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1. [Title of Invention]

PRODUCTION METHOD OF HIGH
STRENGTH, HIGH MODULUS CRYSTALLINE
THERMOPLASTIC ARTICLE, AND FIBER AS NEW
PRODUCT
2. [Scope of Patent Claims]

1. A method for producing a high strength, high
modulus thermoplastic article of substantially unfixed
length, the method comprising steps of:

(a) forming a solution by dissolving a thermoplastic
crystalline polymer selected from the group consisting of
polyethylene,  polypropylene,  polyoxymethylene,
polybutene-1, poly(vinyledene fluoride), and poly(4-
methylpentene-1) in a first non-volatile solvent at a first
concentration represented in a polymer weight per unit
first solvent weight, at which time, the weight average
molecular length of the thermoplastic polymer is 7 x 10*
to 71 x 10* backbone atoms, and a solubility of the
thermoplastic polymer in the first solvent at a first
temperature is at least the first concentration;

(b) extruding the solution through an aperture, at
which time, the temperature of the solution is at the first
temperature or greater upstream fiber of the aperture, and
the solution is substantially at the first concentration both
upstream fiber and downstream fiber of the aperture;

(c) cooling the solution near and downstream fiber
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of the aperture from to a second temperature at or below
a temperature at which a rubbery gel is formed to form a
gel of a substantially unfixed length containing the first
solvent;

(d) using a second volatile solvent to extract the gel
containing the first solvent by bringing such into contact
for a time sufficient to form a gel containing the second
solvent, at which time, the gel containing the second
solvent contains substantially none of the first solvent
and is of a substantially unfixed length;

(e) drying the gel containing the second solvent to
form a xerogel of substantially unfixed length that does
not contain the first or second solvent; and

(f) stretching at least one of

(i) the gel containing the first solvent,
(ii) the gel containing the second solvent and,
(iii) the xerogel
at a total stretch ratio that is
(1) in the case of polyethylene, a stretch ratio
sufficient to achieve a tenacity of at least 20 g/denier and
a modulus of at least 600 g/denier,
(ii) in the case of polypropylene, a stretch
ratio sufficient to achieve a tenacity of at least 10
g/denier and a modulus of at least 180 g/denier,
and
(i) in the case of polyoxymethylene,
polybutene-1, poly(vinylidene fluoride), or poly(4-
methylpentene-1), a stretch ratio of at least 10:1.
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2. The method according to claim 1 of the Scope
of Patent Claims, wherein a cross-section of the
aperture is substantially circular, the gel containing the
first solvent and the gel containing the second solvent
are each gel fibers, the xerogel is a xerogel fiber, and
the thermoplastic article is a fiber.

3. The method according to claim 1 or claim 2 of
the Scope of Patent Claims, wherein the first
temperature is 150°C to 250°C, the second
temperature is -40°C to 40°C, a cooling rate from the
first temperature and the second temperature is at least
50°C/min, and the first solvent is a hydrocarbon.

4. The method according to any of claim 1 to
claim 3 of the Scope of Patent Claims, wherein a vapor
pressure of the first solvent is less than 20 kPa at the
first temperature, and the second solvent is non-
flammable and has an atmospheric boiling point less
than 80°C.

10. The polyethylene fiber according to claim 9 of
the Scope of Patent Claims, having a tenacity of at
least 30 g/denier and a tensile modulus of at least 1000
g/denier.

11. The polyethylene fiber according to claim 9 or
10 of the Scope of Patent Claims, having a tensile
modulus of at least 1600 g/denier.

12. The polyethylene fiber according to claim 11
of the Scope of Patent Claims, having a tensile
modulus of at least 2000 g/denier.

13. The polyethylene fiber according to claim 9,
claim 10, claim 11, or claim 12 of the Scope of Patent
Claims, having a weight average molecular weight of
2,000,000 to 8,000,000.

14. A polyethylene fiber of substantially unfixed
length, having a weight average molecular weight of
1,000,000, a tensile modulus of at least 1600 g/denier,
a melting point of at least 147°C, and an elongation-
to-break of not more than 5%.
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5. The method according to any of claim 1 to
claim 4 of the Scope of Patent Claims, wherein an
atmospheric boiling point of the second solvent is less
than 50°C.

6. The method according to any of claim 1 to
claim 5 of the Scope of Patent Claims, wherein the
stretching step (f) is conducted in at least two stages.

7. The method according to any of claim 1 to
claim 6 of the Scope of Patent Claims, wherein the
thermoplastic crystalline polymer is polyethylene, and
at least a portion of stretching is performed at a
temperature of 120°C to 160°C.

8. The method according to claim 7 of the Scope
of Patent Claims, wherein the stretching is performed
in at least two stages, and the final stage is performed
at a temperature of 135°C to 150°C.

9. A polyethylene fiber of substantially unfixed
length, having a weight average molecular weight at
least 500,000, a tenacity of at least 20 g/denier, a
tensile modulus at least 500 g/denier, a creep value of
no more than 5% (value measured at 10% of breaking
load for 50 days at 23°C), a porosity of less than 10%,
and a melting temperature of at least 147°C.

15. A polypropylene fiber of substantially unfixed
length, having a weight average molecular weight at
least 750,000, a tenacity of at least 8 g/denier, a tensile
modulus of at least 160 g/denier, and a melting
temperature of at least 168°C.

16. The polypropylene fiber according to claim 15
of the Scope of Patent Claims, having a tensile
modulus of at least 220 g/denier.

17. The polypropylene fiber according to claim 15
or claim 16 of the Scope of Patent Claims, having a
weight average molecular weight of 2,000,000 to
8,000,000.

18. A polyolefin gel fiber of substantially unfixed
length, being 4 to 20 weight% solid polyethylene of a
weight average molecular weight at least 500,000 or
solid polypropylene of a weight average molecular
weight of at least 750,000 and 80 to 90 weight%
swelling solvent miscible with a high boiling point
hydrocarbon and having an atmospheric boiling point
less than 50°C.
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3. [Detailed Description of Invention]

The present invention relates to a crystalline
thermoplastic article, such as a fiber or a film, that has
high tenacity, high elastic modulus, and high
toughness value and to a method for producing such
that includes a gel intermediate.

Methods for purifying high tenacity, high elastic
modulus polyethylene fibers through progress from a
dilute solution are taught in US Patent No. 4,137,394
(Meihuizen (Meihuizen), et al., 1979 and US Patent
Application Serial No. 225,288 (filed January 15,
1981).

Other methods relating to the preparation of high
tenacity fibers are taught in various recent publications
by P. Smith (P. Smith), A. J. Pennings (A. J.
Pennings), and collaborating researchers. German
Publication 3,004,699 (August 21, 1980) by Smith, et
al. teaches a method for first dissolving polyethylene
in a volatile solvent, forming a gel filament by
spinning the solution into string and cooling, and
performing stretching and drying simultaneously on
the gel filament to form a desired fiber.

In the methods taught by Smook, et al. as well as
Kalb and Pennings, the filaments were non-
homogenous and porous, and it was not possible to
prepare unfixed length fibers by continuous stretching.

The present invention encompasses methods for
producing thermoplastic shaped articles (fibers, films,
or the like) of substantially unfixed length, composed
of the following steps:

(a) forming a solution by dissolving a
thermoplastic crystalline polymer selected from the
group consisting of polyethylene, polypropylene,
polyoxymethylene, polybutene-1, poly(vinyledene
fluoride), and poly-4-methylpentene-1 in a first non-
volatile solvent at a first concentration (represented in
a polymer weight per unit first solvent weight), at
which time, the weight average molecular weight of
the thermoplastic polymer is 7 x 10* to 80 x 10*
backbone atoms, and a solubility of the thermoplastic
polymer in the first solvent at a first temperature is at
least the first concentration;
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UK Patent Application GB 2,051,667 A (P. Smith
and P-J. Lemstra (P-J. Lemstra), January 21, 1981)
discloses a method for spinning a polymer solution
into string and stretching a filament at a stretch ratio
relating to the polymer molecular weight and at a
stretch temperature such that the elastic modulus of the
filament at the used stretch ratio is at least 20 GPa.
According to the indications in this application,
stretching must be performed at the melting point of
polyethylene or lower to obtain the high elastic
modulus value needed. The stretch temperature is
typically at most 135°C.
Kalb (Kalb) and Pennings, Polymer Bulletin, vol.
L, pp. 879-80 (1979) and Polymer, pp. 2584-90 (1980)
as well as Smook (Smook), et al., Polymer Bull. Vol.
2, pp- 775-83 (1980) teach about methods for forming
a gel by dissolving polyethylene in a non-volatile
solvent (paraffin oil) and cooling the solution to room
temperature. The gel is cut into flakes, supplying these
to an extruder, and spinning into a string to form a gel
filament. This gel filament is extracted using hexane,
paraffin oil is removed, vacuum drying is performed,
and then stretching is performed to form the desired
fiber.

(b) extruding the solution through an aperture, at
which time, the solution is at the first temperature or
greater upstream fiber of the aperture and is
substantially at the first concentration both upstream
fiber and downstream fiber of the aperture;

(c) cooling the solution adjacent to downstream
fiber of the aperture from to a second temperature at
or below a temperature at which a rubbery gel is
formed to form a gel of a substantially unfixed length
containing the first solvent;

(d) using a second volatile solvent to extract the
gel containing the first solvent for a sufficient contact
time to form a gel containing the second solvent,
containing substantially none of the first solvent and
being of a substantially unfixed length;

(e) drying the gel containing the second solvent to
form a xerogel (xerogel) of substantially unfixed
length that does not contain the first or second solvent;
and

() stretching at least one of

(i) the gel containing the first solvent,

(i1) the gel containing the second solvent and,

(iii) the xerogel
at a total stretch ratio that is

(1) in the case of polyethylene, sufficient to
achieve a tenacity (tenacity) of at least 20 g/denier and
an elastic modulus of at least 180 g/denier,
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(i1) in the case of polypropylene, sufficient to
achieve a tenacity of at least 10 g/denier and an elastic
modulus of at least 180 g/denier, and

(iii) in the case of polyoxymethylene,
polybutene-1, poly(vinylidene fluoride), or poly(4-
methylpentene-1), at least 10:1.

The present invention also encompasses a
polyethylene fiber of substantially unfixed length,
having a weight average molecular weight at least
500,000, a tenacity of at least 20 g/denier, a tensile
elastic modulus at least 500 g/denier, a creep value of
no more than 5% (when measured at 10% of breaking
load for 50 days at 23°C), a porosity of less than 10%,
and a melting temperature of at least 147°C.

The present invention also encompasses a
polyethylene fiber of substantially unfixed length,
having a weight average molecular weight of
1,000,000, a tensile modulus of at least 1600 g/denier,
a melting point of at least 147°C, and an elongation-
to-break of not more than 5%.

FIG. 3 is a graph of values calculating the tenacity
of polyethylene fibers prepared according to the
present invention against as a function of stretch
temperature and stretch ratio at a fixed polymer
concentration of 4%.

FIG. 4 is a graph plotting the tenacity value of
polyethylene fibers prepared according to the present
invention against tensile modulus.

FIG. 5 is an overview diagram of a first method
aspect of the present invention.

FIG. 6 is an overview diagram of a second method
aspect of the present invention.

FIG. 7 is an overview diagram of a third method
aspect of the present invention.

There is a wide variety of applications requiring
highly load resistant elements with high tenacity, high
modulus, high toughness, high dimensional stability
and hydrolysis resistance, and high creep resistance
under long-term loads.

