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Studies on Aqueous Vinyl Polymer
Solution-Isocyanate Adhesives IL?

Dependence of mechanical properties and bond strength
on the concentration of crosslinks in cured adhesives
over a wide temperature range*'

Kinji Taki**, Bun-ichiro TomiTA™
and Hiroshi MizuMAcCHI*®

Two base polymers of aqueous vinyl polymer solution-isocyanate adhesives, poly(vinyl
alcohol) (PVA) and poly(stylene-co-butadiene) (SBR), were mixed at a blend ratio of 50/50
and cured by adding various amounts of a crosslinking agent which contained diisocyanate
compounds. Dynamic mechanical properties and failure characteristics of the cured resin
films were studied. Concentrations of crosslinks per unit volume (») of the cured adhesives
were evaluated from the modulus values in the rubbery region. Then, the influence of ¥ on
the bond strength of MAKABA/adhesive systems was studied over a temperature range
between —100° and +210°C.

The following results were obtained:

1)  Failure characteristics of the adhesives, represented in the form of failure envelopes,
were different as v values of the adhesives were changed.

2)  Shear strength and cross-lap tensile strength of MAKABA/adhesive systems maximized
in the neighborhood of the glass transition temperatures (T;) of the component polymers in
the adhesive as was observed in the previous report'®).

3) Different dependencies of bond strength upon » were observed in different tempera-
ture ranges. When the two component polymers were in the glassy state below 0°C, wood
failure occurred extensively and the bond strength was independent of ¥. On the other hand,
when the two polymers were in the rubbery state above 100°C, the bond strength increased
with an increase in ¥. In the transient region of 0° —+100°C, where glass transition of each
polymer occurs separately, bond strength varied with ¥ in a somewhat complicated manner.
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Fig. 1 Dynamic viscoelastic properties at 110 Hz
at PVA-SBR-diisocyanate adhesive films.
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5 0.38 2.6
10 0.54 1.8
20 0.86 1.2
30 1.20 0.83
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*8) concentration of crosslinks per unit volume
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Fig. 2 Failure envelopes for PVA-SBR-diisocya-

nate adhesives films with different degree
of crosslinking.
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Table 2 Wood failure at various temperatures for
shear tests (Crosslinking agent 30 phr added).

Temperature Wood failure (%)
§9)) min. -max.  av.
~100 15 - 90 34
—70 10 - 100 72
—50 10 - 100 68
—30 15 - 80 45
—10 20 - 100 59
0 10 - 90 56

10 10 - 90 52
20 5 - 40 19
40 5 - 40 20
60 10 - 40 14
70 0 - 15 4
80 2 - 10 3
90 0 - 30 8
100 0- 5 1
130 0
150 0
170 0
200 0

o 27y PER) TR T, SMAIERINE S 30 phr OHIT
Hdo BIEEHAMBEEBRTIR I30CLLEDEEICEZ LR
B2 0 1C78 B8, PVAD AT 2 R4 (60~1001C)
Ml bR AICREL, RENSDICEES EHT%
BECETBL5ECH 3, 7025 7HBOHE A
BT, PVAD T, BLETRANRZEREL LV, &
BANCIE BT N TRACHER LTS %, EEHSTE
A5 ZREEICTE B 48 (— 20 CLLT) T2 40~T70 %72
B OARBRITIE 2,

L AT, MEERE L SERETBAELTTIRE
X0 HIENBEEETE, KEBEEBED BICbh00



154 &

BT, EHI—ER, KET #

[A#f54s5E Vol 28, No. 3

Table 3 Wood failure at various temperatures for
cross-lap tensile tests (Crosslinking agent 30

phr added).

Temperature Wood failure (%)
('C) min. -max.  av.
—100 40 - 90 70
—50 20 - 90 40
-20 5 - 85 46
0 20 - 85 59

20 25 - 85 54
40 5 - 30 12
50 5 - 30 11
60 5 - 20 7
80 0- 5§ 1
100 0
120 0
140 0
160 0
190 0
210 0
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