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1
AMORPHOUS PROPYLENE-ETHYLENE
COPOLYMERS

BACKGROUND

1. Field of the Invention

The present invention is generally related to amorphous
propylene-ethylene copolymers and processes for producing
such copolymers. More particularly, the present invention is
generally related to amorphous propylene-ethylene copoly-
mers having desirable needle penetrations, softening points,
viscosities, and viscoelastic characteristics.

2. Description of the Related Art

Amorphous polyolefins are commonly used in industry to
produce a wide array of products including, for example,
adhesives. Common polyolefins utilized in adhesives gener-
ally include copolymers produced from propylene, ethylene,
and various C,-C,, alpha-olefin monomers, such as, for
example, 1-butene, 1-pentene, 1-hexene, 1-heptene,
1-octene, 1-nonene, and 1-decene. In particular, propylene-
butene copolymers are commonly used to produce hot melt
adhesives due to the higher adhesive bond strengths derived
from these copolymers. Much of the adhesive bond strength
derived from these copolymers can be attributed to the C,-C,
alpha-olefins contained therein, which can greatly increase
the subsequent bonding properties of the copolymer. Unfor-
tunately, C,-C, , alpha-olefins can be quite expensive due to
market availability and can also exhibit limited reactivity
during the polymerization processes.

Due to the above deficiencies of the C,-C,, alpha-olefins,
some manufacturers have attempted to replace C,-C, ; alpha-
olefins with ethylene. Unlike many of the C,-C,, alpha-ole-
fins, ethylene can be more readily available and more reactive
than many of the commonly used C,-C,, alpha-olefins, such
as 1-butene. Unfortunately, propylene-ethylene copolymers
can exhibit deficiencies in hardness, thereby resulting in
adhesives that lack ideal bond strength over time. Some
manufacturers have attempted to increase the hardness of
these copolymers by incorporating crystalline polypropylene
therein. However, by adding crystalline polypropylene to
these copolymers, the softening points of the copolymers are
also increased. This can limit the application of these copoly-
mers to certain types of adhesives due to the higher softening
points.

Thus, there is a need for amorphous copolymers that
exhibit an ideal balance between hardness and softening point
and that can also be used to produce adhesives with improved
adhesive characteristics.

SUMMARY

One or more embodiments of the present invention concern
a copolymer comprising propylene and ethylene, which has a
softening point in the range of 90 to 140° C. Furthermore, the
copolymer has a needle penetration that is equal to y, which is
defined by the following formula:

y=—0.000000262249x6+0.000172031278x5—
0.046669720165x4+6.701746779438x3—
537.286013331959x2+22,802.983472587x-400,
204.018086126
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In the above formula, x is the softening point of the copoly-
mer.

Additionally, one or more embodiments of the present
invention concern a copolymer comprising propylene and
ethylene. The copolymer has a softening point in the range of
110 to 135° C. and a needle penetration of less than 25 dmm.

Furthermore, one or more embodiments of the present
invention concern a copolymer comprising propylene and
ethylene. The copolymer has a softening point in the range of
90 to 121° C. and a needle penetration of less than 35 dmm.

Also, one or more embodiments of the present invention
concern a copolymer comprising propylene and ethylene.
The copolymer has a softening point in the range of 90 to less
than 115° C. and a needle penetration equal to or less than 53
dmm.

Moreover, one or more embodiments of the present inven-
tion concern a hot melt adhesive. The hot melt adhesive
comprises a copolymer comprising propylene and ethylene.
The copolymer has a softening point in the range of 90 to 140°
C. and a needle penetration that is equal to y, which is defined
by the following formula:

»=-0.000000262249x6-+0.000172031278x5—
0.046669720165x4+6.701746779438x3—
537.286013331959x2+22,802.983472587x-400,
204.018086126

In the above formula, x is the softening point of the copoly-
mer.

In addition, one or more embodiments of the present inven-
tion concern a process for producing a copolymer. The pro-
cess comprises reacting propylene and ethylene in the pres-
ence of a catalyst system comprising an electron donor to
form the copolymer. The copolymer has a softening point in
the range of 90 to 140° C. and a needle penetration that is
equal to y, which is defined by the following formula:

»=-0.000000262249x6-+0.000172031278x5—
0.046669720165x4+6.701746779438x3—
537.286013331959x2+22,802.983472587x-400,
204.018086126

In the above formula, x is the softening point of the copoly-
mer.

In yet further embodiments of the present invention, a
process for producing a copolymer is provided. The process
comprises reacting propylene and ethylene in the presence of
a catalyst system comprising an electron donor to form the
copolymer. The copolymer has a softening point in the range
of 110 to 140° C. and a needle penetration that is equal to y,
which is defined by the following formula:

p=—0.000751414552642x*+0.37405330833793 75—
69.5967657676062x°+5,734.02599677759x—
176,398.494888882

In the above formula, x is the softening point of the copoly-
mer.

BRIEF DESCRIPTION OF THE FIGURES

Embodiments of the present invention are described herein
with reference to the following drawing figures, wherein:

FIG. 1A depicts the viscoelastic characteristics of particu-
lar propylene-ethylene copolymers produced in Example 1;

FIG. 1B depicts the viscoelastic characteristics of particu-
lar propylene-ethylene copolymers produced in Example 1;
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FIG. 2 depicts the viscoelastic characteristics of the adhe-
sives produced in Example 4;

FIG. 3 depicts the viscoelastic characteristics of the adhe-
sive produced in Example 5; and

FIG. 4 depicts the viscoelastic characteristics of the adhe-
sives produced in Example 6.

DETAILED DESCRIPTION

The present invention is generally related to amorphous
propylene-ethylene copolymers and their various applica-
tions. Many of'the existing propylene-ethylene copolymers in
the market today generally exhibit deficiencies regarding
their softening points or hardness. The inventive copolymers
described herein exhibit improved properties currently not
available in these commercial copolymers. In particular, as
described below in further detail, the inventive copolymers
can exhibit desirable softening points and needle penetra-
tions, thereby resulting in copolymers that are useful in a wide
array of applications.

The Propylene-Ethylene Copolymers

Commercially-available propylene-ethylene copolymers
have generally not been strong enough to be used in adhesives
for packaging applications or hygiene products (e.g., diapers
and feminine care products). Generally, this has to do with the
lack of'balance between the strength and adhesion properties
of'the copolymers. Historically, in order to produce a copoly-
mer with sufficient strength, one had to limit the ethylene
content of the copolymer. It has been observed that there is a
correlation between the ethylene contents of a copolymer and
its softening point and needle penetration, which is an indi-
cation of the copolymer’s strength. Usually, the ethylene
content can have a negative correlation with the softening
point of the copolymer and a positive correlation with the
needle penetration of the copolymer. In other words, the more
ethylene that is present in a copolymer, the lower the soften-
ing point and higher the needle penetration of the copolymer.
Thus, increasing the ethylene content in a propylene-cthylene
copolymer may decrease the copolymer’s softening point, but
can also compromise its strength as shown by an increased
needle penetration.

Unlike conventional propylene-ethylene copolymers
available today, the inventive copolymers can exhibit a desir-
able softening point and needle penetration with relatively
high ethylene contents. As previously noted, it can be desir-
able to utilize ethylene as a comonomer in propylene copoly-
mers due to the high availability and low costs of ethylene
compared to other alpha-olefins. Furthermore, there can be
polymerization advantages in using ethylene as a comonomer
since ethylene can be much more reactive than many other
alpha-olefins.

According to various embodiments, the propylene-ethyl-
ene copolymers described herein can comprise varying
amounts of ethylene. For example, the propylene-cthylene
copolymers can comprise atleast 1,3, 5,7, 10, 12, 14, 15,17,
18, or 20 and/or not more than 70, 65, 60, 55, 50, 45, 40, 35,
30, 27, or 25 weight percent of ethylene. Moreover, the pro-
pylene-ethylene copolymers can comprise in the range of 1 to
70,3 10 65,510 60,7 to 55, 10 to 50, 12 to 45, 14 t0 40, 15 to
35,17 10 30, 18 to 27, or 20 to 25 weight percent of ethylene.
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Furthermore, in various embodiments, the propylene-eth-
ylene copolymers can contain varying amounts of propylene.
For example, the propylene-ethylene copolymers can com-
prise at least 40, 50, 60, 65, or 70 and/or not more than 99, 95,
90, 85, or 80 weight percent of propylene. Moreover, the
propylene-ethylene copolymers can comprise in the range of
401099, 500 95, 600 90, 65 to 85, or 70 to 80 weight percent
of propylene.

In various embodiments, the copolymers can comprise at
least 50, 65,75, or 85 and/or not more than 99, 97.5, 95, or 90
weight percent of ethylene and propylene in combination.
Moreover, the copolymers can comprise in the range of 50 to
99, 65 to 97.5, 75 to 95, or 85 to 90 weight percent ethylene
and propylene in combination. Additionally or alternatively,
the copolymers can comprise a weight ratio of propylene to
ethylene of at least 0.5:1, 1:1, 2:1, or 2.5:1 and/or not more
than 20:1, 15:1, 10:1, or 5:1. Moreover, the copolymers can
comprise a weight ratio of propylene to ethylene in the range
0f0.5:1 t0 20:1, 1:1 to 15:1, 2:1 to 10:1, or 2.5:1 to 5:1.

In various embodiments, the copolymers can contain one
or more C,-C,, alpha-olefins. As previously noted, C,-C,,
alpha-olefins can be used to increase the resulting bond
strength of the copolymers when utilized in adhesives. These
C,-C,, alpha-olefins can include, for example, 1-butene,
1-pentene, 1-hexene, 1-heptene, 1l-octene, 1-nonene,
1-decene, and combinations thereof. According to one or
more embodiments, the copolymers can comprise at least 0.5,
1,2, 3, 4, or 5 and/or not more than 40, 30, 25, 20, 15, or 10
weight percent of at least one C,-C, ; alpha-olefin. Moreover,
the copolymers can comprise in the range of 0.5 to 40, 1 to 30,
21025,31020,4 10 15, or 5 to 10 weight percent of at least one
C,-C,, alpha-olefin.

As noted above, a lower softening point for the copolymers
can be desirable so that the copolymers can be utilized and
processed at lower application temperatures. In various
embodiments, the copolymers can have a softening point of at
least 85, 90, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105,
106, 107, 108, 109, 110, 113, 115, 116, 119, 120, 121, 124,
125, or 127° C. Additionally or alternatively, the copolymers
can have a softening point of not more than 145, 140, 138,
137, 136, 135, 134, 132, 130, 129, 128, 127, 126, 125, 124,
123, 122, 121, 120, 118, 117, 115, 110, or 109.9° C. as
measured according to ASTM E28 Standard Test Method for
Softening Point of Resins Derived from Pine Chemicals and
Hydrocarbons, by Ring- and Ball Apparatus using a heating
rate of 5° C. per minute and a bath liquid of USP Glycerin.

Moreover, the copolymers can have a softening point in the
range of 85t0 145° C., 9010 140° C.,90t0 110°C.,90to 121°
C.,91t0115°C.,95t0138°C.,95t0 110° C.,, 96 to 136° C.,
97t0135°C., 9810 134°C.,991t0132° C.,100t0 130°C., 101
10 129°C.,10210 128°C., 10310 127°C., 10410 126° C., 105
t0 125°C., 10610 124°C., 10710 123°C., 10810 122° C., 109
t0121°C.,or 110to 120° C. as measured according to ASTM
E28 as discussed previously.