For example, marine ropes and cables such as
mooring ropes used to secure large tankers to loading
and unloading stations and cables used to moor an
exploratory drilling platform to an anchor below the
water surface are made of materials such as nylon,
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The present invention also encompasses a
polypropylene fiber of substantially unfixed length,
having a weight average molecular weight at least
750,000, a tenacity of at least 8 g/denier, a tensile
elastic modulus of at least 160 g/denier, and a melting
temperature of at least 168°C.

The present invention also encompasses a
polyolefin gel fiber of substantially unfixed length,
being 4 to 20 weight% solid polyethylene of a weight
average molecular weight at least 500,000 or solid
polypropylene of a weight average molecular weight
of at least 750,000 and 80 to 96 weight% swelling
solvent miscible with a high boiling point hydrocarbon
and having an atmospheric boiling point less than
50°C.

FIG. 1 is a graph plotting the tenacity value of
polyethylene fibers prepared according examples 3 to
99 of the present invention against a value calculated
by the method shown in the examples. Numbers
indicate overlapping points.

FIG. 2 is a graph of values calculating the tenacity
of polyethylene fibers prepared according to the
present invention against as a function of polymer
concentration and stretch ratio at a fixed temperature
of 140°C.

polyester, aramids (aramids), and copper, which are
currently easily affected by hydrolysis and corrosive
attacks from seawater. Accordingly, these mooring
ropes and cables are produced while monitoring
proper safety coefficients and are frequently replaced.
Weight being extremely high and frequent
replacement being required incur a significant
operational and economic load.

The fiber and film of the present invention have
high tenacity, an outstandingly high modulus, and
excellent toughness, have dimensional stability and
hydrolytic stability, and have abundant creep
resistance under long-term loads.

The fiber and film of the present invention
prepared according to the method of the present
invention have all of these properties, which has not
been achieved to this point, and accordingly, these are
entirely novel and useful materials.

Other applications of the fiber and film of the
present invention include pressure vessels, hoses,
hoses, power transmission belts, sports facilities, and
automobile parts, and fortification of thermoplastic
resins, thermosetting resins, elastomers, and concrete
used in building construction and the like.
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Compared to fibers of prior art prepared by Smith,
Lemstra, and Pennings in German Patent Publication
3,004,699, UK Patent 2,051,667, and other cited
documents, the strongest fibers of the present
invention have even higher melting points and even
higher stickiness and have much larger moduli.
Furthermore, the fibers of the present invention are
more homogenous and have fewer pores than fibers of
conventional art.

Compared to German Patent Publication
3,004,699 by Smith, et al., the method of the present
invention has advantages in that it is possible to
separate the steps of drying and stretching, and it is
possible to carry out each step under its own optimal
conditions, and thus adjustability and reliability are
even more excellent. Smith and Lemstra describe in
Polymer Bulletin, vol. 1, pp. 733-361 (1979) that when
the stretch temperature is 143°C or lower, the
relationship between tenacity or modulus and stretch
ratio is not affected at all. As can be understood from
the above, by keeping other factors constant and
changing the stretch temperature, it is possible to
partially adjust the properties of the fiber of the present
invention.

The weight average molecular weight of
polyethylene used is at least 500,000 (6 1V), preferably
at least 1,000,000 (10 IV), and more preferably
2,000,000 (16 IV) to 8,000,000 (42 IV). The weight
average molecular weight of polypropylene used is at
least 750,000 (5 1IV), preferably at least 1,000,000 (6
IV), more preferably at least 1,500,000 (9 IV) and
most preferably between 2,000,000 (11 IV) and
8,000,000 (33 IV). The IV numbers represent intrinsic
viscosity of the polymer in decalin at 135°C.
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The advantages of the method of the present
invention when compared to the methods taught in
Smook, et al., Polymer Bulletin, Vol. 2, pp. 775-83
(1980) and the papers by Kalb and Pennings above are
that the spun intermediate gel fibers have a uniform
concentration, which concentration is identical to the
concentration of the polymer solution during
preparation. Advantages of being uniform in this way
are explained by the fact that the fiber of the present
invention is a package of unfixed length when
continuously pulled. Furthermore, in contrast to the
porosity of the dried gel fibers taught by Smook, et al.
and by Kalb and Jennings being 23 to 65%, the
porosity of the intermediate xerogel fiber of the
present invention less than 10 volume%, which is
preferable.

The crystalline polymer used in the present
invention is a polyolefin such as polyethylene,
polypropylene, or poly(methylpentene-1), or another
polymer such as  poly(oxymethylene)  or
poly(vinylidene fluoride). In the case of polyethylene,
a favorable molecular weight (due to intrinsic
viscosity) is 1 million to 10 million. This molecular
weight corresponds to a weight average chain length
of 3.6 x 10* to 3.6 x 10° monomer units or 7 x 10* to
7.1 x 10° carbons. Other polyolefins and
poly(haloolefins) must also have similar backbone
carbon chain lengths. For polymers such as
poly(oxymethylene), the total chain length is
preferably in the same general range, that is, 7 x 10* to
71 x 10* atoms, but this may be adjusted somewhat due
to differences in bond angles between C-C-C and C-
O-C.

The first solvent must be non-volatile under the
processing conditions. This is necessary in order to
maintain the concentration of solvent upstream fiber
and through the aperture (die) substantially constant
and to prevent non-uniformity in liquid content of the
gel fiber or film containing the first solvent. The vapor
pressure of the first solvent is preferably be no more
than 20 kPa (1/5 of an atmosphere) at 175°C, or at the
first temperature. Preferred first solvents for
hydrocarbon polymers are aliphatic and aromatic
hydrocarbons of the desired non-volatility and
solubility in the polymer. The polymer may be present
in the first solvent at a first concentration which is
selected from a relatively narrow range, for example,
2 to 15 weight percent. The concentration range is
preferably 4 to 10 weight percent and more preferably
5 to 8 weight percent. However, once chosen, the
concentration must not vary adjacent the die or at other
locations prior to cooling to the second temperature.
Furthermore, the concentration must remain
substantially constant over time (that is, a time
corresponding to the length of the fiber or film).
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The first temperature is chosen such that the
polymer completely dissolves in the first solvent. The
first temperature is the minimum temperature at any
point between where the solution is formed and the die
face, and must be greater than the gelation temperature
for the polymer in the solvent at the first concentration.
For polyethylene present in paraffin oil at 5 to 15%
concentration, the gelation temperature s
approximately 100 to 130°C; therefore, a favorable
first temperature is 180°C to 250°C, more preferably
200 to 240°C. While the temperature is various
temperatures equal to or greater than the first
temperature at various points upstream fiber of the die
face, excessive temperatures causative of polymer
degradation must be avoided. To assure complete
solubility, a first temperature is chosen whereat the
solubility of the polymer exceeds the first
concentration, and is typically at least 100% greater.
The second temperature is chosen whereas the
solubility of the polymer is much less than the first
concentration. The solubility of the polymer in the first
solvent at the second temperature is preferably no
more than 1% of the first concentration. Cooling of the
extruded polymer solution gel fiber from the first
temperature to the second temperature must be
performed at a rate sufficiently rapid to form a gel fiber
which is of substantially the same polymer
concentration as existed in the polymer solution. The
rate at which the extruded polymer solution gel fiber

When an aperture having a rectangular cross
section is used, then both gels will be gel films, the
xerogel will be a xerogel film, and the final product
will be a film. The width and height of the aperture are
not critical, but a representative aperture is 2.5 mm to
2 mm in width (corresponding to film width) and 0.25
mm to 5 mm in height (corresponding to film
thickness).

The depth of the aperture (in the flow direction)
must normally be at least 10 times the height of the
aperture, preferably at least 15 times the height and
more preferably at least 20 times the height.

Extraction using the second solvent is conducted
such that the first solvent in the gel is replaced with the
second solvent without significantly changing the gel
structure. Some swelling or shrinkage of the gel may
occur, but preferably the polymer does not
substantially dissolve, coagulate, or precipitate.
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is cooled from the first temperature to the second
temperature must be at least 50°C per minute.

Partial stretching during cooling to the second
temperature is not excluded from the present
invention, but the total stretching during this stage
must not exceed 2:1 and is preferably no more than
1.5:1. As a result of these factors, the gel fiber formed
upon cooling to the second temperature is composed
of a continuous net-shaped polymer highly swollen
with solvent. The gel usually has regions of high
polymer density and regions of low polymer density
on a microscopic level but the solid polymer is
generally free of large (500 nm or larger) voids.

When an aperture having a circular cross section
(or other cross section lacking a major axis in the plane
perpendicular to the flow direction more than § times
the smallest axis in the same plane, such as an oval, Y-
shaped, or X-shaped aperture) is used, then both gels
will be gel fibers, the xerogel will be an xerogel fiber,
and the final product will be a fiber. The diameter of
the aperture is not critical, but a representative outer
diameter (or other major axis) of the aperture is 0.25
mm to 5 mm. The length of the aperture in the flow
direction must be at least 10 times the aperture
diameter (or other similar major axis), preferably at
least 15 times and more preferably at least 20 times the
diameter (or other similar major axis).

When the first solvent is a hydrocarbon, suitable
second solvents include hydrocarbons, chlorinated
hydrocarbons, chlorofluorinated hydrocarbons, and
others, for example, pentane, hexane, heptane,
toluene, methylene chloride, carbon tetrachloride,
trichlorotrifluoroethane (TCTFE), diethyl ether,
dioxane, and the like.

The most suitable second solvents are methylene
chloride (boiling point of 39.8°C) and TCFE (boiling
point of 47.5°C). Favorable second solvents are non-
flammable volatile solvents having an atmospheric
boiling point of 80°C or lower, more preferably 70°C
or lower, and most preferably 50°C or lower. For
extraction conditions, the first solvent must be
removed until it is less than 1% of the total solvent in
the gel.

A preferred combination of conditions is a first
temperature of 150°C to 250°C, a second temperature
of -40°C to 40°C, and a cooling rate from the first
temperature to the second temperature of at least
50°C/minute. When the polymer is a polyolefin such
as ultrahigh molecular weight polyethylene, the first
solvent is preferably a hydrocarbon. The first solvent
must be substantially non-volatile, one measure of
which is that the vapor pressure thereof at the first
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temperature is less than 1/5 of an atmosphere (20 kPa),
and more preferably less than 2 kPa.

In choosing the first and second solvents, the
desired primary difference relates to the volatility
above. It is also favorable that solubility of the
polymer in the second solvent at 40°C be lower than
the solubility in the first solvent at 150°C.

Once the gel containing the second solvent is
formed, it is then dried under conditions such that the
second solvent is removed, and the solid network of
polymer is left substantially intact. The material
obtained by analogy to silica gels is called herein a
“xerogel” (“xerogel”), which means a solid matrix
corresponding to the solid matrix of a wet gel, with the
liquid replaced by gas (for example, an inert gas such
as nitrogen or by air). The term “xerogel” is not
intended to mean any particular type of surface area,
porosity, or pore size.

When comparing the xerogel of the present
invention to corresponding dried gel fibers prepared

The xerogel fibers of the present invention are
also novel compared to dry, unstretched fibers of UK
Patent No. 2,051,667 and German Patent No. 3004699
and related articles by Smith and Lemstra. This
difference is evidenced by the deleterious effect of
stretching at 75°C or below or at 135°C or above on
the Smith and Lemstra unstretched fibers. In
comparison, stretching of the xerogel fibers of the
present invention show beneficial rather than
deleterious effects at room temperature and at 135°C
and above (for example, see Examples 540 to 542
below). While the physical nature of these differences
is not clear because of lack of information about Smith
and Lemstra's unstretched fibers, it appears that one or
more of the following characteristics of the present
xerogel fibers must be lacking in Smith and Lemstra's
unstretched fibers: (1) a crystalline orientation
function less than 0.2, and preferably less than 0.1 as
measured by wide angle X-ray diffraction; (2)
microporosity less than 10% and preferably less than
3%; (3) a crystallinity index (crystallinity index) see P.
H. Hermans and A. Weidinger, Macromol-Chem, vol.
44, p. 24 (1961)) as measured by wide angle X-ray
diffraction of less than 80% and preferably less than
75%; (4) no detectable fraction of the triclinic
crystalline form; and (5) a fraction variation (fraction
variation) of the spherulite size across a diameter of
the fiber less than 0.25.

