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ABSTRACT Whether piasticizer migrates into or out of the ot melt upon
aging, bot-melt adbesives and sealants can be adversely affected. Certain low-
molecular-weight polyethylenes are extremely useful additives for controling
the adverse effects of plasticizer migration. These polyethylenes were evaluated
in butyl-rubber-based, hot-melt sealants containing a plasticizing ol They
were also evaluated in (a) rubber-block-copolymer-based, bot-melt, pressure-
sensitive adbesives and (b) EVA-copolymer-based, hot-melt, laminating

adbesives for bonding to plasticized PVC films and sheeting
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Plasticizer migration can adversely
affect hot-melt adhesives and
sealants, whether the plasticizer
migrates into or out of the hot melt
upon aging. For example, paraffinic
oil or phthalate plasticizers in hot-
melt sealants can migrate from the
sealant mass. This migration causes
theloss of adhesion and flexibility and
could be the cause of fogging or
substrate staining. On the other hand,
when plasticizers migrate from PVC
{polyvinyl chloride) films or sheeting
into either pressure-sensitive or lam-
inating types of adhesives, bond
strength is diminished.

Select  low-molecular-weight
(LMW) polyethylene homopolymers
and copolymers have the ability to
efficiently gel organic liquids, inelud-
ing plasticizers. Consequently, we
evaluated these polymers in sealants
to determine how well they relieve
plasticizer migration from the
sealant.

Furthermore, certain LMW poly-
ethylenes exhibit excellent barrier
properties to many organic liquids,
including various plasticizers. There-
fore, we evaluated these polymers in
adhesives to determine their ability to
diminish the adverse effects of plas-
ticizer migration from a PVC film
into the adhegives.

Gelling of organic liquids

LMW polyethylenes can gel organic
liquids effectively because of a unique
structure, Of relatively low molecular
weight, they have a fairly narrow
molecular weight distribution and a
semi-crystalline nature. Table I
shows the molecular weight range of
these polyethylenes compared to other
components in adhesive formulas.

They are higher in molecular weight

than paraffin or miecroerystalline
waxes, but lower in molecular weight
than standard types of base polymers
such as LDPE or EVA copolymers.

Table IT presents the properties of
various LMW polyethylenes evaluat-
ed. These products include ethylene
homopolymers, copolymers, terpoly-
mers, and ionomers. The variety of
these polyethylenes that are available
makes it easier to select products
having proper compatibility with the
organie liquid to be gelled.

A LMW polyethylene gel is a dis-
tribution of small polyethylene parti-
cles in an organic liguid. The polyeth-
vlene gel is useful as a means of
distributing polyethylene in a finely
divided state into many systems.
These gels are viscous, highly thixo-
tropie liquids, or semi-solids. The gels
are prepared by heating the LMW
polyethylene in an organic liquid and

then eooling. During cooling, the
polyethylene is precipitated as minute
particles with a size of 0.5-20 um. On
standing, the particles form a three-
dimensional lattice network struc-
ture. .

Table ITI shows the viscosities of
10% concentration gels of various
LMW polyethylenes in toluene. Table
IV lists the cloud peints of 10% con-
centrations of some LMW polyethy-
lenes in seleeted solvents. Generally,
the cloud point is a good indication of
how readily the polyethylene dissolves
in a solvent. A high cloud point
indicates that the polyethylene is more
difficult to dissolve.

Plasticizer migration into and
out of sealants and adhesives

Plasticizer bleed-out

We evaluated LMW polyethylenes in
a butyl-rubber-based, hot-melt,
sealant-type formulation, as shown in
Table V. In this evaluation, we sought
to minimize the amount of migration
of the paraffinic oil plasticizer. A
preliminary screening of various
LMW polyethylenes was undertaken
to determine which were the most
effective gellants for the paraffinie oil;
gel characteristics are given in Table
VI

Based on their ability to efficiently
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gel the oil, Grades 6 and 405T were
chosen for evaluation in the sealant
compound. Table VII gives the re-
sults. The control sealant formulation
exhibited severe oil bleed-through,
whereas the polyethylene containing
compounds showed significantly less
bleed-through. The best results were
obtained with a 10% concentration of
Grade 6.

