AR 3 0l v e b BN FTRE T dp o7z

DEET v = YIEROENBC X HERTH A2, $H7 v * = YEKIC X BREN=R ). LS.
DFERIC Lo,

F OfEFD—% Table 97T,

Table 9. N2 7R IO D M. U. ERIEE AL 7 D EEEDHIE
Measurement of the viscosity of pulp and reacted pulp by D. M. U.

=t g | 0 FROHEE | 30 SROIME | 50 sROLME
Sort of samples Specific viscosity, | Specific viscosity, | Specific viscosity,

] p o after 10 min. after 30 min. |  after 50 min.

I N S R o

Non treated pulp 5.08 5.01 4.95

R do - ' 5.04 4.96 4.90

70°C 40 EKAEE < 7|

Warm water treated pulp | 5.09 | 5.11 5.04

g do £ 5.29 5.18 i 5.07
D. M. U. 70°C 40 434U < 7 |

Warm water treated pulp 4.53 4.42 4.35

I do £ 4.64 ! 4.64 4.52

1

D. M. U. 100°C HFLEE <1 7 | -
After sealed (D. M. U. +pulp) 4.73 ’ 4.70 ! 4.67
heated 100°C |

A do £ 4.78 ! 4.72 ‘ 4.69

EE 100°C BokALE <A 7
After sealed pulp, heated 100°C 4.66 ‘ 4.59 4.57

l 4o £ 4.42 4.49 4.42

T OFRERS RELE(TIR, B & U b3 a TS ERT 5 DTkt & Bbhic
2, BT 70°C 40 SOBEIRRCI D, s SRR DR~ OTHHOFEL XV 0 T B
LEbh 5.

ORI LRSS OFEELRETAMB L $ELbN DD, Chit X o THHET S LIXTER W
LEHIS.

3. FRIMEBKANRS PILICEB/LT, Eany ERFERBIEERRNEOBREHET 35

A —~XDE Fedo i REMIGO 2 Fv ~ A ENARIEL =~ T A6 T 5. i, WEDMH
CREFBEHE L L L TR A <7 F VBB ETETH A5 Ex, WA~ bzl
ELTz, TORERL Fig. 18D LR D THd, ZOFRIMEA~ 2 P RTINS HRBIZERT



Rayon pulp AT
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Urea resin

(Cold press) (:%4)
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( Hot press)
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(Cold. press) (% /&)
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press) °
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(Hot press)
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Pheiol resin
(Cold press)
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(0il)
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30:1 GA R-)
0il)
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BRI A <~ 27 o

Infra-red absorption spectrum

(7 O)thin

B 4 L OV ZPHUATTRE O =
B XY HEL T e v 0T
HB. BEHIHRRDO S Diz57
A4 vilic paste &1l7, TFig. 18
i (oil) L LicdhDdnzhThb,
T AL BYRD b DL B R N
Do, IREBIIREEER L <
7% 3011 E&ELSBER LOEE
L d DY, oil paste D3z 2
o7, oil paste DEFEEDOAE
ThDEIOT7 AL LIRDBENE D
&, 31 band B XU 6H L) EIE
AU DS TL o7, S
7, ww v, KGCRFEEIE, AR
FERIIREERE H DM A ~ 2+ 4134
FTCRFEERIhLOLL, BLW
LDTH BN, ORI DIRES
L EERDDOHNE Lic=—7T 1
fE, KFEREEDOERERRD L
BIEL G FRCHFET D155 L3
2 bh b KFEREEY BARDBILD,
OH I X »’NH stretching vibration
DFIND 3k region 23, HED
SO AL band 277U, R
TEBEC LT b, ZDFERIC IS
T b WBREFLOREEE & BB D8
OIS HIS 5 & LT ieole,

LIEoD 3 ki X D b2rEa0%E
Iz oW THRE RN oh, SOB
FETIiEE T % TiiXnizoT
R, LIRS OFFED FREMT
REDRNZ ERFTFEED L 5T
b%b,
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V &ECLDIEECETIEBRONES LUOPFHEIH0KREICOVWT

1. BECELZIPFESINEERBORENOVLTHNREBRETD 30 0HE

R OBFERRITINT BB BT, BREM P HEEL OB E& e & 2o DI L 70y, FTlobbRiTD
TR, REFEBEER & OFEL T BT, BEEAI Y 5 L ofEE T, E THIIHEER 0BESN
P DI ORI T A &0 5 Z EEHIBIT B EEAHL T e ot i, FEERERE O %888
L BT LT,

T, MECHEALZ L, RS & BRIV b IROS & %Ik &, 5 FHB DI @ioic R o
BREERREATOS Z LR LR LIcH, Br oBFE AT L b 5Fie D caEdl & Rioire
ALTWARER ST 2EEI TSRV 22b ), UL AEFERIBOBEN R L ORHOBE Y
RTBENRD D, OIS FHB [ LEEANOBRENOEREFEHETHUEYH 5.

BIAREFEERCANTHERE L, BEEETAR, BAKEERAR, b5 B HBRRLToOLER,
SN R RS U CHEE TR E 2 BRI, T OEER OB AT 20T, X OBFFL TS
DT A LT XD LREE L,

T, WA OHERERR JOBEERMPC I VEE L AT 2N TE I L Th a0 R IkEL,
BENOM Bk X OO BRIs & OBFER 21582 18A L L1,

(a) sk —BCHELT OfLEREET X VSRR T s TR« DB TATILILT 5. &
DHG R (Fluorescence) XI5, MBI TH 5\ 1T D ¥  WHECESIMEL R L, WHIET
HBHEIERI L, BREHCRET S Z A TE D, BRI X il & LT LEAMAM, REICHERT,
HARTINGNEL 78 ¥ ORI 7 ¥ FEREMT & A C TR 2528 R L, 378 3,000 72\ L 4,000A0
SR TR T BRETE . (ScuwaRrzGLAS ) TH D, Ch. T. KELLER OFRIFAMT 7 11 X
~LHEEHR 7 0 2~ 20T 2 FERER (Brasnienr %) O 2HKTH 52, WEELIIET S
ke LT B WIERBF SRS LT B 2 EHBI L 1,

Rl B PSSR R L BB B b, SRR = Y S ERSUT X ol BEERICTR
T 2EA L LT KE RO BSOS A S R ORisth 0B EENE & © BRI RED, B
(SRS D B ARAIEREHNC 0.1~2.0 BIRMLIc L 25, D TRIFAHEY 5 5 1AL,
22T, REABRHAKEL D9 20 MoEXAESHEL TWARE, EROBRLDOS BTIT V4
DEENTOBEGRHA Pr R B ¥ 3 7 24 ZnCdS-Cu %, BEREANC 1 %¥mL CES L Be
BRFTH O, ZOERARIBEEMSCE LA CEEL 2T, 8RR T 28 gD TESL,
i, MUETIND Z Lvbiel, FEEOMVERLYEL, RIFEELORRCHEL T3 2 L2
BiL7z. Fig. 19 BRI TAlERREY 5> DL D TH 52, Fr CRELicd Dh, Fo T nrHl
TEwA, Zihvk Fig. 20~Fig. 22 o X 5 WESMRE BT 2 L BB SR FE L CHIRECHIET
BILMTED,

(b))  EAEIMC X 5 MRt

(1) B (FREEERI— 17 % 7 1 2 104 (RFWIBESERD, HHAME— 3, v~ 29 ~5iF
1.5mm, 5 SR A5 —~BM 1.4mm, 75, v~V -2k 2.2mm, FHREEK PR (GHREE
BaHED, RinE JREBIFEEAICL 1%, HEOBNL 30°C e T 24 MR, ZUEDENL 90
°C T 5 fH FEfdo



PREERBRIS T JER s

B 89%

Ak LI EERR, BEKkRESR, BRRBRET oM. REMIFESEH DN G REERIREE
BRI, 27 I vEBHERESER, pE A v~ KBV~ LT, Eh, B E A TABLFETS

Table 10. JRIEWIIEHEEHIRIRIC X 5 ERE RS RIs X OEOEARESING X H B L 7=
Fy X0 Fe I© X 5o kR
The test result of adhesion strength of plywood glued with urea resin
and the diagnosis of failure in Fy and F¢ parts by the new method of
fluorescent material adding
j T }7 I BERERE L D
s Lo ] & N oW CE =D WM
SRERFEBY Adhesion strength Failure (Mean) Failure in
Bifg o ) =3 (kglin®) the adhesive
. (%) layer (%)
Species Method BEE T X
and sort of Mark TR B E B AREBEE O Ol
of test Failure Failure in| Fy Fc¢
veneer Max. | Min. | Mean | . adhesives
in wood 1
I . ayer
il i ‘ i
A—h—1 | N T, 300 248 266 | 85 15 90 10
B % Kk - |
5 | @& B TR T, 252 | 110 205 15 85 75 25
Birch (Hot press) f 1"2'% o] o 0 0 100 55| 45
—_ Y — Tk e
C‘Z(Rt ) )) Amc | B B 206! 198 | 250 85 15 | 65| 35
otary SEI’ A " I
; . #
% ) 1‘? C_“B. %: 238 | 132 191 40 60 35 65
(Cold press) 4;5 {’it“ 0 0 0 0 100 0| 100
‘ d B o6 2 9 10
{ A—h—2 N. T. | 140 200 95 5 90
. =/ -
2 o @& B RS ffj\\ 144 | 83 126 40 60 | 40| 60
Birch | (Hot press) f 11.% 0 0 0 0 100 10| 9
A VA — . RE AE‘: T . T T
<7<S71./r &) . A—c—o | B0 260 138 183 80 20 75| 25
icer PRI -
& E) %cﬁa. %‘ 108 | 52 84 15 85 751 25
(Cold press) 'f: 1@% 0 0 0 0 100 01 100
R [
A—h—3 1% sl 1 157 95 5 j 30| 70
{ D=7
- @ | BA K 0 120 13! 90 0 | 10] 9
Beech ~ (Hotpres)| L b o 0 0 100 | 10| 9%
—_ Y - RE B
<E'<Rt )j ) Aec—3 | R Bl 257 130 200 95 5 30| 70
otary = v :
. B ow ok
& B H.c.B.T. 232 | 54 147 | 55 45 20| 80
(Cold press) & B0 o 0 0 100 5| o5
R B
A—h—4 | & B85 60 70 100 0 — -
~ B ok
= P (@x 2y} H.C.B.T. 80 60 67 | 98 2 95 5
Sugi (Hot press)\ '§: 1@5 ’ 0 ’ 0 0 0 100 70| 30
(m=%9~) i jig -
(Rotary) | A—c—4 11}1-,; . 1}( 86| 60 69 85 15 95 5
i G SRR PN '7r 721 36 57 30 70 701 30
‘_<C°1d press) f 1@3 o o 0 0 100 70| 30
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Table 11. HREEBISHEEHHAC X 2 HEE SRR X OEEEREMT X DL =
Fy X Fo i X Aok
The test result of adhesion strength of plywood glued with urea resin
and the diagnosis of failure in Fy and F¢ perts by the new method of
fluorescent material adding

| : - E it
s Lo 't w F N W WGP O
| 8 B ¥ 21 | Adhesion strength Failure (Mean) Failure in
HfRomEE | R =2 (igdinz)‘ ) the adhesive
f %) layer (%)
Species Method | EEE B
Mark 'R &/ F iﬂ Rinklsr » @T&"ﬁ
and sort of : of test Failure Failure in Fy Fc¢
veneer | Max. Min. Mean in wood adhesives
I | ; layer )
P—h & Bo1sa] 82 134 30 70 . 90 ‘ 10
JEH A | ;
@ op BJEK L s 12 25 75 ' 60l 40
s T e \
(Hot press) § !}B 134 88 113 40 60 ' 50 50
% S | & & | * . a ;
Birch P—c ! N e ‘ 162 ‘ 168 30 70! 8 15
G o K| 200 |z s ; 30 0 | %0 1o
(ﬁ - %Y '—> 38y 1 e b i ! I ' : |
(Cold press) | % B 200, e 130 10 % 9| 10
(Rotary) B. T. | i
) - P % e 1 : o o -
Pocd N o068 a7 20 80 ¢ 95 5
CREGPIE 3 o 0 | |
(Cold press, H.C.B.1T. 215! 72, 126 20 .80 1 9% 5
morover F= il i | . : \
heated) | B, Toose' o 0 0 100 | 95| 5