Despite exhibiting the low softening points described
above, the copolymers can also exhibit desirable needle pen-
etration values. Generally, the lower the needle penetration
value, the higher the strength characteristics and modulus of
the copolymer; however, if the needle penetration gets too
low, then adhesive properties can be adversely impacted. In
various embodiment, when the softening point is in the range
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0190 to 140° C., the needle penetration values of the copoly-
mers described herein can be defined by the following for-
mula:
»=-0.000000262249x6+0.000172031278x5—

0.0466697201 65x4+6.701746779438x3—

537.286013331959x2+22,802.983472587x-400,

204.018086126.
Needle penetration is measured following ASTM D5 Stan-
dard Test Method for Penetration of Bituminous Materials
and utilizing the following specifications:

The weight of the spindle is 47.5+/-0.05 g. The weight of
the ferrule needle assembly is 2.50+/-0.05 g. The total
weight of the needle and spindle assembly is 50.0+/—
0.05 g. A weight of 50+/-0.05 g shall also be provided
for total load of 100 g.

Samples are conditioned in a water bath at temperature of
25+/-0.1° C. [77+/-0.2° F.]

The time the needle penetrates into the sample is 5+/-0.1 s.

In various other embodiments, when the softening point is
in the range of 110 to 140° C., the needle penetration values
of the copolymers described herein can be defined by the
following formula:

y=-0.000751414552642x*+0.374053308337937x~
69.5967657676062x+5,734.02599677759x—
176,398.494888882.
In the above formula, “y” defines the needle penetration
(dmm) of the copolymer and “x” is the softening point (° C.)
of the copolymer.

In various embodiments, the copolymers can have a needle
penetration ofatleast 1, 2,3,4,5,6,7,8,9,10,11,12, 13, 15,
20, 30, or 35 decimillimeters (“dmm”) as measured according
to ASTM DS as discussed previously. Additionally or alter-
natively, the copolymers can have a needle penetration of not
more than 75, 73.8, 70, 60, 50, 45, 40, 30, 29, 28, 27, 26, 25,
24, 23, 22, 21, 20, or 15 dmm as measured according to
ASTM DS as discussed previously. Moreover, the copoly-
mers can have a needle penetration in the range of 1 to 75, 2
t050,31030,41t029,51028,61027,7to 26, 8 to 25, 9 to 24,
10 to 23, 11 to 22, 12 to 21, or 13 to 20 dmm as measured
according to ASTM D5 as discussed previously.

Depending on their intended end use, the copolymers can
have varying softening points and needle penetration ranges.
Invarious embodiments, the copolymers can have a softening
point in the range 0f 90 to 121° C. and needle penetration less
than 35 dmm. In other embodiments, the copolymers can
have a softening point in the range of 90 to 115° C. and a
needle penetration of less than 53 dmm. In various embodi-
ments, the copolymers can have a softening point in the range
of' 110 to 138° C. and needle penetration in the range of 1 to
15 dmm. Furthermore, in certain embodiments, the copoly-
mers can have a softening point in the range of 110 to 135° C.
and needle penetration in the range of 5 to 15 dmm. Moreover,
in certain embodiments, the copolymers can have a softening
point in the range of 110 to 130° C. and needle penetration in
the range of 10 to 15 dmm.

In various embodiments, the copolymers can have a soft-
ening point in the range of 110 to 137° C. and needle pen-
etration in the range of 1 to 22 dmm. Furthermore, in certain
embodiments, the copolymers can have a softening point in
the range of 110to 135° C. and needle penetration in the range
of 5 to 22 dmm. In other embodiments, the copolymers can
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have a softening point in the range of 110 to 135° C. and
needle penetration in the range of 10 to 24 dmm. Moreover, in
certain embodiments, the copolymers can have a softening
point in the range of 110 to 130° C. and needle penetration in
the range of 10 to 20 dmm.

In various embodiments, the copolymers can have a soft-
ening point in the range of 110 to 134° C. and needle pen-
etration in the range of 1 to 25 dmm. Furthermore, in certain
embodiments, the copolymers can have a softening point in
therange of 110to 132° C. and needle penetration in the range
of 5 to 25 dmm. Moreover, in certain embodiments, the
copolymers can have a softening point in the range of 110 to
130° C. and needle penetration in the range of 10 to 25 dmm.

In various embodiments, the copolymers can have a soft-
ening point in the range of 110 to 124° C. and needle pen-
etration in the range of 1 to 30 dmm. Furthermore, in certain
embodiments, the copolymers can have a softening point in
therange of 110to 122° C. and needle penetration in the range
of 5 to 30 dmm. Moreover, in certain embodiments, the
copolymers can have a softening point in the range of 110 to
120° C. and needle penetration in the range of 10 to 30 dmm.

In various embodiments, the copolymers can have a soft-
ening point in the range of 110 to 120° C. and needle pen-
etration in the range of 30 to 50 dmm. Furthermore, in certain
embodiments, the copolymers can have a softening point in
the range of 110to 120° C. and needle penetration in the range
of 35 to 50 dmm. Moreover, in certain embodiments, the
copolymers can have a softening point in the range of 110 to
120° C. and needle penetration in the range of 30 to 45 dmm.

In various embodiments, the copolymers can have a soft-
ening point in the range of 90 to 125° C. and needle penetra-
tion of less than 30 dmm. Furthermore, in certain embodi-
ments, the copolymers can have a softening point in the range
0t 90 to 123° C. and needle penetration of less than 35 dmm.
Moreover, in certain embodiments, the copolymers can have
a softening point in the range of 90 to 125° C. and needle
penetration in the range of 10 to 30 dmm. In various embodi-
ments, the copolymers can have a softening point in the range
ot 90 to 109.9° C. and needle penetration of less than 73.8
dmm. Furthermore, in certain embodiments, the copolymers
can have a softening point in the range of 127 to 140° C. and
needle penetration of less than 25 dmm. Moreover, in certain
embodiments, the copolymers can have a softening point in
the range of 124 to 126° C. and needle penetration ofless than
30 dmm.

In various embodiments, the copolymers can have a soft-
ening point in the range of 121 to 123° C. and needle pen-
etration of less than 40 dmm. Furthermore, in certain embodi-
ments, the copolymers can have a softening point in the range
of' 119 to 120° C. and needle penetration of less than 50 dmm.
Moreover, in certain embodiments, the copolymers can have
a softening point in the range of 116 to 118° C. and needle
penetration of less than 60 dmm. In other embodiments, the
copolymers can have a softening point in the range of 113 to
117° C. and needle penetration of less than 70 dmm.

Generally, lower softening points in the copolymers can
sometimes be accompanied by lower glass transition (“Tg”)
temperatures. In various embodiments, the copolymers can
have a glass transition temperature of at least —100, -80, -60,
or —40 and/or not more than about 20, 0, =10, or -20° C. as
measured according to DMA. Moreover, the copolymers can
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have a Tg in the range of =100 to 20° C., =80 to 0° C., -60 to
-10° C., or =40 to =20° C. as measured according to DMA.

Furthermore, in various embodiments, the copolymers can
have a melt viscosity at 190° C. of at least 100, 500, 1,000,
3,000, or 5,000 and/or not more than about 100,000, 75,000,
50,000, 35,000, or 25,000 cP as measured according to
ASTM D3236. Moreover, the copolymers can have a melt
viscosity at 190° C. in the range of 100 to 100,000, 500 to
75,000, 1,000 to 50,000, 3,000 to 35,000, or 5,000 to 25,000
cP as measured according to ASTM D3236.

According to one or more embodiments, the copolymers
can have a Brookfield viscosity at 190° C. of at least 100, 300,
500, or 750 and/or not more than 30,000, 10,000, 5,000, or
2,500 cps as measured according to ASTM D3236. Moreover,
the copolymers can have a Brookfield viscosity at 190° C. in
the range of 100 to 30,000, 300t0 10,000, 500to 5,000, or 750
to 2,500 cps.

In one or more embodiments, the copolymers described
herein can also have anumber average molecular weight (M)
of'less than 100,000, 50,000, or 25,000 as determined by gel
permeation chromatography.

In various embodiments, the copolymers described herein
do not exhibit substantial changes in color when subjected to
storage conditions at elevated temperatures over extended
periods of time. Before any aging due to storage occurs, the
inventive copolymers can have an initial Gardner color of less
than 4, 3, 2, or 1 as measured according to ASTM D1544.
After being heat aged at 177° C. for at least 96 hours, the
inventive copolymers can exhibit a final Gardner color ofless
than 7, 5, 3, or 2 as measured according to ASTM D1544.
Thus, the inventive copolymers can retain a desirable color
even after prolonged storage and exposure.

Additionally, the copolymers described herein can be
amorphous or semi-crystalline. As used herein, “amorphous”
means that the copolymers have a crystallinity of less than 5
percent as measured using Differential Scanning calorimetry
(“DSC”) according to ASTM E 794-85. As used herein,
“semi-crystalline” means that the copolymers have a crystal-
linity in the range of 5 to 40 percent as measured using DSC
according to ASTM E 794-85. In various embodiments, the
copolymers can have a crystallinity of not more than 60, 40,
30, 20, 10, 5, 4, 3, 2, or 1 percent as measured using DSC
according to ASTM E 794-85.

The Processes for Producing the Propylene-Ethylene
Copolymers

In various embodiments, the copolymers can be produced
by reacting propylene monomers and ethylene monomers in
the presence of a catalyst system comprising at least one
electron donor.

In various embodiments, the catalyst system can comprise
a Ziegler-Natta catalyst. According to one or more embodi-
ments, the Ziegler-Natta catalyst can contain a titanium-con-
taining component, an aluminum component, and an electron
donor. In certain embodiments, the catalyst comprises tita-
nium chloride on a magnesium chloride support.

The catalyst systems, in certain embodiments, can com-
prise a heterogeneous-supported catalyst system formed from
titanium compounds in combination with organoaluminum
co-catalysts. In various embodiments, the co-catalyst can
comprise an alkyl aluminum co-catalyst (“TEAL”).
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In one or more embodiments, the catalyst system can have
an aluminum to titanium molar ratio of at least 1:1, 5:1, 10:1,
or 15:1 and/or not more than 100:1, 50:1, 35:1, or 25:1.
Moreover, the catalyst system can have an aluminum to tita-
nium molar ratio in the range of 1:1t0 100:1, 5:1t0 50:1, 10:1
to 35:1, or 15:1 to 25:1. Additionally or alternatively, in
various embodiments, the catalyst system can have a molar
ratio of aluminum to silicon of at least 0.5:1, 1:1, 2:1,3:1, 4:1,
5:1, or 6:1 and/or not more than 100:1, 50:1,35:1, 20:1, 15:1,
10:1, or 8:1. Moreover, the catalyst system can have a molar
ratio of aluminum to silicon in the range 0f 0.5:1 to0 100:1, 1:1
10 50:1,2:1t035:1,2:11020:1,2:1t0 15:1,2:1t0 10:1, or 2:1
to 8:1.

Electron donors are capable of increasing the copolymer’s
stereospecificity. However, it can be important to closely
regulate the contents of the electron donors since they can
suppress catalyst activity to unacceptable levels in some cir-
cumstances. The electron donors used during the polymer-
ization process can include, for example, organic esters,
ethers, alcohols, amines, ketones, phenols, phosphines, and/
or organosilanes. Furthermore, the catalyst system can com-
prise internal donors and/or external donors.

