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Effects of Resin Compositions and Additives
on Gelation Properties and Bonding Characteristics of
Urea-Melamine-Formaldehyde resin adhesives

Jeang-Kwan Roh"

ABSTRACT

To accelerate the curing and to improve the bonding properties of urea-melamine-formaldehyde
(UMF) resin adhesives for plywood, the effects of resin compositions and additives on gelation time
and bonding strength were discussed.

The gelation time of UMF resin prepared by simultaneous reaction with urea(U), melamine(M) and
formaldehyde(F) at M/U molar ratio 0.2 was shortened as the molar ratio of formaldehyde to urea
was increased. However, at F/U molar ratios higher than 2.5, the amounts of free fomaldehyde of
resin could not satisfy with KS standard. Therefore, it was difficult to increase the amount of
formaldehyde in resin composition for the purpose of fast gelation time.

With increasing the molar ratio of melamine to urea(M/U) from 0.3 to 0.6 at constant F/U molar
ratio 3.4, the gelation time of UMF resin was slightly decreased, while gradually increased at M/U
molar ratio higher than 0.6.

The gelation properties of UMF resin and bonding strength of UMF-bonded plywood could be
enhanced by using ammonium chloride and p-toluene sulfonic acid as a curing-agent together with
wheat flour and corngluten powder as a extender.

Keywords: Urea-Melamine-Formaldehyde resin, resin compositions, curing-agent, gelation, glue-joint strength.
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Fig. 1. Effect of formaldehyde to urea molar ratio
on gelation time and free formaldehyde of

UMF resin(M/U molar ratio = 0.2).
Notes ; Gelation temp. : 80°C, Addition

level of NH,Cl : 1 parts.
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Table 1. Effect of melamine to urea molar ratio on amount of free formaldehyde and gelation time in UMF

resin
Molar ratio of Amount of free Gelation time
i t %

melamine to urea Solid content (%) formaldehyde (%) (80°C, min.)

0.3 48.7 2.89 2.22

0.5 51.6 1.47 2.11

0.6 52.6 1.22 2.00

0.7 54.1 0.55 2.07

0.8 54.6 0.45 2.10

Note : F/U molar ratio = 3.4
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Fig. 2. Effect of organic acids on gelation time of
UMF and MFU resin.
Legend ; [] : UMF, : MFU
Notes ; Resin compositions ; U:M:F molar
ratio = 1:0.6:3.4
A ' NH4CI1 1 parts,
B :NH.Cl 1 partst50% p-toluene sulfo-
nic acid aqueous sol. 0.5 parts
C :NH(CI 1 parts+50% p-phenol sulfonic
acid aqueous sol. 0.5 parts
D :NH(Cl 1 parts+18% Hydrochloric acid
aqueous sol. 0.5 parts,
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Table 2. Effect of p-toluene sulfonic acid on glue-joints strength of various UMF resin-bonded plywoods
1 Glue-joint strength(kgf/crt) ( ) : wood failure(%)"
Types of resin”
UMF MFU A Co. UMF

Formulations(parts) Dry Wer' Dry Wet Dry Wet
» Resin 100
» Wheat flour 5 14.9(74) 0 15.486)  56(0) 11985  33(0)
- Ammonium chloride 1
- Water 45
» Resin 100
+ Wheat flour 15
- Ammonium chloride 0.75 13.0(98) 4.8(0) 15.7(93) 6.0(5) 12.6(79) 4.4(0)

- p-toluene sulfonic acid 0.13
+ Water 5

Notes ; 1) Resin compositions - UMF resin ; U:M:F molar ratio = 1:0.6:3.6

MFU resin ;

U:M:F molar ratio = 1:0.6:3.4

2) Adhesion conditions - Amount of resin spread : 222g/m’

- Pressure : 10kgf/cn
- Press time :
3) Repeated boiling test condition :
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Fig. 3. The fortifying effect of corngluten on bond-
ing strength of various UMF resin.
Legend ; [] : Control(Dry)
B : Control(Wet)
: Corngluten(Dry)
8 : Comngluten(Wet)
Notes ; 1) Resin compositions; UMF ; U:M:F
molar ratio = 1:0.6:3.6
MFU resin ; UMF molar ratio = 1:0.6:3.4
2) Glue formulations ; Control
Resin 100 + Wheat flour 15 +
NH4Cl 1 parts
Comngluten : Resin 100 + Wheat
flour 10 + Corngluten 5+ NH.Cl 1
parts
3) Adhesion conditions and repeated
boiling test condition are the same
as those in Table 2.
4) The numerical values show the
percentage of wood failure.
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Table 3. Gelation time of UMF resin-additives system

Gelation time(80°C, min)

Type of additives

UMF MFU
Control 2.05 1.93
Wheat flour (10 parts) 1.03 0.97
Corngluten (10 parts) 1.52 1.48
Wheat flour(10)+Corngluten(5 parts) 0.83 0.83

Note ; U:M:F molar ratio = 1:0.6:3.4
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