DTEIERETMT 5 2 Ll CERL A, 2 2 CBUC RFE/IFETE A OV T OfER% Table 10 1IZ7R
L, AREEEIEEEH OREY Table 11 1273,

(i) HEBIUCHMIERR /I ED, KEBRECIZBERIV 2T Iy, vy —i, [
75 V1T X BRSOV TERL 7o,

(c) ZEHmsE

BRAREBEERCRNT 52 2 LiC X ViR EELLAT 583, Fw, Fr, Fe OLWFhThoh 2 HE
THHEERCEL, ¥, EENRALET ATV TR L ORI,

WS A ERMNC & ) REBIRERE AR L e & ROFHE, BAKE X CHBRBRO R Table
0 EFETEEITHS,

ZORERD b, WEEENIRRICE VT, Fo THRET 2R, ECET 52 H0BECET 3 XD 34
TV DL, BEREEOBEENNMBNC X v REIC i o7 T LR RL, BENINKTH B FTHE A0
FERL TV, Thebb Fr »bilird 5. F1, EAKRBRC X v liisE s ok, BETIE Fe
DFTHY, BNETIX Fr OFGTHHZ bbb, EEBOBEN MM LY FEL VB2 R
bbb BIFRRCTIBED L FIMZ LAY FoOFos b L, BEDOHL Fr THEIT5 2 L2%
{fen. ZOz ehbREMIEEEEROBEEES LOMKIEL R LS5 fooicix Fo, BEThEE
ERDOBEEN XM EX 5 IEESALETH B 2 LAVHL 7o,

BB O— a8 BH L T2 i S TERY L o7 » 7 —~EIlik Fig. 21 % Xo* Fig. 22
DEBHYTHD,
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Table 12. /IEINC X % R RFRBIIEHEFRER % H W 1354 O BHE IR 3 X OO
TIMC X D HBALZ: Fr 5 X8 Fo @ X Ao b
The test result of adhesion strength of plywood glued with urea resin
adhesive extended by wheat flour and the diagnosis of failure in Fy
and F¢ perts by the new method of fluorescent material adding
. o 5= By
iR O . B & N W WF CEED D
- Bk % Bl | Adhesion strength Fairure (Mean) Failure in
HEiROEH it = | (kglin®) n . the adhesive
. | (%) layer (%)
Species Method ‘ ' TH#58m X }
and sort of Mark [ K R /AN B R | D DOTRET
of test Failnre |[Failure in Fyp F¢
veneer ‘ ax. Min, Mean| in wood | adheives |
- | | | o layer | _
J—h—1 | N S } 142 | 60| 123 | 95 5 { 40| 60
im & ok | ; |
E B | fcB. T. 62| 35 48 10 % i 15 8
(Hot pres) 138 Wl 1 ol o 0 100 | 25 75
. . - 1 . ) | B
| B jos | 1a 85 5 ‘
J—e—1 | N AU 194 130 155 5 1 9 10
; i owm oKk ?
& B H.C.B.T. 142 60 | 106 10 90 30 70
 (Cold press) | 1 0 0 0 0 100 5 95
B. T. |
J—h—2 R S ’ 200 | 117 | 164 85 15 8ol 20
. : B % Ik i
) IS & B H.C.B.T. | 56 0 27 0 100 10 1 90
Birch (Hot press) ‘?35: b o 0 0 o | 100 20 i 80
- - s i : :
(v =%y -) J—c—s N B o1as0 20| 132 10 90 85| 15
(Rotary) ; ¢ B % oK | 1
& B (Yo B At | 78 0 43 0 ' 100 10 9%
(Cold press) | # Wb ‘
B R 0 0 0 0 100 0 100
J—h—s & | ur| 0| e 10 % | 95| s
BB K | )
& B HcB.4 0 0 o 0 100 10} 90
(Hot press) ' = 1 0! 0 0 ‘ 0 L 160 ‘ 5 ‘ 75
_ B B. T. | | A o L B
| & | ! ! l
S —3 ‘ N. . 68. 35 54 o 100 9% 10
; "% Ik | ‘ | .
NG Iy )I_rI.C.B@.} 0, 0 0] 0 ‘ 100 ;5 %
(Cold press) | 4 Bloo, ol o 0 100 | 0 100

D E TR VRN 1R REEBIIEESE S (Solidite No. 1) 1 CEFE & fTo-fs% Table 11 TR

Lic, TOEERERMT TERCBT5M%E & 1871 Tk
BEE IRGIKE L OENERRE S 20 HORRIC O X SRR X

DFEFLI-LDOE A,

o AR EEL,
LYMEL, BB R

L, Fr 7% Fo R Tl L o0 RYREL 7o, FO—RE2EMEr RS L T8RRI T

BE% ot h T~

1% Fig. 20 D2 RBHTH B,

T ORERYEBETH L, BFEER X ) OBlNE, Kbt B5EH L O REIC s 5 5 F MBI Fr O FMMK
<, BERERBOBEES Folxz oS FHEBAXVE-2 2 Fc>Fr a2 % RLTWA, THIIRE
BITEESERIOSE L & T, BRBBIENSEHIC X 2EFE0 /L, —oREr b, BREEISEESER

DAM~OBFlkE & H R”

L, PHEEREA R LR LD HRETH DT LA L 7,



Fig. 19 B Tio i3 5 5 HEEH

= H-
[

e U 7e AR lr ik 525, Fy, Fe ous

TR TH 5 DI HEE ) Bl

Wriiem B TR bret 2o e

3

£

727C

i

The plywood shear test speciment
of adhesion in the natural light.

The mechanism of adhesion consist
five links (Fy, Fy, F¢, Fy and Fy ).
But the failure of F¢ and Fy parts
imposible to measure. This photo-
graph shown the failure plane which
the fluorescent material mixed the
adhesive.

Fig. 20 $4Mc L 2 h e — &y —
EREE R
BAAR PiRy AR RERSS8 M40 1 9

WML THEFE L 7o N ORE

A

Bk, Eiho &84 7

BEL TRET 5L, WTh

R THDZ ERRLTLD
Mgk L ThkTeh bz iz

BIDSES i BBF HAMC L2

The plywood shear test speciment
of adhesion, the ultraviolet rays shoot

Kaba rotaly veneer).

The mechanism of adhesion consist
five links (Fy-, Fy, F¢, Fy and Fy).
But the failure of F¢ and Fy parts
imposible to measure, by normal me-
thod we found the new method that
the ultraviolet rays shoot the failure
plane which the fluorescent material

P;Ri) mixed the adbuire phenol
formaldehyde resin adhesive. From
the result, to improve the adhesion
strength and water proof property, the
vandeel Waal’s force of phenol formal-
dehyde resin adhesive must be strong.

i 3R s KR
Boil test Hot and cold
bath test

-—Plate 1

“
(Cold press)

&M

(Cold press)

oM
(Cold press )

i R IR

Cold press

morecver
heated )

Normal test



—Plate 2—

ZHoOE
(Hot press)

B
(Cold press)

2R
(Hot press)

oo
(Cold press.

SE A
ke

# W = % Boiling test

NS

Hot and cold bath test

Fig. 21 $4ME Fio st 5 7+ Sk
ESEER A

BOEAR PoRy & [REEHITRELIAIC 1 %V
MUT, HEL R OB T2 E R
BRUCHBEL 7cb D%, SRIMIAIREL
THRET S L, Kk Feanso o &
wRTH, S Fr 2R 0%E
»O, RFEBIROBEDMmAMEY b
TIedIcit Foe 5 X0 Fr o B3
ThHZ euRT

The plywood shear test speciment
of adhesion the ultraviolet rays shoot
(Buna—Beech rotary veneer).

The mechanism of adhesion consist
five links (Fy, Fy, F¢, Fyrand Fy).
But the failure of F¢ and Fy parts
imposible to measure by normal me-
thod, we found the new method that
the ultraviolet rays shoot the failure
plane which the fluorescent material
(P;R,)mixed the phenol formaldehyde
resin adhesive. From the result, to
improve the adhesion strength and
water-proof property, the cohesion of
urea resin adhesive must be strong.

Fig. 22 EAMRTFiC kT B 7 "2 5 4

v~ EREE NIRRT

HOEIR PRy % JREEEIIREMAC 1 %8
mMLC, BELH GRLT v v 20%%
W JRFEBIRIC 5 iR L e b 0%, &
{3 40 g/(30cm)*, E#iES 10 kglem?,
BHEORIT 90°CizT 5 45R, BEOK
1 30°CioT 24 WERIEMIL T8
W, REREBRL 58 A i s
BHT 2 &, EERESEYSE LT Fo
RGEETH B Z & HvHo7:

The plywood shear test speciment
of adhesion the ultraviolet rays short
(Kaba—Birch sliced veneer).

The mechanism of adhesion consist
five links (Fw, Fy, F¢, Fy and Fyyr),
But the failure of F¢ and Fy parts
imposible to measure by normal me-
thod, we found the new method that
the ultra violet rays shoot the failure
plane which the fluorescent material
(P;R:) mixed the urea formaldehyde
resin adhesive. IFrom the result, to
improve the adhesion strength and
water-proof property the cohesion of
urea resin adhesive must be strong
and the effects of hot press of ply-
wood glued with urea resin adhesive
is the forcing of cohesion.
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Table 13.  REIHC X % RRERIEEEH 2\ o3& OBFE RS S L OHDEA
WIMZ X DL Fr X Fo i X 2o kxR
The test result of adhesion strength of plywood glue with urea resin

adhesive extended by soybeen powder and the diagnosis of failure in Fyp
and F¢ perts by the new method of fluorescent material adding

| | BEEFLD
Wl X O m W h W W CRE) | ol
E . AR Adhealve strength Failure (Mean) Failure in
BiRoREE il = | (kglin®) - the adheswe
Soect (%)  layer (%)
pecies ! Method . HEEL
and sort of ' Mark | ®A B/ FH AT H DT ! |
of test Failure Failure in Fy Fc¢
veneer | Max. Min. Mean in wood adhesive ; l
B B 7 | B ) layer [
A i ' e T
s—h1 RN A s 135 153 40 60 [ 80 20
= )7 ) .
@ om B Kl e sa e 0 100 20 80
(Hot press) § ’(Ié‘E . _ _ _ -
E1® Csei 1ol a o |
S—c—1 N T, 208 1% 161 40 60 ‘ 80 | 20
y/= YN ! | i
> Zﬁl.c'.'iz.%% 65‘ 42! 54 o o | sl 9
(Cold press) | &0 B l o o o w0 s e
R el [ L
s—h—2 (N T 140 95 119, 0 100 % 10
% EIC SOl ‘E‘C"’B%\: o o0 0 0 100 15| 85
Birch | (Hot press) f {ojﬁ _ — — - —
7;‘:, »‘;* ‘ . S _
wmxv=r o, |E Bize s 10 0 ‘ 100 ) 45‘ 55
(Rotary) Z%: % 71(' |
% B H.C.FB. T 55 22 40 0 100 i 51 95
(Cold press) | & fgﬁ "3 0 10 ol w0 s | es
7 I8 i - i o
s—h—3 N T, 118 99 0 ‘ 100 60 | 40
@ B ﬁl.c.”B.%\. o o o 0 10 10| 90
(Hot press) #  # A
B. T.
L fi& |
S—c—3 N. T. 130 ! 40 104 0 100 | 90 10
. (= N7 ‘
I SN (I?'IL.CTUB.%(. s 9 0 100 ' 20 80
(Cold press) (4L Wb ] o o 0| 5| e

SEFICHERTERIEEEERIC L 0 BEFE LA DIt oL T L BERR LR U X 5 Kk, IERR IO
KEBNC X ZEHE, FIHEC X B0 BT T A28, T TRIERLLH BEKT
B, D5 HLEEOM AT O\ THRER A RN L TfFofcfiRix Table 12, Table 13 iZ/RL .