In various embodiments, the catalyst system comprises at
least one external electron donor. In one or more embodi-
ments, the external electron donor comprises at least one
alkoxy silane. In particular, in certain embodiments, the
alkoxy silane can comprise dicyclopentyldimethoxysilane,
cyclohexylmethyldimethoxysilane, or a combination thereof.
Moreover, in some embodiments, the alkoxy silane can com-
prise, consist essentially of, or consist entirely of dicyclopen-
tyldimethoxysilane.

It has been observed that the addition of the above external
donors to the catalyst system can increase the hardness (i.e.,
decrease the needle penetration) and viscosities of the
copolymers. However, contrary to what has been previously
observed in the art, the electron donors described above can
actually lower the softening points of the produced copoly-
mers instead of increasing it. Furthermore, it has been
observed that substantially all (i.e., greater than 95 percent) of
the ethylene added to the reactor during the polymerization
process can react when the above electron donors are used.
Thus, this can result in copolymers having higher ethylene
contents and lower propylene contents. Consequently, when
using the above electron donors, propylene-ethylene copoly-
mers can be produced that have higher ethylene contents, but
still exhibit desired balances between softening point and
hardness.

Inaddition, according to various embodiments, the catalyst
system can have a molar ratio of electron donor to titanium of
atleast0.1:1,0.5:1, 1:1, 1.25:1, 1.5:1, or 2:1 and/or not more
than20:1,15:1,10:1,5:1,4.5:1, or 4:1. Moreover, the catalyst
system can have a molar ratio of electron donor to titanium in
the range 0f0.1:1 t0 20:1, 0.5:1 to 15:1, 1:1t0 10:1, 1.25:1 to
5:1,1.5:1t0 4.5:1, or 2:1 to 4:1. Additionally or alternatively,
in various embodiments, the catalyst system can comprise a
molar ratio of TEAL co-catalyst to the electron donor of at
least 0.5:1, 1:1, 2:1, 3:1, 4:1, 5:1, or 6:1 and/or not more than
100:1, 50:1, 35:1, 20:1, 15:1, 10:1, or 8:1. Moreover, the
catalyst system can comprise a molar ratio of TEAL co-
catalyst to the electron donor in the range of 0.5:1 to 100:1,
1:1t050:1,2:1t035:1,2:1t020:1,2:1t0 15:1,2:1t0 10:1, or
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2:1to 8:1. In certain embodiments, the type of electron donor
can influence the necessary TEAL/electron donor ratio. For
instance, in embodiments where the electron donor is dicy-
clopentyldimethoxysilane, the TEAL/electron donor ratio
can be less than 20:1.

The catalyst system can exhibit a catalyst activity in the
range of 200 to 2,000, 400 to 1,200, or 500 to 1,000 g/g.
Catalyst activity is calculated by measuring the ratio of the
weight the polymer made in the reactor to the weight of the
catalyst charged into the reactor. These measurements are
based on a reaction time of one hour.

Since the addition of external donors can increase viscosity
and molecular weight, the addition of hydrogen can be
required to act as a chain terminator during polymerization.
For example, the process can be carried out at a hydrogen
pressure in the range of 5 to 100, 10 to 80, or 15 to 50 psig.

In various embodiments, the polymerization reaction can
occur at a temperature in the range of 100 to 200, 110 to 180,
or 120 to 150° C. Furthermore, the polymerization reaction
can be carried out a pressure in the range of 500 to 2,000, 700
to 1,500, or 800 to 1,250 psig.

In certain embodiments, the reactor can comprise a stirred
reactor and the polymerization reaction can have a residence
time in the reactor in the range 0f 0.1 t0 6,0.5t0 4, or 1 to 2
hours. In various embodiments, the ethylene can be added to
the reactor as a gas and the propylene can be added as a liquid.
End Products Incorporating the Propylene-Ethylene Copoly-
mers

The copolymers described herein can be utilized in a wide
array of applications including, for example, adhesives, seal-
ants, roofing membranes, waterproof membranes and under-
layments, carpet, laminated articles, tapes (e.g. tamper evi-
dent tapes, water activated tapes, gummed tape, sealing tape,
scrim reinforced tape, veneer tape, reinforced and non-rein-
forced gummed paper tape, box makers tape, paper tape,
packaging tape, duct tape, masking tape, invisible tape, elec-
trical tape, gaffer tape, hockey tape, medical tape, etc.), labels
(e.g. general purpose label, beverage label, freezer label,
smart label, consumer electronics etc.), mastics, polymer
blends, wire coatings, molded articles, and rubber additives.
In certain embodiments, the copolymers described herein can
be utilized in adhesives, such as, for example, hotmelt adhe-
sives, water based adhesives, solvent based adhesives, hot
melt pressure-sensitive adhesives, solvent-based pressure-
sensitive adhesives, hot melt nonwoven/hygiene adhesives,
and hot melt packaging adhesives. In particular, due to their
unique combination of softening point and needle penetration
as previously described, adhesives produced from the inven-
tive copolymers can be utilized in a vast array of end products,
including hygienic packaging and other packaging applica-
tions. In many embodiments, the various properties of the
inventive copolymers, such as softening point and needle
penetration, can be selected to suit the intended end use of the
composition incorporating the copolymers.

Furthermore, in various embodiments, the inventive
copolymers described herein can also be used to modify
existing polymer blends that are typically utilized in plastics,
elastomeric applications, roofing applications, cable filling,
and tire modifications. The inventive copolymers can

20

25

30

35

40

45

50

55

60

65

10

improve the adhesion, processability, stability, viscoelastic-
ity, thermal properties, and mechanical properties of these
polymer blends.

In various embodiments, the inventive copolymers can be
modified to produce graft copolymers. In such embodiments,
the inventive copolymers can be grafted with maleic anhy-
dride, fumarate and maleate esters, methacrylate esters (e.g.,
glycidyl methacrylate and hydroxethyl methacrylate), meth-
acrylic acid, vinyl derivatives, silane derivatives, or combi-
nations thereof. These graft copolymers can be produced
using any conventional process known in the art including, for
example, transesterification and free radical induced cou-
pling.

The various end uses and end products noted above can
utilize the inventive copolymer by itself or can combine it
with other additives and polymers. Suitable polymers that can
be combined with the inventive copolymers to form a poly-
mer blend may include, for example, isoprene-based block
copolymers; butadiene-based block copolymers; hydroge-
nated block copolymers; ethylene vinyl acetate copolymers;
polyester; polyester-based copolymers; neoprene; urethane;
polyacrylate; acrylate copolymers such as ethylene acrylic
acid copolymer, ethylene n-butyl acrylate copolymer, and
ethylene methyl acrylate copolymer; polyether ether ketone;
polyamide; styrenic block copolymers; hydrogenated sty-
renic block copolymers; random styrenic copolymers; ethyl-
ene-propylene rubber; ethylene vinyl acetate copolymer;
butyl rubber; styrene butadiene rubber; butadiene acryloni-
trile rubber; natural rubber; polyisoprene; polyisobutylene;
polyvinyl acetate; polyethylene; polypropylene including
atactic polypropylene; a terpolymer formed from the ethyl-
ene, propylene, and a diene (EPDM); metallocene-catalyzed
polypropylene polymers; ethylene-butene copolymers; eth-
ylene-hexene copolymers; ethylene-octene copolymers; eth-
ylene-dodecene copolymers; propylene-butene copolymers;
propylene-hexene copolymers; propylene-octene copoly-
mers; and propylene-dodecene copolymers.

In various embodiments, the copolymers described herein
can be used to produce a hot melt adhesive. According to one
or more embodiments, the adhesives can comprise at least 1,
5, 10, 20, 30, or 40 and/or not more than 95, 90, 80, 70, 60, or
55 weight percent of the inventive copolymer. Moreover, the
adhesives can comprise in the range of 1 to 95, 5t0 90, 10 to
80, 20 to 70, 30 to 60, or 40 to 55 weight percent of the
inventive copolymers. In certain embodiments, the adhesive
can be entirely comprised of the inventive copolymer.

Furthermore, depending on the intended end use, these hot
melt adhesives can also comprise various additives including,
for example, polymers, tackifiers, processing oils, waxes,
antioxidants, plasticizers, pigments, and fillers.

In various embodiments, the adhesives can comprise at
least 10, 20, 30, or 40 and/or not more than 90, 80, 70, or 55
weight percent of at least one polymer that is different from
the inventive copolymers. Moreover, the adhesives can com-
prise in the range of 10 to 90, 20 to 80, 30 to 70, or 40 to 55
weight percent of at least one polymer that is different from
the inventive copolymers. These polymers can include any of
the polymers listed above.

In various embodiments, the adhesives can comprise at
least 10, 20, 30, or 40 and/or not more than 90, 80, 70, or 55
weight percent of at least one tackifier. Moreover, the adhe-
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sives can comprise in the range of 10 to 90, 20 to 80, 30 to 70,
or 40 to 55 weight percent of at least one tackifer. Suitable
tackifiers can include, for example, cycloaliphatic hydrocar-
bonresins, C5 hydrocarbon resins; C5/Cg hydrocarbon resins;
aromatically-modified C; resins; C, hydrocarbon resins; pure
monomer resins such as copolymers or styrene with alpha-
methyl styrene, vinyl toluene, para-methyl styrene, indene,
methyl indene, Cj resins, and C, resins; terpene resins; ter-
pene phenolic resins; terpene styrene resins; rosin esters;
modified rosin esters; liquid resins of fully or partially hydro-
genated rosins; fully or partially hydrogenated rosin esters;
fully or partially hydrogenated modified rosin resins; fully or
partially hydrogenated rosin alcohols; fully or partially
hydrogenated C; resins; fully or partially hydrogenated C,/C,
resins; fully or partially hydrogenated aromatically-modified
C; resins; fully or partially hydrogenated C, resins; fully or
partially hydrogenated pure monomer resins; fully or par-
tially hydrogenated C4/cycloaliphatic resins; fully or partially
hydrogenated C,/cycloaliphatic/styrene/C, resins; fully or
partially hydrogenated cycloaliphatic resins; and combina-
tions thereof. Exemplary commercial hydrocarbon resins
include Regalite™ hydrocarbon resins (Eastman Chemical).

In various embodiments, the adhesives can comprise at
least 1, 2, 5, 8, or 10 and/or not more than 40, 30, 25, or 20
weight percent of at least one processing oil. Moreover, the
adhesives can comprise in the range o2 t0 40, 5t0 30, 8 to 25,
or 10 to 20 weight percent of at least one processing oil.
Processing oils can include, for example, mineral oils, naph-
thenic oils, paraffinic oils, aromatic oils, castor oils, rape seed
oil, triglyceride oils, or combinations thereof. As one skilled
in the art would appreciate, processing oils may also include
extender oils, which are commonly used in adhesives. The use
of oils in the adhesives may be desirable if the adhesive is to
be used as a pressure-sensitive adhesive to produce tapes or
labels or as an adhesive to adhere nonwoven articles. In cer-
tain embodiments, the adhesive may not comprise any pro-
cessing oils.

In various embodiments, the adhesives can comprise at
least 1, 2, 5, 8, or 10 and/or not more than 40, 30, 25, or 20
weight percent of at least one wax. Moreover, the adhesives
can comprise in the range of 1 to 40, 5 to 30, 8 to 25, or 10 to
20 weight percent of at least one wax. Suitable waxes can
include, for example, microcrystalline wax, paraffin wax,
waxes produced by Fischer-Tropsch processes, functional-
ized waxes (maleated, fumerated, or wax with functional
groups etc.) and vegetable wax. The use of waxes in the
adhesives may be desirable if the adhesive is to be used as a
hot melt packaging adhesive. In certain embodiments, the
adhesive may not comprise a wax.