Stretching of the gel fiber may be performed after
cooling to the second temperature or during extraction
or after extraction. Alternatively, stretching of the
xerogel fiber or a combination of gel stretching and
xerogel stretching may be performed. The stretching
may be conducted in a single stage or in two or more
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according to prior art, there are the following major
structural differences. The dried xerogel of the present
invention preferably contain less than ten volume
percent pores compared to approximately 55 volumes
in the Kalb and Pennings dried gel fibers and
approximately 23 to 65 volumes in the Smook, et al.
dried gel fibers. The xerogel fibers of the present
invention have a surface area (by the B.E.T. technique)
of less than 1 m?/g, as compared to 28.8 m?%/g in a fiber
prepared by the prior art method (see Comparative
Example 1 and Example 2 below.)

stages. The first stage stretching is conducted at room
temperature or at an elevated temperature. The
stretching is preferably conducted in two or more
stages, with the last of the stages being performed at a
temperature of 120°C to 160°C, and the stretching is
most preferably conducted in at least two stages, with
the last of the stages being performed at a temperature
of 135°C to 150°C. The Examples, and especially
Examples 3 to 99 and 111 to 486, describe how the
stretch ratios can be related to obtaining particular
fiber properties.

The product polyethylene fibers produced in the
present invention are a novel article in that they
include fibers having a unique combination of the
following properties: a modulus at least 500 g/denier
(preferably at least 1000 g/denier, more preferably at
least 1600 g/denier, and most preferably at least 2000
g/denier), a tenacity at least 20 g/denier (preferably at
least 30 g/denier and more preferably at least 40
g/denier), a melting temperature of at least 147°C
(preferably at least 149°C), a porosity of no more than
10% (preferably no more than 6%), and a creep value
of no more than 5% (preferably no more than 3%)
when measured a 10% of breaking load for 50 days at
23°C. The fiber preferably has an elongation to break
of at most 7%. In addition, the fibers have high
toughness and uniformity. These additional properties
can be measured as work to break (work to break),
which is preferable at least 7.5 GJ/m®. Furthermore, as
indicated in Examples 3 to 99 and 111 to 489 below,
trade-offs between various properties can be made in
a controlled fashion in the method of the present
invention.
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The novel polypropylene fibers of the present
invention also include a unique combination of properties
previously unachieved for polypropylene fibers: a
tenacity of at least 8 g/denier (preferably at least 11
g/denier and more preferably at least 13 g/denier), a
tensile modulus at least 160 g/denier (preferably at least
200 g/denier), a main melting temperature at least 168°C
(preferably at least 170°C) and a porosity less than 10%
(preferably no more than 5%). The polypropylene fibers
preferably also have an elongation to break of less than
20%.

Additionally, a novel class of fibers of the present

FIG. 5 illustrates in schematic form a first
embodiment of the present invention, wherein a
stretching step F is conducted in two stages on the
xerogel fiber subsequent to a drying step E. In FIG. 5,
a first mixing vessel 10 is illustrated, the vessel being
fed an ultrahigh molecular weight polymer 11 such as
polyethylene of a weight average molecular weight of
at least 500,000 and preferably at least 1,000,000 and
arelatively non-volatile solvent 12 such as paraffin oil.
The first mixing vessel 10 is equipped with an agitator
13. The residence time of the polymer and first solvent
in the first mixing vessel 10 is a time sufficient to form
a slurry containing some dissolved polymer and some
relatively finely divided polymer particles, which
slurry is removed in a pipe 14 to an intensive mixing
vessel 15. The intensive mixing vessel 15 is equipped
with helical agitator blades 16. The residence time and
agitator speed in the intensive mixing vessel 15 are
sufficient to convert the slurry into a solution. The
temperature in the intensive mixing vessel 15, either
because of external heating, heating of the slurry 14,
heat generated by the intensive mixing, or a
combination of the above, is sufficiently high that the
polymer is completely dissolved in the solvent at the
desired concentration (generally 6 to 10%). The
solution from the intensive mixing vessel 15 is fed to
an extrusion device 18. The extrusion device 18 has a
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invention are polypropylene fibers having a modulus of
at least 200 g/denier, preferably at least 220 g/denier.

The gel fibers containing the first solvent, gel fibers
containing the second solvent, and xerogel fibers of the
present invention are also novel produced articles
distinguished from somewhat similar products described
by Smook et al. and by Kalb and Pennings in that,
compared to the volume porosities being 23% to 65%,
they are of 10 or less.

In particular, the second gel fibers differ from
comparable prior art materials in that they have a solvent
with an atmospheric boiling point less than 50°C. As
indicated by Examples 100 to 108 below, the uniformity
and cylindrical shape of the xerogel fibers improves
progressively as the boiling point of the second solvent
declines. As also indicated in Examples 100 to 108 (see
Table III), substantially tenacity of the fibers are higher
when using trichlorotrifluoroethane (boiling point
47.5°C) as the second solvent than when using hexane
(boiling point 68.7°C) as the second solvent under
equivalent drying and stretching conditions. This
improvement in final fibers should be directly attributed
to the type of second solvent in the second gel fiber.
Preferred such second solvents are halogenated
hydrocarbons of the proper boiling point, for example,
methylene chloride (dichloromethane) and
trichlorotrifluoroethane, with the latter being most
preferred.

barrel 19, and within the barrel is a screw 20 operated
by a motor 22 to deliver the polymer solution at a
reasonably high pressure to a gear pump and housing
23 at a controlled flow rate. A motor 24 is provided to
drive a gear pump 23 and extrude the polymer
solution, still hot, through a spinneret 25. The
spinneret 25 contains many apertures, which may be
circular, X-shaped, or, oval-shaped, or in any of a
variety of shapes having a relatively small major axis
in the plane of the spinneret when it is desired to form
fibers, and having a rectangular or other shape with an
extended major axis in the plane of the spinneret when
it is desired to form films. The temperatures of the
solution in the mixing vessel 15, in the extrusion
device 18, and at the spinneret 25 must all equal or
exceed a first temperature (for example, 200°C)
chosen to exceed the gelation temperature
(approximately 100 to 130°C for polyethylene in
paraffin oil). The temperature may vary (for example,
220°C, 210°C, and 200°C) or may be constant (for
example, 220°C) from the mixing vessel 15 to the
extrusion device 18 to the spinneret 25. However, at
all points, the concentration of polymer in the solution
must be substantially the same. The number of
apertures, and thus the number of fibers formed, is not
critical, but convenient numbers of apertures are 16,
120, or 240.
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From the spinneret 25, the polymer solution gel
fiber passes through an air gap (air gap) 27 optionally
enclosed and filled with an inert gas such as nitrogen
and optionally provided with a flow of gas to facilitate
cooling. A plurality of gel fibers 28 containing the first
solvent pass through the air gap 27 and into a quench
bath 30 so as to cool the fibers, both in the air gap 27
and in the quench bath 30, to a second temperature at
which the solubility of the polymer in the first solvent
is relatively low, such that most of the polymer
precipitates as a gel material. While some stretching in
the air gap 27 is permissible, it is preferably less than
2:1, and it is more preferable that the stretch ratio is
much lower. One would naturally feel that the hot gel
fibers being substantially stretched within the air gap
27 is extremely harmful to properties of the final fiber.

In a drying device 45, the second solvent is
evaporated from the second gel fibers 41 forming
substantially unstretched xerogel fibers 47, which are
taken up on a spool 52.

When it is desired to operate the stretching line at
a slower feed rate than the take up of the spool 52
permits the fibers are fed from the spool 52, or from a
plurality of such spools, over a driven feed roll 54 and
an idler roll 55 into a first heated tube 56, which may
be rectangular, cylindrical, or another convenient
shape. The tube 56 is heated sufficiently that the
internal temperature to be is 120 to 140°C. The fibers
are stretched at a relatively high draw ratio (for
example, 10:1) so as to form partially stretched fibers,
which are taken up by a driven roll 61 and an idler roll
62. From the roll 61 and the idler roll 62, the fibers are
taken through a second heated tube 63 that is heated so
as to be at somewhat higher temperature, for example,
130 to 160°C, and are then taken up by a driven take-
up roll 65 and an idler roll 66. The rolls are operated
at a speed sufficient that the stretch ratio in the heated
tube 63 is a desired stretch ratio, for example, 2.5:1.
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It is preferred that the quench liquid in the quench
bath 30 be water. While the second solvent may also
be used as the quench fluid (and the quench bath 30
may even be integral with a solvent extraction device
37 described below), it has been found in limited
testing that such method of modification impairs fiber
properties.

Rollers 31 and 32 in the quench bath 30 operate to
feed the gel fiber through the quench bath, and
preferably operate with little or no stretch. In the event
that some stretching does occur across the rollers 31
and 32, some first solvent exudes out of the fibers and
can be collected as a top layer in the quench bath 30.
From the quench bath 30, the cool first gel fibers 33
pass to the solvent extraction device 37, where a
second solvent having a relatively low boiling point,
such as trichlorotrifluoroethane, is fed in through a
pipe 38. The solvent outflow in pipe 40 contains the
second solvent and substantially all of the first solvent
brought in with the cool gel fibers 33, the first solvent
being either dissolved or dispersed in the second
solvent. Thus, second gel fibers 41 conducted out of
the solvent extraction device 37 contain substantially
only the second solvent, and relatively little of the first
solvent. The second gel fibers 41 may have shrunk
somewhat compared to the first gel fibers 33 but
otherwise contain substantially the same polymer
morphology.

The twice stretched fibers 68 produced in this first
embodiment are taken up on a take-up spool 72.

With reference to the six process steps of the
present invention, it can be seen that a solution
forming step A is conducted in mixers 13 and 15. An
extruding step B is conducted using devices 18 and 23,
especially through the spinneret 25. A cooling step C
is conducted in the air gap 27 and the quench bath 30.
An extraction step D is conducted in the solvent
extraction device 37. A drying step E is conducted in
the drying device 45. A stretching step F is conducted
in elements 52 to 72, especially the heated tubes 56
and 63. However, various other parts of the system
may also perform some stretching, even at
temperatures substantially below those of the heated
tubes 56 and 63. Thus, for example, some stretching
(for example, 2:1) may occur within the quench bath
30, within the solvent extraction device 37, within the
drying device 45, or between the solvent extraction
device 37 and the drying device 45.
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A second embodiment of the present invention is
illustrated in schematic form by FIG. 6. The solution
forming and extruding steps A and B of the second
embodiment are substantially the same as those in the
first embodiment illustrated in FIG. 5. That is, the
polymer and the first solvent are mixed in a first
mixing vessel 10 and conducted as a slurry in the pipe
14 to the intensive mixing device 15. The solution
operates to form a first solution hot solution of the
polymer. The extrusion device 18 impels the solution
under pressure through the gear pump and housing 23
and then through a plurality of apertures in spinneret
27. Hot gel fibers 28 pass through the air gap 27 and
the quench bath 30 so as to form cool first gel fibers
33.

Fibers on the spool 52 are then taken up by a
driven feed roll 61 and an idler roll 62 and passed
through a heated tube 63, which operates at relatively
high temperature of 130 to 160°C. The fibers are taken
up by driven take up roll 65 and idler roll 66 operating
at a speed sufficient to impart a stretch in heated tube
63 as desired, for example, 2.5:1. The twice-stretched
fibers produced in the second embodiment are then
taken up on the spool 72.