HEOBHEINDLENTH D,

(a) /PEBCTHELES

(i) /M—h—1 BV /p—c—1
Urea resin adhesives 100 3
NH,Cl 20%  Solution 9 7
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Wheat flour 35 7
Water 53 7
(ii) /h—h—2 BIWV /p—c—2

Urea resin adhesives 100 B

NH:Cl 20 % Solution 21 7
Wheat flour 130 ~
Water 195 7

(iii) /M—h—3 LI /p—c—3

Urea resin adhesives 100 3

NH.Cl 20 % Solution 50 7
Wheat flour 530 7
Water 795 »

(b)) KEBRCTHEELLES

(i) $—h—1 % kt¥ S—c—1
Urea resin adhesives 100
NH,Cl 20 % Solution 12 7
HCI 10 % Solution 4 7
Soybean flour (Benzol ext.) 35 ~»
Water 105 7~

(i) S—h—2 BXV S—c—2
Urea resin adhesives 100 3
HCI 10 %  Solution 25 7
Soybean flour (Benzol ext.) 100 »
Water 275 7~

(iii) S—h—3 XX S—c—3
Urea resin adhesives 100 #
HCI1 10 % Solution 50 ~

Soybean flour (Benzol ext.) 500 7~

Water 1,450 7~
(c) HE&M
ZEE 40 g/(30 cm)* ERES 10 kglem?
R X O ER DR
I DS (h) 90°C T 543, WEDHEE (c) 30°CrT 24

HRAO—H MR BE L TR iR i ISR b B85, BEEREIOWEDS
b, HWEEBCR LT/ NEOBEERIC W TL Fc<Fr HKTH B2, WiRkmeEREL T s
Sz Fe>Fp L7n2T, HEEAOHEEBMEIBENC L 0TS Fr 2MEF LT iDL Exbh
%, T BERWTHELAZ L RAEB ICIEAED WFhic kT BEMIFEEEC ks
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LAEEERNIE R, EE LT TFHBIIINEEEZLRL T b e 05 S 2 afEfMLIC, 22T
BHER—EC L TRWT, BEERIC/IEE, KEBEEHEML T & Fr 2MET35 2 &1, b Fr
BERELL T2 L XBEEETHLOTRRNAHS b,

DET, BAKRRE LOEBRRETS LEEL T3 Y Fo X vk icn, 1
B X BMWAMEOIIT I, BEEROBRENY R TIRELDTHD I bbb,

¥, BIELSELHIET S, BERC XY Fermmah, Fr X V25004 ik aH
FARELACED RS,

LI EDWREREGET DL, HMETHLBEDOLD L) Fol{KTL, REGEEEX O THS Fe
2Fr IhEWZ ALY BRI K, BEEoRE, BCiibkiEom LR eoicit, Fo #HELIE
HIEH LDRETHH LV EFRX LY —ERAL TR blewiz Y, Fo T 7ETRLD
T\Ww5b. T, KIFCHET S LHEED Fr 35T T2,

LK, REMIGEERIC 25 v 2MT52 80X H X OMKMELE L ALELD, TRk
BrRLMER LSS 52 LIPS, ELERCHERIATL 205, Tl & R RIS
AT vy HD WM ERML, S HICERERER U CERE L IoiEiix Table 14 % Xt Table 15 i
RL, TOEEEND Fo s hMELTWAD, SBICHEmELHBANENRL B EAVHIIL 1,

T DELETs b ONTIEE &I AT R T,

(a) 27 v iRmoEe

(i) M—h—1 X8 M—c—1
Urea resin adhesives 100 B
Melamin 2 »
NH,Cl 20 % solution 5 7
(i) M—h—2 KXt M—c—2
Urea resin adhesives 100 3
Melamin 5 7
NH,Cl 20 % 5 7
(i) M—h—3 X0t M—c—3
Urea resin adhesives 100 B
Melamin 10 ~
NH,Cl 20 %  solution 5 7
(iv) M—h—4 X8 M—c—4
Urea resin adhesives 100 ¥
Melamin 20 7
NH,Cl 20 %  solution 5 7
(b) mEmOEE
(i) B—h—1 X0 B—c—1
Urea resin adhesives 100 »

Blood albumin 5 7
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Table 14. 2 7 3 v &M% REBEEIFEFERIC & 2 BSENFREH S X OSSR X
DHEE LA Fr s X8 Fo i X 5o lk® )
The test result of adhesion strength of plywood with urea resin adhesive
adding with melamin and the diagnosis of failure in Fy and F¢ perts
by the new method of fluorescent material adding
T 1 ”7' "77* BEE@LD
. | B 5 7 W CEED DT
s X O° SERSER ‘ AclhesiveE strength Failure in
BAkR TR ) k=3 } (kglin®) Failure (Mean) the adhesive
, _ (%) layer (%)
Species | Method ‘ _ | BRI X
and sort of Marlk VR R/ S 5| ORIBIRT D Okl
of test Failure Failure in Fy Fc¢
veneer ‘Max. Min. ‘Mean in wood \ adhesive
| k w layer |
L & ‘ ; _ _
 M—h—1 | N. T o220 1o a7z 100 0
C 5N B % K| 208 147! 218 95 5 90! 10
H.C.B.T. ! :
. - i :
(Hot press) \ f fl@ﬁ o 0| o] 0 100 751 25
e e |
C M—c—1 | A28 140 219 98 2 % 10
JE A ¢
I =} %cf%.% {209 180 | 193 70 | 30 75| 25
 (Cold press) | & o ol o 0 10 25, 75
| _ PPe 2. [ L _ S
| Fis ﬁ;'?\ |
Cmen— | & Bl 28a | 10| 212 ‘ 95 } 5 ¢ 90 l 10
. y= Vi
& B %C‘/"B {i‘ 2481 130} 177 ‘ 98 2 10 90
H.C.B.T. | l
(Hot press) f 3}3\5 I o' o 0! 0 | 100 50| 50
| hd hd ' :
| B B s s 262 ] 80 | 20 . 3| 70
. M—c—2 |N. T. %7 2 | !
; o om BB K o 50 192 45 55 25 75
K o n | H.C.B.T. *
Birch | (Coldpress) g Wb o o) o 0 100 . 10| 9
_ N o T T T
(P29 -) R A5 308 224 | 271 | 85 15 80 . 20
M—h—3 N. T. .
(Rotary) @ B E s ok | '
H.C.B.T.| — | - — i T
|
(Hot press) | #& W :
| £ L 0 0 0 0 100 40 60
! | R e | o
M—c—3 | & L ' 306 180 | 243 93 | 7 55| 45
V= SD7N
CS zﬁ{cf%’%" 240 187 | 212 40 ‘ 60 ' 90| 10
(Cold press) i 0 0 o 0 120 751 25
| B. T. ‘
N BE L
M—h—a | M A B0 214 | 263 1 98 | 2 60| 40
E A i ,
@ o® | B 20 107 1es 50 | so | 75| 25
(Hot press) f {2" 0 0 0 0 100 % 10
o I B 207 | 205 | 262 l 65 35 65 35
M—c—4 ‘ N. T. ‘ ‘ ¢ : '
B op B KL o0 g0 244 40 60 55 . 45
v | H.C.B.T. | ~ 244 | } ‘
= T
(Cold press) | B%I {ij” |88 66| 82 1 o ! 100 75 ‘ 25

'
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Table 15. % Rmne % REBEEISEERNC X 2EEIRRESS X CEOEEREIC L0
HZ L Fr 550 Fo 2 X amifFokkx

The test result of adhesion strength of plywood glued with urea resin
adhesive adding with blood powder and the diagnosis of failure in Fyp
and F¢ perts by the new method of fluorescent material addmg

l T | ] : CHEERLY

s Lo J— Aﬁ & . ﬁth‘ W B CGEED ! %)Qé”iﬂﬁ .
e esion streng ailure in
BifgofER | il = | (kg/ing)  Failure (Mean) the adhesive

‘ (%) layer (%)
Species Mk | m e B e ke o
ark | = yﬁ VNS /]\ T HoD
and sort of of test | Failure Failure inl Fy F¢
veneer ‘ Max. Min. Mean' in wood adhesive
I I S S ~ o layer N
1 B—h—1 & 8 s 2 2w 100 o = =
y= S
oo B 260 e JEN 60 0 | 30, 70
[y : N 1 I .
(Hot press) | 4 ,@’ o o o0 0 100 0 100
- i e ) : . )
Bec—y o257 182 221 100 o = =
N
& B ﬁC‘VB {l‘ 198 123 159 9 10 | 50 50
Do !
(Cold press) | “é' 44" o o o 0 100 | 60 40
N e - g
B—h—o |1r'\? A4 o244 153 195 100 0o = —
IN. " B : ' !
5 NG S il (ELC(“B %k | 250 172 216 70 30 60 40
. e e !
Birch (Hot press) | 4t Bl oo o o 0 100 750 25
(v— 2y =) B—c— H‘f B 250 120 186 80 20 | 8ol 20
(Rotary) ) | & 71" 188 115 144 55 s | 85‘ 15
’ H.C.B.T. B ‘ |
e : | ‘
(COId press) F #1000 0 100 | 80 20
B—h—3 & 5 302| 172 240 98 2 30 70
E A 1 |
@& B 1115110”18 %l‘ 256 | 189 | 229 75 25 | 10’ 20
(Hot press) #i ’Zlﬁ‘g 1 0 0 0 0 ? 100 ' 85 E 15
. — ‘7;_.;. ﬁ‘é‘: T 1 1 — — - X -
B—c—g IE.I. o1 243 123 194 70 o 75 2
(I SN PN %k 182 110 i 147 30 70 80 20
(Cold press) ;? }IQB 47 0 24 0 100 o5 ' 5
NH.Cl 20 % solution 57

(i) B—h—2 X B—c—2
Urea  resin adhesives 100 i
Blood albumin 10 7~
NH,Cl 20 % solution 5 7
(iii) B—h—3 & X B—c—3
Urea resin adhesives 100
Blood albumin 20 7~
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NH.Cl 20 % solution 5 7

(c) Ba&E&t:
BRE 40 g/(30 cm)? EfS 10 kglem?
FERE ] 35 X O FE ey oD YL BE

HEDEE (h) 90°C T 5 5B EDHEE (c) 30°CizT 24 MH

2. BEBHEOTEFIEIC &35 FRESIH~0318

LIEDOFIRC X v, Abz REMISHERERTobY, SEEIEEREAIC X v EFE L g, #
FEREL LTS (ERP2BERISTHEIATH2) I hfThbh sz thbrb, ¥k, EEENIY
X OBWBTL e b ESERE AT A Lic kb, WICHETT 5 2 EATE D Z Ldlbhok, ZO5
FRIBAHM & REBBIRHTER L OBGEC A e B EERIIL LT 52D 1L LT, RifaT+ 7+
AL LT O BEERIED B RITE Lice AbE T« 71t L RFEMIGHERERCHRE T % L B N0VET
THZELRIHLN TS, D RUDKIN OIS TIE, ZOFEENOED B, (LS OFEL HEE
LTW32, TOEZTHEIENSS L Bbhs,

EHELIT IO, KMNRT e F{bd3ND 2 LT X D ERER L O5F B IANEL, BEECE
ERECI L EZ BHPMEA I EXHF LB, Fh, ZO#HEHRT Adhesion T L 7 2y,
Cohesion TR L 7=A R AEL T 525, EDX5 7 FETHELL 2 L TWE, 0 g%
RUDKIN ICfif&doc b 2 A, I RMNIR TR THT5 LDz L THDMe £D L5 el & TIRIE
Fersfllgnz T & % L xBbhvsb. S ZBWTh, ¥R HEET 5 2 2 X ) EREC I ErIRIE 2 i
FTHLNTES.

