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ABSTRACT ddbesion of hot-melt adbesives containing ethylene vinyl acetate
(EVA) polymers can be increased by modifying them with maleic anbydride
(MAH). Test results indicate that modification does not detract Jrom beat
stability, color, or compatibility with other materials. The MAH-modified EVA
polymers showed excellent adbesion to rONPOrous substrates such as

aluminum and nylon.
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Ethylene-vinyl acetate (EVA) copoly-
mers have been used extensively in
adhesive applicationssinece the 1960st.
In an effort to expand the range of use
for these polymers, we investigated
methods of improving their adhesion
without sacrificing desirable proper-
ties such as heat stability and compat-
ibility.

Anhydride functionality is ecom-
meonly used to improve polymer adhe-
sion®. We incorporated low levels of
maleic anhydride (MAH) into eom-
mercial EVA copolymers containing
25% or 28% V A [weight/weight (w/w)]
in an attempt to develop materials
with superior adhesion. This article
focuses on studies of two such poly-
mers and compares their perfor-
mance with nonfunctionalized as well
as carboxylic acid functionalized
EVAs,

Synthetic approach

The literature? indicates that signif-
icant improvements in adhesion ean
be obtained by incorporating maleic
anhydride into the polymer matrix.
Consequently, a variety of synthetic
methods for “maleating” EVA were
investigated in an effort to control the
polymer's physical properties while
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optimizing its adhesion. These inves-
tigations led to the development of
methods that incorporated MAH into
the EVA polymer with no apparent
loss in physical properties. Table I
compares the physical properties of a
6-MI (melt index) EVA and a similar
EVA-MAH polymer. (Both EVAs
contained 28% VA.)

Adhesion to aluminum

A primary objective of this study was

fo increase the adhesion of the base
EVA polymer to nonporous sub-
strates, Figure 1 shows the results of
a T-peel (aluminum to aluminum)
study comparing the adhesion of three
EVAs at 6 MI and three in the 400-
500-MI range. In each MI level, a
maleated EVA (EVA-MAH) is com-

18pecialty Polyolefins—Ethylene Based, Vols, I
& II, Townsends Marketing Associates, Inc.,
Houston, Tex., 1988.

*Trivedi, B. C. and Culbertson, B, M., Maleic
Anhydride, Plenum, N.Y., 1982.
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l. Physical properties of base EVA and EVA-
MAH polymers
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pared with a similar nonfunctional-
ized VA and with an EV A function-

alized with carboxylic acid® (EVA- .|

Acid). It is apparent from Fig. I that

. at both MI levels, the EVA-MAH

polymers yielded adhesion values

significantly higher than both the-

EVA-Acid terpolymer and EV A base
polymer.

Heat stability

The pot life of an adhesive is a mea-
sure of how long the material can be
held at high temperature without
suffering any deterioration in physi-
cal properties. In order to investigate
this parameter, two areas of thermal
stability of the EVA-MAH polymers
were explored: viseosity and color.

Effect on viscosity

Thermal effects on viscosity were
studied by comparing the perfor-
mance of the three polymers (EVA,
EVA-MAH, EVA-Acid) having Mls
of 400-500. Each resin contained less
than 1000 ppm of butylated hydrox-
ytoluene (BHT) and no additional
stabilizer. The change in viscosity was
measured over time at 350°F. The
results of this study are listed in Table
I1. The EVA-MAH polymer and the
EVA control proved similarly resist-
ant to thermal degradation, with littie
change in viscosity after 48 h. In the
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IV. Compatibility of polymers (6 Mil) in paraffin wax
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same time frame, however, the viscos-
ity of the EVA-Acid terpolymer

' nearly doubled. Similarly, after 72 h,

the EVA-MAH and EVA control
proved to have good thermal stability,
whereas the viscosity of the EVA-
Acid increased to above 100,000 cP.

Effect on color stability

Another concern related to long pot
life is a polymer’s color stability.