It will be appreciated that, when comparing the
embodiment of FIG. 6 with the embodiment of FIG. 5,
the stretching step F has been divided into two parts,
with the first part conducted in heated tube 57
performed on the first gel fibers 33 prior to extraction
(D) and drying (E), and the second part conducted in
the heated tube 63, being conducted on xerogel fibers
48 subsequent to drying (E).

The third embodiment of the present invention is
illustrated in FIG. 7, with the solution forming step A,
extrusion step B, and cooling step C being
substantially identical to the first embodiment of FIG.
5 and the second embodiment of FIG. 6. Thus, the
polymer and the first solvent are mixed in the first
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The cool first gel fibers 33 are conducted over the
driven roll 54 and the idler roll 55 through a heated
tube 57. The heated tube 57, in general, is longer than
the first heated tube 56 illustrated in FIG. 5. The length
of the heated tube 57 compensates, in general, for the
higher velocity of fibers 33 in the second embodiment
of FIG. 6 compared to the velocity of xerogel fibers
(47) between the take-up spool 52 and the heated tube
56 in the first embodiment of FIG. 5. The fibers 33 are
stretched through the heated tube 57 by a driven take-
up roll 59 and an idler roll 60, so as to cause a
relatively high stretch ratio (for example, 10:1).
Stretched first gel fibers 35 are conducted into the
extraction device 37.

In the extraction device 37, the first solvent is
extracted out of the gel fibers by second solvent and
the gel fibers 42 containing second solvent are
conducted to a drying device 45. There, the second
solvent is evaporated from the gel fibers, and stretched
xerogel fibers 48 are taken up on the spool 52.

mixing vessel 10 and conducted as a slurry in the pipe
14 to the intensive mixing device 15, which operates
to form a first solution hot solution of the polymer. The
extrusion device 18 impels the solution under pressure
through the gear pump and the housing 23 and then
through a plurality of apertures in the spinneret 27. The
hot gel fibers 28 pass through the air gap 27 and the
quench bath 30 so as to form cool first gel fibers 33.

The cool first gel fibers 33 are conducted over the
driven roll 54 and the idler roll 55 through the heated
tube 57. The heated tube 57, in general, is longer than
the first heated tube 56 illustrated in FIG. 5. The length
of the heated tube 57 compensates, in general, for the
higher velocity of the fibers 33 in the third
embodiment of FIG. 7 compared to the velocity of the
xerogel fibers 47 between the take-up spool 52 and the
heated tube 56 in the first embodiment of FIG. 5. The
first gel fibers 33 are now taken up by the driven roll
61 and the idler roll 62, which is operated such that the
stretch ratio in the heated tube 57 is as desired, for
example, 10:1.
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From the rolls 61 and 62, the once-drawn first gel
fibers 35 are conducted into a heated tube 64 that is
heated in a different manner and are stretched by the
driven take-up roll 65 and the idler roll 66. The driven
roll 65 is operated sufficiently fast to draw the fibers
in the heated tube 64 at the desired stretch ratio, for
example, 2.5:1. to match the speed of once-drawn gel
fibers 35 coming off of rolls 61 and 62, the line speed
in the heated tube 64 is a relatively high speed, and
thus the heated tube 64 in the third embodiment of
FIG. 7 will, in general, be longer than the heated tube
63 in either the second embodiment of FIG. 6 or the
first embodiment of FIG. 5. While the first solvent
may exude from the fibers during stretching in the
heated tubes 57 and 64 (collected at the exit of each
tube), the first solvent is sufficiently non-volatile and
thus does not evaporate in either of these heated tubes.

The twice-stretched first gel fibers 36 are then
conducted through the solvent extraction device 37,
where the second volatile solvent extracts the first
solvent out of the fibers. The second gel fibers,
containing substantially only the second solvent, are
then dried in the drying device 45, and the twice-
stretched fibers 70 are then taken up on the spool 72.

It will be appreciated that, when comparing the
third embodiment of FIG. 7 to the first two
embodiments of FIGS. 5 and 6, the stretching step (F)
is performed in the third embodiment, subsequent to
the two stage cooling step C and prior to the solvent
extracting step D.

The deformation and compression of the gel by
the extruder screw caused exudation of paraffin oil
from the gel. This liquid, being backed up in the
extruder barrel, was mostly discharged from the
hopper end of the extruder. At the exit end of the
extruder, a gel fiber of approximately 0.7 mm diameter
was collected at a rate of 1.6 m/min. The gel fiber
contained 24 to 38 wt% polyethylene. The solid
content of the gel fiber varied substantially with time.

The paraffin oil was extracted from the extruded
gel fiber using hexane, and the fiber was dried under
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The method of the present invention will be
further described by the examples below. In a first
example, the prior art of Smook et. al. and the Kalb
and Pennings articles are described.

Comparative Example 1

A glass vessel equipped with a PTFE paddle
stirrer was charged with 5.0 wt% linear polyethylene
(sold as Hercules UHMW 1900, 24 IV, approximately
4 x 10° molecular weight), 94.5 wt% paraffin oil (J. T.
Baker, 345 to 355 Saybolt viscosity) and 0.5 wt%
antioxidant (sold under the trademark Ionol).

The vessel was sealed under nitrogen pressure and
heated to 150°C while agitating. The vessel and its
contents were maintained under slow agitation for 48
hours. At the end of this period, the solution was
cooled to room temperature. The cooled solution
separated into two phases. These are a mushy (mushy)
liquid phase containing 0.43 wt% polyethylene and a
rubbery gel phase containing 8.7 wt% polyethylene.
The gel phase was collected, cut into pieces, and fed
into a 2.5 cm (one inch) Sterling (Sterling) extruder
equipped with a 21/1 L/D polyethylene-type screw.
The extruder was operated at 10 RPM and 170°C and
was equipped with a conical single hole spinning die
of 1 c¢cm inlet diameter, ] mm exit diameter, and 6 cm
length.

28.8 m¥/g.

The dried fiber was stretched in a nitrogen
atmosphere within a hot tube of 1.5 meters length.
Fiber feed speed was 2 cm/min. Tube temperature was
100°C at the inlet, increasing to 150°C at the outlet.

It was found that, because of filament non-
uniformity, when stretching at stretch ratios exceeding
30/1 for periods exceeding 20 minutes, the filament
broke, and it was not possible to continue.

The properties of the fiber prepared at 30/1 stretch
ratio were as follows

vacuum at 50°C. The dried gel fiber had a density of Denier 99

0.326 g/cm®. Therefore, based on a density of 0.960 Tenacity 23 g/d (denier)
for the polyethylene constituent, the gel fiber consisted Modulus 980 g/d

of 73.2 volume percent voids. The result of Elongation at break 3%

measurement of pore volume using a mercury
porosimeter was a pore volume of 2.58 cm¥/g. A
B.E.T. measurement of surface area gave a value of
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The following example describes the present
invention
Example 2

An oil jacketed double helical (Helicone,
Helicone®) mixer constructed by Atlantic Research
Corporation (Atlantic Research Corporation) was
charged with 5.0 wt% linear polyethylene (Hercules
UHMW 1900, 17 IV, approximately 2.5 x 10°
molecular weight) and 94.5 wt% paraffin oil (J. T.
Baker, 345 to 355 Saybolt viscosity). The charge was
heated while agitating at 20 rpm to 200°C under
nitrogen pressure over a period of two hours. After
reaching 200°C, agitation was maintained for an
additional two hours.

The bottom discharge opening of the Helicone
mixer was fitted with a single hole capillary spinning
die of 2 mm diameter and 9.5 mm length. The
temperature of the spinning die was maintained at
200°C.

Nitrogen pressure applied to the mixer and
rotation of the blades of the mixer were used to extrude
the charge through the spinning die. The extruded
uniform solution filament was quenched to a gel state

S58-5228 A (12)
by passage through a water bath located at a distance
of 33 cm (13 inches) below the spinning die. The gel
filament was wound up continuously on a 15.2 cm (6
inch) diameter bobbin at the rate of 4.5 meters/min.

The bobbins of gel fiber were immersed in
trichlorotrifluoroethane  (fluorocarbon 113 or
“TCTFE”) to exchange this solvent for paraffin oil as
the liquid constituent of the gel. The gel fiber was
unwound from the bobbins, and the fluorocarbon
solvent was evaporated at 22 to 50°C.

The dried fiber was of 970100 denier. The
density of the fiber was determined to be 950 kg/m? by
the density gradient method. Therefore, based on a
density of 960 kg/m? for the polyethylene constituent,
the dried fiber contained one volume percent voids.
The result of a B.E.T. measurement of the surface area
gave was less than 1 m%/g.

The dried gel fiber was fed at 2 cm/min into a hot
tube blanketed with nitrogen and maintained at 100°C
at its inlet and 140°C at its outlet. The fiber was
stretched continuously at 45/1 within the hot tube for
a period of three hours, but no fiber breakage occurred.
The properties of the stretched fiber are as follows.

Denier 22.5 Table |
Tenacity 37.6 g/d ) Work-
=, Stretch :
Modulus 1460 g/d g temp, Stretch - Tenacity MOduhEl oy fo-break
. s . Denier ongation
Elongation 4.1 % g © ratio g/d g/d % Gl/md
Work-to-break 12.9x 10° J/m? -
(12,900 inch-lbs/cubic inch) 3 142 156 28 178 455 &7 9.4
Examples 3 to 99 , 4 145 155 28 186 480 &7 101
A series of fiber samples was prepared following
the procedures described in Example 2, but with 5 145 196 22 198 610 52 81
variations introduced in the following material and 6 145 130 34 137 350 &2 7.0
method parameters.
. 4 .7 15! X .
a. Polyethylene IV (molecular weight) 7 145 168 27 152 430 57 64
b. Polymer gel concentration 8 144 239 18 232 730 4% 92
c. Stretch temperature 9 150 160 27 146 420. 50 58
d. Fiber denier
c. Stretch ratio 10 150 273 16 216 840 40 7.0
The experiment results relating to the final fiber 11 149 238 18 218 680 46 B0
properties obtained are shown in Table I. Intrinsic 12 150 278 16 226 730 43 15
viscosity values of the polymer were 24 in Examples )
3 to 49 and 17 in Examples 50 to 99. The gel 13 140 142 51 165 440 53 1
concentration was 2% in Examples 26 to 41, 4% in 14 140 220 20 217 640 47 85
0/ 1 0/ 1
Examples 3 to 17, 5% in Examples 42 to 99 and 6% in 16 140 257 17 261 810 47 10.2
Examples 18 to 25.
16 140 3.4 56 112 224. 180 10.7
17 140 149 29 208 600 56 100
18 145 195 117 164 480 &3 82
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19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78

145
145
145
160
150
150
150
143
146
146
145
145
145
145
145
150
150
150
150
140

150
150
150
150
150
150
150
150
150
140
140
140
140
140
140
130
130
130
130
130

117
223
47.4
151
56.4
528
128
103

1.8

3.2
280
502
307
102
223
287
121

87
17.4
120

434
336
544
136
629
266
361
520
733
146
301
45.6
430
322
573
163
206
363
494
245

194
10.2
48
150
40
4.3
17.8
214
1200
695
.9
4.4
72
218
29
.7
183
255
127
185

237
306
189
741
154
564
268
18.6
13.2
661
321
212
225
301
169
594
470
267
196
446

16.3
241
35.2

14.0
282
363

191

8.7
2.1
2.7

160
216
227
162
153
10.5
126
10.9
14.1
127

309
289
302

104 -

305
204
320
34.0
353
139
285
559
37.6
331
396
216
256
330
504
264

430.
660.
1230,
397
830
1090
440
178.
22
37
542
725.
812
577
763
250
332
308
471
357

1210
913
1134,
272
1008
638
1081
1172
13514,
257
933
1440,
1460
1170
1547
556
752
1144,
1284.
990

6.1
5.7
43
6.5
4.4
4.5
7.2
7.0
597
405
4.9
4.0
4.2
5.6
28
8.4
5.2
5.9
4.6
7.3

45
4.8
37
122
4.0
7.0
5.3
4.1
58
14.9
4.5
3.9
4.
43
3.8
55
5.3
4.1
38
45

77
112
122

45
106
15.2
113

48
125
112

64

74

7.8

8.7

4.0

7.4

5.5

5.5

5.3

8.1

124
117
109
120
115
13.0
134
126
123
18.1
114

8.8
128
12.0
15.4
10.8
12.0

2.4

16

97

In order to determine the relationships of
properties of the fiber to the method and material
parameters, the data in Table I was subjected to

Tenacity

-137-

39 140
40 140
41 140
42 145
43 145
44 145
45 145
46 150
47 150
48 140
49 140
50 130
51 130
52 130
53 130
54 140
55 140
56 140
57 140
58 150

79 130
88 130
81 140
82 140
83 145
84 145
85 130
86 130
87 130
88 140
89 140
20 140
21 140
92 150
?3 150
94 150
?5 150
96 150
97 150
98 150
99 150

follows.