B0k, fEHTE 2.5X8.56X0.5cm DR #EY, BADEGCT v FA{tL, TORF% RFEMIF
BEEH (B0 25 A 2 104) EEAER (Pr R % 1%AN, MAFORF L5 L, BEEISELAEL
toikEn Table 16 iR T. O 7 & FA{LAFE O Table 16 OB 55, T DOREXIT
L, BRORUBREOMINIERE L IFEFELRL 5, Tt xid, NPH g9 NAWEELT, O
B P gam, H 4O T 3 YUER TR ThHh D L% Rd. N W& 20 43748 NaOH 25 %%k
Wi L, 40 SRIFKETHET 5. P AR AME eV Fryic@ L, AMhokE ey Fr i @Edx
Bl BELREL, TLTE ) Fy Lok e ~v  —~ A RETER (981211 RICERL, 258
MIFSEE L, £ 58H 40°C ki, A QTR : N« v IRARR (8 1:1.6) OFICEL
25 IEHIFERE L, #8538 40°C 2k rhi,

H 433 5 % NaOH i7grfnc 2 MR 3. $2Y » = Aphithic e 5 F THWOKFH TS M, £LT
By HIEG KR C O S ute,

Z 0P YiHs L O AL R\ TE, A0 OH IRDOZ L T Fufbdhd,

ROH + (CH,C0):0-R0O-CO-CH, + CH;COOH
=, HAEC S\ TEADFISIC XoC OH HicEEIh 5,
RO-CO-CH;+ NaOH—ROH + CH;COONa
S¥R Table 16 KidLicZ &K, FRRFrOT v FALDERLTON,
FOREHEILY AT ~EEO LY Fot. TOWEIRE 28 % 250cc H=rv<=A¥—~7F A=
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Table 16.  BEEIPUREE, BREEIEIRIER L 07 + 7o LR EE
The results of adhesion strength test, the state of failure of adhesive
layer and the results of quantitative analysis of acetyl radical of one
side treated adherent surface
| T D T By v
SEEERRE Sort of failure | EDT & F
S B ® ﬁﬁ fm% B ' F%lﬁe%fed%esﬁn %E 0) r é%%%i?’
b Mean Woo E:Eurf i surg:; . Tk A )1
Group | z‘g‘gsi‘zz . % % % D Mﬁf@ AL % E 0)%@ Glue fallure ofc‘tez;tlttegm
of in norgmal [ Sli}I) of Slip of Slip of ' Slip of (Failure of adherent
treatment State | treated side untreatd |y oied side untreated dh l surfacg (for
kg/cm’-'\ 0/: side , ’ o side ol 2 eswes) ‘ Ogmht ry
o % % % %l . ight) %
NPH 25.4 | 32 21 }. 12 14 21 ; 6.3, 6.2
NAH | 27.4 ’ 10 9 15 17 49 2.0, 2.2
PH  28.2 21 19 1 13 36 6.7, 6.9
AH | 20.8 29 1| 10 14 23 2.2, 2.2
H 31.9 17 24 | 11 10 38 | 1.6, 1.8
c 32.5 — 76 | — 12 12 } 1.7, 1.6
NA 31.7 42 44 ) <] 6 2 | 6.8, 6.5
A 26.9 55 17 [ 16 S 7 l 5.4, 5.4
P 21.3 4 2 ‘ 8 5 6 | 10.0, 9.3
NP 25.3 55 12 25 | 3 5 | 7.8, 6.4
fii &
HAUEOMYE Summary of treatments.
NPH: ~~af{bL Ty F v & KA A UMK R L,
Mercerization, and treated with pyridine and acetic anhyride, then hydrolysis.
NAH: ~ - {bU TEoKERE & ~v & v A% UInkor L i,
Mercerization, and treated acetic anhydride and benzene, then hydrolysis.
PH: NPH K@U, 7L, =—tafblicus,
Equally NPH, but omitting mercerization.
AH: NAH ZRU, 7=#L, =—&afbtligu,
Equally NAH, but omitting mercerization.
H:  jnoksr ik
Hydrolysis
C: BFER, (LA LR,
Controls, no chemical treatment.
NA: <~ {bU THEKEE L v € v 4L,
Mercerization, and treated with acetic anhydride and benzene.
A JEOKEERE X v €y R
Treated with acetic anhydride and benzene.
P YV Fv LBk,
Treated with pyridine and acetic anhydride.
NP: —=—+afbtlL Ty yFyv & EKEEEIEE,

Mercerization, and treated with pyridin and acetic anhydride.
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WCAED, 2.5 %OWMEE 100 cc TNk, MFHGHE LT 3SHERQEI L, HABRBHERO BRI
BoORBKEAWTHET 5. :

77 AIDONEINL 250cc 5 2 AT F A KL, KREEYE ¥ X HE KL Nz THERRE £ THRRT %,
DUNTEIKD 200 cc %, DEDEF Y AMic 750 cc 5 7 7 2 21T, 85°C o i imEh 35, 75
2 2 NOWENHI 20 cc X ichud, THTIRSD DIRMA & € & 5 EBKEERPOMEFT% £ 7e>T, 100
cc DIETFKZE M2 TRAMIE 100cc %5 5 ETHEBL, X HICHEREK 100 cc &z TR 100 cc &4
#35, LA LCEHKHOBEE 7 =7 — L7 v A vhIEREL LT N20 KB(L++ Vv o taksw
WOHEL, BEAYRD 5,

1cc N/20 NaOH=0.0030 g CH,COOH

X hEIESh, BORERLTH S,

EROMRIE Y Uy LKERBTT £ FA{UIARETH o, v e v RHRLACEL, vIvy
BERTHLY, TV T FtrTHdTHDOR, 7 FA{LAIHTDO <= — 2 {3 RO 7
£ FubE L O T T T oD fThhicd’, ToFREFbLh o, —BRCEFEIERROME
RITKREIENRIL D, LD C (BALEHMDZ), HBIUT & FALDESIME S OBEENNE
SHTW B RHOREEDT + FASIIC X O KT T2 2 & b B2 b s, Fhbl R & AR
DIEEERFHL LTS 2 &b b, BICRKFP OBEITIRoZ ) 20T 2R V2 5L B, 4%T
LS OREERIREY R L T O, REBEBEIER D 7c v, Adhesion 7 BT, Fh b4l
FERFOTE X D M3 2 RO ICE a0t T L1k, NSO RER L AICRL TV LD TH D,
¥, TORRPETAH VYEEITFOLREE PH 13, R H& L AEeMRERL, HAEdhbs
TABVMET S k), OHENEBELAZ LR RLT 5, TR hRHD OH Ho bk
R aREORELZ LIZBLLTHY, ZOBERRRN P B IV PH KB TREMIZRIE L.,
LHL, oRFICES W TR PRSI B3 LRI L 7wy, W SAFDHEARLR S,
SHET e FAfbE 10 B EFTS S ek, COBMNIEOEVKLhB LEILRDLDT, SHT
EFULED XV EWRFZEDL Z LB XV H L EDIKERBICOWTE, ZOEREYTFVOOH 5,

V #HEERFICRET ZERFICONT

B A 1 RICHENET % b OBEEFEAS T L ARM G TFHO 77 v 577 ~ A 2ANTH %, Thdx
EEICARY L ARM A EERICHEE T A e EL D L, BEEN L L TR T OBERERMNC X B L L i iERE
K OBENI AR OBIBRESY LD, KMOSFLDTITvFT7 ~LAANKERSDONLL, DFIC
RMOEE TEBNE VIR L THEETHZ LN ETRETH D, DE¥RED L S IEHOBE M %6
T 20%RET 5. ok KR E 2 EZBRCANT, REGIREEHH BIREEEIEESER D2 e
T5, EEHOBMENIEIND &, FOEEHIOFREEC X 0 RS ED. FLT, D¥LCED
BRI OMR, 7ok 2 X e OREOREE, KEES, BlfAx L 00 EERL LTRFTh 1R
FERRTE DR, Fhe, EEEETTHEOEEEO PH MNE(MCHALY L5 L HbLA TV 5
DT, TOLS e bERLTEE L Tkl biov, Thb DR T EREM LY 1 RiNCEE T 5
DTRID, FEEBECR WA W AHOEEE 52 50T, FRFIOWTHREE ML .

1. #ELCOLT
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FPER LS Tie bipvplud, BERIOWERMFEY —BT L, WKRECRL L O%(ESD L&
DHED L DB B, LAL, ThbIvFyvROBRZLDOTHD. ¥, LFrvEE—ECLT,
FEDMEDLDR(EA S LT5L, RERHFERCEIDEER . 2O X ICHWHDTRRIC %%k
TR TH DR EOROENEFCEEL T 52 23w, LaL, FEE&MEr—EcTh
E, REBHEEERTIE L OREBATIWER VY, FRBRRMBEISESER (71 2~ A WEED S D)
CRWTL, YOREOHEEFTT L 2~ A2 ARNIRGLA W) Z LRMETHS, oz kix, ¥
ERIOBFA~O BN LT, BE, REE, WHENEHNL OCEET 0T, COREHENIELDR
LT ThHD, ZOBEEMEREN LTI 2L, RERIFEERICK T 16~20 E (1 %, AR

TREEAIC IS VTR 10~15 R ARV EEZ bR, TIROEERDOER D0, BIFIDL
LLWORER L OT W5,

LVF Ry BT, RISANYRCLCTHEYBAICEL L DToNT, EENLHEL T ~
% Table 17 127773 . ZOHBETE 17 #A ADHEED L ONREENNB L DTV 5,

SEIC, RA—FEEAD S DOTHAKRD RS 02T, RA—F8 L IcH4%, Table 18 A
WCARL, 20 8 A ADHEOHE 40 g/(80cm)* AL ok EXEHECL, ThiRA—B0LvFr2BL
o344 Table 18 [BJ iZRL 7o

COWHEOFERN DA TS, WHEOMNCK xR THENEENZLEL Tt 2 2 hbhhnn,
BEERDORSEAEDEDENRESHET L b b, FA—LF v BOEEHIT, HMEDRK bHE
Klalen &, TOEEMIThENS FREENRICD, TORL D FHOEC LOTHEDENEL, HE
TNCUL Z DFFEOENEET 2 OTIIL, BEOEYETHER, TihbbrFEoEys, s
BLLThbbh, HENCEETLIOTHS.

Table 17. JRFEWIGHEEHI DR L HEENB L ORBEErER L 0BFR (v F v R—E0%4)
The relation with the viscosity of urea formaldehyde resin and the shear
strength and wood failure (the resin content is constant)

ﬁgpeme_siﬁ _“ Sugi | Buna ‘ Makaba
BEEAIRRE (54 %) | j | } i

Viscosity of | 17,31 10.52} 4.85 17.31 10.52 4.85 17.31 ' 10.52  4.85
Sort of wood .__adhesives ‘ ‘

1703 156.8  127.1 | 212.6 | 185.4 | 146.5
1304‘ 940’ 98.0 | 172.9 | 177.1 | 122.3

P % # ! Max. | 97.5)100.9  100.2
(kglin®) | Min. | 1.8 87.5 | 78.1

L Shear ‘ '
o strength | Mean | 87.0| 95.2| 88.1| 156.9 | 131.9 = 110.8 | 184.9 | 180.2 | 146.5
rt T o T - T o T 0 o T T - 1 T
fiiid CARMIEETR | Max. 100 100! 100 100 70| 100 70 70
i 9 -
Q%g%é Min. 100 | 100 100 60 60 10 60 40 30
failure | Mean | 100 100\ 100 90| 8.3 } 38 89 56 50

|
= ) Max. | 92.5 103.2 95.0 | 177.4 177.0' 122.3 | 208.2 | 183.6 | 159.4
kgl Min. | 78,9 | 0. lt 89. 31 125.2 | 121.4 | 99.0 1 151.4 | 137.1 ' 122.0

R Shear
' strength ‘ Mean | 88.0 | 87. 6‘ 92. 5| 160.2 | 150.8 Llos.o 187.7 | 168.0 | 143.2
S - N L N
wigd j*iﬂmgﬁﬁgg Max. 100 100: 100 100 100 60 100 100 90
(%) : f
Wood Min. 100 100‘ 100 100 80 20 70 50 30
failure Mean 100 1000 1001 100 95 32

i | | 97 78 68
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Table 18.  JRIEMINEHERE I DO KEEE & BrE 1% L ORISR & OBFR
(BSRH—ECHKRDO R 54)
The relation with the viscosity of urea formaldehyde resin adhesives
and the shear strength and wood failure
(The condition of manufacturing of urea formaldehyde resin adhesive
is counstant, the resin content is different)

: ol owooE | AR () PIARERIER
sy e “1;; e ﬁ’e{fm BAEHEES () PIKEEEZE | Adhesion strength of hot and

47.