In other testing, the control sealant
formula showed excessive flow or
slump after aging for one week at
70°C, whereas the 5% and 10% Grade
6 formulations showed no flow and the
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5% Grade 405T compound exhibited
minimal flow. This improvement in
resistance to slump caused by elevated
temperature is due to the gelation
properties of the polyethylenes.
Furthermore, sealants modified with
Grades 6 and 405T were less tacky at
ambient conditions than the control.

Bonding to plasticized PVC

Our next objective was to diminish the
adverse effects of plasticizer migra-
tion from flexible PVC films and
sheeting into an adhesive. We per-
formed evaluations to determine the

benefits of adding select types of
LMW polyethylene because of their
excellent barrier properties.

First, the LMW polyethylenes were
tested in the pressure-sensitive adhe-
sive formulation given in Table VIIL
This evaluation was performed to
determine the peel adhesion, before
and after aging, to 2 0.089-mm,
pigmented, polymeric plasticizer
containing PVC film. The test results
in Table IX show that, after aging for
one week at 70°C or one day at 82°C,
only slight reductions in adhesion
were observed in the test and control

i



VIl. Qil bleed-out from butyl-based hot meit
sealants

ViIll. General hot meft pressure-sensitive
adhesive formulation for bonding to plasticized

polyvinyl choride

Formu-  Poly- Poly-

lation  ethylene ethylens, Bleed-
no., grade %o oul
Al Severe
A2 6 5  Moderate
A3 6 10 Light
Ad 405T 5  Moderate

Weight
Component percent
S-I-S block copolymer {14% S, 235
86% 1)

5-B-8 block copolymer (28% S, 80
72% ) o

Fully hydrogenated rosin ester
{(85°C S.P) i

Polybutene (avg. mol. wt. = 2060) 6.0

‘615

Hindered phenolic A.O. .05
Butyl zimate 05
Subiotal 1000
LMW polyethylene 0-50

AQ. = Anti-oxidant. S-I-8 = styrene-isoprens—
styrene, 5-B-S = styrene~butadiene-~styrene.

IX. Adhesion of modified hot-melt pressure-sensitive adhesives to plasticized PVC*

u ' B1 " B2 B3 B4 B5 ' Bs.
Polyethylene
grade .
- Grade e 9 617 316 540 580
Amount, % CL. 1 5 1 5 “s
180° peet ' :
adhesion, N/m .
Initial - ¢ 1505 1488 1278 1610 1558 1733
7 daj(s at70°C 1278 1225 1278 1050 1155 1278
1 days at 82°C 1295 1225 1208 1313 1365 1208
7 days at 82°C 183 1173 1488 1260 1243 1050
0.089 mm, pigmented, polymeric plasticized.

X. Adhesion of modified hot-melt pressure-sensitive adhesives to plasticized PVG*

D1 D2 - D3 D4
Polyethylene grade . ]
Grade ' 540 580 B136
Amount, % 5 5 5
180° peel adhesion, N/m . _
. Inittal 1610 1138 1628 1278
75 days at ambient temp. 805 173 1470 138
1 day at 70°C 35 788 910 963

“0.076 mm, clear, epoxidized soybean oil/DOA plasticized, DOA = dioctyladipate,

formulas. After aging for one week at
82°C, however, the control adhesive
exhibited a soft, gummy texture and
demonstrated a dramatic decrease in
adhesion, while the polyethylene-
containing formulas exhibited a min-
imal change in peel strength. The loss
of cohesive strength in the control
formulation was the result of the
attack of the polymeric plasticizer
from the PVC substrate.

In the second evaluation, we utilized
a PVC that is more flexible: a 0.676-
mm, clear PVC, plasticized with a
combination of epoxidized soybean oil
and dioetyladipate. As indicated in
Table X, after aging 75 days at
ambient conditions, the control adhe-
sive exhibited a 50% decrease in peel
strength, whereas the three LMW
polyethylene-containing formulas
showed essentially no decrease in
adhesion. After accelerated aging for
one day at 70°C, all of the tested
adhesives exhibited 2 decrease in peel
strength, However, the polyethylene
containing formulations were re-
duced 35%, on average, whereas the
control had a peel strength reduction
of nearly 100%.

