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Effects of synthesized conditions of urea resin on the formaldehyde emission

and the bond strength of plywood
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TOMINAGA

Abstract The mechanism of initial formaldehyde emission from plywood prepared with

1.
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urea-formaldehyde resin adhesive synthesized under various conditions was investigated
by chemical analysis of resin adhesive. Moreover, the relationship between synthesized
conditions and bond strength properties of plywood were studied.

Within 500 hours after plywood preparation, the amount of formaldehyde emission
decreased greatly over time, and there was a correlation between the coefficients of
formaldehyde emission rate and the free formaldehyde in resin. Moreover, the relative
intensity ratios of some chemical functional groups and bonds measured by means of *C-
NMR were linearly correlated with the coefficients of formaldehyde emission rate. Thus,
within 500 hours after plywood preparation, it was clarified that the free formaldehyde in
resin, and some chemical functional groups and bonds that could form formaldehyde in the
curing reaction, principally influence formaldehyde emission from plywood. As the molar
ratio of urea to formaldehyde decreased, bond strength in wet condition were decreased

also.
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Table 1 Properties of urea formaldehyde resin at 25°C

Molar ratio Solid content Viscosity ~ Gel time ~ Miscibility with H,C
(formaldehye/urea) (%) (MPa-s) (min.) L
1.0 52.9 72 210< E—
1.2 50.2 73 210< E—
1.4 50.3 84 210< E—
1.6 46.7 93 120< E—
1.8 45.4 113 39 -
2.0 45.8 165 17 4

*L=ratio of water (ml) to weight of sample (g) before white precipitate becomes apparent.
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Table 2 Solution *C-NMR spectroscopic intention ratios of various carbons to the total carbonyl carbon of Urea-

Formaldehyde resin.

Intention ratios

F/U molar ratios

Name Structure ppm 2. 1.8 1.6 1.4 1.2 1.0

Methylene

-NH-CH,-NH- 46.9 0.20 0.14 0.07 0.03 0.05 0.08

-N(CHz) -CH,-N (CHy) 53.8 0.24 0.14 0.05 0.03 0.03 0.04
Methylol

-NH-CH,OH 64.9 1.00 1.14 0.46 0.21 0.22 0.19

-N(CH,-) CH,0H 71.4 0.30 0.13 0.03 0.03 0.02 0.03
Methyl ether

-NHCH,OCH3 73.1 0.27 0.22 0.08 0.04 0.06 0.06

-N(CHz-) CH,OCH3 79.6 0.11 0.00 0.00 0.01 0.00 0.00
Dimethylene ether

—NHCH;OCH,-NH- 69.3 0.23 0.18 0.07 0.03 0.04 0.04

~N (CHz-) CH,OCH,NH- 75.6 0.00 0.00 0.00 0.00 0.00 0.00
Di, tri-sub Urea

-NHCONH-, =NCONH- 159.7 0.79 0.63 0.20 0.17 0.10 0.12
Mono-Sub Urea

-NHCONH, 160.8 0.21 0.37 0.54 0.37 0.32 0.29

Urea NH;CONH; 162.7 0.00 0.00 0.27 0.46 0.58 0.59

Total Carbonyl 1.00 1.00 1.00 1.00 1.00 1.00

Total Methylene 0.44 0.28 0.12 0.06 0.08 0.12

Total Methylol 1.30 1.27 0.49 0.24 0.24 0.22

Total Ether 0.23 0.18 0.07 0.03 0.04 0.04

methylol ratio® 0.34 0.63 0.69 0.74 0.70 0.68

‘methylol ratio: intention ratios
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Fig. 1 Influence of molar ratio on free formaldehyde in resin.
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Fig. 3 Changes over time in formaldehyde emission
from plywood.
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Fig. 4 Relationship between logarithm of time and
formaldehyde emission within 500 hours after
plywood preparation.

Table 3 Chemical structure correlation to coefficient of
formaldehyde emission rate.

Correlation for Coefficient of
Formaldehyde Emission Rate (a )

Chemical structure

Methylol 0.831*

Methyl ether 0.978**

Dimethylene ether 0.913*
30
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Free formaldehyde in resin (%)
Fig. 5 Relationship between coefficient of formaldehy
de emission rate (a) and free formaldehyde in resin.
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Fig. 6 Infulence of molar ratio on shear strength of
plywood.
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