In various embodiments, the adhesives can comprise at
least 0.1, 0.5, 1, 2, or 3 and/or not more than 20, 10, 8, or 5
weight percent of at least one antioxidant. Moreover, the
adhesives can comprise in the range of 0.1 t0 20, 1 to 10, 2 to
8, or 3 to 5 weight percent of at least one antioxidant.

In various embodiments, the adhesives can comprise at
least 0.5, 1, 2, or 3 and/or not more than 20, 10, 8, or 5 weight
percent of at least one plasticizer. Moreover, the adhesives
can comprise in the range of 0.5 to 20, 1 to 10, 2 t0 8, or 3 to
5 weight percent of at least one plasticizer. Suitable plasticiz-
ers can include, for example, dibutyl phthalate, dioctyl phtha-
late, chlorinated paraffins, and phthalate-free plasticizers.
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Commercial plasticizers can include, for example, Benzof-
lex™ plasticizers (Eastman Chemical) and Eastman 168™
(Eastman Chemical).

In various embodiments, the adhesives can comprise at
least 10, 20, 30, or 40 and/or not more than 90, 80, 70, or 55
weight percent of at least one filler. Moreover, the adhesives
can comprise in the range of 1 to 90, 20 to 80, 30 to 70, or 40
to 55 weight percent of at least one filler. Suitable fillers can
include, for example, carbon black, calcium carbonate, tita-
nium oxide, zinc oxide, or combinations thereof.

The adhesive compositions can be produced using conven-
tional techniques and equipment. For example, the compo-
nents of the adhesive composition may be blended in a mixer
such as a sigma blade mixer, a plasticorder, a brabender
mixer, a twin screw extruder, or an in-can blend (pint-cans). In
various embodiments, the adhesive may be shaped into a
desired form, such as a tape or sheet, by an appropriate tech-
nique including, for example, extrusion, compression mold-
ing, calendaring or roll coating techniques (e.g., gravure,
reverse roll, etc.), curtain coating, slot-die coating, or spray
coating.

Furthermore, the adhesive may be applied to a substrate by
solvent casting processes or by melting the adhesive and then
using conventional hot melt adhesive application equipment
known in the art. Suitable substrates can include, for example,
nonwoven, textile fabric, paper, glass, plastic, films (Polyeth-
ylene, Polypropylene, Polyester etc.), and metal. Generally,
about 0.1 to 100 g/m* of the adhesive composition can be
applied to a substrate.

According to one or more embodiments, the hot melt adhe-
sives can have a Brookfield viscosity at 177° C. of at least 100,
300, 500, or 750 and/or not more than 30,000, 10,000, 5,000,
or 2,500 cps as measured according to ASTM D3236. More-
over, thehot melt adhesives can have a Brookfield viscosity at
177° C. in the range of 100 to 30,000, 300 to 10,000, 500 to
5,000, or 750 to 2,500 cps. Additionally or alternatively, the
hot melt adhesives can have a loop tack o' 0.1, 0.5, 1, or 1.5
and/or not more than 20, 15, 10, or 5 1bf as measured accord-
ing to ASTM D6195. Moreover, the hot melt adhesives can
have a loop tack in the range 0f 0.1 to 20, 0.5 to 15, 1 to 10, or
1.5 to 5 Ibf as measured according to ASTM D6195.

Furthermore, in various embodiments, the hot melt adhe-
sives can have a peel strength of at least 1, 2, 5, 10, or 15
and/or not more than 50, 40, 35, 30, or 25 g/mm as measured
according to ASTM D903. Moreover, the hot melt adhesives
can have a peel strength in the range of 1 to 50,2 t0 40, 5t0 35,
10to 30, or 15 to 25 g/mm as measured according to ASTM
D903. Additionally or alternatively, the hot melt adhesives
can have a 90° peel strength of at least 0.05, 0.1, 0.2, or 0.5
and/or not more than 20, 10, 5, or 1 Ibf/inch as measured
according to ASTM D903. Moreover, the hot melt adhesives
can have a 90° peel strength in the range of 0.05 to 20, 0.1 to
10, 0.2 to 5, or 0.5 to 1 1bf/inch as measured according to
ASTM D903.

According to various embodiments, the adhesives contain-
ing the inventive copolymers can have a broad operating
window and may have an application window from 80 to 230°
C. This broad operating window can be demonstrated by the
peel strengths of the adhesives at different temperatures. Add-
on level can be from 0.5-30 gsm. In one or more embodi-
ments, the hot melt adhesives can have a peel strength for
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samples applied at lower temperature (such as 100-145° C.)
ofatleast 2, 5, 25, or 40 and/or not more than 250, 200, or 175
g/mm as measured according to ASTM D903. Moreover, the
hot melt adhesives can have a peel strength for samples
applied at lower temperature (such as 100-145° C.) in the
range of 2 to 250, 25 to 200, or 40 to 175 g/mm as measured
according to ASTM D903. Additionally or alternatively, the
hot melt adhesives can have a peel strength at for samples
applied at higher temperature (such as 145-180° C.)—of at
least 1, 5, 30, or 40 and/or not more than 250, 200, or 150
g/mm as measured according to ASTM D903. Moreover, the
hot melt adhesives can have a peel strength for samples
applied at higher temperature (such as 145-180° C.) in the
range of 1 to 250, 30 to 200, or 40 to 150 g/mm as measured
according to ASTM D903.

According to one or more embodiments, the hot melt adhe-
sives can have a probe tack of atleast 0.1,0.2, or 0.3 and/or not
more than 5, 3, 2, or 1 kg as measured according to ASTM
D9279. Moreover, the hot melt adhesives can have a probe
tackintherange 0f0.1t0 3,0.2to 2, or 0.3 to S kg as measured
according to ASTM D9279. Furthermore, in various embodi-
ments, the hot melt adhesives can have a holding power of at
least 0.1, 0.5, or 1 and/or not more than 50000, 10000, 5000,
1000, 500, 100, 50, 20, 10, 7, or 4 hours as measured accord-
ing to ASTM D3654. Moreover, the hot melt adhesives can
have a holding power in the range 0f 0.1 to 10, 0.5to 7, or 1
to 4 hours as measured according to ASTM D3654.

According to various embodiments, the hot melt adhesives
can have a peel adhesion failure temperature (“PAFT”) of at
least 2, 10, 25, or 45 and/or not more than 200, 120, or 80° C.
as measured according to ASTM D4498. Moreover, the hot
melt adhesives can have a PAFT in the range of 2, 10 to 200,
25 to 120, or 45 to 80° C. as measured according to ASTM
D4498. Additionally or alternatively, the hot melt adhesives
can have a shear adhesion failure temperature (“SAFT”) of at
least 2, 5, 10, 25, 50, or 75 and/or not more than 200, 150, or
125° C. as measured according to ASTM D4498. Moreover,
the hot melt adhesives can have a SAFT in the range of 2 to
200, 50 to 150, or 75 to 125° C. as measured according to
ASTM D4498.

In various embodiments, the adhesives containing the
inventive copolymers do not exhibit substantial changes in
color when subjected to storage conditions at elevated tem-
peratures over extended periods of time. Before any aging due
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to storage occurs, the adhesives can have an initial Gardner

color of less than 18, 15, 10, 8, 5, 4, 3, 2, or 1 as measured

according to ASTM D1544. After being heat aged at 177° C.

for at least 96 hours, the adhesives can exhibit a final Gardner
5 color of less than 18, 15, 10, 7, 5, 3, 2 or 1 as measured
according to ASTM D1544. Thus, the adhesives can retain a
desirable color even after prolonged storage and exposure.

This invention can be further illustrated by the following
examples of embodiments thereof, although it will be under-
stood that these examples are included merely for the pur-
poses of illustration and are not intended to limit the scope of
the invention unless otherwise specifically indicated.

—_
<

EXAMPLES
Example 1

In this example, various propylene-ethylene copolymers
were produced in a two-liter stirred reactor with an average
residence time of about one hour. The reactor temperature
was maintained at approximately 140° C. and a pressure of
900 psig. The propylene was fed into the reactor as a liquid,
while the ethylene was fed into the reactor as a gas. The
polymerization occurred in the presence of a Ziegler-Natta
catalyst, which was a titanium chloride on a magnesium chlo-
ride support. This particular catalyst is a heterogeneous-sup-
ported catalyst system formed from titanium compounds in
combination with alkyl aluminum co-catalyst (“TEAL”). The
catalyst system contained an Al/Ti mole ratio of 21. Any
unreacted monomer and other vapors were vented from the
reactor upon discharge of the copolymer.

Samples 1-11 were produced using the aforementioned
catalyst system and an external electron donor. As noted
below, the electron donor was either cyclohexylmeth-
yldimethoxysilane (“C”) or dicyclopentyldimethoxysilane
(“D”). Comparative sample 1 (C1) was produced using the
above catalyst system in the absence of any electron donors.
The amount of added electron donor varied for each sample as
indicated by Donor/Ti molar ratio.

The copolymers produced from this reaction are described
in TABLE 1 below, along with their various properties and the
reaction conditions used to produce them. It should be noted
that needle penetration was measured using a penetrometer in
accordance with ASTM D5 as discussed previously without
actually running the specimens in water; however, the speci-
mens were conditioned in water prior to running the test.

20
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30

TABLE 1

Copolymer Sample

1A 1B 1C 1D 1E 1F 1G 1H 1I 17 1K C1
Al/Ti mole 21 21 21 21 21 21 21 21 21 21 21 21
ratio
Silane C C D D D D D D D D D —
Donor
Donor/Ti, 0.5 1.2 1.0 2.0 2.0 2.0 2.5 2.5 3.0 2.0 2.0 —
mole ratio
Hydrogen 40 20 15 25 25 40 40 25 50 80 80 —
(psig)
Reactor 140 140 140 140 140 140 140 140 140 140 140 140
Temp, ° C.
Reactor 900 900 900 900 900 900 900 900 900 900 900 900
Press.

(psig)
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TABLE 1-continued
Copolymer Sample

1A 1B 1C 1D 1E 1F 1G 1H 11 17 1K C1
Catalyst 7143 1003.3 920.4 887.8 817.1 7284 803.1 842.9  780.8 824.3 841.7
Activity
(g8
Visc. @ 1853 5863 9088 9838 21125 6850 10238 16575 5525 1122 1748 7013
190° C., cP
Softening 130.3 142.2 134.8 131.6 128.6  121.8 126.3 132.6 119 117.7 129.1 120.7
Point
cC)
Needle 20 14 15 29 17 20 22 21 28 26 20 82
Pen.
(dmm)
Wt. % 15.2 12.5 17.5 24.6 20.2 22.6 253 22.6 25.2 21.1 19.5 21.7
Ethylene
Wt. % 84.8 87.5 82.5 75.4 79.8 774 74.7 77.4 74.8 78.9 80.5 78.3
Propylene
Poly 537.5 780.0 709.6 712.9 656.1 5849 657.7 690.3  652.0 661.9 675.9 720.9
Yield (g)

As shown above in TABLE 1, the addition of the external
donor generally increased hardness, which was indicated by a
decrease in needle penetration, along with increasing the

(Dow), and Eastoflex™ E1060 (Eastman). FIG. 1A depicts
the elastic modulus (G') of the copolymers, while FIG. 1B
depicts the tan delta of the copolymers.

softening point and viscosity of the copolymers. As depicted 2> A8 shown iﬁl FIGS. 1A and 1B, Sample 1B showed a
in TABLE 1, samples produced with the external donor had desuable.elastlc modl}lus @) plgtegu from —15.t0 lOOO.C"

Lo . representing the elastic characteristics over a wide applica-
significantly lower needle penetration values than the com- . .. .