=N Normal adhesion stren, in® s in®
. gth(kg/in®), cold bath test (kg/in®)
fOSItY tage of of . (Wood failure %) (Wood failure %)
No. |(# 1 X)| resin | spreading AN 2 N % B | B Ok | I SE
(Pois) - (%) (g/(80cm)*) Max. Min. ‘ Mean Max. | Mia. Mean
L1 72,4 ‘ 62.3 \ A. 40.0 150 (80) , 40 (0) | 131 (55) | 128 (90) | 70 (10) | 92 (55)
‘ : ‘ 2 1 B. 36.7 ! 200(100) | 136 (30) | 160 (78) | 146 (80) | 60 (5) | 105 (41)
2 449 0.8 | A. 40.0 140 (50) = 79 (0) | 115 (36) | 145 (60) | 22 (0) | 104 (6)
‘ i ‘ *® 1 B. 38.8 179 (90) | 140 (0) | 151 (38) | 115 (60) | 65 (0) | 83 (10)
| |
3 30.9 | 59.5 | A. 40.0 | 164(100) ‘ 60 (0) | 121 (60) | 145 (60) ' 35 (0) = 98 (10)
RAORAEE B. 39.5| 176 (90) ' 93 (5) 159 (51) | 113 (80) : 82 (0) ' 97 (14)
4 ‘ 2.4 sg.7 | A. 40.0 178(100) ‘ 125 (30) | 158 (74) | 125 (10) | 20 (0) , 81 (4)
: U B. 40.2 1 196(100) | 115 (30) | 158 (86) ' 175 (70) | 80 (0) ' 119 (31)
5 ‘ 4.1 s¢.2 - A. 40.0 155(100) 1 20 (0) | 117 (51) | 140 (90) | 60 (40) 100 (64)
‘ b | B. 41.8 | 210 (40) | 145 (10) | 170 (20) | 158 (30) | 53 (0) . 104 (12)
|
6 12.6 s5.9 A 40.01192 (90) 75 (0) 142 (25) 111 (5) 23 (0) 57 (1)
: B. 42.2 143 (60) 61 (5) | 110 (18) | 135 (10) ' 63 (0) 88 (8)
. i \
. “ 7.9 4.4 i A. 40.0 | 135(100) | 40 (5) | 109 (52) | 120 (80) ! 23 (0) | 89 (40)
I B. 43.3 | 150 (90) } 95 (20) | 115 (60) \ 100 (60) ‘ 30 (0) 74 (0)
sl 2.0 ] 49.9 ‘ g. 40.? 1 2000100) -~ 70 (0) | 161 (51) | 100 (10) | 20 (0) | 61 (1)

)165(100)\ 98 (5) | 140 (65) | 143 (20) | 40 (0) | 104 (4)

Remarks : 3 ply plywood of Buna (Beech) rotary veneer, cold press 24 hours.

LIED X 5 CHiEL D O, L HRL W2, EROBFERECE T, FRCIETES
BET, COHELYFEERORTBOYE, FoiofllErtE, EREROKERESCs TRk T
EET2XEND .

2. EEEANZOLT

FEENC oW T LB L EATAETF TRV L3N TH B, Li L, fHihi of#EcsTF
25k, BBl Wle 52 5T CTH D, BERICRIEER L DERINT 5 L RKEIRS) 7. 13k &
{ETF 5. &0 7. OETOEEIERT 2 BEMOHC R\ CREET 52, TOERTHRFERRL$TT
% HEES L REIES & OMRERD 120, REBIBEGEAIC B AR B EH 7 =+
v L-4) #ART, EEOKEENOWEIED, BFELiiE% Table 19 173,

Z DEERGFHRAVMET LT HBMELFY 0.5 % E CREEENIEM L LaL, 1~3 %z
5L, FEIENL0.5 %MD & & LN WOIREEMNIMETLTL B, 2D X 5 ICKEENIETE
TR E R 5 2 T REEERIOSBORIMIERE R EY 52 51w, BEMIMETL L
%,

BEEIEE, BRI OB S VT, MR8 L) Z LRETH Y, Z O TILHEES
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Table 19. JRIZEWIGHEEHI ORI L B /13 L ORISR » ORR
The relation between the surface tension of urea formaldehyde resin

adhesives and adhesion strength (kg/in*) and wood failure (%)

A B | ¢ | b E ! F
I | -
7w & |
Adding percentage !
of surface activator — 0.01 0.05 0.1 1.0 3.0
~ (%) \
£ H OE N g
Surface tension 58.3 59.2 50.0 | 35.6 34.1 34.4
dyne/cm ‘ 1

! Max 176 (100)} 187 (100) & 243 (100) © 205 (100) | 133 (40) | 185 (%)
B | | 192 (1000 | 180 (100) 190 (85) 168 (85) | 104 (&) & (0)

Adhesion Min, | 118 (Z0) | 183 (40) | 129 (10) 122 (5)| 79 (0)| 8 (0)
strength : 135 (80) | 107 (5)| 102 (0)' 100 (O) 30 (0! 29 (0
(kgfin®)

149 (94) 163 (89) | 175 (64) 162 (82) | 110 (5), 102 (2)
154 (98) 143 (53) 152 (28)1 128 (36) 67 (1) 51 )

i Mean
|

A O) RiTsMre, K BAKEBRRERE, 7 1.5»m B, 3ply 41K, BE,
BfF&E 40 g/(30 cm)®
Remarks: The numeral in ( ) show the wood failure %, Gothic numeral is the results of
hot and cold bath test, the tested sample of 3 plywood is made by the rotary veneer
(thickness 1.5mm) of Buna (Beech) veneer, cold press, the weight of spreading
40 g/(30 cm)®.

BRERRT EEL bR, KM% RERISEE R & OB LIEBIISEREH CHEE T 5%, BEREAHK

PARMCEBE T BB T2 21, WETHAIL A TH D, LL, EEHNC X VERERABE

BLDLLEOHBHES, ZOFREENR L OCEMAIRELRFL22TL 5.,
EBHEPIEEEECE L T WASIBURN® (I ADOR A FHE L 72,

2_ 7200860 dx _ 7:cos8 1 -
x?= o T TGy X 1)

(Zziz, ridEMEPE, < o BHICKEOBET 25, 7 WEETHB)

ORI B L, BEEREIIED 71 CHHIT D 232 %, EEREOFILCT S 7. 0TI
EOTHERLYD S BhiFTho, BEREY, 7 »ETRLDSE, BEHEELETT 52 tick
0, HAHEHAORBIEL D, A LOBEICK T 7: OEX VAT E0EEL TEIRIE
feblou,

3. EEMICOLT

Kbt mENC S LI B lcdicid, HEERS T L #EEH - s KMo FRIORKE, ThobbBEr M
Bl ThsEEbic, PEEABEHCET 20 TFHAEDHE, Tivbhb, BEINRETHHBHETRE L METR
B ThN D Z LRI R VTR LB ThH D, 2D & 5 ICHEERNC X b B Fic B mE
KB LD Doy, BEAIL, B3, bruvmEgRkEcs AL, BER, BNERE,
HES, BEEL, BiEc ok, EFARELESEL, BEIRT T 5.

BEET 280, T TR CH HE R0 AT /2 2 BERE IS 1 B B £ 0T, Ok
BEWREICIL2 5 2 L2 ETERE O - b DFHE KM TR hudie bigy . —BRICHEEHFIR & Bl i B3
DAL, HARWZTbNS Bh” T2 LB LA LR, A7 vy ~, B IBEN, K




— 36 — HERBRGEVERE 85895

ENIEEENNTCTFLNR S, LHLhb, bWhds i3 e” &, "BIL337 iy
FHHB. KOz &, SHEDO DB WTUL FEERERIR O BB BFE KA EE Y b O%e
h, bfWEERRWTS) WEMEO R LB R )T L, BEEEEY R LS
TweExbh%,

&, ERECHIEE S b L, BAE, RAEYBRCHRE LS aEEL 5 L, - OREIHK
SNDRTERCHEL TW BN OERE X OREE, ThEhRkbh 20 TH o000, T OHyE Ok
= AAF ~OET, TibbBEC LY, R I >THERCRINBLE Wik, ER, BIUOKORK
ERSE 71 7., B, W, REOREEL 71 T2 LHLIK

A e T PN 11)
Thbs,

Wik, WHECEL ERE Y 1on® 8 ) B BT HHETH b, BEEFDHZHE (Work of adhesion) &
EER TS, —BRICERARARCETEAL, * O A KE CRaTE T, EENEORELY
5 FTE, REERERT 22, REOKERIIIELLr v Y XZhiBE LRV, IO/
hasE Wr i,

THhH, Wr i ilgHodd (Work of weting) L Fh T\ 5%, KED Zh & EFE L BEEEEO
4 By 5 X5 I iE, & REsidbh, B, %, REOEEE T, mcsE (K
&K, RME) BHERTI00, ZOBIIEINB S Wsp 2

A e el e A as)
TREN, Wsp 12, #EEDOHEE (Work of spreading) :Mufh s, 7z, —fRic Fig. 23 O L [H
R LD T T, Wb, Bfff (Contact angle) HRET 5 &, Eflo 3EOAHIICHE
I Y=Y X

VIm V2=V 2C08 0 ot e e e (14
Thorrb, (12) (13 Q4 Krxhih
W o Y 208 0 ittt (15)
(6>90° TIE)
W Giy Gin
0
o o
P s —
Contact Angle Example
(1) Ys4—7s1>71a 6=0° alcohol on the cleared glass
(1) Ysz—7sa>7ra 6=180° mercury on the glass

(i) —7ra<¥sa—7s5.<714 180°>6>0°
Fig. 23 ¥ fih #

Contact angle



WHSR R 2028 3 #H GER - i - Br) — 37 —

WA= 72 (C0S B 1) et ettt e e e e 16)
(¥w =0 6=180" T0)
W p =72 (COS 0= 1) ottt e et et et et e e Qan

(Fie =0 =0 ©0)
DT L ELOWECE Y, RCLOTRINBGEHEDN, EFEWEELRT LI L &2 LIFEICITE
Zbivigwns, BEREIEE, B, EEAOBMCR VTR, MYTENLEEY b 0. Tk, SIUEMR
BRI A BB L B LD HFE, EELHBEL 2o TL 5,

e, WERO/NESER LS EhA NI, FOFRI Fig. 23 0L ¥ 3 0D®EENEL LIS
(ZOBPEIE, ELEBHRLTO5B),

LT, BENEEEREL T, EHIRvh, TR EOBRERD LTV, Bk—kE—gHo
ROFOFEME 6 HIUT IV, DX 5 RBEAIE Wep 2WEEMEERELY LD, Wer EICEME
L5 HEEMENAE <, Wsp OWEIEDIV/ING BT, 72 2N BD, cos0 RNIETKREL, i
HHLIEEWZ & (0 Dbz &) REF L.,

BEuh A ORIk

RS B EROBMADRERIIZ S H 520, L Lbhubiu, R LEER 5 &M%
%%, simple 7c Z L CIEL\ A1k LC, Mk (Drop size method) i T/h& ieiia VT (BHD
HEOEHTELHE) WEL .

FERINIERC, EACARRCHAT 525, BESFTLS/PS 102 L RERNMCIL CEAOEE
ERHIT E AP Th B REENOAE L L3, O HEEIRE Y T2 5, WOk b
HEHT BRI EOATT LD 5. i

Fig. 24 02 & < ERFEME ORI KRS £T0
%5, WOEE (h) LEOEX (2r) x5k, i
A TEPEINS,

0 _h
tanf—_yf ...................... a9 ! 5
E 2r :
Thobn, WARFECHOES & EROR L 2l f E
REECHFTHS . EDtbd, bitbiuL, 250 Fig. 24 (19) 2 & 2 BEAO AL
' The method of contact angles
FERE TR o7, by formula (19)
10Kk E L TRME
T BEERIR D /) T & i B
b, Tkt o D T,/Al{/;esn/es A
ERET 4 mcTREL, ol
T D W R BEHERC 500 Léns 0 M%A -
B XHELE U ED R 2 fE D Wood i
Printing. paper
TDOEED/NEDBOE X
(h) YEoEX 27 % Fig. 25 0 3 #% ¥ %

