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10 3.4 4.8 7.9 11.6 11.7 12.2 12.5 "X
Fxx b | 20 4.0 5.6 8.3 | 13.2 13.9 14.5 15.1 16.1a] 16.1a
. 30 3.2 4.5 7.1 [*13.3 14.5 15.6 15.9 | 16.14]| 16.1a
yv 40 3.7 5.5 8.6 | 15.1 15.7 16.2 16.8 | 17.0al 17.0a
50 3.0 4.4 8.4 |- 15.8 16.4 16.7 16.9 | 17.24]. 17.2a
B A o) 2.9 3.6 | 6.4 9.8 | 11.7a| 10.4a| 11.04| 11.24] x
st | 20 5.0 6.2 8.9 9.7 9.8 10.0 | 10.5 | 10.7 11.6A
30 4.9 5.6 7.0 8.8 8.8 8.8 9.5 9.5 10.0
A% 40 3.6 4.3 5.5 7.3 7.3 7.3 7.9 8.0 8.1
50 2.7 3.2 4.8 | . 5.8 5.8 5.7 6.5 6.8 6.8
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" oW OB E N Yz f— 2= & —(14E) B NGB
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il kg/cmz(/)kg/cmz(%) kg/cm?® %) (%)| kglem¥ (%) %>
max. | 45.6(100)| 24.5(100) 15.2 | (60) 62.0
10 | min. 13 4(100)| 12.6 (55) 8.0 ©) 63.5
mean | 25.0(100)| 19.8 (98) 12.2 | @o) | 61.6
. max, | 34.8(100)| 22.1 (75) 10.6 ) | 47.9
# E| 20| min. |17.3 30)| 15.2 (10) 5.0 ©) | 32.8
mean | 24.5 (88)| 18.7 (40) 8.4 ) | 44.9
max. | 35.2(100)| 21.4 (80) 9.8 © | 4s.8
30 | min. |22.1 (5)| 14.2 (0) 5.1 © | 35.9
mean | 27.2 (60)| 18.2 (28) 7.3 (©) 40.1
max. | 27.5(100)| 19.2 (65)| 6.7 (©) 34.9 14.1 (10) 73.5
10 | min. | 19.8 (50)| 12.8 (0)| 2.2 0 17.1 9.4 o) 73.4
mean | 24.0 (90)| 14.9 (25)| 4.8 ©) 32.2 11.6 ) 77.8
max. | 41.0(100)| 12.0 (25)| 5.4 ©) 45.0 7.5 () 62.5
2% FE| 20| min. |17.6 (50)] 5.9 (0) 0 ©) 0 2.2 ) | 37.3
mean | 26.7 (70){ 8.8 (4) .9 ) 44.3 5.0 ) 56.8
max. | 35.6(100)| 22.9 (70)| 12.5 ©) 54.5 6.6 ) | 28.8
30 | min. |18.2 (5)] 9.1 ()] 1.1 ) 12.1 1.8 ) 19.8
mean | 26.9 (40)| 15.5 (14)| 6.6 () 42.6 3.8 (@) 24.5
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B, RVATATE FEERL TR LERTLEELDRD, 747 Y —;QT»: —ME, TAFEr-—
@:u7t%ﬁﬁ?ék%z5h6tb,&%ﬂﬁ@m%vfu,%m§@2%2%MLt%ombwf
%ﬁmﬁto%@%ﬁ,7»7u—w?»:—»ogﬁﬁﬁﬁ®%%%%ﬁétbm,ﬁﬂéﬁulAmm
Bxor— ) — Bz AL, BHES L ORECER L TEENLRIE LI, TOMER, =) 7Hlgc
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100°C LA ER B THAL AT AT e FEOBEERITebhPTW I L 2R LT3,
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AR TATV-ATAI-ARE=Y T HIGETER OB DR