Thermal effects on color were studied
by exposing the three 400-500-MI
polymers fo an air atmosphere at
250°F, 300°F, and 350°F for 24 h.
(Again, no additional stabilizer was
added during this test.) The qualita-
tive results of this study are listed in

IMitsutani, A. and Morimoto, 0., Functional
Polymers by Graft-Polymerization, Research
and Development Review Report No. 83, Nippon
Chemtee Consulting, 1986.
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Table III. The EVA-MAH and the
EV A control were equally resistant to
discoloration, while the EVA-Acid
polymer tended to yellow more quick-
ly and to form a econgiderable quantity
of degraded “skin.” _

Compatibility

The compatibility of a polymer in a
specific blend is an important eriter-

ion for the hot-melt formulator. A
material’s cloud point is a measure of
compatibility. The cloud points for
EVA, EVA-MAH, and EVA-Acid
polymers with both paraffin and
microcrystalline waxes are reported
as well as the cloud points obtained
with various tackifiers.

‘Wax compatibility

Wax compatibility was evaluated for
paraffin wax and for microcrystalline
wax,

Paraffin wax. Table IV lists the
cloud points for the 6-MIEVA, EVA-
MAH, and EVA-Acid polymers with
paraffin wax. At polymer levels of
30% (w/w), all three materials have
similar compatibility. However, at
10% and 20% polymer, the EVA-
MAH and EVA polymers are signif-
icantly more compatible (lower cloud
point) than the EVA-Acid polymer.
Table V shows the reported cloud
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VIII Adhesron ofvanous EVAs:odntferentsubstratesa at 500 MI. In all eases, excellent
: Ly R : ' compatibility was observed at blend
Adhes"’” "b"" -+ - | ratios from 10% to 50% polymer.
e Mylar™e Microcrystalline wax. Table VI
Sapi s : ] lists the cloud points for the three

EVAs at both the 6MI and 400-500
MI range with microerystalline wax.
At 10% loading the compatibilities
were similar for all polymers, with the
exception of the 6-MI EVA-Acid
polymer. In this case, a cloud point
>300°F was observed, indieating poor
compatibility with microcerystalline
Wax.

Tackifier compatibility

The eloud points for the 500-MI series
of EVA, EVA-MAH, and EVA-Acid
with different tackifiers are reported
in Table VII. At50% polymer, similar
compatibilities were observed for all
three EVAs, Generally, the aliphatic
hydrocarbon tackifiers proved least
compatible with all three samples.

Adhesion to different
substrates

Table VIII summarizes the vahlies
obtained in a brief, unoptimized
survey of adhesion to different sub-
strates for EVA, EVA-MAH, EVA-
Acid, and a second experimental
EVA-MAH (EVA-MAH.,,) at both
the 6-MI and 400-500-MI levels. The
substrates surveyed were aluminum,
nylon, EVOH (ethylene vinyl aleohol),
and Mylar™ The EVA-MAH poly-
mers yielded significantly higher
adhesion to aluminurm than the EVA-
Acid terpolymers or EVA controls.
With nylon, both of the 6-MI EVA-
MAH polymers gave excellent adhe-
sion. Interestingly, only the EVA-
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MAHc, materials gave significant
adhesion to EVOH and Mylar.

It is hypothesized that the maleic
functionality of the EVA-MAH poly-
mers provides a site for potential
reaction with nucleophilic substrates
{such as the free amine ends of nylon
or the hydroxy functionality of
EVOH) to yield strong, interchain
adhesive bonds. The variations ob-
served in adhesion between the two
EVA-MAH materials are thought to
be due to structural differences. This
phenomenon is being studied.

Interaction with polyamides

In some cases, the cohesive strength
of a hot-melt adhesive can be in-
creased by blending in low-molecular-
weight polyamides. Table IX lists the
viscosities of EVA, EVA-MAH, and
EVA-Acid polymers after being
blended with a short-chain polyamide
{amine no. 6). A significant increase
in viscosity was observed only in the
case of blended EVA-MAH. These
data support the theory that the
EVA-MAH polymer provides a reac-
tive site capable of forming an inter-
chain graft, in this case yielding a
higher molecular weight adduet with

. polyamide.

Summary

Adhesion of EVA (ethylene vinyl
acetate) polymers can be increased by
modifying them with MAH (maleic
anhydride). The heat stability and
compatibility of MAH-modified EVA
polymers are not diminished by mod-
ification; Modified EVA polymers
showed exeellent adhesion to alumi-
num and nylon, indicating that they
are suitable for use in applications
that require bonding between nonpor-
ous substrates.

Possible end-use applications for
the EVA-MAH polymers include hot-
melt adhesives for packaging, hot-
melt sealant, carpet coating, ecarpet
tape adhesives, aqueous dispersion
coatings, wax-based coatings, and
polymer modification, 3
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