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ABSTRACT: Hot-melt adbesives for packaging applications
have undergone significant improvements to meet customer
demands for faster set times, wider ranges of end-use

temperature, and adhesion to more difficult to bond substrates.
Recent adpesive developments have allowed for the formulation
of a new generation of packaging adbesives that has expanded
the temperature use range (both low and elevated temperatures)
of hot-melr adhesives. These new adhbesives also exhibit very fast

set speeds, excellent adhesion to a wide variety of substrates
(including recycled boardstock), and a low density (below 0.95

glec) for greater adhesive mileage and easier removal in the

recycling process.
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Hot—melt packaging adhesives
are encountering more de-
manding customer requirements in
various areas, including faster set
times as the speed of packaging lines
increase, wider end-use temperature
ranges as expectations for freezer-
to-oven applications increase, im-
proved adhesion to difficult-to-bond
substrates as the use of coated, re-
cycled, and high-performance
boardstocks increase, and aiding or
not interfering in the reeyecling of
old corrugated containers (OCC) as
a greater percentage of OCC is re-
cycled.

Most hot-melt packaging adhe-
sives are based on either a low-den-
sity polyethylene (PE) polymer or
an ethylene vinyl acetate (EVA) co-
polymer. Formulating with these
base polymers in the past generally
has led to adhesives that have desir-
able properties for specifie applica-
tions, but it often required optimizing
the formulation for a specific perfor-
mance property—such as elevated
temperature performance—while
sacrificing another performance
property such as low-temperature
performance. The adhesives to be
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discussed in this paper extend the
performance window of these tradi-
tional adhesives and broaden the
performance ranges possible for hot-
melt packaging adhesives. Adhesives
have been developed that extend the
temperature use range and improve
adhesion to more difficult-to-bond
substrates while maintaining a low
density for increased mileage and
easier removal in the recycling pro-
cess.

Advances in paper manufactur-
ing also have challenged hot-melt ad-
hesive manufacturers. Paper
companies have been able to reduce
the basis weight of kraft paper while
maintaining strength by improving
fiber orientation through the use of
extended nip pressures, higher tem-
peratures, and chemical additives.
Such paper is commonly referred to
as high-density or high-performance
paper. This paper is frequently used
in edge-crush boardstock, but it can
be used on paper tested by the moré’
commonly used burst strength rat-
ings. It has been estimated that 20—
25% of today's kraft paper is of this
type. Depending on the process and
feedstocks used, along with recycle
content, some high-performance pa-
pers are relatively easy to bond while
others tend to be quite difficult, par-
ticularly when fiber tear is expected
under cold storage. The new adhe-
sives developed exhibit a broader
range of adhesion to a variety of
boards, again while maintaining a
good balance of other performance
properties.



1. Temperature performance ranges of general purpose adhesives

General purpose General purpose
Properties polyethylene adhesive EVA adhesive
Viscosity at 350°F, cp 900 900
Relative set time, s Very fast Very fast

3.8 3.8

loPP heat stress failure
temp., °F 165 135
Minimum fiber tear
temp., °F 35 20
Density, g/cc 0.95 0.99

Il. Temperature performance ranges of general purpose adhesives vs. a new generation

adhesive
General purpose
polyethylene General purpose  New generation
Properties adhesive EVA adhesive adhesive
Viscosity at 350°F, cp 800 900 1200
Relative set time, s Very fast Very fast Very fast
38 38 28
loPP heat stress failure
temp., °F 165 135 180
Minimum fiber tear
temp., °F 35 20 0
Density, g/cc 0.95 0.99 0.95

. Performance ranges of low-temperature adhesives

Low-temperature

Low-temperature

Properties polyethylene adhesive EVA adhesive

Viscosity at 350°F, ¢cp 1100 1300

Relative set time, s Fast Very fast
48 3.8

loPP heat stress failure

temp., °F 155 130

Minimum fiber tear

temp., °F ~20 -35

Density, g/cc 0.94 0.98

Test methods

Adhesive test methods used in this
work were American Society for
Testing and Materials (ASTM)
D3236 (viscosity) and ASTM D792
(density). Set and open time testing
was performed using a Waldorf pack-
aging line simulator (1). Elevated-
temperature performanee was
evaluated by using the IoPP method
for heat stress failure temperature
(2). Low-temperature testing was
performed by aging bonded samples
at the test temperature for 24 hours
and then determining the degree of
fiber tear at the test temperature.
All testing was performed on a stan-
dard 200-Ib burst strength corru-
gated board.

New developments

The properties of a typical general
purpose polyethylene-based packag-
ing adhesive and a general purpose
EVA-based adhesive are shown in
Table 1. Both these products have
low viscosity for efficient, clean ma-
chining and a very fast set time for
satisfactory processing at high line
speeds. The polyethylene-based
product exhibits higher elevated-
temperature resistance while the
EVA-based adhesive exhibits better
low-temperature performance. The
two adhesives also exhibit the den-
sity difference normally observed
between a polyethylene- and EVA-
based material, with the polyethyi-
ene-based adhesive having a
significantly lower density.