E & 4% #® B OEF HE B K
%’ﬁﬂﬂi E 732 ﬁog - o B E A V- x—x— (1 )
kgfem® | °C kgfem® DRipui| kejem® [Riwos B 2
8 (%) (%) %
max. 17.4 3) 8.6 )
0 ‘15 100 | 5% | min, 0 ©) 2.4 ©)
mean 10.7 ) . 4.9 )
max. 34.7 (95) 24.8 (5) 71.5
10 100 | 54 | min. 26.7 (15) 14.3 ©) 53.5
mean 30.7 (40) 20.3 @ 66.2
max. 34.1 (95) 29.0 (50) 85.0
10 15 100 5 4 min. 24.3 (20) 13.6 @) 55.9
mean 29.9 (60) 20.8 (20) 69.5
max. 36.1 (75) 28.5 an 78.9
15 20 | 24B%f8 | min. 24.2 €D 19.4 €D 80.0
mean 30.0 (30) 24.3 ©) 81.0
max. 28.7 (100) 33.3 (70) 100
10 100 | 54 | min. 30.6 (10) 20.8 (10) 67.9
mean 35.0 (70) 26.7 (15) 76.2
max. 41.6 (80) 32.0 (40) 76.9
20 15~ 100 | 54 | min. 30.9 (20) 22.4 10) 72.5
mean 37.4 (60) 28.5 (15) 76.2
max. 32.8 (90) 28.6 75) 87.2
15 20 | 24F¥f | min. 24.3 (20) 19.8 ) 80.8
mean 27.5 (50) 25.0 (25) 90.9
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B5% . TATY AT AEA=2) 7THISOERAMNEES

E & % # B OEFE @ s K
V=P A= &x— (1 FH) B WG E®
& °C E. Eli(zlcmzj i el
€ kglem? | KESREMFER | kefem® | AESBuMR
%) [€3)
max. 22.8 (100) 29.8 (100)
20 15 24Bf min. 16.0 (100) 19.7 (50)
mean 21.1 (100) 24.3 (80)
max. 23.8 (100) 28.4 (100)
90 15 5 4 min. 17.6 (100) 23.0 (50)
mean 20.2 (100) 26.2 (90)
max. 25.7 (100) 28.4 (100)
5 5 4 min. 19.8 (100) 23.0 (100)
mean 22.7 (100) 25.1 (100)
max. 23.2 (100) 29.3 . (100)
100 10 5 4 min. 12.8 (100) 18.6 (100)
mean 18.4 (100) 23.5 (100)
o max. 25.6 (100) 27.5 (100)
15 5 4 min. 13.9 (100) 18.7 (100)
mean 20.8 (100) 22.7 (100)
max. 25.6 (100) 29.8 (100)
110 15 5 & min. 14.4 (100) 22.4 (100)
mean 21.5 (100) 26.6 (100)
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B % A . L XK o & B E G
i ¥ |¥%mE| 108 |20 1 A 2 A 3 A 6 R 1 4 2 % 3 F
10 % 3.6 | 5.4 72 12.6 13.7 X
20 1.8 3.6 5.6 12.5 15.0 15.0 15.9 15.9 X
NoE B 30 4.3 5.0 7.5 14.3 16.8 18.5 19.2 19.2 N
40 4.0 4.7 7.0 15.9 17.8 19.8 19.8 19.8 20.3
50 6.8 15.0 20.2 22.9 23.7 23.8 24.0
20 10.4 14.6 15.7 15.7
pad 40 15.1 20.5 21.4 17.5
I* 50 8.2 15.5 17.2 16.5
60 12.6 18.0 20.6 17.2
80 9.8 16.0 17.6 18.7
20 12.6 14.9 17.5
had 40 7.2 10.8 14.1 21.3
. 50 8.5 14.1 19.4 21.7
60 8.4 | 11.3 15.7 20.7
80 4.6 9.8 14.3 18.1
10 3.4 4.6 5.0 11.3 13.7 14.6 14.7 14.8
Eefge =1 20 3.7 4.5 6.6 11.0 12.9 13.5 13.9 14.0
EX SO 30 4.2 4.5 4.9 9.8 11.4 12.1 13.0 13.0
v 40 3.3 4.2 4.5 6.7 9.4 11.3 11.6 11.8
50 2.0 3.9 6.4 9.3 9.9 10.7
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I #E =X (%) #® & P2 C= R i V)
il w oW | T | EAGcE®
1 A|3 7167|127 30R s ot cory | BB s o | BT
kg/em?® (%)*kg/cm? (%) ﬁ-‘ﬁ‘? kg/em? (%) ik
max.| 38.9 (100) | 30.2 (100) (%)| 31.2 (100) %>
#i= v 78 (10.0] % min. | 22.2 (70) | 22.0 (0) 14.7 (80)
mean| 30.1 (95) | 26.6 (13) | 88.4 |25.4 (95)| 84.3
max.| 32.6 (100) | 21.8 (0) 17.9 (30)
N #FE ¥ | 8.6]15.4(15.8/16.2/16.6] min. | 19.0 (0) | 12.6 (0) 13.8 (30)
mean| 25.1 (25)]16.9 (0)| 67.3 |15.4 (30)| 61.4
max.| 30.4 (100) | 28.4 (100) 25.4 (100)
A B B |6.216.916.916.3{17.2| min. [ 20.4 (0) | 18.8 (0) 18.7 (30)
mean| 25.1 (10) | 23.5 (20) | 93.6 |21.8 (85) | 86.9
X max. | 40.0 (100) | 40.0 (100) 30.7 (100)
AEA LTI 418.5/18.3017.818.9) min. | 23.9 (40) | 17.0 (100) 21.0 (90)
mean| 28.5 (80) | 28.6 (100) | 100 |25.4 (95) | 89.1
o max.| 38.1 (100) | 33.2 (100) 30.9 (100)
PEA s 8.015.4 min. | 27.2 (100) | 26.2 (100) 24.0 (100)
mean| 32.8 (100) | 29.4 (100) | 89.6 | 27.5 (100) | 83.8
max.| 31.8 (100) | 38.0 (100) 32.0 (100)
1 % 19.414.117.4/17.417.2 min. | 17.9 (90) | 19.0 (100) 18.7 (50)
mean| 25.2 (95) | 29.8 (100) | 100< | 27.3. (90) | 100
L max.| 32.2 (100) | 30.0 (100) 32.0 (100)
BT T Leex| 8.6]14.216.1[16.617.6 min. | 17.6 (10) | 20.0  (0) 20.0 (80)
mean| 24.5 (50) | 27.9 (45) | 100< |25.9 (90) | 100
max.| 38.6 (100) | 42.6 (100)
€5 F v I*| 6.6(14.4/15.2/15.0017.3 min. | 17.9 (10) | 21.8 (100)
mean| 28.0 (80) | 33.4 (100) | 100<
Hfe =1 max.| 33.6 (100) | 28.4 (50) 19.2 (100)
::r.—-?/lz“/’s 3.7/ 8.5/10.7{13.7|13.7| min. | 21.4 (10) | 15.0 (0) 16.0 (20)
7 mean| 25.9 (45) | 21.9 (10) | 84.9 |17.5 (70) | 67.8
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Research for the Improvement of Wood (Report No. 10).
Studies on durability of urea resin adhesive (I).