FYIV A~ IVAELT Direct prejection method-
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Table 20. % T # % # o # W &
Contact angles of various adhesives
(1) BEEFC X 2HE
Measuring method by taking photograph
(a) # # Spring wood

il & i3 12 4 % 7 n 1
Lapse, afterf drop After 12 mins After gelation
~ . HEFEE No. of sample )
. T 1 : 2 1 2
¥ Sort of sample
e f x 7 A4 A 104 o ) o ’ a ’ ’
Igetalime No. 104 36 23 i 33 23 l 26 53 28 43
A |
(Fﬂ Nob1o2 2 | s st | s o | a1 @& 38 12
N~ 27K vF 608 !
Bakebond No. 608 | 25 52 [ 23 5 ' 23 58 ’ 23 16
E) N(;FGIO 610 1 34 39 ’ 35 56 ) 28 26 ‘ 31 7
= — v A F 22 .
U-Loid No. 22 | 3 a2 s | oz s | a0 o
& E 120
do. Moo | 2w | wm s | o e | 3w
27 3 g
Melamin resin i 40 50 } 40 23 ‘ 56 32 ’ 36 57
U XA b
Solidite | e so | 0 40 o 2 7
=  F B ‘
Mitsui urushi Iz 5 80 45 79 2 | 2
~N—~278y F PA 511 | !
Bavenond BaATA, 31 53 I 31 50 | 30 17 i 31 s3
T F Y ‘ |
Plyophen 44 45 47 L S ‘ —
(b) % # Summer wood
pil] E Ry 12 5 ¥ ook
Lapse, after drop After 12 mins ‘ After gelation
~—__#AEEEE  No. of sample ’
T T 1 2 1 2
=gl Sort of sample T
E bf X T AL 104 o 3 | o ’ o ) o ’
Igetalime No. 104 | % w2 | w00 w0 s 347 51
=] £ 102 ' i ‘
do No. 102 42 46 50 11 | 35 35 14 0
~— 77Xy F 608 l ;
Bakebond No. 608 | .
[/ £ 610 ; )
i NoC 610 s w10 | 8 42 28 45
= — w A F 22 |
U-Loid No. 22 | 5 [ 25 9 26 54 28 33
A £ 120 ‘
do No. 120 33 5 1939 41 49 | 34 4
2 7 3 v ¥ fB { i .
Melamin resin 46 8 37 5 30 34
R
Solidite ‘ 49 22 ’ 83 18 95 11 95 11
= F & |
Mitsui urushi l 73 4 75 26 | 77 15 76 40
~N—~ 7Ky ¥ PA 511 i
Bakebonde PA 511 ’ 4l 1 40 29 39 6 40 29
77+ ~~v P 398 —
Plyophen P 398 } 80 27 73 57 - —
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(ii) THEEEE Method of direct magnification
(a) # # Spring wood

Lapse, after drop After 12 mins After gelation

o) g B 12 4 i ¥ ot

HEFEE No. of sample
e 1 2 1 2

BBt Sort of sample | - _

+ 57 X7 4n 104 s , o ) ° , } 5 2
Igetalime No. 104 30 41 34 30 20 24 | 2 3
[& E 104 | ? [

5 NoL 104 I 31 20 | 4 1o 2 13| 38 12
~— 7 Xy F 608 4

Bakebond No. 608 x 26 31 % 27 15 17 43 l 21 51
2z -~ w A4 F 22 . ; -

ULoid No. 22 S st 2 33 } 22 46
[ £ 120 )

Lde Mo | Mm% o 2% &
= ¥ e '

Mitsui urushi 1, 81 28 ‘ 77 4 | 80 32 74 50

T N—~7Fv ¥ PA sl ,

Ba%ebond PA 511 ‘ 84 60 l 65 14
774+ —~~v P 398 i
 Plyophen P 395 94 el IO _
(b) ® #f Summer wood
Hl T 153 12 4 ¥ oo ft
Lapse, after drop After 12 mins After gelation

. _RBEE No. of sample, - o B
e i 1 : 2 | 1 2

%t Sort of sample ~ - B - '

EN S 2 AN 104 < ’ < ’ e —_

_ Igetalime No. ioe . %9 ST 4l 0 | —
" £ 02 , c | o ) o )
do No. 102 N 25 | 40 59 36 3|4 45
~— 7Ky F 608 \ | ‘

Bakebond No. 608 | s 2 S8 B ® | 2
z — v A F 22

Uloid  No. 22 29 | 4 3 32 15 | 3l 53

Gl E 120 | o ! )

do No. 120 i 59 52 | 87 4 |

= 1 2 . | ;

Mitsui urashi s 13 74 34 87 8 72 19
~— 7Ky F PA 51 '

Bakebond PA 511 B I B 617777 437 761 43 o o : o _
73 L% ~~v P 398 ‘ ‘

Plyophen P 398 3 1 \ 47 4

R R HIE L o

2 0HKE LTL, AU AHRECHEERRONETLIEY, T4 5D Ly X, =i ~~50mm, F
3.5 12T, Fig. 25 0= & L CHEBERImINCILAB 2 e 10,

REFA B LICEEHORHCE S b, THICKREAL YRS T, vy XDICX VEIEMKE hicik
KEFHED, TOHFCELHVTHOREZIFLIELKRI R, hBI2y ORENREIC Tk,

REEAM O K HERER O IETHAE2TH b 12 HHEB LOF LB 2 BIIEL fo.

HE L LT, B, BMMEAZOEDTHT 2V BET — FRFRA, TOHFEMER L OBHE 2 K
LR o7,
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R L LT, REMEEER L L TERETHERSHE ¥ 25 14 1028 X0 104, HA~N—
77 4 FHREHE AN~ 78y F 6083k XU 610, HESEHSREGHR=-~v 1 22 X0 120, 27

$ v RFHREBIIEHTEH & L CHERETHEBR SR 2 7 < v BlEEEEH,
ENFFREIER=HE, HERT 1 vk~ VTR &R

SHHMEFTHERRAE MR Y v A1k,
F44—~vP398 Ths.
PR Lo

l Igetalime 104 Spring wood. 12mins

Tgetalime 104 Spring wood gelation

p——————

Igetalime 104 Summer wood

Igetalime 104 Summerwood  gelation

Igetalime 102 Spring wood 12 mins

Lgetalime 102 Spring wood gelation

m

Igetalime 102 Summer wood 12ming

[getalime 102 Summer wood. gelation

RIFEBIEEER & LT

U-Loid 120 Spring wood 12 mins I

U-Loid 120 Spring, wood. gelation

l

U-Loid 120 Summer wood 12 mins

i

U-Loid 120 Summer wood gela’uon

1

U-Loid 22 Spring wood 12mins

|

U-Loid 22 Spring wood gelation

|

U-Loid 22 Summer wood 12mins

U-Loid 22 Summer wood gelation

1

Fig. 26 HEEEHIC X DHEEH/NERO T — &
s EOTERE
The form on taeda pine of a drop of
adhesives liquid by method of direct
magnification

Fig. 27 L BIC X AR R/ INKTRO
7 — X EDRE

The form on the taepa pine of a drop of

adhesives liquid by the method of direct

magnification
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Eok g% Table 20 1Rk, MEFHROF L LT DEH% Fig. 26~Fig. 35 &R, Table 20
CRB T, REMSETERII BREERISERS RN K bATEMAR/ NSV O L ) BREEE RS
EHROFNENLIC W Ehvbi s BREMIEEER ORI T7 7 1+~ ~v P 398 OEWMAA MO
FREEISEER L 0 Doy oix, - OEERKEEREMIEEE I THLZ LITL S,

RAREER & L CkiheT VAR, ZoRX D EEROERIKDBENREZ LAV 2 5.
REGIMSEER L L2 BT %, KRB R
5 LIERBINSLERTHH L, Wb B RER
MXOBEEORMCLD 7. REFRLDBHZEHT
X5HFL B, bHLAAEERECAE b H I AL
Fous 25, USERICRMED X XI3BITH B, = ZTHE

Bakebond. 608 Spring wood 12 mins

 Bakebond 608 Spring wood gelation

PH(Mitswi urushi)  Spring wood. 12 mins

Bakebond 608 Summer wood 12 mins
PH (Mitswiurushi)  Spring wood gelation
Bakebond 608 Summer wood gelation N ' | 5

PH (Mitsui urushi) Summer wood 12 mins
Bakebond PASII Spring wood 12mins —— _

P.H ( Mitsw wrpshi)  Summer wood gelation

Bakevond PASIT Spring wood gelation

Plyophen P-398 Spring wood 12 mins

Bakebond PABIN ¢ ymmer wood

12 mins

Bakebond PASII Summer wood gelation Plyophen P-398  Summer wood 12 mins

Fig. 28 WHEBHEERIC X HHEER/ NI D Fig. 29 R mIC X A ISR/ INETED
7 — X L O 7 — Xk RO

The form on the taeda pine of a drop of The form on the taeda pine of a drop of

adhesives liquid by the method of direct adhesives liquid by the method of direct

magnification magnification
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R RIEERE AR 7T+, 2AET 52 L3 TE 5, SEEEH ORMIERELmES
EDHZ LEAL, FE 2. REWTHARLID & 0BRSS TE B & B5H L RM OS5 FHBITNET
L, #HEPPZ O TERMINIEEL L2 b ORMCTERYET b TH S,

HFEM LM L 0ER LI EBok, CORBEONEHEETIZOEYEL B LIXERETH S, K

[getalime 104 Spring wood 3mins

Summer wood. gelation

do Summer wood Setting (after2day)

Fig. 30 BEBRPRIC X BIEEH/ RO
7~ X L OTE

The form on the taeda pine of a drop

of adhesives liquid liy the photographic

method

lgetalime 102 Spring wood 12 mins

Fig. 31 BEBRFEEIC X AEFH/INKTED
7 — X L DT

The form on the taeda pine of drop of

adhesives liquid by the photographic

method
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MO L ELSIEHD L DKL T, XY BULRIEESELESN AT, ThREEREWELERYFS o &
BT H B L Bt b,

Bakebond 610 Spring wood. 12mins U-Loid 20 Spring wood. 12 mins

Bakehond 610 Summerwood 12mins

Bakebond 610 Summer wood gelation

U-loid 22 Spring wood 12mins Melamin  Spring wood. 12 mins

Melamin  Swmmer wood. 12 ming

U-Loid 22 Summerwood. delation Melamin Summer wood. gelation

Fig. 32 BEREEC X 2HEREH/INKTED Fig. 33 BELHIC X BEFER/INERGD
7 — X L DA 7~ X1 L O

The form on the taeda pine of a drop

of adhesives liquid by the photographic
method

The form on the taeda pine of a drop

of adhesives liquid by the photographic
method
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Solidite Spring wood. 12mins

Solidite Spring wood. gelation

Solidite Summer wood. 12mins

AA_A.

Solidite Summer weod gelation

PH (Mitsu-urushi) Spring wood. 12ming

PH (Mutsui-urushi) Spring wood gelation

PH (Mitsururushi) Summer wood. |2mins

Fig. 34 BEERFHRIC X HHEER|/HHED
7~ ZHH L OTEE
The form on the taeda pine of a drop

of adhesives liquid by the photographic
method

Bakebond. PAS5T Spring wood. 12 mins

Bakebond. PA5IT Spring wood gelation

Bakebond. PABIT Summer wood. 12 ming

T

Bakebond. PABT Summer wood gelation

W N

Plyophen R398 Spring wood. I2mins

Plyophen P398 Spring wood gelation

Plyophen P398 Summer wood 12 mins

Plyophen P 398 Summerwood gelation

Fig. 35 SHMREHC X HHEERIINEHED
7 — X E D

The form on the taeda pine of a drop

of adhesives liquid by the photographic

method
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T & =

1. U & EEROER

BEEAOET 5 EE, TobbERREL LT, AMREOILCREEERINEA, BLLTVv-hd 5
“key” HEHT B Z LIk D E&ET B (anchoring force), i HiEhAYEEE (Mechanical
adhesion) &, HEEE| L AR & OHIOSTFHEB N X % Lg% (Specific adhesion) 231 b T & 7:.
Mc Bars rARRIRFZEE (IERMAHEE 2 FE L 12, 2 b ORMIIESE Y2 L L TE L 2opisE
EoDImBRINT,

AHMOZ L EEZFHHOMETL L OEENIZL L THEFSC L 20D EEX D 2 LIXESTH BN,
BEOANEE N LT\ SIXE LI DT, X OWHEI AT SRR T B hh THRE L .

a) ROEOEE  AROEEARMEESS L LSS W R TR TR D, 0%
b ZEBER (C=1—r10/1.50) WML, Fi=, FEENIHESNCHIE L i 2 R+ &7 5 rhdvo
<, FEOGEHEED Rl H BEORK ALY REBIEEEN, RRBEIEFEES I »C vy —icT
BEL, BETAELC.

ZoEFL Table 1 % X8 Fig. 1~Fig. 3 o2 & CERRIEEN L REGEHEFRCL D, F0OBR
BRED Z & st

IREERIEERE R . . e o, =—355C+330
FIRTGEIEEEER. . e op=—342C+316
HEA TN — o,=—244C+232

AROE&ERLLT Fig. 4 D e {Ex 5L,

N 1= SN S
EEEGTRR. . Sy
B2 =511 115 O S.
LR ORI D OBES ... A
FHEBORMEEL ) OBFETT ... A
FLBRER S O BT §2Y D OEEES) (RS A.

