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Manufacturing of High Water-Resistant Particleboard
by Combining Use of Urea Resin and EMDI Resin™!

Jong-Young Park*

ABSTRACT

This study examined the combined using effects of urea-formaldehyde (UF) resin and emulsifiable
methylene diphyenyl diisocyanate (EMDI) resin to overcome performance limit of three-layer particleboards
commonly made by UF resin. Two adhesive adding methods were applied with three types of resin
combination system to each layer of particleboards. The one was simultaneously spreading method with
emulsified compound resin (UF and EMDI) while the other was separately spreading method with
unemulsified EMDI resin after UF resin spreading. The performance of particleboards bonded with 2%
EMDI resin to the inner layers(IL) were similar to that of controls bonded with 8% UF resin. In the case of
the emulsified compound resin application to the all layers of particleboards, there were marked reinforcing
effects of EMDI resin, although a small amount of EMDI resin was mixed with UF resin. Especially bending
MOR after 24 hours cold water-immersion and thickness swelling after 2 hours hot water-immersion of
compound resin-bonded particleboards were remarkably different from those of pure UF resin-bonded
particleboards. It was found that separately spreading method with unemulsified EMDI resin was more
effective than simultaneously spreading method with emulsified compound resin to sustain the internal bond
strength of particleboards after 24 hours cold water-immersion. In the resin combination systems to outer
layers/inner layers of particleboards, water resistance and strength properties were superior in order of
UF+EMDI/UF+EMDI > UF/UF+EMDI > UF/UF. And water resistance of particleboards was greatly
dependent upon EMDI resin level in any adhesive adding method.

Keywords : Particleboard, EMDI resin, urea-formaldehyde resin, adhesive adding method, water-
resistance, performances improvement.
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Table 1. Adhesive adding conditions with emulsified EMDI resin (Experiment A).

Resin Content (%)

Mixing Ratio of Resins

Particleboard Type

Outer Layer Inner Layer u:Dn

A-] ui12 16 -

Ul12 14 -

ui2 12 -

A-1 Uit2 U4 +14 (8) 1:1
U12 Uue +12 (8) 3:1

Ui12 U6.7+11.3(8) 5:1

A-1 U 6+16(12) U4 +14 (8) 1:1
U 9+13(12) Uée +12 (8 3:1

U10+12(12) U67+11.3(8) 5:1

Control U112 U8 -

Notes ; U : Urearesin, 1: EMDI resin made in Japan, ( ) : Total resin content to each layer.

Table 2. Adhesive adding conditions with unemulsified EMDI resin (Experiment B).

Resin Content (%)

Mixing Ratio of Resins

Particleboard Type

B- | Ul12
U2
U2
U2

B-1 U12
U2

B-1 U9+KI3(12)
U9 +JI3 (12)

Control U2

Outer Layer

Inner Layer U:bh

KI6 -
K14 -
2 -
KI2 -

U6+KI2(8) 3:1
U6+J12 (8)

U6+KI2(8) 3:1
U6+J12 (8) -

U8 -

Notes ; U : Urea resin, Kl & JI : EMDI resin made in Korea and Japan, respectively, ( ) : Total resin content to each

layer.
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Fig. 1. Bending MOR of particleboards bonded with
emulsified EMDI resins (Experiment A).
Notes ; U : Urea formaldehyde resin,

I: EMDI resin,

OL : Outer layer, IL : Inner layer,

Dry-test : After humidity conditioning at 20
T - 65% RH,

Wet-test : After 24 hours water-immersion
at 20C.
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Fig. 3. Bending MOR of particleboards bonded with
unemulsified EMDI resins (Experiment B).
Notes ; Refer to Fig. 1.
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Fig. 2. Bending MOE of particleboards bonded with
emulsified EMDI resins (Experiment A).
Notes ; Refer to Fig. 1.
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Fig. 4. Bending MOE of particleboards bonded with
unemulsified EMDI resins (Experiment B).
Notes ; Refer to Fig. 1.
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Fig. 5. Internal bond strength of particleboards
bonded with emulsified EMDI resins
(Experiment A).

Notes ; Refer to Fig. 1.
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Fig. 6. Internal bond strength of particleboards
bonded with unemulsified EMDI resins
(Experiment B).

Notes ; Refer to Fig. 1.
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Fig. 7. Thickness swelling of particleboards bonded
with emulsified EMDI resins (Experiment A).
Notes ; U, I, , OL, IL : Refer to Fig. 1.
3hr-test : After 3 hours water-immersion
(Zhours at 70C — 1 hour at 20C).
24hr-test : After 24 hours water-immersion
at room temperature.
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Fig. 9. Thickness swelling of particleboards bonded
with unemulsified EMDI resins (Experiment
B).
Notes ; Refer to Fig. 7.
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Fig. 8. Water absorption of particleboards bonded
with emulsified EMDI resins (Experiment A).
Notes ; Refer to Fig. 7.

Water abs

= o
&
= =

B (%) 00 EOH

Fig. 10. Water absorption of particleboards bonded
with unemulsified EMDI resins (Experiment
B).
Notes ; Refer to Fig. 7.
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