215
368
597
134
24.4
252
335
17.2
160
112
210
1568
445
243
265
110
283
434
184
16.7

286
422
403
587
479
523
136
300
297
520
118
353
234
14.6
357
314
378
15.9
302
361
64.7

103
6.0
37

250

137

133

10.0

195

210

300

16.0

649

231

424

388

933

363

257

55.9

655

382
259
271
18.6
228
20.9
80.4
364
368
21.0
923
310
468
749
306
348
289
687
362
303
169

161
238
262
129
223
232
295
14.2
157
131
230
14.2
308
268
236
145
247
303
19.7
128

271
547
332
355
324
370
128
248
286
360
10.%
298
246
118
278
2%0
298
98
246
282
321

619
8785
1031
344
669
792
1005.
396
417
316
608
366
1122
880.
811
303
695.
905.
422
337

975.
1200
12460
1400
1460
1500

275

768
1005
1436

151
1004

730

236

876

815,

950

210

799

959
1453

4.2
4.1
36
8.3
5.9
4.9
4.9
5.6
72
8.3
6.0
6.0
4.4
4.7
4.2
8.4
4.8
4.8
66
8.6
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5.5
7.8
7.0
9.2
114
9.8
118
&8
9.5
9.6
124
6.8
108
105
29
28
24
117
103
9.9

45 105
44 125

4.0
4.0
40

114
108
100

40 122
80 87

5.0
4.5
35
185
4.5

106
115
1214
183
103

55 124

110
4.5
5.0
4.5

10.0
5.0
4.5
35

112
10.0
107
182
8.2
9.4
100
86
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statistical analysis by multiple linear regression. The
regression equation obtained for fiber tenacity was as
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WH, $/d=—847+200*SR+0.49*1V+
0.0605*%C*SR
0.00623*T*SR—00156*IV*SR

—0.009 19*SR*SR
where SR is stretch ratio
IV is polymer intrinsic viscosity in
decalin at 135°C (dl/g)
C is polymer concentration in the gel,
wt%, and
T is stretch temperature °C.
The statistics of the regression were:
Significance level = 99.9+%
Standard error of estimate = 3.0 g/d
A comparison between the observed tenacities
and tenacities calculated from the regression equation
is shown in FIG. 1.
FIGS. 2 and 3 are response surface contours for
tenacity calculated from the regression equation on
two important planes.

In the prior art publications of Pennings and
coworkers, all fibers (prepared discontinuously) had
moduli less than 121 GPa (1372 g/d). In the case of the
present invention, continuous fiber examples No. 70,
71,73, 82, 83, 84, 88 and 99 surpassed this level.

In the experiments of Examples 3 to 99, a
correlation of modulus with spinning parameters was
generally parallel to that of tenacity. A plot of fiber
modulus versus tenacity is shown in FIG. 4.

It will be seen from the data, the regression
equations, and the plots of the calculated and observed
results that the method of the present invention enables
substantial control to obtain desired fiber properties
and that greater controllability and flexibility is
obtained than by prior art methods.

Further, it should be noted that many of the fibers
of these examples showed higher tenacities and/or
modulus values than had been obtained by prior art
methods. In the prior art methods of German Patent
Publication No. 3,004,699 and UK Patent GB
2,051,667 A, all fibers prepared had tenacities less
than 3.0 GPa (35 g/d) and moduli less than 100 GPa
(1181 g/d). In the case of the present invention, fiber
examples Nos. 21, 67, 70, 73, 82, 84 and 88 exceeded
both of these levels, and other fiber examples
surpassed on one or the other property.

The results of these tests are shown in Table II.
Table 11
Creep resistance at 23°C
Load 10% of breaking load
Creep%

The fiber of example 71 was further tested for Time after  Fiberof . Nylon tire cord Pztyr;;}glgg\;ier
resistance to creep at 23°C under a sustained load of 1?)2 glﬁ:ygs Example 71  for comparison  ° stretching
10% of the breaking load. Creep is defined as follows. ’

Creep #%#=100XC(A(s,t)—B(s)) /B(s) 1 0.1 4.4 10
where B(s) is the length of the test section immediately

Jo. 2 0.1 4.6 12
after application of load
A(s,t) is the length of the test section at time 6 - 4.8 1.7
t after application of a load S 7 0.4 _ _
A and B are both functions of load, while A '
is also a function of time t. 9 0.4 - -

For comparison, a commercial nylon tire cord (6 192 _ 4.8 2.4
denier, 9.6 g/d tenacity) and a polyethylene fiber ) '
prepared in accordance with US Patent Application 15 0.6 4.8 2.5
Serial No. 225,288 (filed January 15, 1981) by surface 19 _ 48 2.9
growth and subsequent hot stretching (10 denier, 41.5 ) ’
g/d tenacity) were similarly tested for creep. 21 0.8 - -~

22 - 4.8 5.1
25 0.8 - -
246 - 4.8 36
28 0.9 - -

-138-

HONEYWELL Ex. 1009, Page 14 of 75
HONEYWELL INTERNATIONAL INC. v. DSM IP ASSETS B.V.
IPR2024-00493



$58-5228 A (15)

32 09 - - fibers of Examples 64, 70, and 71 were measured.
33 _ 48 4.0 Melting temperatures were measured using a DuPont
) : 990 differential scanning calorimeter. Samples were
35 10 - - heated in an argon atmosphere at the rate of 10°C/min.
Additionally, the melting temperature was determined
3¢9 14 - = for the starting polyethylene powder from which the
40 - 4.9 4.7 fibers of Examples 64, 70, and 71 were prepared.
Porosities of the fibers were determined by
43 14 - - measurements of their densities using the density
47 gradient technique and comparison with the density of
14 - — .
a compression molded plaque prepared from the same
50 - 4.9 5.5 initial polyethylene powder (the density of the
compression molded plaque was 960 kg/m?).
51 14 - - Porosity was calculated as follows.
57 - 4,9 6.1 Porosity g = 960 — fiber density ."/"5
5¢ 145 - — 760

It will be seen that the fiber of Example 71 has
1.4% creep in 50 days at 23°C under the sustained load

Results were as follows.
Material ~ Melting point T Fiber density (hg/m) Porosity

Polyethylene powder 1 3 8

equal to 10% of the breaking load. Commercial nylon Fiber of Example 64 1 4 9 9?82 0
tire cord for comparison and the surfa.ce. grown Fiber of Example 70 1 4 9 976 o
polyethylene fiber had 5% creep under similar test

conditions. Fiber of Example 71 1 5 1 951 1

The melting temperatures and the porosities of the

The individual level and combination of properties
exhibited by the fibers of Examples 64, 70, and 71, that
is, a tenacity of at least 30 g/d, a modulus in excess of
1000 g/d, and a creep (at 23°C and 10% of breaking
load) of less than 3% in 50 days until a break at 7.5

The bobbins of gel fiber were immersed in
multiple different solvents at room temperature to
exchange with the paraffin oil as the liquid constituent
of the gel. The solvents and their boiling points were
as follows.

GJ/m?, melting temperature of at least 147°C, and Solvent Boiling point T
porgsﬂy less than 10% appears not to have been Diethyl ether 345
attained heretofore.

The following Examples describe the effect of the n-Pentane 361
second solvent upon fiber properties. .

Methylene fluorid ),

Examples 100 to 108 cthylene fluorice 598

Fiber samples were prepared as described in Trichlorotrifluoroethane 4 75
Example 2, b}lt the follow%ng points were changed. n-Hexane 687
The bottom discharge opening of the Helicone mixer
was adapted to feed the polymer solution first to a gear Carbon tetrachloride 768
pump and then Fo a single hole ?on'lcal spinning die. n-Heptane 984
The cross-section of the spinning die tapered
uniformly at a 7.5° angle from an entrance diameter of Dioxane 1014
10 mm to an exit diameter of 1 mm. The gear pump Toluene 1106

speed was set to deliver 5.84 ¢m’/min of polymer
solution to the die. The extruded solution filament was
quenched to a gel state by passage through a water bath
located at a distance of 20 cm below the spinning die.
The gel filament was taken up continuously on
bobbins at a rate of 7.3 meters/min.

-139-

The solvent exchanged gel fibers were air dried at
room temperature. After drying the gel fibers,
transverse dimensions shrunk substantially in each
case. Surprisingly, it was observed that the shape and
surface texture of the xerogel fibers departed
progressively from a smooth cylindrical form in
approximate proportion to the boiling point of the
ether had been dried was substantially cylindrical,
whereas the fiber from which toluene had been dried
was “C” shaped in cross-section.
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The xerogel fibers prepared using TCTFE and n-
hexane as second solvents were further compared by
stretching each at 130°C, incrementally increasing

S58-5228 A (16)
Table III
Properties of xerogel fiber stretched at 130°C
Feed rate: 2.0 cm/min

stretch ratio until fiber breakage occurred. The tensile Tenacity! Modulus ~ Work-to-
: : ; Stretch break
%)Irlc.)pertles of the resulting fibers are as shown in Table Example Second solution r;’ig ¢/d ¢/ d r;:‘
The xerogel fiber prepared using TCTFE as the 100 TCTFE 160 233 740 50 65

second solvent can be stretched continuously to a £

stretch ratio of 49/1, whereas the xerogel fiber 104 TCTF 218 2%4 850 45 81

prepared using n-hexane could be stretched 102 TCTFE 321 %359 1240 45 91

continuously only to a stretch ratio of 33/1. At

maximum stretch ratio, the stretched fiber prepared 103 TCTFE 402 374 1540 39 92

using TCTFE second solvent was of 39.8 g/d tenacity, 104 TCTFE 493 398 1580 4

1580 g/d modulus, and 9.6 G/m? work to break. This ’ ) 0 96

compares to 32.0 g/d tenacity and 1140 g/d modulus 105 n-—hexane 243 284 1080 48 8.0

obtained using n-hexane as the second solvent. 106 n—hexane 265 299 920 50 94
107 n—hexane 320 319 1130 45 87
104 n-~—hexane 337 320 1140 45 84

Following the procedures of Examples 3 to 99, an
8 wt% solution of isotactic polypropylene of 12.8
intrinsic ~ viscosity  (in  decalin at 135°C),
approximately 2.1 x 10° molecular weight was
prepared in paraffin oil at 200°C. A gel fiber was spun
at 6.1 meters/min. The paraffin oil was solvent
exchanged with TCTFE and the gel fiber dried at room
temperature. The dried fiber was stretched to 25/1 at a
feed roll speed of 2 cm/min. Stretching was conducted
in a continuous manner for one hour at 160°C.

