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Table 1. Various properties of urea-formaldehyde resin adhesives used in the experiment.

|
Properties Type 1|Type Z‘Type 3 Type 4.‘Type 5/Type 6/Type 7Trype 8/Type 9Type 10
pH 7.2 7.2 6.8 7.4 6.8 6.8 7.2 7.2 6.8 6.8
SpecgggngaVity 1.30 | 1.32| 1.31| 1.29| 1.32| 1.23| 1.29| 1.28| 1.30| 1.31
Viscosity
(pois/20°C) 18.5 146.5 50.5 47.7 42.8 | 45.6 44.4 51.2 44.8 45.4
Pot life
(min,/20°C) 50~80| 70 63 34 99 33 32 23 37 92
Solid content(%) 59~60! 59~60| 69.3 62~68| 67.5 73.2 65.1 64.1 69.4 72.2
Water solubility good | good | good| good | good | good | bad bad. good good
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Fig. 1. Specimen and metal shim used in this experiment.
Specimen : Sapwood of beech (Fagus crenata BLUME)
(A) : Radial surface (B) : Tangential surface (C) : Transverse surface
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Fig. 2. Assembly jig used in this experiment.
® nut, @ washer, @ support, @ bearing block, & specimen,
® metal shim, @ glue line.
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Fig. 8. Influence of condensation degree on
gapfilling property of urea-formaldehyde
resin adhesives.
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Table 2. Analysis of variance for glue-joint strength and wood failure.

(1) Glue-joint strength (2) Wood failure
Factor ’ S ‘ b ‘; 14 ‘ Fo Factor S f @ ‘ |14 ‘ Fo
Cycle 2 2200 7 ’[ 314 ‘ 2.47 Cycle 2158!; 7 308| 0.86
Condition(1) : 5075 3 | 1692 13.§§ Conddition(1) 43964} 3 14655 40.§§
Error l\ 2657 | 21 | 127 Error 7540I! 21 359
Total E 9932 | 31 } Total 53662{ 31

** Indicates signfiicance at the 1% level of probability.
(1) : The different thickness of glue line at urea-formaldehyde resin adhssives.
a) Type 6 : modified, glue-line thickness : 60~100x
b) Type 6 : modified, glue-line thickness : 320~370u
¢) Type 10 : unmodified, glue-line thickness : 60~100
d) Type 10 : unmodified, glue-line thickness : 320~370u

—_ 66 —



HREE - )IIK - 1R5 « KMo ZepRFEiEt A FIic DT

N7 SN 100
2 /301 v 60}
= v 3
% 20y ] :S 60} [
; e S "
g S
Q’? 160 [
3 20}
© oy .
y 5 A 5 T 5 p 5
Type 6 Type 10 Type & Type 10
glue line thickness {% 338:%,3% glue line thickness {‘% 328:é28ﬁ
Fig. 13. Durability of urea-formaldehyde Fig. 14. Durability of urea-formaldehyde
resin adhesives at different glue line resin adhesives at different glue line
thickness. thickness.
Type 6 : modified urea-formaldehyde Type 6 : modified urea-formaldehyde
resin adhesive. resin adhesive.
Type 10 : unmodified urea-formaldehyde Type 10 : unmodified urea-formaldehyde
resin adhesive. resin adhesive.
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Summary

In the secondary gluing of wood and in the gluing process of laminated wood,
local thickenings are often observed in the glue line because of ‘difﬁculty of adequate
pressure operation. And this local thickening results in a glue joint failure.

One of the desirable method to preventing this failure is to use the adhesives
which possess gap-filling property. ‘

In this paper, the method of giving gap-filling property to urea-formaldehyde
resin adhesives, which do not have that property, the gap-filling property and the
durabillty of various wood adhesives were studied in relation to glue-line thick-
ness.

In this experiment, the follownig adhesives were used :

(1) Urea-formaldehyde resin adhesives (ten types).

(2) Phenol-formaldehyde resin adhesive.

(3) Resorcinol resin adhesives (two types).

(4) Polyvinyl acetate emulsion.

(5) Casein glue. ‘

These adhesives were formulated according to the directions of manufacturers
respectively. And as the test specimen, straight-grained and faultless beech sap-
wood finished with hand-planer (2.0~1.7mm annual ring width, 10 percent

wood moisture content and 10X10 cm. in size) was used. These specimens were
bonded with above mentioned adhesives, regulating glue-line thickness by using
seven different metal shims in their thikness, under the same condition i. e.
constant condition of pressing time, pressure and curing temperature which affect
primarily various qualities of the glue-line.

The gluing was conducted under the following conditions.

Open aSSembly LTI covvrrrrrrrerer i e 3 minutes
CIOSed assembly TIINE ceererrrr et e 10 minutes
Pressure ..................................................................... 0.0Skg/CmZ and 10kg/cm2
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Curing time ............................................................... 24 hours
Curing temperature ...................................................... ZSOC

After gluing, block shear bonding strength test (JIS. Z-2114) was conducted
with the specimens conditioned at 10 psrcent moisture content. And also, dura-
bility test of a repeating cycle consisting of 2 weeks at 33 percent relative
humidity and 2 weeks at 87 percent relative humidity at 25°C, was conducted.