. . tion temperature range. This is important in hot melt pressure
parative s.ample (C1). Furthermore, it was obs.erved that the sensitive adhesives (“PSA”) applications, such as tapes and
comparative sample was very tacky, but still lacked .the 30 labels, because the G' plateau (i.e., the flatness of the curve)
strength of the samples represented by needle penetration typically represents the energy absorption and desorption
values below 30. dmm characteristics, as well as the strength of the adhesive over a

Previous studies 1n.dlcate that .external donor levels greater measured temperature range. After the plateau, the copoly-
than 1.25:1 (donor:Ti molar ratio) start to adversely uppac.t 35 mer can start to flow. Previously, the flat nature of G' for
properties of th? copqumers. In contrast to these studlesf it olefinic copolymers was only achievable through specialized
was observed in this example that polymer properties catalytic processes (metallocene catalysis) and/or incorpora-
1mpr0yed at exte.:rnal fionor levels. gf greater than 1.25:1 (do- tion of alpha-olefins.
nor:Ti molar ratio). Since the addition of external donors can
increase viscosity and molecular weight, the addition of 40 Example 2
hydrogen, or a higher level of hydrogen, can be required to act
as a chain terminator during polymerization compared to In this example, various propylene-ethylene copolymers
polymerization of a similar composition with no external were produced using the process and system described in
donor added. Example 1; however, the external electron donor used in this

FIGS. 1A and 1B depict the viscoelastic characteristics of 4 example was cyclohexylmethyldimethoxysilane. Further-
Samples 1B, 1E, and 1F from TABLE 1. Furthermore, FIGS. more, the amounts of electron donor added for each sample
1A and 1B also provide the viscoelastic characteristics of were varied as indicated by the donor/Ti molar ratio. The
various commercially-available copolymers to serve as a copolymers produced during this process are described in
comparison. These commercially-available copolymers TABLE 2 below, along with their various properties and the
include INFUSE™ 9817 (Dow), AFFINITY™ GA1900 reaction conditions used to produce them.

TABLE 2
Copolymer Sample

2A 2B 2C 2D 2E 2F 2G
Al/Ti mole 21 21 21 21 21 21 21
ratio
Donor/Ti, 1.1 12 0.5 1.0 1.0 1.5 2.0
mole ratio
TEAL/Donor, 313 29.6 700 329 329 247 165
mole ratio
Hydrogen 40 20 20 25 25 25 25

(psig)
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TABLE 2-continued
Copolymer Sample

2A 2B 2C 2D 2E 2F 2G
Reactor 140 140 140 140 140 140 140
Temp, ° C.
Reactor 900 900 900 900 900 900 900
Press.
(psig)
Catalyst 843.9 1003.3 1006.8 1001.3 957.2 962.9 904.1
Activity
(g/8)
Visc. @ 3600 6600 5175 4865 7263 5538 4715
190° C., cP
Softening 140.3 138.4 145.3 126.6 1359 133 129.6
Point
cC)
Needle Pen. 10 14 17 32 24 23 32
(dmm)
Wt. % 10.0 10.0 10.0 15.0 13.0 15.0 15.0
Ethylene
Flow
Wt. % 11.7 11.9 11.3 19.3 17.2 18.2 19.3
Ethylene
Wt. % 88.3 88.1 88.7 80.7 82.8 81.8 80.7
Propylene
Poly 648.7 780.0 760.1 772.0 738.0 757.8 726.0
Yield (g)

As depicted in TABLE 2, the use of cyclohexylmeth- Example 3

yldimethoxysilane as the external donor was able to produce
copolymers with a desirable combination of needle penetra-
tion and softening point. However, this balance was largely
affected by the donor/Ti molar ratio. As shown in Samples 2F
and 2G in TABLE 2, when the donor/Ti molar ratio was
increased from 1.5:1 to 2:1, there was a slight decrease in
softening point and a significant increase in needle penetra-

tion, which was not desirable.

30

35

In this example, various propylene-ethylene copolymers
were produced using the process and system described in
Example 1. The external electron donor used in this example
was dicyclopentyldimethoxysilane. Furthermore, the
amounts of electron donor added for each sample was varied
as indicated by the donor/Ti molar ratio. The copolymers
produced during this process are described in TABLE 3
below, along with their various properties and the reaction
conditions used to produce them

TABLE 3
Copolymer Sample

C1 c2 3A 3B 3C 3D 3E 3F
Al/Ti mole 21 21 21 21 21 21 21 21
ratio
Donor/Ti, 0.3 1.5 3.0 3.0 4.0 2.0 2.0 3.0
mole ratio
TEAL/Donor, 71.0 15.8 7.0 7.0 5.2 104 104 7.0
mole ratio
Hydrogen 20 25 80 50 50 80 25 50
(psig)
Reactor 140 140 140 140 140 140 140 140
Temp, ° C.
Reactor 900 900 900 900 900 900 900 900
Press,
(psig)
Catalyst 862.0 1037.1 723.2 793.4 6128 880.6 808.8  630.1
Activity
(g/g)
Visc. @ 7613 4625 1055 3150 5963 1053 16425 6250
190° C., cP
Softening 140.2 143.2 114.1 109.9 974 128.2 1364 1199
Point
cC)
Needle Pen. 22 27 37 40 63 21 23 21

(dmm)
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TABLE 3-continued
Wt. % 10.0 15.0 15.0 17.5 17.5 13.0 15.0 13.0
Ethylene
Flow
Wt. % 14.5 17.3 24 25.8 31.1 18.2 213 24.2
Ethylene
Wt. % 85.5 82.7 76 74.2 68.9 81.8 78.7 75.8
Propylene
Poly 644.0 816.2 603.9 6625 5313  707.1 649.5  526.1
Yield (g)
Copolymer Sample
3G 3H 31 37 3K 3L 3M
Al/Ti mole 21 21 21 21 21 21 21
ratio
Donor/Ti, 3.0 3.0 3.0 3.0 3.0 2.0 2.0
mole ratio
TEAL/Donor, 7.0 7.0 7.0 7.0 7.0 10.4 10.4
mole ratio
Hydrogen 33 33 30 30 80 80 80
(psig)
Reactor 140 140 140 140 140 140 140
Temp, ° C.
Reactor 900 900 900 900 900 900 900
Press,
(psig)
Catalyst 653.5 648.1 658.6 5841 7509 6369 8171
Activity
(g/8)
Vise. @ 86000 93100 19275 16875 2332 2308 1590
190°C., cP
Softening 132.2 135.6 123.6 1187 117.6 122.7 128.8
Point
cc)
Needle Pen. 13 8 19 18 20 15 12
(dmm)
Wt. % 13.0 13.0 13.0 13.0 12.0 12.0 12.0
Ethylene
Flow
Wt. % 20.2 20.1 224 24.1 19.9 22.8 18.5
Ethylene
Wt. % 79.8 79.9 77.6 75.9 80.1 77.2 81.5
Propylene
Poly 5457 3412 5499 4877  627.0 5114 6561
Yield (g)

As shown in TABLE 3, the amount of dicyclopen-
tyldimethoxysilane needed to produce copolymers with the
desired softening point and needle penetration varies from the
amount of cyclohexylmethyldimethoxysilane needed as
shown above in Example 2. As demonstrated by comparative
samples C1 and C2, dicyclopentyldimethoxysilane levels
generally needed to be at 2:1 or greater to achieve the desired
properties in the produced copolymers. Moreover, it was
observed that copolymers produced using dicyclopen-
tyldimethoxysilane generally had much lower softening
points compared to those produced using cyclohexylmeth-
yldimethoxysilane. Furthermore, the copolymers produced
using dicyclopentyldimethoxysilane were able to maintain
desirable needle penetration values.

Comparing Samples 3C and 3F in TABLE 3 shows that
increasing the dicyclopentyldimethoxysilane levels from 3:1
to 4:1 (at 17.5% ethylene flow) results in more ethylene being
incorporated into the polymer, thereby yielding a copolymer
with a lower softening point.

Another noteworthy result is observed when comparing
Samples 3D and 3F, both of which were produced using the
same ethylene flow (13%) and had the same needle penetra-
tion (21 dmm). However, by increasing the dicyclopen-
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tyldimethoxysilane levels from 2:1 to 3:1, Sample 3F unex-
pectedly had an increased ethylene content (24.2%)
compared to Sample 3D (18.2%). This increased amount of
ethylene led to the lower softening point in Sample 3F. Fur-
thermore, it is theorized that the propylene portion of Sample
3F is also more stereoregular (i.e., harder) than that of Sample
3D, thereby offsetting the softness that is usually accompa-
nied with a higher ethylene content.

Example 4

Adhesives were produced with Samples 1B, 1E, and 1F
from Example 1. The adhesives were produced in pint-sized
cans using mechanical agitation with a paddle-type agitator
controlled by a variable speed motor with a heat block set at
177° C. The copolymer, along with antioxidant, were intro-
duced into the pint-sized can and heated to 177° C. under a
nitrogen blanket. Resin and oil were then introduced into the
mixture after the copolymer was melted. In some cases, wax
can be also added along with resin and/or oil or in place of
resin and/or oil. This mixture was agitated for 30 minutes
until it was completely homogenous. After thorough mixing,
the adhesive was poured into a silicone-lined cardboard box
and allowed to cool. TABLE 4, below, describes the compo-
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sition and properties of these adhesives. In addition, compara-
tive adhesives were produced using INFUSE™ 9807 block
copolymer (Dow) and Kraton® D1102 copolymer (Kraton).
It should be noted that the compositional components recited
in TABLE 4 are based on weight percentage.

22

was also evaluated for adhesive peel (90° peel) strength and
loop tack using Instron after the adhesive had been directly
coated onto vellum using a hot melt knife coater. The adhe-
sive had a 90° peel strength of 0.6 Ibf/inch and a loop tack of
1.8 Ibf.

TABLE 4

Comparative Comparative  Inventive Inventive Inventive
Materials Adhesive 1 Adhesive 2 Adhesive 1 ~ Adhesive2  Adhesive 3
INFUSE ™ 9807 20
Kraton ® D1102 19.7
Copolymer 40
Sample 1B
Copolymer 40
Sample 1E
Copolymer 40
Sample 1F
Regalite ™ S5100 59.7
Regalite ™ R1090 54 48.5 48.5 48.5
Kaydol Mineral Oil 10.5 10.5 10.5
Calsol 5550 Oil 25 19.6
Irganox ® 1010 1 1 1 1 1
Total 100 100 100 100 100
300 mm peel 13.1 14.6 2.3 21.5 13.3
strength (g/mm)
Brookfield Visc. ~1800 ~1400 806 2167 940

177° C. (cps)

Viscoelastic characteristics of Comparative Adhesive 1,
Comparative Adhesive 2, Inventive Adhesive 2, and Inventive
Adhesive 3 in TABLE 4 were analyzed using Dynamic
Mechanical Analysis (“DMA”). FIG. 2 depicts the viscoelas-
tic characteristics of these adhesives. The adhesives in
TABLE 4 were also tested as disposable diaper construction
adhesives and were evaluated for adhesive peel strength as
measured according to ASTM D903 using Instron after the
adhesive had been applied between a nonwoven fabric and
polyethylene backing using air-assisted spiral spraying
equipment (Acumeter Spray Coater).