Fiber properties were as follows.

Example 110

d. Die included angle (conical orifice)

e. Spinning temperature

f. Melt flow rate

g. Distance to quench

h. Gel fiber take-up velocity

i. Xerogel fiber denier

Each of the xerogel fiber samples prepared was
stretched in a hot tube of 1.5 meter length blanketed
with nitrogen and maintained at 100°C at the fiber inlet
and 140°C at the fiber outlet. Fiber feed rate into the
hot tube was 4 cm/min (under these conditions, the

Denier 105 actual fiber temperature was within 1°C of the tube
Tenacity 9.6 g/d temperature at distances 15 cm from the inlet). Each
Modulus 164 g/d sample was stretched continuously at a series of
Elongation 11.5% increasing stretch ratios. The independent variables for
Work-to-break 9.2 x 10 J/m? (9280 inch- these experiments are summarized below.
Ibs/cubic inch) Polymer intrinsic viscosity ( d L/ #)
Examples'lll to 486 1165 Examples172—-189,2357—-241.,
A series of xerogel fiber samples was prepared as
in Example 2, but a gear pump was used to control 251-300.339-371
melt ﬂgw rate. Yarious changes were introduced in the 15.5Fxamples 1 11—126+ 138~140
following material and process parameters.
a. Polyethylene IV (molecular weight) 167—-171.204-236.,

b. Polymer gel concentration
c. Die exit diameter

~140-

242-243.,372—-449.457-459
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Inches

177 Examples 27 =137 +141-186 .
190—-203.,244-250.
301—-338

2 0.9-Examplesd 50 —4 54 467 —48B6&

0.08
Gen concentration

G g-Examples{ 27 =137 ,141—=149.167
—171.,190-203.244-260.
274-276,.291-530646:339—-371

6 %-Examples1 11—126 . 138-140.204
-236.242-243.372-418.
4531—486

7 %-Examples1 50—-166 »172—-18%.2537
—241.261-2753.277-2%0~
307-358

Die diameter

Inches  Millimeters

004 1 Examples 4 47 =17 1,237 —
241.244-260.274
-276.282-290.

301-306.317-338.

Spinning temperature
1B0C-Examples{ 72 -203.,23537—-241,
301-5322,.539-371
200C-Examples111 =126+ 138—-140
167-171.,.204-236,242
—243.372-48¢6

220C Examples1 27 ~137,141-166
244-300.232-338"

Solution flow rate (cm?/min)

2924002 —Examplesy 14 —-122.135-145
150-152 . 162-1646 .
172-175,196-201.
214-222.2537,240.
242-245.251-2585
260—-265,277—-284
288-295.301.35304-
306.5310-312.318-
520.5347-360+,568—
370372595397
401-407 ., 412—a14.,

607
8.7 6

-141-

Millimeters

$58-5228 A (17)
3 466—371 and 460—
466

2 Examples111-166.172~-
236,242,243 .261
-273%.277-281.
291-300.307-316.
339-365,372-459.

EtFa 67 —486
Die angle (degrees)

gtExamples{ 2 7 —137 +141-149 261
—281.,307-316.339-365:
419-4a30

7 5% Examples1 11 —126 + 138—-140.16&7
—=171.204-243.,251-2460~+
301-306,317-5338.372~-
418.431—-48B¢

15 Examplesi 50 —166+172—-203 244~
250.282-300.366-371

419—424.450-459 .
4467 —-481

437 £002 -Examples2 0 4 ~208 . 230-236

5??“579-‘08_4110

EB5+ 005 Examples 111 —115,123—134.

146-149,153-1461,
167~171.,180-195.
202-203.209-213.
223-22%9.238-2359.,
241.256-259.1266~
276.285—287,294-
300.302-303.307~-
309.315-317.321~-
335-338.3561—
367,571,375 -376&,
392-394.398-400.
415-418.431-433,
482—-48B46
-Examples 339 —34 6
-Examples 380 —3 9 1

3264
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888 “Examples 246 —2 50 467 -486

11.71:1:[1.05-Examples454—457-445- 225 572 307-312,339-349
449 236 600 111-115.138—-140

1729 Eyamples 438—440 240 610 141-157.174-182.

Distance to quench 199-203.,.209-221.

Inches Millimeters Examples 244-245.287-292.

55 140 116-126 297-300.303-306.

40 152 127-137.158-166 . 319-322.531-338,
172-173.183-198, 372.392-394,
222-229.,240~-243, 412-418.460-466
246-259.,282-286.
293-296.301.3502, Under all of the varied conditions, the take-up
325-330.366-368:  velocity varied from 90 to 1621 cm/min, the
398-407.419-430 xerogel fiber denier from 98 to 1613, the stretch

65 165 268-273.277-281 ratio from 5 to 1'74, the tenacity from 9 to 46

17 196 167-171 g/denier, the tensile modulus from 218 to 1700

g/denier and the elongation from 2.5 to 29.4%.

150 330 450-453 The results of each Example producing a fiber

145 368 377-391 of at least 30 g/denier (2.5 GPa) tenacity or at least

150 381 230-236.408-411., 1000 g/denier (85 GPa) modulus are shown in
451-449.454-456, 1aolelV.

-142-

HONEYWELL Ex. 1009, Page 18 of 75

HONEYWELL INTERNATIONAL INC. v. DSM IP ASSETS B.V.
IPR2024-00493



S58-5228 A (19)
Table IV

Properties of stretched fiber

Example Xerogel fiber denier Stretch Tenacity Modulus Elongation Work-to-break
ratio ¢ /den # /den ) (GJ/m?)
113 159% 5 0 31 1092 4.0 12
114 15979 57 3 4. 135546 36 12
115 1599 72 3 L 1490 35 15
119 18357 6 5 35 12567 4.2 i1
122 12889 37 32 9 B B 4.5 1 4.
1246 4 40 4 1 31 1051 4.5 134
128 1260 2 8 31 B 16 5.5 14
150 1260 3 A EIE-% 281 4.5 15
151 1260 4 5 35 1179 4.0 14,
152 1260 4 0 37 1261 4.5 14
133 1260 g 30 983 4.0 11
134 1260 5 4 36 1313 4.0 13
135 282 2 6 29 106 2 3.5 10
136 282 2 4 30 10354 35 1
137 282 37 30 1261 3.5 10
Example  Xerogel fiber denier Stretch « Tenacity Modulus +  Elongation Work-to-break
ratio ¢ /den ¢/ den e (Gd/m?)
140 166 25 26 1041 35 9
144 56 H 4 0 30 11567 4.0 12
146 2351 2 42 7465 4.0 14
147 231 23 3 & 117 65 4.2 14
148 2351 2 2 5 3 1131 4.0 15
149 231 1% 51 1090 4.0 13
151 273 51 2 4 1117 3.5 10
157 14 44 6 4. 29 118 2 50 i0
160 4 0 8 3 5 5 U 112 4. 4.0 12
164 1585 3 4 32 1210 4.0 12
166 1386 59 35 1168 4.0 12
148 34 4 2 6 30 721 50 13
169 44 4 4 [ 52 1188 4.0 12
170 344 2 6 30 1060 4.0 9
171 344 29 51 117 2. 4.0 11
17 1017 6 8 29 1179 4.0 11
1872 352 & 5. 3 3 1146 3.7 13
-143-
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Example Xerogel fiber denier Stretch Tenacity Modulus Elongation Work-to-break |,
ratio §/den #/den % (6d/m?)
189 1958 4 4 27 1050 55 10
195 8 8 5. 5 % 3 1150 4.0 11
201 4 9 6 5 3 28 1082 4.0 11
2046 B 4 & 37 i $ 55 4.5 12
208 B 44 & 3 3 5. 1259 55 13
2172 368 5 b 3% 14728 4.5 17
213 56 8 49 35 13511 4.0 14
220 1200 81 3 4, 106 9% 4,0 13
221 1200 6 0 50 1001 4.0 11
227 1607 4z 30 1050 4.0 12
228 1607 4 7 30 1114 35 10
229 1607 5 4 35 1216 4.0 13
233 1060 5 4. 50 g 14 4.5 12
2535 1060 5 W 357 127 % 4.1 14,
236 1060 74 4 5. 1541 4.0 19
245 183 23 2 6 1014 4.0 11
247 247 14 30 10065 4.5 14
248 247 10 53U 1100 4.0 11
Example Xerogel fiber denier Strchh Tenacity Modulus Elongation Work-to-break
e ¥/ den ¢/ den % (GJ m3)
249 247 11 i 11352 4.0 12
250 247 19 37 1465 38 15
251 145 34 31 103 2 4.5 13
252 145 3 A it 998 4.5 13
254 1465 4 1 31 1116 4.0 11
2565 16 45 4 0. 29 1115 4.0 10
272 1200 4 1. 2 4 1122 50 8.
273 1200 4 4. 27 1261 2.5 7
274 154 27 ] B 5 4 4.5 13
275 15 4. 4 4. L] 106 & 4.5 12
276 15 4 3 A 30 105 4 4.0 10
280 291 39 30 ¢ 7 8 4.0 12
281 291 43 2% 1072 4.0 11
2B 4 25 4 30 5 2 109 % 4.5 14
ioH 985 20 50 ¥ U L 4.3 12
309 ?H L 34 5 b 1710 3B 12
311 3046 30 51 79U 4.4 14
312 304 5 U 5 2 1045 4.0 15
-144-
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Example Xerogel fiber denier Stre.tch Tenacity Modulus Elongation Work-to-break
MOy den ¢/ den $ (6d/m3)
314 1234 4 5. 37 1320 4.0 12
315 34 4 2 5 30 g7 0 4.0 11
317 25 4 29 3 2 1270 35 11
320 190 29 30 1060 4.0 12
3272 507 2 5 29 1030 4.0 11
323 540 2 5 34 129 A 4.1 165
32 4 540 25 5 5 7264 4.4 1 4.
325 340 3L 31 1241 4.1 15
326 340 35 39 14860 37 1 4.
527 57 4 2 4. 30 g 20 4.5 1 4.
198 373 27 4 4. 108G 4.5 16
329 37 5 30 3 64 15349 4.0 1 4.
530 37 A 35 57 1577 39 1.4,
332 218 A4 3 b 1320 39 1 4.
5333 2186 50 5 1 1546 4 4.0 14
334 218 30 31 117 2 39 12
335 326 26 57 1260 4.5 16
5334 3264 50 L 13487 4.2 14
Example Xerogel fiber denier Stre.tch Tenacity Modulus Elongation Work-to-break
o ¥ den ¥/ den % (GJd  m)
537 326 4 2 4 2. 145 4 4.0 1 8.
338 326 4 2 37 1440 39 1 8.
3139 349 55 29 1330 3z e
345 3409 31 29 1007 4.5 14
346 349 51 34 116 65 4.3 14
357 772 4 b 51 Y90 4.4 14
358 772 51 27 1355 6 30 11
359 772 5 & 32 1240 37 12
360 772 59 33 1223 38 13
364 295 4 7 is 1and 4.5 17
3745 1613 o 50 - 4.1 11
379 791 4 6 5z 1110 a9 12
3182 10546 6 B 54 1280 37 12
38535 21 51 501 10% 0 4.0 14
384 105 2 4 34 1250 58 12
387 98 4 59 5 & 1010 4.3 1 4.
394 230 z29 57 PEZ 4.3 13
400 4 27 52 5 U 27U 4.1 12
-145-
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Example Xerogel fiber denier Stretch Tenacity Modulus Elongation Work-to-break