The results obtained are shown in Tables 1 and 2, and Figs. 1~14. And the
following conclusions were obtained from these experimental results :

(1) The gap-filling property of urea-formaldehyde resin adhesives is closely
related to their molar ratio (F/U), condensation degree, viscosity and other fac-
tors. But favourable gap-filling property can not bz expected from unmodified
ureaformaldehyde resin adhesives.

(2) P.V.A. modified urea-formaldehyde resin adhesives have gap-filling property
and are more dufable than the unmodified urea-formaldehyde resin adhesives.

(3) Phenol-formaldehyde resin adhesive, resorcinol resin adhesive and poly-
vinyl acetate emulsion have a favourable gap-filling property.
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Photos 1~11 show the macroscopic and microscopic views of glue-line for various

wood adhesives. Adherend :

A : Glue-line thickness : ca. 380y, ¢

B : Glue-line thickness : ca. 650, ¢

C. Glue-line thikness : ca. 1120#¢

Photo 1. Glue-line of a laminated wood bonded
with urea-formaldzhyde rzsin adhesive (Type
1). Magnification X2, ¢
Cracks are observed in the thick glue-line.

sapwood of beech (Fagus crenata BLUME).

B. Glue-line thickness
Photo 2.

ca. 250, x

Glue-line of a laminated wood bonded

with urea-formaldehyde resin adhssive (Type
1). Magnification x55

Photo 3. Mutually opposite surfaces of a broken
glue-line (typical crazed joint failure) from a
laminated wood bonded with urea-formaldehyde
resin adhesive (Type 1). Magnification <2
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A. Glue-line thickness : ca. 110z, ¢ A. Glue-line thickness : ca. 220y, ¢

B. Glue-line thickness : ca 220z, x
Photo 5. Glue-lines of a laminated wood bonded
with resorcinol resin adhesive.
Magnification x55
No crack is observed in the glue-line.

R

C. Glue-line thickness : ca. 1250, ¢

Photo 4. Glue-line of a laminated wood bonded
with resorcinol resin adhesive.
Magnificaiton X2
Cracks in the glue-line is not observed
even in thick glue-line.

%5 Lkl LRkl ¥ & P s
Photo 6. Mutually opposite surfaces of a broken
glue-line from a laminated wood bonded with
resorcinol resin adhesive.
Left : Surface of wood failures.
Right : Surface of glue-line.
Magnification X2
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5 ot A fude K S T o
Glue-line thickness : ca. 650z, ¢ A. Glue-line thickness : ca. 80z, x
Photo 7. Glue-line of a laminated wood bonded
with PVAc emulsion, Magnification <2
No crack is observed in the glue-line.

B. Glu=-line thickness : ca. 800y, ¢

Photo 8. Mutually opposite surfaces of a broken
glue-line from a laminated wood bonded with
PVAc emulsion.

Air bubbles are observed in the glue-line.
Magnification *x2

C. Glue line thickness : ca. 1270y, x

Photo 9. Glue-line of a laminated wood bonded
with casein glue. Magnification »2
Small cracks in the glue-line are observed
in case of thick glue-line,
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Photographs 12-15 show the macroscopic obser-
vation of glue-lines after controlled exposures on
laminated wood bonded with urea-formaldehyde
resin adhesives.

Exposure condition : In this test, period of 2
weeks at 25°C and 87 percent relative humidity
alternetes with 2 weeks period at 25°C and 33%
relatlve humidity in a repsating cycle.

A. Before controlled exposure
B. After 7 cycles controlled exposure

vy - - B . R - .

P Tk 1

: ca. 140y, ¢

R

A. Gluz-line thickness : ca. 60¢
Glue-joint strength : 140kg/cm?
Wood failure : 83%

B. Glue-line thickness : ca. 140x«, x
Photo 10. G lue-line of a laminated wood bonded
with casein glue.
Magnification 55

B. Glue-line thickness : ca.70u
Glue-joint strength : 140kg/cm?
Wood failure : 95%

Photo 12. Glue-line of a laminated wood bonded
with modified urea-formaldehyde resin adhesive
(Type 6), x

- s : Magnification

Photo 11. Mutually opposite surfaces of a No crack is observed in the glue-line.
broken glue-line from a laminated wood with
casein glue.

Small air bubbles are observed in the glue-
line.
Magnification X2

PRV

—_ 73 J—
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A. Glue-line thickness : ca. 370¢ B. Glue-line thickness : ca. 80¢

Glue-joint strenght : 116kg/cm? Glue-joint strength : 132kg/cm?
Wood failure : 40% Wood failure 2 70%

Photo 14. Glue line of a laminated wood bonded
with unmodified urea-formaldehyde resin adh-
esive (Type 10), x
Magnification x5
No crack is not observed in the glue line.

B. Glue-line thickness : ca. 370¢
Glue-joint strength : 127kg/cm?

Wood failure : 60% & T G
Photo. 13. Glus-line of a laminated wood bond- A. Glue-}ipe thickness : ca. 330y
ed with modified urea-formaldehyde resin Glue-joint strength : 65kg/cm?
Wood failure : 0%

adhesive (Type 6), x
Magnification X5
Few cracks are observed in the glue line.

i5em

B. Glue-line thickness : ca. 350x
Glue-joint strength : 71kg/cm?
Wood failure : 0%
Photo 15. Glue-line of a laminated wood bonded
with urea-formaldehyde resin adhesive (Type

10), «x
Glue-joint strength : 164kg/cm? Magification X5
Wood failure . 50% After 7 cycles exporsure, the cracks in the

glue-line increased remarkably.