Based on FIG. 2 and TABLE 4, the inventive adhesives
show similar viscoelastic characteristics to adhesives pro-
duced from commercially-available copolymers. Further-
more, the inventive adhesives also exhibited superior strength
as indicated by the higher peel strengths.

Example 5

A pressure sensitive adhesive for labels was produced
using the process described in Example 4. The adhesive was
produced using Sample 1E from Example 1. TABLE 5,
below, depicts the compositional makeup of this adhesive.

TABLE 5
Inventive Adhesive Weight %
Copolymer Sample 1E 60
Eastotac ™ H100W 29.5
Calsol 5550 9.5
Antioxidant 1

The viscoelastic characteristics of this adhesive were mea-
sured using DMA and are depicted in FIG. 3. This adhesive
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Thus, this adhesive can be used as a label adhesive since it
exhibits desirable viscoelastic characteristics as shown in
FIG. 3 and ideal adhesive peel and tack properties.

Example 6

Hot melt adhesives for packaging applications were pro-
duced using the process described in Example 4. All of the
adhesives produced for this example comprised 39.8 weight
percent of the respective propylene-ethylene copolymer, 39.8
weight percent of Eastotac™ H-100W hydrocarbon resin,
19.9 weight percent of Sasol H1 wax (Sasol), and 0.6 weight
percent of antioxidant. It should be noted that some of these
adhesives were formed from copolymers produced and
described in the previous examples (Samples 1F and 2B),
which are noted in TABLE 6 below. As for the remaining
listed copolymers (Samples 6A-6D), they were produced in
accordance with the process described in Example 1. TABLE
6, below, provides various properties and characteristics of
the produced adhesives. Furthermore, TABLE 6 notes the
electron donor used to produce the listed copolymers. These
electron donors included cyclohexylmethyldimethoxysilane
(“C”), dicyclopentyldimethoxysilane (“D”), and tetraethox-
ysilane (“TEOS”). The adhesives were evaluated for various
adhesive properties, such as peel adhesion failure tempera-
ture (“PAFT”) (ASTM D4498), shear adhesion failure tem-
perature (“SAFT”) (ASTM D4498), % fiber tear (ASTM
D4498), and open time/set time (ASTM D4497).
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TABLE 6
Copolymers in Adhesives
Sample 1F  Sample 2B Sample 6A  Sample 6B Sample 6C  Sample 6D
Properties of ~ Needle Pen. 20 14 24 24 50 5
Copolymers (dmm)
Softening 121.8 1384 126.5 1359 145.6 1547
Point (° C.)
Electron D C D C TEOS C
Donor
Wt. % 22.6% 11.9% 21.7% 17.2% 13.3% 10%
Ethylene
Properties of % Fiber Tear 75 75 25 100 25 0
the Adhesives  (135°F.)
% Fiber Tear 100 0 50 100 100 0
(Room Temp)
% Fiber Tear 0 0 0 50 50 0
(40° F.)
% Fiber Tear 0 0 0 50 75 0
(20°F.)
Open Time/ >30/20 30/10 >30/20 30/10 20/10 32/20
Set Time (sec)
SAFT/PAFT 98/56 115/68 99/51 99/75 99.6/74.6 100/62
cC)
Brookfield 6850 6600 6700 7263 8850 6313
Visc. 177° C.
(cps)
It should be noted that the adhesive produced with Sample TABLE 7
6D did not have any noticeable fiber tear due to its low needle
penetration as depicted in TABLE 6. Copolymer Sample
30
TA 7B 7C 7D
The viscoelastic characteristics of the adhesive produced
from Sample 1F (labeled as “Inventive Adhesive 5”) are com- Visc. @ 190° C., cP 2520 2960 2590 7363
pared in FIG. 4 with an adhesive produced from Affinity™ 33 Softening Point (° C.) 137.5 139.4 134.1 116.1
GA1950 (Dow). This comparative adhesive was produced Needle Pen. (dmm) 14 15 14 27
based on the same formulation used to produce the adhesives Wt. % Ethylene 11.7 11.9 113 19.3
in TABLE 6. This comparative adhesive is listed in FIG. 6 as WE. % Propylene 88.3 88.1 88.7 80.7
“Comparative Adhesive 3. It should also be noted that this *C Flectron Donor D ¢ ¢ D
comparative adhesive had a SAFT 0f 93.6/3.6° C., a PAFT of
71.8/3.4° C., an open time/set time of 15/5 seconds, and a
Brookfield viscosity at 177° C. of 177 cps. As shown in FIG.
45

4 and TABLE 6, the inventive adhesives exhibited desirable
viscoelastic characteristics and adhesive properties that are
comparable to standard adhesives in the industry.

Example 7

Hot melt adhesives for nonwovens were produced using
the inventive propylene-ethylene copolymers and various
polymers. The propylene-ethylene copolymers used to manu-
facture these adhesive samples were produced in accordance
with the process described in Example 1. The various prop-
erties and characteristics of the copolymers used to produce
the adhesive samples are listed in TABLE 7 below. Further-
more, TABLE 7 indicates the electron donor that was used to
produce the respective copolymer (cyclohexylmeth-
yldimethoxysilane (“C”) or dicyclopentyldimethoxysilane

D).
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The adhesives were produced in accordance with the pro-
cess described in Example 4. The adhesives were produced
with various polymers and additives including Vistamaxx™
6202 (ExxonMobil), Infuse™ 9807 (Dow), L-MODU S400
(Idemitsu), Kraton® 1102 (Kraton), Kraton® 1161 (Kraton),
Kraton® 1657 (Kraton), Regalite™ R1090 (Eastman Chemi-
cal), Kaydol mineral oil (Sonneborn), and Irganox® 1010
(BASF). The Brookfield viscosity and the peel strength of the
produced adhesives were measured as described above.
TABLE 8, below, describes the composition and properties of
these inventive adhesives, which are labeled as “IA.” It should
be noted that the compositional components recited in
TABLE 8 are based on weight percentage and that all com-
ponents add up to 100 percent; however, this does not include
the 1 percent of antioxidant (Irganox® 1010), which was
added after all other components were combined. The weight
percentage for the antioxidant was based off the combined
weight percentage of the other components.
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TABLE 8
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Adhesives

TA1 TA2 IA3 1A4 IAS

TA6 TIA7 TA9

Composition Sample 7A 70
of Adhesives Sample 7B

Sample 7C

Sample 7D

Vistamaxx ™

70
70

20 20

20

LMODU S400
Kraton ® 1102
(SBS)

Kraton ® 1161
(SIS)

Kraton 1657
(SEBS)
Regalite ™
R1090

Kaydol
Mineral Oil
Irganox ®
1010
Brookfield
Visc. 177° C.
(cps)

Peel strength
(g/mm)

30 30

1

1675 1775 1430 14900 7725

9.8 6.6 21.5 18.6

20 20 20 20

20
20

20

20

48.5 48.5

1250 3760 7200

9.8 6.6 21.5

As shown in TABLE 8, the inventive adhesives exhibited
desirable adhesive properties that are comparable to standard
adhesives in the industry.

Example 8

Hot melt adhesives for hygienic applications were pro-
duced using the inventive propylene-ethylene copolymers
depicted in TABLE 9. The copolymers were produced in
accordance with the process described in Example 1 using

dicyclopentyldimethoxysilane as the electron donor.
TABLE 9
Copolymer Sample
8A 8B 8C
Vise. @ 190° C., cP 20000 16000 2200
Softening Point (° C.) 135 125 133
Needle Pen. (dmm) 22 17 20
Wt. % Ethylene 22 22 22
Wt. % Propylene 78 78 78

The adhesives were produced in accordance with the pro-
cess described in Example 4. The adhesives were produced
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with various additives including Eastotac™ H-100W (East-
man Chemical), Regalite™ R1090 (Eastman Chemical),
Kaydol mineral oil (Sonneborn), and Irganox® 1010
(BASF). TABLE 10, below, describes the composition and
properties of these inventive adhesives, which are labeled as
“IA.” It should be noted that the compositional components
recited in TABLE 10 are based on weight percentage.

The coatability, sprayability, and adhesive performance of
the inventive adhesives were compared against adhesives
containing a commercially-available styrenic block copoly-
mer (“SBC”) and a commercially-available olefin-based
copolymer as shown in TABLE 10. The coating/spraying
analysis was performed using an Acumeter and Nordson CF
nozzle with different add-ons (2, 3, and 4 gsm) at 800, 600,
and 400 ft/min (6 gsm at 350 ft/min for 3 samples) at two
different temperatures (137° C. and 163° C.). The tested
substrates were 1 mil polyethylene and a 15 gsm spun bound
nonwoven. The sprayability was observed and marked as
“good,” “poor,” or “no” (i.e., not sprayable) after observing
the spraying of adhesive at the designated temperature. The
Brookfield viscosity, softening point, needle penetration, and
the peel strength of the produced adhesives were also mea-
sured as described above. The width of the adhesive samples
tested for peel strength was 15 to 20 mm.

TABLE 10
Adhesives
Com. Com.
SBC-  Olefin-
1Al 1A2 1A3 1A4 IAS 1A6 IA7 Based  Based
Composition Sample 8A 40 40 40 60
of Adhesives Sample 8B 40 60
Sample 8C 70
Eastotac ™ 48.5

H-100W
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TABLE 10-continued
Adhesives
Com. Com.
SBC-  Olefin-
1Al 1IA2 1A3 1A4 IAS 1A6 IA7 Based  Based
Regalite ™ 48.5 48.8 345 48.5 345 29
R1090
Mineral Oil 10.5 10.5 10.5 4.5 10.5 4.5
Irganox ® 1 1 1 1 1 1
1010
Brookfield 1688 2133 2760 6425 1515 5300 913 N/A N/A
Visc. 190° C.
(cps)
Peel N/A 172 143 136 111 84 49 N/A N/A
strength for
137° C.
Samples (g)
Peel 130 136 122 116 117.7 60 50 101 137
strength for
163° C.
Samples (g)
Sprayability Good/  Good/ Good/ Good/ Good/ Good/ Good/  Poor/ No/
at 137° C.J/ Good Good Good Good Good Good Good Good Poor
163° C.
Softening 120.4 113.3 115.9 125.2 106.7 114.8 1237 N/A N/A
Point (° C.)
Needle 55 51 43 32 38 26 28 N/A N/A
Penetration
(dmm)

It should be noted that peel strength tests of 137° C.
samples were inconclusive for the two comparative commer-
cial adhesives due to the poor sprayability of these adhesives.
As shown in TABLE 10, the inventive adhesives exhibited
desirable coatability and sprayability at low and high tem-
peratures, thereby indicating a broad operating window. Fur-
thermore, the inventive adhesives exhibited adhesive proper-
ties that are either comparable or superior to standard
adhesives in the industry.

Example 9

Hot melt adhesives for packaging applications were pro-
duced using the inventive propylene-ethylene copolymers
depicted in TABLE 11. Furthermore, comparative adhesives
were produced from a comparative propylene homopolymer
(“CPH”) as depicted in TABLE 11. The copolymers used to
manufacture these adhesive samples were produced in accor-
dance with the process described in Example 1. Furthermore,
TABLE 11 also indicates the electron donor that was used to
produce the copolymers (cyclohexylmethyldimethoxysilane
(“C”) or dicyclopentyldimethoxysilane (“D”)).