Table 1I shows the performance
of one of the new generation adhe-
sives compared to the general pur-
pose polyethylene and general
purpose EVA-based products. The
new generation product exhibits a
low viscosity similar to the general
purpose products; however, it, does
exhibit a significantly shorter set
time than the other two products.
This gives the new generation prod-
uct the capability to perform on the
fastest packaging lines. The tempera-
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ture use range for the new product is
also much broader than the general
purpose products. This is illustrated
in Fig. 1 and shows that the heat
stress failure temperature is 180°F,
with low-temperature fiber tearing
bonds down to 0°F, which extends
the performance range compared to
the general purpose products on both
ends. This performance is possible
while maintaining a low density of
0.95 g/ce, which increases the mile-
age of the adhesive. Figure 2 shows
that a 5% mileage advantage is pos-
sible with the low-density adhesive
when compared to the higher-den-
sity EVA product.

Density also plays an important
role in the removeability of the adhe-
sive in the recycling of OCC. As re-
ported at the TAPPI 1992 Hot Melt
Symposium (3), adhesives with den-
sities below 0.98 g/cc are efficiently
removed by using reverse cleaners,
and at 0.95 g/ce the new generation
product is low enough in density to
easily meet this requirement.

The overall balance of properties
and adhesion characteristics of the
new generation products is such that
they offer significant benefits in
faster set speeds and broader tem-
perature performance ranges while
maintaining a low density for more
efficient adhesive usage (improved
mileage) and more efficient removal
in the recycling process.

Table III shows the properties of
current polyethylene-based and
EVA-based adhesives specifically
formulated for frozen food applica-
tions. Both of these products exhibit
very workable viscosities. The low-
temperature performance of the
polyethylene-based adhesive has
been extended by sacrificing set
speed and some elevated tempera-
ture performance. The EVA adhe-
sive has very good low-temperature
performance but exhibits a lower el-
evated temperature performance.

Table 1V shows the performance
properties of a new generation adhe-
sive specifically formulated for fro-
zen food applications compared to
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1. Temperature performance ranges of general purpose adhesives (PE and EVA) vs. a new

generation adhesive
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IV. Performance ranges of low-temperature adhesives (PE and EVA) vs. a new generation

adhesive
Low-temperature
polyethylene Low-temperature  New generation
Properties adhesive EVA adhesive adhesive
Viscosity at 350°F, cp 1100 1300 1400
Relative set time, s Fast Very fast Very fast
48 3.8 35
loPP heat stress failure
temp., °F 155 130 185
Minimum fiber tear
temp., °F ~20 -35 -40
Density, g/ce 0.94 0.98 0.94

the current polyethylene- and EVA-
based adhesives just described. The
new generation product exhibits a
viscosity in the same range as the
two current products. It also shows a
very fast set time and is significantly
faster than the current polyethylene-
based adhesive. The new generation

adhesive also illustrates exceptional
performance at low temperatures
while extending the elevated tem-
perature performance of the current
adhesives. This is illustrated in Fig,
3.

The performance of the low-tem-
perature new generation adhesive is
possible while maintaining a low den-



2. Mileage advantage of low-density adhesives. Assumes eight 3-in.-long 1/8-in. beads per ity of 0.94 g/ce for the added ben-

case. efits of increased mileage and higher
removal efficiency in the recycling
Bead length/Ib of adhesive process. The performance of the new
Density, g/cc 1/8-in. bead, in. 3/32-in. bead, in. generation product also was tested
0.95 7,122 12,816 :
ot 6845 12169 on a variety of substrates. Table V

shows the performance of the new

1,400,000 1 generation product versus current
2 1200} polyethylene- and EVA-based prod-
% a 1000000 b ucts on difficult-to-bond substrates.
E g " The testing on high-performance
gg ey board and edge-crush board shows
<@ swmp that the new generation product is
og 200,000 [ much better than the adhesives cur-
g © 00000 F rently available. Performance on

these two substrates with the new
070 10000 20000 30000 40000 50000 G000 70,000 B0000 9000 100,000 generation products is obtained at
ADHESIVE USED, Ib significantly lowe? temperatures

than current adhesives.

Conclusions
3. Temperature performance ranges of low-temperature adhesives (PE and EVA) vs. a new . .
generation adhesive New generation hot-melt packaging
adhesives have been formulated that
200 show the following improved perfor-
- 185 mance benefits over currently exist-
i ing hot-melt adhesives:
155
160 - 1. Faster set speeds
Mo 130 2. Extended performance at both el-
120 evated and low temperatures
w .
° 100 |- 3. Improved adhesive performance
é % on difficult-to-bond boardstocks
- 3 . e .
< 4. Low density for additional adhesive
G oeor mileageand high aleffici
o eage an gnerremaval enaency
E 4} in the recycling process.
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