LT5He,
SA=S5,A,+S:A:
S=S:+S.
Lieh, ZERC 5 ORBMREY ) OFERSOAREY m LTy, C=1-m TEHIH,
Fig. 4 o= AT,

S,L _ S

C=l-m=l--grisi =5

Lk, ZZTCLRIBRFDOEXITH B,

H3RL D, ARALBICHES N5,
A=—-(A—A;)C+A,

LRI DAL CLIEBBERCLB L b5, COMFREIY, C=0 DEOHEESN, TibbAL
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FRFEMMEHER. ... o/, =330 kg/cm®
FIRTEIEEEH . ... ... o', =316 kg/cm?
AEA Y P~ o’ =232 kglem®

Lich, OEFRT A=0 LIRET D,
A=A, (1-C)
sl b, ZOREERBELIZLIS—HL, A=0Tiohb, BHANE LA LFERL WL LR
B, FRERIMC HFEIH I,

FEROERIIEET S OBEE NI EBMOBRECR W T ELRET A L0 L b, FrhE X —T
%

b) MEHFEOEEE  FHEOEECK TS, Fig. 9 oo r< Cw & C, OISO HZDToERE
EORMMCX 2 s, MISEEETIOBERCa L35 L, REWIRESEHIC X » BREShifE
B Tur OB Fig. 12 OrshTHY, Ca & dur & OEICINEMRANLEFRD DS S -

Cu.r=2.16 CA

ZOBFELDL, FEEECR T, BERNETSE LA LIERAL ThanwC & 2%bhnot,

c) BEEBoRES)  BoEE% Fig. 8 0k #Ez, Fv X KHOuES, Fr »EEX LKL
DREAEAL TS5 FRIBIN, Fo REGEROBREN L35 L, EEEIFRET 2583, co=%
DR L PRI L VD IESh, ZEOMIFC L Y FEOWBIRE N ETE0TH B,

Sy, BEROBEN L RE R L, REMIEEES, ARBHIESERIL, BHEE0RE
ST T 513 LEEETIEINL, BEENA LT 5 & Latbaote (Fig. 13),

DEIRRBIEEEFIR L ORRERIIEESEHL, RMY@EEEE T o4M0C, boREFI T,
F OB RENAARMBIMEBEY FI5B - & 4 a0 (Fig. 14, Fig. 15), =0 X 5 CEE LERIEE
FRITHRE T 2881, RKBEEURGEECEERBYH 35 2 L2 RFRERE £ U5 2 Ehbh
Bo Fl, RO BCBEL LHEEHIL, IFHCHBCENT B LT 500, TOBRENHNFIEL It
B b, BEEENRCES B EEHUIT A LANTE S,

¥7, Fw>Fe>Fy 705 35 e E ST 584, iR =5y CEET 8T, #
AT b bRERAIEEE S BB T 2 L b ol

LLEDWR L D EBIOSE, Tiebb Fe>Fr b enklys, —RCARMMNERER L LC#HESh
HEE U RIIEHEE R OB &3, LR RIS I LE L CHEIIC R & B & L Vbt

2. .t 2 & &

Kbhw REBIEEER O X 5 e BB MRS R CHRE 5 L 313, 2OEFIEL L THESS ©ofF
bbb Z Ehbiols, R 2 DOBEHENEZ b b, KAMSTF L EREMGFHO 77y 577 ~
AARNE, LFREETH D, Thdx, EFEEIARM L, L U CREMIRERSEH L oMCHET 2
B RRAVT KD 3 HERIT L D FEh DIz,

a) FRFv ~LREHROWEEROEL D, FAFv~AFEL L ve —~ B LOKRG L OfEY
HETS .

b) $HlE IVIAT v & = YATKOMBC L 5 F 2 Fv ~ A FHFEE i v~ X L O HET 5,

¢) FARRILA 27 F ALIC LB AT, vy b RERMISEER L Ofe 2 HET 5,
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Bk 3HHEIC X Vs & OB DLW TRE 22 o2, S HOMFROERE T, {LEmalfFEL
e e BrEE T, WL SADEMAYETS, (LFREHEOFEDTRERED D & & I EE
DE3THE.

Z Dk 5 REMIGHERE R & OMBHLERIREFERIC RS\ T, TOEEESC X0 Fhh, *
DERDLEELLTL, 77V FTY — A ANDZEEL TRHTERGZ Lbaol,

3. BRICIIEBLCLEHITIRBBONES LU FESIAOREIZDOULT

a) BT X B THEB N L EREEOBENDVThARBETH LD HE Kb e EEANO 7
Ty FTV A AHOREHNRARBCHS DTS, T, AMOBEEEEHCBET AUk T, BEEE
DEEEL 2SI L S DT L fedy, T BRI Ok,  ARH L EEER L OBEL T BT D
Py, EERAS TREORKE, TibbEEBOBRENNH DB L cD2, w5 Z a2+
FEDNRERA DT I h Dt tedic, FEFREOFIHEZZ L S WEHC L Tuvio. L BIES bllkic
Rt EEMO SRy B Al RE THEEL, BEEENRR, BAKIERR, 5L HiER
PO, S CHEMECRIMEL B L SRR 2 BET S &, ZOBEESOBISRE Y F
FTHEDT, YIIVBEETL TV AR HEITES L LR LT

REBEESH, BRBEIREE S X O REMEEEN L/ &R, AEBC IV BELLSE, 27
Ty, LYY~ o, fUBTs & THESRLIDBEIT OWT, SRR G IEERIC TR EMEY, £E
BEENRRBEOWRBREC W CHEL, RIFRMEBECHD, BEESOMEMIC O\ T O CRS &
z 1o

b) WHFEHTE DO 7« F (Ui X 55 FHBII~OEE LI EOPFFEC & b Rba REBIEEE I
IVEELCEATIE, BEERE L LTS (EhbBERR 7Ty T TV ~AAH) REIVfTFbhD
Lm0t TOTT YT TV — A ATINAM L REEIFEER L OBEIC e 5 EE L LT
LO—F L LT, R EEOESI T £ FA b Uiz b & OEFEREOEANEL 12,

EROWERE, T FALDEEHEL DL, BEENIETL, FRAFEMCHYEEN RPIEE R =
LCid DAIEF D7 7e b, Fi- Table 16 iwR73 = & £, Adhesion 2 bOWHE L, WIEHTEL
DT ARIIEFICE (Il ZDZ LIIALMICHBFEOREDOREL Z L AR L, Z DALFEHE
ETAH VT B LT XD, Shfett OH HEEET S L, SItcOSRMEM L AU X 5 7R
BERRT L 5D,

4. EEBRECETIERFICONT

HIE ETOWET L b, HEELYE 1 KNSR T2 0, BEEXNS T LARMSFRIO 77 v 577
—NANTHDZ &bl

EEC RIS T A A, BERER L L, T OBRERMCEL L B R OB ARM OB
BMEY FALLOTHD, KMGFEDTTvFT 7 —AATDKENL L DM E, FEEELCR TR
iz L 2T RMOKEL TELLE VTR THZ L TH D, DER VI s MEHOBEEH & KT
e, to & 2RISR R COREMIE S BIRIERIIE 2 2 ET 5. BEEROBENRESI D
X, FOBEFOCHHEC X O HEEMRES, T LT, TOMIRKOMIIIEE, 7oL 2E L OREE
OFEEE, KEIRS], BHMAEZ, BEEMEY 1 KWNCIIEBI LR\ 23, 55 2 REVRESR L L CHEERIC L
WAWH EHER B 2 H0T, FRTOVCTRE R ML .
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a) FHEILOWT  RROHIC K S EKLTHIWEETH D HIEZ O b O, BEEMEIRI L
WA, EERFCREEY b B, LY vRP LT, FEOMEOBIRREESD £, TOBEREM
X, HEYRCTIEEATHS, SFiEoEc Ly, BEEEORR I NETTL B,

b) FEEMZOWT  KERHIEERECRS T, EERY BT L v 52, KR
IRETTH L 7B 3 7es, Ladic, REBIRESER e & OB LIRS X CAM L B
5 EE, AECHLY IR L, BEAZAMCBEE LD 5B 2, mtBEd ol
&L, iRy BEE LD BUEDSH D & XX, REENLRTILs L, BERENETT 2208
®HET 5,

c) T >WT  BEET LA, ETIRRTH 2 BEE R R WSS 5 BAEC BA L <
TIRIEH I, MHERRT &7 & "B LT Li3E S B, Zoiined it Wsr Tbbik
iEH-8; (Wark of spreading)

Wsr=72(cos0—1)
Voo, BERERIOKEIES  0..ennn.. £ g

AN DS, TIebhbERMERS v 2/ Nebh, BEEH OB 6 2/ FERARe T 2 Eaib
"%,

A L B OB A TR L BRI X VB L Tc. KM SFLIMD e ERECIE X R
Hoh, TOFRRIEBOBERC X v, SRy RFRIEHEREHN 25°~35°, 27 v RBIIEEEH
A 40°~50", T 2 — A TTEERIRIEIEEEE R 707 ~80°, KiEMRIRNHSIEHEE 2 50°~60° T
Hot,

CORERI D, RMAESEHL LT, MR T WL E LD RB L, KEBKE LTV DL ONE
W ED b D, KEEEEC S BT 5 T LY, RHOEERE LW B BIRIFELL v, B
LTI EE, BRNEELBIIERTHS.
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Researches for the Improvement of Wood (Rep. No. 3)
Study on the mechanism of adhesion (Part 1)
Kunisuke Horroxa, Kiyoshi HORIIKE and Mihoko NoGUCHT,

Résumé

I. Introduction

As already touched upon in my first report!’’, wood as construction material has some
inherent drawbacks, for instance, inequality of strength, anisotropic property, unstability of
dimension etc. We are able to improve wood utilization by adhesion through the remarkable
progress in manufacture of adhesives, in other words, improvement in quality of such
adhesives of synthetic resin as phenol formaldehyde resin, urea formaldehyde resin etc. And
further, by absorption of water vapour or hydrophility of wood as described in the second
report®.

In regard to the mechanism of adhesion which has to form the foundation of adhesion
technology and adhesives which offset the drawbacks of wood properties, studies were made
in 1926 and subsequently by McBATIN aund his coworkers®, BrRowN*, TRAUX®, BROUSE®", De
BruyxNE® and DELMONT”. But which of the mechanical adhesion due to the penetration of
the liquid glue into the pores on the surface of the adherend, where it solidifies to form
tendrils that ‘‘key’’ the wood surfaces together, and the specific adhesion caused by a specific
interaction between the two substances forming the adhesives and adherend works mainly,
has not been cleared up. And these fundamental questions: whether the presence of chemical
bonding is working powerfully or not; what to do in order to improve adhesion strength
and waterproof ability, have not yet been definitely answered.

My view is that if we do not investigate these problems, we cannot expect to achieve
progress in the improvement of wood by adhesion, for instance, plywood, laminated wood,
hard board by drying process, lumber core plywood, resin impregnated high deunsity lami-
nated wood, and other products of the wood industry by adhesion process. As a result of
taking up our research with this point in mind, we were able to get a variety of new
knowledge, which I decided to make public, and of adding the results of my study of the
forming, curing and nature of glue-line, of physical-chemical elements affecting the adhe-
sion, of the method of measuring adhesion strength, of the wood properties affecting adhe-
sion, of the properties of waterproof and aging of main adhesives, and so on. I should
indeed feel grateful if this investigation proved helpful to those endeavouring to advance
the technology of adhesion.

In concluding this introduction I feel it my duty to express my sincere thanks to Mr.
Y. Sarro, Director of the Government Forest Experiment Station, who was good enough to
lend me from time to time a helping hand, especially in guiding me in my studies, and
also five technicians, Mr. S. Karo, Mr. N. Mrruxkawa, Mr. K. Morrya, Mr. R. M1N¥EO and
Mr. M. Exoxor0 and Mr. T. TANAKA who assisted me in the preparation of the required
test pieces.

II. Van der Waai’s force (specipic adhesion) and anchoring force

The present investigators after making various tests have found that there are two factors

that play an important part in the adhesion of wood. These are: (1) the anchoring force or

mechanical adhesion which is caused by the penetration of the liquid glue into the pores,
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or surface of the adherend, where the liquid gets solidified so as to form tendrils that “‘key’’
the wood surfaces together; (2) the specific adhesion caused by a specific interaction wor-
king between the two substances coustituting the adhesives and the adherend.