) ratio #/den ¥/ den % (Gd/m?)
405 1585 39 33 1124 36 2 4
407 1585 17 4. 32 1040 4.0 13
418 1370 51 3 5 11460 37 11
419 34 4 23 30 1170 38 11
421 1193 50 3 88O 4.4 14
4272 14935 LI 3 5 1220 39 14
423 1193 51 3 4 1310 5 4 11
424 1193 50 36 13% 0 34 13
4264 1315 32 30 860 4.4 12
427 1315 4 2 5 3 1160 59 13
428 1315 4 6 34 1170 38 13
429 395 19 3 b 84U 4.5 12
430 595 25 3 1100 39 13
435 1455 36 51 20 4.3 12
434 14585 4 3 i 1120 36 11
437 1455 51 3 A 1060 53 11
440 1316 37 32 1130 4.0 13
44 1 453 31 32 99U 4,7 14

Example Xerogel fiber denier Strchh Tenacity Modulus Elongation Work-to-break

e #/den ¢/ den % (GJd/m5)
4 472 453 49 39 1320 4.4 18
443 45 3 54 53 106 0 4.4 13
444 453 56 36 1410 36 14
4446 40 2 2 8. 30 1107 4.0 11
447 402 22 30 B 70 50 14
448 402 54 3 6 1175 4.3 8.
449 402 38 37 1256 4.3 15
4 51 44 1 33 3 A 1070 4.4 14
457 4461 38 3 5 11350 4.1 13
4 53 461 4 0, 35 1220 37 12
454 & 4. 14, 34 1080 4,7 13
4565 6 4 17 5 5. 12605 34 11
454 & 4, - 4 0 1453 38 12
460 26 8 32 3 5 1220 4.3 15
4 4 2 268 29 5 4, 1100 4.2 1 4.
443 Z 6 B 32 5 4 1110 4.1 14
464 268 4 3 40 1390 . § 165
445 420 5 3 41 1550 a7 16
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Example Xerogel fiber denier Stre_tch‘

ratio
466 420 27
467 571 2 4.
468 371 6 3
470 1254 4 0.
471 1254 4 A
4772 125 4 4 5.
473 1254 6 6
474 210 4 4.
475 210 2 1
476 210 2 7
479 1227 50
480 1227 4 B
481 1227 4 4,
483 1294 29
484 129 4 4 2.
485 340 2 &
4846 540 18

In order to determine the relationships of the fiber
properties to the process and material parameters, all
of the data from Examples 111 to 486, including those
Examples listed in Table IV, were subjected to
statistical analysis by multiple linear regression. The
regression equation obtained for fiber tenacity was as

follows.
Tenacity $,/d =1 188+2.2211V'+1147C' +

1948 TM'+0.822Q -1167L
—~2438D0'+05328R-0726
IV/DA+ 1399 1V'TM'+0.53 4
IV /40046 1V'SR-0.754
C'DA’ —0.391C'Q'—(.4 19 0D0’
~1327D/'TM4 0.3 6 6 D'L’ —
0.57 7 DA'TM'—0.79 0DA'Q’' —
0.034DA'SR—0.049TM'SR+
0.B09QL—0.313Q'D0'—0.344
(LV)2+0115(L*)%24+0564

(D0’)2-0.00237 (5R?)
IV'= (polymer 1V, dL/g - 14.4)/3.1
C' = Gel concentration % - 6
TM' = (spinning temperature °C - 200)/20

where:

Tenacity
¥/ den

3

L N~ T O T S )
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Modulus Elongation Work-to-break
¢ /den # (Gd ./ m3)
1010 4.0 12
96 0. 4.4 13
1560 3.9 17
1100 4.1 13
1190 4.0 14
1520 4.0 14
1600 35 13
1700 35 15
1170 4.0 12
1420 36 14
1180 4.1 1 4.
1140 4.1 13
1250 4.1 14
1000 4.3 13
1350 57 1 4.
1160 58 11
1020 4.1 11

Q' = (spin flow rate cc/min - 4.38)/1.46

L' = (distance to quench, in -15)/9

DO'=1.4427 log (xerogel fiber denier/500)

SR = stretch ratio (xerogel fiber
denier/stretched fiber denier)

DA' = (die angle ° - 7.5)/7.5

D' = (die exit diameter inches - 0.06)/0.02.

The statistics of the regression are as follows.

F ratio (26.346) = 69

Significance level = 99.9+%

Standard error estimate = 2.6 g/denier.

These effects in the vicinity of the center of the
experimental space may be summarized by
considering the magnitude of change in the factor
which is required to increase tenacity of 1 g/d. The
results thereof are given below.
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Factor Factor change required to increase parameters upon fiber modulus generally paralleled
tenacity by 1 g/d the effects of these variables upon tenacity. Fiber
modulus was correlated with tenacity as follows.
v +1 dL/g Modulus g/d = 42 (tenacity g/d) - 258
Concentration +1 weight% Significance of the correlation between modulus
and tenacity was 99.99%. The standard error estimate
Spin temperature +10 C of the modulus was 107 g/d.
Spin rate + (saddle) cc/min It must be noted that many of the fibers of these
L i Examples show higher tenacities and/or higher
Die diameter ~0010 inches modulI:ls than had seei obtained by prior art methids.
Die angle -2 degrees The densities and porosities of several of the
Distance to quench —4 inches xerogel and stretched fibers were determined.
Xerogel fiber Stretched fiber
Xerogel fiber denier —-25
. Density Porosity Density ~ Porosity
Stretch ratio +2./1 Example
Fiber tenacity increased by increasing polymer ke /m5 % kg /mB %
IV, increasing gel concentration, increasing spinning 115 934 2.7 — -
temperature, decreasing die diameter, decreasing
distance to quench, decreasing xerogel fiber diameter, 122 958 0.2 965 0
increasing stretch ratio, and 0° die angle (straight 126 958 W) - o
capillary).
It will be seen that the method of the present 182 906 5.6 940 2.1

invention enables substantial control to obtain desired
fiber properties and that greater controllability and
flexibility is obtained than by prior art methods.

In these experiments, the effects of method

The porosities of these samples were substantially
lower than in the prior art methods above.
Examples 487 to 583

In the following Examples of multi-filament
spinning and stretching, polymer solutions were
prepared as in Example 2. The solutions were spun
through a 16 hole spinning die using a gear pump to
control solution flow rate. The apertures of the
spinning die were straight capillaries of length-to-
diameter ratio of 25/1. In front of each capillary was a
conical entry region of 60° included angle.

The multi-filament solution yarns were quenched
to a gel state by passing through a water bath located
at a short distance below the spinning die. The gel
yarns were taken up on perforated dye tubes.
Examples 485 to 495

One stage “dry stretching” of multi-filament yarn

The taken up tubes of gel yarn were extracted
using TCTFE in a large Soxhlet apparatus to exchange
this solvent for paraffin oil as the liquid constituent of
the gel. The gel fiber was untaken up from the tubes,
and the TCTFE solvent was evaporated at room
temperature.

~148-

The dried xerogel yarns were stretched by passing
the yarn over a low speed feed godet and idler roll,
through a hot tube blanketed with nitrogen, and onto a
second godet and idler roll driven at a higher speed.
The stretched yarn was collected on a winder.

It was noted that some stretching of the yarn
(approximately 2/1) occurred as it departed the feed
godet and before it entered the hot tube. The overall
stretch ratio, that is, the ratio of the surface speeds of
the godets, is given below.

In Examples 487 to 495, the diameter of each hole
of the 16 filament spinning die was 0.040 inch (one
millimeter) the spinning temperature was 220°C, the
stretch temperature (in the hot tube) was 140°C and
the feed roll speed during stretching was 4 cm/min. In
Examples 487 to 490, the polymer IV was 17.5, and
the gel concentration was 7 weight%. In Examples 491
to 495, the polymer IV was 22.6. The gel concentration
was 9 weight% in Example 491, 8 weight% in
Examples 492 and 493, and 6 weight% in Examples
494 and 495. The distance from the die face to the
quench bath was 7.52 c¢cm (3 inches) in Examples 487,
488,499, and 495 and 15.2 cm (6 inches) in Examples
490 to 493. The other spinning conditions and the
properties of the final yarns were as follows.
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Properties of yarn

Example  Spinningrate  Gel fiber take-up rate Sgretch: ~ Denier  Tenacity ~Modulus. Elongation Work-to-break
cc/min-filament cc/min

ratio #/4d $/4d % Gd/m?
487 167 1176 35 41 36 1570 33 13
488 286 491 25 134 27 1098 57 10
489 2.02 557 25 152 29 1062 56 10
490 202 337 30 126 31 12756 35 11
491 198 162 25 151 33 1604 3.0 11
492 194 225 25 227 29 1231 3.3 11
493 1.94 225 30 143 34 1406 3.3 12
494 199 3053 30 129 34 1319 3.4 12
495 199 3053 35 112 35 1499 3.2 13
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Examples 496 to 501

One stage “wet stretching” of multi-filament yarn

The taken up gel yarns still containing the paraffin
oil were stretched by passing the yarn over a slow
speed feed godet and idler roll, through a hot tube
blanketed with nitrogen, and onto a second godet and
idler roll driven at high speed. It was noted that some
stretching of the yarn (approximately 2/1) occurred as
it departed the feed godet and before it entered the hot
tube. The overall stretch ratio, that is, the ratio of the
surface speeds of the godets, is given below. The
stretching caused substantially no evaporation of the
paraffin oil (the vapor pressure of the paraffin oil is
0.001 atmospheres at 149°C). However, half of the
paraffin oil content of the gel yarns was exuded during
stretching. The stretched gel yarns were extracted with
TCTFE in a Soxhlet apparatus, then untaken up and
dried at room temperature.

In each of the Examples 496 to 501, the spinning
temperatures was 220°C, the gel concentration was 6
weight% the distance from the spinning die to the
water quench was 7.6 cm (3 inches).

In Examples 496 and 499 to 501, the diameter of

S58-5228 A (26)
each hole of the spinning die was 0.1 cm (0.040
inches). In Examples 497 and 498, the hole diameters
were 0.075 cm (0.030 inches). In Examples 496 and
494 to 501, the polymer IV was 17.5°C. In Examples
497 and 498 the polymer IV was 22.6. The other
spinning conditions and properties of the final yarns
were as follows.

