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Table 1. Emitted formaldehyde gas after various period of various maker's plywood
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this plywood gas for 4 hrs resin adhesive
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10 days | 0. 0799 9. 66
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Table 2. Emitted formaldehyde gas at various urea formaldehyde resin adhesives
# 2 os5 o B O HHEZ A7 07 e ¥ | EEEFOER7 AL ATAT Y |8 % 5
. Emitted formaldehyde | Free formaldehyde in used urea | Adhesion
Sort of adhesives gas for 4 hrs resin adhesive strength
F F X 7 A4 & 104 g/900cm? | % kglin2
0. 4276 | 4.2 134
Igetalime (04
1: 1.6 T LHIRFERIE
Our urea resin adhesive 0. 0856 0.597 163
mol ratio 1: 1.6 ‘
15 1.5 & b IR S IR |
Our urea resin adhesive 0.0222 0. 256 169
mol ratio [: [.3 ‘
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Table 3. Emitted formaldehyde gas and adhesion strength of plywood glued with
various combined chemical added urea resin adhesive

& Al & #W o o & 4 BEHIOBH 7 A 27105 e = s 5

The weight percentage of | | : =5

Combined | combined chemicals for | Emitted formaldehyde gas 5

chemicals adhesive for 4 hrs Adhesion stregth
Non 0 % 0.4276 &/900cm? 134 R&/n

0.5 0. 2648 158

Urea 1.0 0.:2573 148

2.0 0. 2493 157

5.0 0. 1865 171

0.5 0.4103 126

Resorcinol 1.0 0. 3832 155

2.0 0. 3534 148

5.0 0. 2492 227

0.5 0. 3649 182

Melamin 1.0 0. 2598 i

2.0 0:3335 183

5.0 0. 2322 154
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Table 4. Emitted formaldehyde gas of plywood glued with various extenders added urea
formaldehyde resin adhesive.
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Extender Ratio of extending | Emitted formaldehyde gas for 4 hrs | Adhesion strength
Non ‘ 0 % 0.s270  &/900cm® | 158 kelin?
Casein | 16.6 0.1128 178
Casein 22.2 0.0144 205
Wheat flour 26.6 0.2919 157
Soybean flour 26.6 0. 2296 157
Blood albumin 2.6 0. 145] 157
Gelatin 18.0 0. 0268 158
Gelatin 18.0 0. 1660 175
Vinylacetate 32.0 0.1934 | 162
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Table 5. Emitted formaldehyde gas of plywood glued with various combined

chemicals added urea formaldehyde resin adhesive

i Pas i
BRAGEH OfEE % B 7N ‘ IEombmed chem:calfIJ
T aggt}erl;vgloaade this Period in closed chamber l ,71\ ml B glg _}‘{/"’ ¥/
| urea Resorcinol
| days | days 15°C | 4.9 ppm| 3.0 Pﬁm’ 4.0 ppm
5 4 »n» 30°C \ 8.5 | 105
10 » 5 # 30°C | 11.0 11.0 ' 11.0
12 2 #» 30°C | 11:5 6.0 | 3.0
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Table 6. Emitted formaldehyde gas of various combined chemicals added urea
formaldehyde resin adhesive and plywood glued with this
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HUREE N\ Ui preaded on preaded on preaded on
Emitted '\ ¥} the glass sheet | F1YW00d 1o oiass sheet| FIYW0d 16 olass sheet | ¥ 1YWood
condition | |
15°C mg/900 cm? |mg/900cm? mg/900 cm? |mg/900cm? mg/900 cm? mg/900cm?
2hrs 3.6 0. 06 0..32 0.08 1.4 0. 06
i 5.1 0. 17 7.6 0.15 8.4 0.07
L e 7.9 .4 4.7 1.25 5.0 1.0
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Studies on the plywood (Rep. No .7)

On the Formaldehyde Gas emitted at Curing and Using of
Plywood glued with Ureaformaldehyde Resin Adhesive
Kunisuke Horioxa and Mihoko Nogucmi

(Résumé)

The mast distinguishing properties of urea formaldehyde resin adkesive are good adtes’on
ability at normal stage and rapid curing. Therefore, this adhesive is being used for
manufacturing plywood and other improved wood. It is made by thke polymerization of
urea and formaldehyde with catalysts obtained from various polymerized chemicals (such
as mono-methylolurea, dimethylenurea, dimethlenurea and others) and free formaldehyde.

The piywood glued with this adhesive emits some formaldehyde gas tkat is contained
in the veneer or glue lines. This drawback hinders the usage such as for machine cases,
interior walls arnd furniture.

In order to reduce the emitted formaldelyde gas, the following treatments are effective.

(1) Low mol ratio urea formaldehyde res’n adhesive must be used (see Table 2).

(2) The chemicals combined with the free formaldehyde must be added in the adkesive
(see Table 3, Fig. 1, Table 5 and 6).

(38) As the extender, the protein (soybean powder, blood albumin) must be used (see
Table 4, Fig. 2).

The quantative metkods of emitted formaldelyde are stown in the following.

(1) The plywood testpieces put in the claisenflask, at 35°C in 2EmmkE g low pressure.

(2) The emitted formaldehyde gas soluble in water.

(8) The quantative analysis method of formaldehyde is potassium-cyanide metltod.