The third evaluation was per-
formed using an 0.203-mm, clear
PVC, plasticized with a linear phthal-
ate. The test results shown in Fable
XTI indicate that initially and after
aging for either 60 days at ambient
conditions or one day at 52°C, the
polyethylene-containing adhesive
showed higher adhesion than the
control. However, after aging for

. “seven days at 52°C, all adhesives

showed a significant loss in adhesive
strength as a result of the migration
of the monomeric type of plasticizer.

Using the same linear phthalate
plasticized PVC, other LMW polyeth-
vlenes were evaluated. As the results
in Table XII show, these
polyethylene-containing adhesives
exhibited initial adhesion that was
either similar to or better than the
control.

After aging one day at 52°C, the
eontrol lost nearly all of its initial
adhesion, while the polyethylene-
modified adhesives showed no loss in
peel strength. However, after aging
for seven days at 52°C, the
polyethylene-containing adhesives
exhibited significant icsses in adhe-
sion, while the control adhesive exhi-
bited almost total loss of adhesion.
Furthermore, after aging 60 days at
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ambient conditions, all adhesives
showed a decrease in peel strength;
the control exhibited the least adhe-
ston, at 49 N/m, while the adhesive
containing Grade 290 showed the
" highest adhesion, at 569 N/m.

Finally, LMW polyethylenes were
tested in the EVA-copolymer-based,
hot-melt, laminating adhesive formu-
lationshown in Table XIII. Here, two
sheets of 0.203-mm, clear, linear,
phthalate, plasticized PVC were
bonded together. As the results in
Table XIV show, the polyethylene
containing adhesives exhibited initial
adhesion that was similar to or better
than that of the control. After aging
one day at 52°C, the polyethylene-
containing formulations showed an
average of 57% better peel adhesion
than the control. However, after aging
seven days at 52°C, all of the adhesives
exhibited a significant decrease in
adhesion as a result of the migration
of the monomeric, phthalate plastic-
izer.

These evaluations indicate that
incorporating LMW polyethylenes in
a hot-melt adhesive contributessignif-
icantly toward obtaining a stable
adhesive bond to plasticized PVC, The
polyethylenes demonstrate effective

control of the migration of relatively .

high-molecular-weight plasticizers,
such as polymeric types and epoxid-
ized soybean oil. With monomeric
plasticizers, the polyethylenes showed
positive indications of controlling
migration under relatively mild aging
conditions. Under more stringent
aging, the polyethylenes were not as
successful. We are planning further
work regarding the bonding of PVC
films and sheeting containing mono-
‘merie plasticizers.

Conclusions
and recommendations

Certain LMW polyethylenes are ex-
tremely useful additives for control-
ling the adverse effects of plasticizer
migration into or out of adhesives and
sealants. One of the most important of

the potential uses of these LMW

polyethylenes is in pressure-sensitive
or laminating type adhesive applica-
tions involving plasticized PVC films
or sheeting.

If such polyethylene modification
allows wider use of hot-melt adhesive
for adhering to plasticized PVC,
manufacturers of PVC tapes, labels,
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XlI. Adhesion of modified hot-melt pressure-sensitive adhesives {o plasticized PVC*

and larinates may be able to realize
the benefits of using hot-melts. These
benefits include faster coating speeds
and shorter production lines. Fur-
thermore, LMW polyethylene-
modified, hot-melt adhesives or
sealants should be considered for
adhering to surfaces contaminated
with various organie liguids, such as
oily metal substrates.

In addition, our evaluations have
shown that LMW polyethylene mod-
ification can enable hot-melt sealants
to incorporate high concentrations of
plasticizing and extender oils to
enhance properties or to reduce raw
material costs.03 :

Xlll. General hot-melt laminating adhesive
formulation for bonding to plasticized PVC

Coimponent.
[EVA copolyrrer (33% Vinyl,
“acetate, 43 ML

-Aliphatic/aromatic resin .

rystalline wax {85° C MP)
D
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