On prevention of crack of urea resin adhesive.

Mihoko NocucHui
(Résumé)

For the purpose of prevention of shrinkage and crack, and improvement of bonding durability
of urea resin adhesive, these studies were undertaken to investigate the effect of additives to
the urea resin adhesive on shrinkage of adhesive, gluing strength, and the long term change
of bondiné strength of plywood under various humidity conditions.

The results obtained in this study are summarized as follows:

(1) Addition of wheat and soybean flour to the urea resin adhesive is effective only for the

prevention of crack, and better for initial gluing strength. Over a long term, however, the
bonding strength of the adhesive mixed with additives, especially wheat flour, decreases even
in indoor exposures.

(2) The adhesives mixed with animal protein such as casein, gelatin and blocd albumin
‘powdei' shrink remarkably on account of high water content in the urea resin by additional water
in mixing the additives to the adhesive, but no crack occurs. The bonding durabilities are
superior to those of starch matter.

(3) The urea resin adhesive mixed with furfuryl alcohol appears to cause little shrinkage
and is also excellent in bonding durability. Since it posseses a gap-filling property, pressing
condition can be loose. But the colour of resin mixed with furfuryl alcohol is brown and the
cost of furfuryl alcohol is expensive at present.

(4) Since benzyl alcohol, in the case of simple mixture with urea resin, is not substituted to

water within the urea resin, the effectiveness in crack prevention and gap-filling on the properties
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of adhesive can not be expected.

(5) When poly vinylacetate emulsion is mixed with urea resin adhesive, the mixed resin is.
easy to use during gluing process and shows no crack. It posseses plasticity, but no bonding
durability like wheat flour under exposed condition.

(6) Aging test of the adhesive has being continued for three years, at the present stage,
and the bonding strength appears in the condition of after-cure at low humidity: but the effect
of high humidity on the bonding durability has appeared slightly.

(7) When urea resin adhesive is mixed with extender or other adhesives for prevention of
shrinkage and crack, even if the shrinkage of adhesive is very slight, the bonding durability is
not always better. Moreover, relying on only initial gluing strength, it is impossible to assume
the bonding durability.

(8) In short, at the present stage, it is at least recognized that protein and furfuryl alcohol
react with formaldehyde within urea resin, and it seems that prevention of crack and improve-

ment of bonding durability can be expected.