TABLE 11

Copolymer Sample

CPH 9A 9B
Vise. @ 190° C., cP 1028 3165 2520
Softening Point (° C.) 135 132.1 137.5
Needle Pen. (dmm) 22 12 14
Wt. % Ethylene 0 9.9 16.7
Wt. % Propylene 100 90.1 83.3
Electron Donor C C D

The adhesives were produced in accordance with the pro-
cess described in Example 4. The adhesives were produced
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with various additives including Eastotac™ H-100W (East-
man Chemical), Eastotac™ H-130W (Eastman Chemical),
Sasol wax H-1 (Sasol), and Irganox® 1010 (BASF). TABLE
12, below, describes the composition and properties of the
inventive adhesives, which are labeled as “IA,” and the com-
parative adhesives (“CA”). It should be noted that the com-
positional components recited in TABLE 12 are based on
weight percentage. The initial viscosities of the adhesives
were measured at 162° C. and 177° C., along with the SAFT,
PAFT, and open/set times. The SAFT measurements were
performed to understand the shear strength of the adhesives
over a temperature period in a SAFT oven. Viscosity profiles
of'the adhesives were generated to determine the processabil-
ity characteristics. Furthermore, the initial Gardner color
before aging and adhesive clarity at 177° C. were also mea-
sured and observed.

TABLE 12
Adhesives
CAl CA2 1IA1 1A2 IA3
Composition CPH 39.8 59.8
of Adhesives Sample 9A 39.8 59.8
Sample 9B 39.8
Eastotac ™ 39.8
H-100W
Eastotac ™ 39.8  19.8 39.8 19.8
H-130W
Sasol wax H-1 19.8 19.8 19.8 19.8  19.8
Irganox ® 1010 0.6 0.6 0.6 0.6 0.6
Brookfield Visc. 465 750 3250 9062 575
162° C. (cps)
Brookfield Visc. 330 345 2192 6366 417
177° C. (cps)
Open/Settime (s) 20/10 N/A  15/10  15/10 N/A
PAFT (° C.) 774 433 83.6 549 63
4.7) (3.8) (2.6) ) )
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TABLE 12-continued

30
TABLE 13-continued

Adhesives Copolymer Sample
CAl CA2 1Al a2 I3 CP1 CP2  CP3 10A  10B
SAFT (°C.) 108.6 199.6 1203 1365 101 Needle Pen. (dmm) 7 9 1 29 37
5 25 04 04 @ Wt. % Ethylene 0 0 62 228 279
Gardner Color 2 4 5 6 1 Wt. % Propylene 100 100 93.8 97.2 92.1
(Initial) Electron Donor None None  Anisole D D
Adhesive Clarity clear clear  hazy hazy  clear
(177°C.) 10
The adhesives were produced in accordance with the pro-
As shown in TABLE 12, the inventive adhesives exhibited cess des.cnbed mn Exa@ple 4.' The adh.eswes were produced
adhesive properties that are either comparable or superior to with various additives including Regalite™ R1090 (Eastman
adhesives produced from propylene. The inventive adhesives Chemical), Escorez® 5300 (Exxonmobil), Piccotac™ 1095
can exhibit desirable clarity and color, along with desirable 1> (Eastman Chemical), Piccotac™ 7590 (Eastman Chemical),
processability as indicated by their viscosities. Sasol wax H-1 (Sasol), and Irganox® 1010 (BASF). TABLE
14, below, describes the composition and properties of the
Example 10 inventive adhesives, which are labeled as “IA,” and the com-
. . .. parative adhesives labeled as “CA.” It should be noted that the
Hot melt adhesives for packaging applications were pro- 20 itional " ited in TABLE 14 are based
duced using the inventive propylene-ethylene copolymers compositional components recited m are based on
depicted in TABLE 13. Furthermore, comparative adhesives ~ weight percentage and that all components add up to 100
were produced from Affinity™ GA1950 (Dow) and compara- percent; however, this does not include the 1 percent of anti-
tive polymers (“CP”) as depicted in TABLE 13. The copoly-  oxidant (Irganox® 1010), which was added after all other
mers qsed to manufac‘gure these adhesive ;amp.les WEI€ PIO- 25 components were combined. The weight percentage for the
duced in accordance with the process described in Example 1. ioxid based off th bined weich ¢
Furthermore, TABLE 13 also indicates the electron donor that antioxidantwas based off the combined weight percentage o
was used to produce the copolymers. the othe.:r components. )
The initial viscosities of the adhesives were measured at
TABLE 13 50 150°C.,162° C., and 177° C., along with the SAFT, PAFT,
and open/set times. Viscosity profiles of the adhesives were
Copolymer Sample . [ .
generated to determine the processability characteristics of
CP1 CP2 CP3 10A 10B the adhesives. The SAFT measurements are performed to
Vise. @ 190° C., cP 350 8812 20950 7835 19975 understand the shear strength of the adhesives over atempera-
Softening Point ( C) 1575 1558 1573 1119 1077 35 tureperiodinaSAFT oven. Furthermore, the adhesive clarity
at 177° C. was also observed.
TABLE 14
Adhesives
CAl  CA2 CA3 CA4 1Al IA2  CAS CA6  IA3
Composition Affinity 40
of Adhesives GA1950
CP1 40
CP2 40 40
CP3 40 40
10A 40 40
10B 40
Regalite ™ 40 40 40 40 40 40
R1090
Escorez ® 40 40 40
5300
Piccotac ™
1095
Piccotac ™
7590
Sasol wax 20 20 20 20 20 20 20 20 20
Irganox ® 1 1 1 1 1 1 1 1 1
1010
Visc. 150° C. 1867 7308 3685 30150 675 3360 NA  NA 4000
(eps)
Visc. 162° C. 1300 810 940 3275 417 2490 1150 3080 2935
(eps)
Visc. 177° C. 932 607 670 1887 310 1320 860 2370 1872
(eps)
Open/Set 30/40  40/10 — — — — — — —
time (s)
PAFT (° C.) 60.6 729 75 751 673 S0 715 734 625
SAFT (°C.) 97.8 1091 110 1252 919 8.8 1074 1255 96
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TABLE 14-continued
Clarity Clear Clear Clear Clear Clear Clear Clear Clear Clear
(177°C.)
Adhesives
CA7  CA8 IA4  IAS  CA9 CAl0  IA6  IA7
Composition Affinity
of Adhesives GA1950
CP1
CP2 40 40
CP3 40 40
10A 40 40
10B 40 40
Regalite ™
R1090
Escorez ®
5300
Piccotac ™ 40 40 40 40
1095
Piccotac ™ 40 40 40 40
7590
Sasol wax 20 20 20 20 20 20 200 20
Irganox ® 1 1 1 1 1 1 1 1
1010
Visc.150°C.  N/A 248300 3029 607 26550 87000 3604 752
(cps)
Visc. 162°C. 910 2895 1980 432 890 2820 2390 570
(cps)
Visc. 177°C. 685 2050 1692 317 815 1900 1507 427
(cps)
Open/Set — — — — — — — —
time (s)
PAFT (°C.) 76 762 712 494 793 793 706 477
SAFT (°C.) 109.6 121.8 957 881 1082 1201 92 994
Clarity Clear Clear Clear Clear Clear Clear Clear Clear
(177°C.)
As shown in TABLE 14, the inventive adhesives exhibited 35 TABLE 15
adhesive properties that are either comparable or superior to dbent
CSIVES
common adhesives in the industry. The inventive adhesives
can exhibit desirable clarity and desirable processability as Al A2 IA3
indicated by their viscosities. Furthermore, as shown in 4, Composition  Sample 7D 20 20 20
. . . . . of Adhesives Vistamax ® 20
TABLE 14, the inventive adhesives can exhibit superior adhe- 6202
sive properties. Kraton ® 1161 20
Kraton ® 1657 20
Regalite ™ 48.5 48.5 48.5
R1090
43 Mineral Oil 10.5 10.5 10.5
Irganox ® 1010 1 1 1
Brookfield 14900 7200 10250
Example 11 Visc. 177° C.
(eps)
. . Probe Tack 0.5 0.4 0.4
Hot melt pressure-sensitive adhesives for tapes and labels 50 (kg)
. . . Hold Power 35 .01 1.6
were produced using an inventive propylene-ethylene (on SS)
copolymer (Sample 7D from Example 7). The adhesives were (hours)
produced in accordance with the process described in
Example 4. The adhesives were produced with Vistamaxx™ 55 As shown in TABLE 15, the inventive adhesives exhibited
. adhesive properties that are either comparable or superior to
6202 (Exxonmobil), Kraton® 1162 (Kraton), Kraton® 1657 properties that ar P P
. . common adhesives in the industry.
(Kraton), Regalite™ R1090 (Eastman Chemical), Kaydol
mineral oil (Sonneborn), and Irganox® 1010 (BASF). Example 12
. .- .60
TABLE 15, below, describes the composition and properties
of the inventive adhesives. It should be noted that the com- Po.lymelr blend; v(vier © prod.ucelzd tl?l obser;/ © tllll.e effects lthat
-, . . certain polymers had on particular blends. In this example, a
positional components recited in TABLE 15 are based on P ,y P pe,
ot b b I (ke) of the adhesi commercial propylene homopolymer (Exxon™ PP3155) was
weight percentage. The probe tack (kg) of the adhesive was 65 compared to a propylene homopolymer prepared in accor-

measured according to ASTM D9279 and the hold power
(hours) was measured according to ASTM D3654.

dance with Example 1. This propylene homopolymer
(“Sample 12A”") was produced without an electron donor and
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had a softening point of 157.5° C. and a needle penetration of
7 dmm. These two homopolymers were separately combined
with Kraton® G1650 (Kraton), Kraton® G1651 (Kraton),
CaCQOj;, Drakeol® 34 oil (Calumet Specialty Products), and
Kristalex™ 5140 (Eastman Chemical) to produce polymer
blends. The composition and properties of these polymer
blends are depicted in TABLE 16 below. It should be noted
that all composition values in TABLE 16 are based on weight
percentages.

Furthermore, various properties of the polymer blends
were measured as shown TABLE 16. The tested properties
included Shore A hardness (ASTM D2240), melt flow rate
(ASTM D1238), tear strength (ASTM D624), 100% modulus
(ASTM D412), 200% modulus (ASTM D412), 300% modu-
Ius (ASTM D412), elongation at break (ASTM D412), tensile
strength (ASTM D412), and Young’s Modulus (ASTM E111-
04).

34

The preferred forms of the invention described above are to
be used as illustration only, and should not be used in a
limiting sense to interpret the scope of the present invention.
Modifications to the exemplary embodiments, set forth
above, could be readily made by those skilled in the art
without departing from the spirit of the present invention.

Example 13

Hot meltadhesives for hygiene and packaging applications
were produced using the inventive propylene-ethylene
copolymers depicted in TABLE 17. The copolymers used to
manufacture these adhesive samples were produced in accor-
dance with the process described in Example 1. Furthermore,
TABLE 17 also indicates the electron donor that was used to
produce the copolymers.

TABLE 17
TABLE 16 20 Copolymer Sample

Blends Non-Commercial ~ Commercial 13A 13B 13C 13D 13E 13F
Composition Exxon ® 3155 (PP) 15 Visc. @ 1813 2063 16525 18400 19000 1840
of Blends Sample 12A 15 190° C.,cP

Kraton ® G1650 17.5 17.5 25 Softening 133.5 130.6 1104 115.9 1174 1327

Kraton ® G1651 17.5 17.5 Point (° C.)