A further investigation has revealed that there is a third factor which takes on the
nature of the specific adhesion, and may be termed the chemical bonding; but the final
account as regards its real nature is reserved here since our examination is still in course
of progress.

Mr. Mc Barx and other scholars around him maintain that the adhesion of wood is all
due to the power of mechanical adhesion possessed by each wood. This theory of his,
however, has eventually given rise to an endless discussion among scholars who maintain
that the adhesion of wood is all due to the power of specific adhesion possessed by wood.
It is quite in order to conclude that, even for porous substances such as wood, the specific
adhesion is largely responsible for the adhesion of wood, but at the same time, it is undoub-
table that the mechanical adhesion has also its own part to play in wood adhesion. In fact
the mechaunical adhesion, or anchoring force plays an important part in adhesion of wood,
I think. The only question left for discussion is, therefore, the comparative strength played
by each, to which our study has heen directed.

Under the foregoing presumption, I have effected my tests upon the adhesion of surfaces
of the edge-grain of wood treated with accetylation and tried to ascertain the theoretical
resistence of the chemical bonding.

1. Adhesion of the cross section (refer to Table 1 and Fig. 1~8)

The cross section of wood is the very face where a typical combination of the actual
cross section of cell-walls and their vacant spaces can be observed with a proportion of area
occupied by each as represented by the formula, C=1-r,/1.50 (4). After ascertaining that
there was no fear of a wood failure, which not infrequently affects a test on adhesion, I
have conducted three kinds of adhesion tests on the cross section respectively upon various
species of wood with different specific gravities. These included; (1) Adhesion by applying
urea formaldehyde adhesives; (2) Adhesion by applying phenol formaldehyde adhesives;
(3) Adhesion by applying casein glue. The test pieces were made as clean and smooth as
possible, and the adhesive was spread on the surfaces of the cross section of either wood to
be joined. As much as 20 grams of adhesive per foot square was applied on each section
so as to avoid any possible starved joints which often occur owing to the permeation of the
chemical. The jointed pieces were compressed and heated. In the case of a cross section
treated with either urea formaldehyde adhesive or casein glue, it was heated under a
temperature of 30°C and compressed for 48 hours, while in the case of a section treated
with phenol formaldehyde adhesive, heat applied was 30°C and compression was for 24 hours.
After finishing this they were further dried under the temperature of 80°C for 2 hours
before a test.

On ffnishing these procedures we prepared out of the jointed woods test-pieces each with
a sectional area of 2x 2 ¢m. (Fig. 5) and conducted various adhesion tests upon them. In the
actual test, to each of those fragile test-pieces with a low deusity were attached an affixed
wood so as to avoid a possible yield of traverse compression or failure of wood.

The result of tests shows, as illustrated in Fig. 1~Fig. 3, that the relation between rate
of vacant spece and adhesion strength can be denoted by a straight line. When calculated

by the Least Square method, the relation may be expressed in formula (1) as follows:
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In the case of Urea formaldehyde adhesives, n= —355C+330
In the case of phenol formaldehyde adhesives, p=—342C+316 ¢ .......c...... @)
In the case of Casein glue c= —244C+232
Fig. 1~3 are shown relation between total area of vacant spaces of cell-walls and the
adhesion strength. )
Fig. 4 is shown a model of the cross section of wood showing a typical combination of
its cellwalls and vacant spaces of cell-walls.

Now, let each letter stand as follows:

Total area of the cross section .................. S

Actual area of the cross section of cell-walls....S; ¢ ... oo, (2)
Area of the vacant spaces ...................... S.

Adhesion strength per unit of the total area

(actually measured one).................... A |

Adhesion strength per unit area of actual (3)
area of the cross section of celi-walls ...... Ay e

Adhesion strength per unit area of vacant
spaces of cell-walls or anchoring force...... Aq

Then we know that,
S A= S A I+ S0 o e (4)
S S 4 S ittt (5)
Again, let us suppose that C stands for the total area of vacant spaces of cell-walls and m
for actual volume of cross section per unit; then we can easily get,
C=1-m.
If, therefore, we put the actual value of specific gravity of wood at 1.50 we can replace it
as follows:
C=1-m=1-r1/1.50=1—To/Tn
In the case of Fig. 2 we can further change the formula as follows:
C=1-m=1"SiL/g,1,+5,L=S:/S
And from formulas, (4) (5) (6) we can easily obtain the following conversion:
A=—(A—A)C+A,
And it is from this conversion formula that the relation between (A) and (C) can be
expressed in a straight line. Again, from it we can understand that the adhesive strength
can be expressed in the formula (8) in the case of C=0 (as referred to in formula (1)):
Urea formaldehyde adhesives o', =330kg/cm?
Phenol formaldehyde adhesives o0/,=316kg/cm® b ... ... cuuiiiiiiiiinannnnnn. (8)
Casein glues o’ .= 232kg[cm*
In the case of A:=0, formula (7) may be replaced by formula (9) as follows:
A= AL =) o e e 9)

And if the value of (9) is replaced by that of (8) it represents the straight line marked

by dots in Fig. 1~Fig. 3, and testifies that it conforms to the experimental formula,
A=0. .

In the present test we have started work under the presumption that all the species of
wood possess an equal amount of adhesion strength at the actual area of cross section, and
the actual experiment has shown that this presumption has held true. The experiment has
also proven that at an examination of normal adhesive strength, a wood failure takes place,
almost always, at the interfacial surface, the adherend surface and the adhesive layer.

After all is said, we may conclude that adhesion of the cross section is largely influenced
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by three factors, viz. the strength of wood, the cohesion of wood, F, the specific adhesion
strength working between wood and adhesives, Fy, and cohesion of adhesives, F¢, the re-
lation of three forces is shown in the following:

Fw>Fy>F¢ or Fw>F¢c>Fy
Which may be converted as follows:

Fy>Fw>Fc¢ or Fc>Fw>Fy

This means that the actual strength of adhesion is governed by the actual strength of
cohesion of adhesion or van der Waal’s force.

2. Adhession of the radial section (refer to Fig. 9~12)

The relation between the adhesion percentage of actual parts of cell-wall C,4 (refer to
Fig. 9) and the shear strength of adhesion of the surface of radial section (¢,.z) is almost
straight (refer to Fig. 12).

0,.2=2.16C4

Therefore, also in the surface of radial section, the mechanical adhesion scarcely acts
at all.

3. Cohesion of adhesive layer (glue-line) (refer to Fig. 13~16)

The mechanism of adhesion consists of five links, Fi (the cohesion of wood), Fy (Van
der Waal’s force specific adhesion between the wood and adhesives), F¢ (the cohesion of
adhesive layer), Fy and Fy. On the failure of adhesion, the weakest link exist within the
five links is destroyed. In this case, the cohesion of adhesives plays the chief part.

III. Chemical bonding

There is no settled opinion about the existence of chemical bonding between wood and
adhesives of wood. The existence of chemical bonding between urea-formaldehyde resin
adhesives and wood is particularly in question, and in regard to this problem there is also
no settled opinion. But a big problem in the investigation of the mechanism of adhesion
concerns whether chemical bonding exists as an element of wood adhesion or not.

As to the method of this study, I assumed three possibilities existed, namely :

1. the decision of the bonding with dimetylurea and cellulose or wood flour by the
dimetylol basis (refer to Table 2~7 and Fig. 17).

2. the decision of the bonding with dimetylurea and cellulose by the cupper number
and the viscosity of cuprammonia solution (refer to Table 8~9).

3. the decision of the bonding with dimetylurea and cellulose by the infra-red ray
absorption spectrum (refer to Fig. 18;.

But in any of the three, we can scarcely conclude that chemical bonding is the chief
influence working in the adhesion of wood. Even if the existence is actually present, it
seems to me that only a slight reaction is working there.

IV. The dicision of the weakest link of adhesion of adhesion by ultra-violet rays
and the role of van der Waal’s force
1. The decision as to Van der Wasl’s force or cohesion of glue line is the wcakest link

On the failure of glue line, as in Fig. 8, within the three kinds of forces—the cohesion
of wood Fy, Van der Waal’s force Fy (specific adhesion) in the interface of the glue line
and wood surface, the cohesion of glue line F¢—by the weakest force, the place which causes
the failure of glue line is decided.

(1) in the case of F¢>Fy>Fy or Fy>F¢>Fy, the failure of wood arises.

(2) in the case of F¢>Fy>Fy or Fyy>F¢>Fy, the failure in the interface of the
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glue line and wood surface arises.

(3) 1in the case of Fy>Fw>F¢ or Fw>Fp>F¢, the failure of glue line arises.

If the cohesion of wood is shown with o7 or ¢g as in the first report, and if the cohe-
sion of glue line produces the sheet of adhesives and is shown by the shearing strength, the
thinner it becomes the more shearing streagth it gets. Therefore, adding the compression
pressure in order to make a uniform and thin glue line, the conditions of adhesion must
be prescribed.

When Fyr is the weakest and wood failure is being worked, it is easy to judge. But
when either of Fy or Fc¢ is the weakest, there has been no way to judge which power of
them is the weakest. I applied inorganic fluorescence chemicals to the glue line, and made
plywood. Measuring the glue line of test pieces, I exposed it to ultra-violet rays. Then 1
could clearly determine whether the failure is caused from the interface of the glue line
and wood surface, or the glue line as in Fig. 19 to Fig. 22. By this method, using urea
resin adhesives, we manufactured plywood for trial and performed various kinds of tests.
The results showed that on the normal adhesion strength test, almost all failures are wood
failure, and Fy- shows that it is the wea%kest value. Oa hot and cold bath test and boiling
test, the failure of glue line usually arises, and F¢ shows that it is the weakest value.

From these effects, it is clear that to facilitate the adhesion ability of urea resin, the
elevation of F¢ is needed. Consequently, we added melamine powder and blood-albumine
to bring about the elevation of F¢, and by increasing in volume of extending urea resin
adhesives (refer to Table 10~15 and Fig. 19~22).

2. Influence on van der Waal’s force caused by the acetylation of the surface of adherent

The result of adhesion of Sugi wood which was acetylated to several degrees, using
urea resin to which fluorescencé chemicals was added, is shown in Table 16. According to
the tahle it is clear that Van der Waal’s force is playing an effective role in the action of
adhesion.

V. Several factors affecting adhesion '

Cohesion of adhesives and Van der Waal’s force (specific adhesion) between adhesives
and adherend of wood dominate adhesion ability. Oun the actual adhesion operatious other
than primary influence as Van der Waal’s force, there are many factors of adhesives which
give a secondary influence. So we investigated these problems.

(1) Viscosity

Viscosity of adhesives alone does not dominate adhesion ability, but it arises as synthetic
results of the conditions of manufacture, resin content, and so on. On urea resin adhesives,
15—20 pois (resin content 65—70% ) and on phenol resin adhesives, 10—15 pois (resin content
70%) will be satisfactory. Viscosity has always to be regarded in the operation as a me-
asurable numerical value (refer to Table 17~18).

(2) Surface tension (refer to Table 19)

When 0.5% of surface active chemicals is added to adhesives, surface tension goes down,
but adhesion strength does not change. But if we add 1—3% of it, adhesion strength too,
will become lower. Thus it does not control adhesion strength, but it must be considered
in connection with ‘‘wetting’’ what proportion of surface tension of adhesives will be suitable.
When surface tension r; is low, it becomes moist, and permeation velocity will go down.
Therefore, depending upon the object, suitable surface tension of adhesives must be decided.

(3) Wetness (refer to Table 20 and Fig. 23~35)
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In the case of adhesion, according to wetness on solid surface of adherend surface, to
over-spread liquid adhesives on solid surface is the premised condition for adhesion. The
so-called wet ability works to make easy the spread of adhesives. In order to make wetness
swell, the absolute value of Work of Spreading (W,;) has to become small. For this reason,
it is desirable that either surface tension r. be small or cos 8 be positive and approximates
to 1. v

We measured contact angle of wood and urea resin adhesives, phenol resin adhesives
by the drop-size method. As to method, it was performed by photographing and direct
magnification. The result of measuring contact angle of various commercial adhesives,
approximately, was 30°—50° on urea resin adhesives, 70°—80° on alcohol soluble phenol
resin adhesives, and 50° on water soluble phenol resin adhesives.

So it was made clear that urea resin adhesives are more useful than phenol resin
adhesives, and water is more suitable for solvent of adhesive in the case of wood.

VI. Summary
VII. Literature cited