CaCOy 15 15 Needle Pen. 22.8 22.7 32.8 28.1 23.6 22.8

Drakeol ® 34 oil 25 25 (dmm)

Kristalex ™ 5140 10 10 Wt. % 16 16 22 21 20 16

Hardness (Shore A) 45 70 Ethylene

Melt Flow Rate 31.74 18.1 30 Wt. % 84 84 78 79 80 84

(22° C./5.16 kg) Propylene

Tear Strength 170 281 Electron Donor D D D D D D

(Ibf/in)

100% Modulus 209 466

200% Modulus 298 670 The adhesives were produced in accordance with the pro-

300% Modulus 415 932 . : :

Elongation af Break Py s 35 ce.ss des.cnbed 11.1 Exa@ple 4.. The adhgswes were produced

Tensile Strength 576 2785 with various additives including Regalite™ R1090 (Eastman

Young’s Modulus 0.324 0.67 Chemical), Eastotac™ H100W (Bastman Chemical), Kay-

As shown above, the non-commercial homopolymer pro-
duced using the process described above can improve poly-
mer blends in a similar manner as commercial homopoly-
mers.

The inventors hereby state their intent to rely on the Doc-
trine of Equivalents to determine and assess the reasonably
fair scope of the present invention as it pertains to any appa-
ratus not materially departing from but outside the literal
scope of the invention as set forth in the following claims.
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dol® mineral oil (Sonneborn), Licocene® wax (Clarient),
Sasol wax H-1 (Sasol), and Irganox® 1010 (BASF). TABLE
18 and TABLE 19, below, describes the composition and
properties of the inventive adhesives. TABLE 18 contains
inventive adhesives that can be utilized for the hygiene con-
struction market, while TABLE 19 contains inventive adhe-
sives that can be used for packaging. It should be noted that
the compositional components recited in TABLE 18 and
TABLE 19 are based on weight percentage and that all com-
ponents add up to 100 percent.

TABLE 18
Adhesives
1Al IA2 IA3 1A4 IAS 1A6 1A7 IA8 1A9 CAl CA2 CA3 CA4
13C 40 — — 35 — — 35 — —
13D — 40 — — 35 — — 35 —
13E — — 40 — — 35 — — 35
Regalite ® 48.5 48.5 48.5 46.5 46.5 46.5 46.5 46.5 46.5
R1090
Kaydol ® 10.5 10.5 10.5 10.5 10.5 10.5 10.5 10.5 10.5
Oil
Sasol ® — — — 7 7 7 — — —
H1 wax
Licocene ® — — — — — — 7 7 7

6102
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TABLE 18-continued
Adhesives
1Al 1A2 IA3 1A4 IAS 1A6 IA7 1A% 1A9 CAl CA2 CA3 CA4
Irganox ® 1 1 1 1 1 1 1 1 1
1010
300 mm Peel Strength - 24 Hrs at Room Temperature (Signature Nozzle Sprayed Samples)

g/mm 2.64 3.17 2.63 4.62 4.51 5.1 4.64 4.03 4.86 1.73 4.64 4.62 3.44
Std. Dev. 0.2 0.43 0.19 0.2 0.42 0.28 0.33 0.29 0.36 0.17 0.19 0.37 0.23
300 mm Peel Strength - Body Temperature (Signature Nozzle Sprayed Samples)

g/mm 2.83 3.34 3.27 5.08 4.81 5.58 4.45 4.52 4.55 1.91 4.99 4.39 3.43
Std. Dev. 0.29 0.22 0.09 0.19 0.49 0.52 0.13 0.39 0.52 0.12 0.2 0.17 0.05
300 mm Peel Strength - 2 Weeks Aged (Signature Nozzle Sprayed Samples)

g/mm 2.75 3.21 291 4.74 5.23 6.82 4.91 5.05 6.13 2.71 5.11 4.16 3.39
Std. Dev. 0.15 0.38 0.22 0.26 0.55 0.59 0.27 0.69 0.51 0.34 0.16 0.21 0.34
Spray 305 to 350 305 350 325 335

Temperature
(F)
Brookfield Viscosity and Gardner Color
Initial 1600 1470 1657 925 660 992 1017 1145 1102 1780 3287 2250 1617
Viscosity at
177° C. (cPS)
96 hrs at 1390 1308 1507 857 2260 910 990 1050 975 2245 987 240
177° C.
Aged
Viscosity
(cPS)
Initial 1 1 1 1 1 1 1 1 1 1 1 2 8
GardnerColor)
96 hrs at 8 8 6 7 8 7 6 7 7 9 12 18 18
177° C.
Aged
Gardner Color
300 mm Peel Strength - 24 Hrs at Room Temperature (CF Nozzle Sprayed Samples)

g/mm 5.58 5.99 6.24 8.36 8.33 10.28 9.49 9.06 9.94
Std. Dev. 0.36 0.39 0.68 0.24 0.71 0.51 0.43 0.93 0.61

300 mm Peel Strength - Body Temperature (CF Nozzle Sprayed Samples)
g/mm 5.75 6.2 6.58 8.94 9.24 10.11 8.92 9.79 9.44
Std. Dev. 0.32 0.15 0.49 0.44 0.51 0.38 0.36 0.77 0.49

300 mm Peel Strength - 2 Wks Aged (CF Nozzle Sprayed Samples)

g/mm 5.88 6.76 6.26 10.31 10.39 14.32 12.06 11.69 11.49
Std. Dev. 0.25 0.36 0.35 0.85 1.44 0.75 0.88 0.61 0.42
Spray 270 to 350
Temperature
(F)

TABLE 18, above, describes the composition and proper-
ties of the inventive adhesives, which are labeled as IA1-1A9.
Comparative commercial adhesives were also analyzed and
are labeled as CA1-CA4. CA1-CA3 utilize olefin based poly-
mers for adhesives in hygiene construction. CA4 is also a
commercial adhesive using styrenic block copolymers foruse
in hygiene construction. The hygiene adhesives in TABLE 18
made using inventive polymers show broad operating win-
dow using wide range of spraying/coating techniques (signa-
ture, summit, CF, omega, intermittent, sloat etc.) with excel-
lent sprayability/coatability characteristics over a wide range
of temperatures (270° F. to 350° F.) with good adhesive peel
at room temperature, body temperature and under aged con-

ditions (elevated temperature and room temperature) with an
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add-on level varying from 0.5-8.0 gsm. Thermal stability,
Garner color and Brookfield viscosity stability of the adhe-
sives made using inventive polymers are also excellent, and
the adhesives made using the inventive polymers are clear at

room temperature with no color and no odor.

The initial viscosity of the adhesives in TABLE 19 was
measured at 177° C., along with the SAFT, PAFT, % fiber tear
and open/set times. Aged viscosities of the adhesives were
generated to determine the processability characteristics and
long term aging stability of the adhesives. The PAFT and
SAFT measurements are performed to understand the peel
adhesion and shear strength of the adhesives over a tempera-
ture period ina SAFT oven. Furthermore, the initial and aged

color in Gardner color scale was also measured.
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TABLE 19
IA10  IAll IAI2 IA13 IAl4 IAIS IA17 IAI8 IA19 IA20
13A 60 75 60 75
13F 60 7560 75 60 75
Regalite ® R1090 14.5 45 145 45 145 45 145 45
Eastotac ® HI00W 14.5 4.5
Licocene ® 6102 245 195 245 195 245 195
Sasol H1 Wax 245 195 245 195
Irganox ® 1010 1 1 1 1 1 1 1 1 1 1
Adhesive Properties
Initial Brookfield viscosity ~ 742.5 1170 800 1165 790 2640 552 935 565 930
@177° C.
Aged (96 hrs at 177° C.) 715 1070 677 1035 715 2377 445 790 452 795
Brookfield viscosity @
177° C.
Initial Gardner color 1 1 1 1 1 1 1 1 1 1
Aged Gardner color (96 hrs 8 8 8 8 10 7 8 7 8 6
at177° C.)
PAFT, Kraft paper (° C.) 272 265 267 265 321 31
PAFT Std. Deviation 1.3 01 04 04 43 3.6
SAFT, Kraft paper (° C.) 1233 70 1087 1273 1185 1108
SAFT - Std. Deviation 3.5 8.5 129 33 23 1.9
Open/Set time (sec) 40/18 3212 35/13 3215 32/9 4517 20025 2027 15/20
% Fiber Tear
0°C. 100 100 100 100 100 100 0 0 0 0
(3x = 3 samples) (3x%) (3x) (3%) (3%) (3x) (3x) (Bx) (Gx) (Bx) (Gx)
Room Temperature 100 100 0 0 0 0
(3x = 3 samples) (3x) (3x) (Bx) (Gx) (Bx) (Gx)
135°C. 0 0 0 0o 25 0 05 0 0 0
(3x = 3 samples) (3x%) (3x) (3%) (3%) (3x) (3x) (Bx) (Gx) (Bx) (Gx)
30
What is claimed is: 11. The adhesive of claim 9, wherein said adhesive com-
1. A copolymer comprising propylene and ethylene, prises in the range of 5 to 95 weight percent of at least one
wherein said copolymer has a softening point in the range of polymer.
110to0 135° C., wherein said copolymer has a needle penetra- .12~ The adhesive of claim 9, Whereln said adhesive com-
tion of less than 25 dmm, wherein said copolymer comprises 3> Prises in the range of 0 to 70 weight percent of at least one
at least 10 weight percent of ethylene. tackifier. . . . . .
. . . 13. The adhesive of claim 9, wherein said adhesive com-
2. The copolymer of claim 1, wherein said copolymer o .
. . prises in the range of 0 to 30 weight percent of at least one
comprises in the range of 10 to 35 weight percent of ethylene. processing oil
3. T.he c.opolymer of claim 1, Wh.ereln said copolymer 40 14. The adhesive of claim 9, wherein said adhesive com-
comprises in the range of 40 to 90 weight percent of propy-  prises in the range of 0 to 30 weight percent of at least one
lene. wax.
4. The copolymer of claim 1, wherein the weight ratio of 15. The adhesive of claim 9, wherein said needle penetra-
propylene to ethylene in said copolymer is in the range of 1:1 45 tion is in the range of 0.5 to 70 dmm.
to 15:1. 16. The adhesive of claim 9, wherein the weight ratio of
5. The copolymer of claim 1, wherein said copolymer propylene to ethylene in said copolymer is in the range of 1:1
comprises in the range of 1 to 20 weight percent of at least one to 15:1. ) ) o ) )
C,-C, o alpha-olefin. 17. The adhesive of claim 9, wherein said adhesive applied
6. The copolymer of claim 1, wherein said needle penetra- 30 at 100-145° C. has a peel strength in the range of 1 to 200
. . . o
tion is in the range of 10 to 24 dmm. g/mm, Where{n said adhesive applied at 145-180° C. has a
7. The copolymer of claim 1 wherein said copolymer has a peel strength in the range 9f 10250 g/mm .
Brookfield viscosity at 190° C. in the range of 500 to 30,000 18. The adhesive of claim 9, wherein said adhesive has a
cps ’ loop tack in the range of 0.1 to 50 Ibf.
: 55

8. An article comprising said copolymer of claim 1.

9. An adhesive comprising said copolymer of claim 1.

10. The adhesive of claim 9, wherein said adhesive com-
prises in the range of 5 to 95 weight percent of said copoly-
mer.

19. The adhesive of claim 9, wherein said adhesive has an
initial Gardner color of 0.1 to 18.

20. The copolymer of claim 1, wherein said copolymer
comprises in the range of 14 to 25 weight percent of ethylene.
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