Properties of yarn

Example cc?/ﬂ?r?-iglgaﬁzit taiz-lufliab.rzrte SLr;tch S;:ct:itgh, Denier ~ Tenacity Modulus  Elongation Work-to-break

cm/min p- ¢/d ¢/4d % GJ/m3
496 202 313 140 22 206 25 1022 3.7 ?
497 100 310 140 125 136 28 1041 3.6 ?
498 100 310 140 156 94 32 1389 2.8 9
499 2.02 313 120 20 215 30 1108 4.5 14
500 202 513 120 225 192 30 1163 4.2 13
501 2.0 2 53153 1‘?‘0 20 203 27 1008 4.2 11
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Examples 502 to 533 The remainder of the first stage stretched gel yarn was
In the following Examples, a comparison is made re-stretched at a 1 m/min feed rate. Other second stage
between alternative two stage modes of stretching the same stretching conditions and physical properties of the stretched
initial batch of yarn. All stretching was done in a hot tube yarns are given below.
blanketed with nitrogen.
Example 502 Example ~ Second  Second stage Tenacity
Gel yarn preparation stage stretch  stretch ratio ~ Denier -
The gel yarn was prepared from a 6 weight% solution temp. °C #/d
0f 22.6 IV polyethylene as in Example 2. The yarn was spun 503 L o
using a 16 hole x 0.075 cm (0.030 inch) die. Spinning 504 - 22
temperature was 220°C, and spin rate was 1 cm?*/min- 504 130 15 320 28
filament. Distance from the die face to the quench bath was
3 inches (7.6 ¢cm). Take-up speed was 308 ¢cm/min. Nine 5056 130 175 284 29
rolls of 16 filament gel yarn was prepared.
“Wet-wet” (“WET-WET”) stretching 506 130 2.0 2472 33
In this mode, the gel yarn containing the paraffin oil 507 140 15 303 34
was stretched twice. In the first stage, three of the rolls of 16
filament gel yarns described in Example 502 above were 508 1440 1756 285 32
combined and stretched together to prepare a 48 filament
stretched gel yarn. The first stage stretching conditions were 50¥9 140 225 222 31
a stretch temperature of 120°C, a feed rate of 35 cm/min, and 1
a stretch ratio 12/1. A small sample of the first stage >10 145 175 285 51
stretched gel yarn was at this point extracted with TCTFE, 511 1456 2.0 2246 39
dried and tested for tensile properties. The results are given
below as Example 503.
Eiample Second  Second stage Tenacity Example ~ Modulus . Elongation Work-to- Me_ltillg
stage stretch  stretch ratio  Denjer break point
temp. °C ¢/d §/d $ GI/m® T
512 145 225 205 31 513 1046 30 9 -
513 1560 1.5 310 28 514 1254 29 8 - a—
514 150 17 282 28 515 1436 29 9 -—-
515 150 2.0 225 %3 516 1621 26 8 152,160
516 150 225 212 31
*Unstretched xerogel fibers melted at 138°C.
Example  Modulus  gjongation Workto- h;g:gtfjkg The measurement result of the density of the
real .
#/d $  Gd/m’ T fiber of Example 515 was 980 kg/m3. The density
503 614 5.5 > e of the fiber was therefore higher than the density

of'a compression molded plaque, and the porosity

504 1 e 2 .
259 29 8 ' was substantially zero.
505 1396 2.6 8 150157 Examples 517 to 522
506 1423 2.8 9 - “Wet-dry” (“WET-DRY?”) stretching
507 41280 34 9 | —— In this mode,'the gel yarn was stretched once,
then extracted with TCTFE, dried, and stretched
508 5367 LY 9 1493 455 ;
again.
509 1577 24 8 -
510 1357 30 9 —_——
511 1615 2.7 8 ———
512 1583 25 B 151,156
-151-
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In the first stage, three of the rolls of 16 filament gel
yarn described in Example 502 were combined and
stretched together to prepare a 48 filament stretched gel
yarn. The first stage stretching conditions were a stretch
temperature of 120°C, a feed rate of 35 cm/min, and a
stretch ratio of 12/1. The first stage stretched gel yarn
was extracted with TCTFE in a Soxhlet apparatus,
retaken up, and air dried at room temperature, then
subjected to a second stage of stretching in the dry state
at a feed rate of 1 m/min. Other second stage stretching
conditions and physical properties of the stretched yarn
are given below.

$58-5228 A (28)

Example Stasgzc;rrl;imh stazzcsi?eich Denier Elastic Modulus ~ Elongation  Work-to-break Melting point™*
temp. °C ratio ¢$/d ¢$/d % GJ/md C
517 130 125 590 22 1193 30 7 -
518 130 15 332 26 1279 2.9 7 150,157
519 140 15 328 26 1291 3.0 8 -——
520 140 175 303 27 1239 2.7 8 150.159
521 150 17586 292 31 1427 3.0 ? -
522 150 2.0 2446 31 1632 2.6 8 152 .158
-152-
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Examples 523 to 533

“Dry-dry” (“DRY-DRY?”) stretching

In this mode, the gel yarn described in Example 502
was extracted with TCTFE, dried, then stretched in two
stages. In the first stage, three of the rolls of 16 filament
yarn were combined and stretched together to prepare a 48
filament stretched xerogel yarn. The first stage stretching
conditions were a stretch temperature of 120°C, a feed rate
of 35 c/min, and a stretch ratio of 10/1. The properties of
the first stage stretched xerogel yarn are given as Example
523 below. In the second stretch stage, the feed rate was 1
m/min. Other second stage stretching conditions and
physical properties of the stretched yarns are given below.

$58-5228 A (29)

Second Second
Example stage stretch Stage s.tretch Denier Tenacity =~ Modulus Elongation Work-to-break Melting point*
temp. °C ratio g /d §./d % Gd/m? C
523 - - 892 21 564 4.3 9 146,153
524 130 15 387 24 9215 5.1 7 -
525 130 175 325 23 1048 2.3 6 150,158
526 140 15 306 28 1158 2.9 8 -
527 140 175 311 28 1129 29 8 -
528 140 2.0 286 24 1217 2.3 6 150,157
529 150 15 366 26 P17 3.3 8 -
530 150 175 300 28 1170 3.0 8 -
531 150 2.0 273 31 1338 3.8 8 -
532 150 2.25 200 52 1410 2.2 8 —
533 150 2.5 216 33 1514 2.5 B 152.15¢6
(a7)
-153-
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The density of the fiber of Example 529 was
measured to be 940 kg/m>. The porosity of the fiber
was therefore 2%.

Examples 534 to 542

Multi-stage stretching of multi-filament yarn

In the following Examples, a comparison is made
between two elevated temperature stretches and a
three stage stretch with the first stage at room
temperature. The same initial batch of polymer
solution was used in these Examples.

Example 534

Unstretched gel yarn preparation

A 6 weight% solution of 22.6 IV polyethylene
yarn was prepared as in Example 2. A 16 filament yarn
was spun and taken up as in Example 502.

Example 535

Preparation of gel yarn stretched at room
temperature

The unstretched gel yarn prepared as in Example
534 was led continuously from a first godet which set
the spinning take-up speed to a second godet operating
at a surface speed of 616 cm/min. In

S58-5228 A (30)

Examples 540 to 542 only, the as-spun gel fiber was
stretched at 2/1 at room temperature in-line with
spinning. The once stretched gel fiber was taken up on
tubes.
Examples 536 to 542

The 16 filament gel yarns prepared in Examples
534 and 535 were stretched twice at elevated
temperature. In the first of such operations, the gel
yarns were fed at 35 cm/min into a hot tube blanketed
with nitrogen and maintained at 120°C. In the second
stage of elevated temperature stretching the gel yarns
were fed at 1 m/min and were stretched at 150°C.
Other stretching conditions and yarn properties are
given below.

1200c  150°C .
Example ~ Room tretch stretch Total Tenacity Modulus  Elongation Work-to-break

temperature S'Cl¢ ti stretch ratio . g/denier g/denier

stretch ratio  Yatio ratio Denier % Gd /' m?
536 - B.3 225 187 128 23 1510 2.6 [
537 - B.3 2.5 2U.8 116 30 1630 3.0 9
538 - B.3 2.75 228 108 30 1750 2.7 8
539 - B.3 3.0 249 107 31 1713 2.6 8
540 2 6.8 2.0 272 95 30 1742 2.5 7
541 2 6.8 225 306 54 54 1911 2.5 8
542 2 6.8 2.5 54 75 32 1891 2.2 7

-154-

HONEYWELL Ex. 1009, Page 30 of 75
HONEYWELL INTERNATIONAL INC. v. DSM IP ASSETS B.V.
IPR2024-00493



Examples 543 to 551

Polyethylene yarns of extremely large modulus

The highest experimental value reported for the
modulus of a polyethylene fiber seems to be that from
P. J. Barham (P. J. Barham) and A. Keller (A. Keller),
J. Poly. Sci., Polymer Letters ed. 17, 591 (1979). The
value 140 GPa (1587 g/d) was measured by a dynamic
method (dynamic method) at 2.5 Hz and 0.06% strain
and is thought to be higher than would be the value
expected from a similar measurement made by
A.S.T.M. Method D2101 "Tensile Properties of Single
Man Made Fibers Taken from Yarns and Tows" or by
A.S.T.M. Method D2256 "Breaking Load (Strength)
and Elongation of Yarn by the Single Strand Method".
The latter methods were used in obtaining the data
reported below.

The following Examples describe the preparation
of novel polyethylene yarns of modulus exceeding
1600 g/d and in some cases of modulus exceeding

S58-5228 A (31)
2000 g/d. Such polyethylene fibers and yarns were
heretofore unknown. In the following Examples all
yarns were made from a 22.6 IV polyethylene, 6
weight % solution prepared as in Example 2 and spun
as in Example 502. All yarns were stretched in two
stages. The first stage stretch was at a temperature of
120°C. The second stage stretch was at a temperature
of 150°C. Several 16 filament yarn ends combined
during stretching. Stretching conditions and yarn
properties are given below.

Feed - 1 Feed -2
Example ) Stretch ) Stretch Number of Tenacity Modulus  Elongation Work-to-break
cm/min Ratio 1 cm/min Ratio 2 Filaments g/denier g/denier % Gdm3
Wet - Wet
543 25 15 100 2.25 48 39 1843 2.9 =
544 35 125 100 2.5 64 31 1952 2.6 =]
545 35 10.5 100 2.75 48 31 1789 2.4 4
546 100 6.4 200 2.85 48 2 7 1662 2.5 8
Wet - Dry
547 25 15 100 2.0 48 56 210%9 2.5 13
548 25 15 100 2.0 48 32 2305 2.5 ?
549 2.5 15 100 2.0 48 30 2259 2.3 8
550 25 15 100 187 48 35 2030 2.7 11
551 25 15 100 195 16 35 1963 30 8
-155-
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A DTA analysis and density measurements were
performed on the yarns of Examples 548 and 550. The
results, displayed below, were reported by Smith and
Lemstra in J. Mat. Sci., vol 15, 505 (1980). The broad
single peaks at 145.5°C or less indicate two
completely dissimilar, distinct melting points.

Melt Temp.

Example Density

% Porosity

548 147.155C 97 7k/m° 0

550 149,156C 98 1h/m3 0

Examples 552 to 558
Polypropylene yarns of extremely large modulus
The highest reported experimental value for the
modulus of a polypropylene material (fiber or other
form) appears to be that from T. Williams (T.
Williams), J. Mat. Sci., 6, 537 (1971). Their value

S58-5228 A (32)
relates to a solid state extruded billet and was 16.7 GPa
(210 g/d). The following Examples describes the
preparation of polypropylene continuous fibers with
modulus exceeding 220 g/d and in some cases of
modulus exceeding 250 g/d.

In the following Examples, all fibers were made
from an 18 IV polypropylene, 6 weight % solution in
paraffin oil prepared as in Example 2. In Examples 552
to 556, the fibers were spun with a single hole conical
die of 0.1 cm (0.040") exit diameter and 7.5% angle.
Solution temperature was 220°C. A melt pump was
used to control solution flow rate at 2.92 cm®/min.
Distance from the die face to the water quench was 7.6
cm (3 inches). The gel fibers were one stage wet
stretched at 25 cm/min feed roll speed into a 1.5 m
heated tube blanketed with nitrogen. The stretched
fibers were extracted in TCTFE and air dried. Other
spinning and stretching conditions as well as fiber
properties are described below.

Gel fiber stretching

Example Tske-(tilp S,;z;cph Strchh Denier Tenacity ~Modulus  Elongation Work-to-break
pee ¢ o g/ 9/4 s GJ/m

5512 43572 139 10 33 130 298 158 21

553 432 138 10 54 130 259 183 25

554 317 140 ~ 5 45 112 262 199 20

555 317 140 10 51 110 220 196 22

556 317 150 10 6 1 8.8 220 298 29
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The fiber of Example 556 was determined by
DTA to have a first melting temperature of 170 to
171°C, with higher order melting temperatures of
173°C, 179°C and 185°C. The melting point of this
initial polymer was 166°C. The moduli of these fibers
substantially exceed the highest previously reported
values.

In Examples 557 and 558, the yarns were
spun with a 16 hole x 1 mm (0.040 inch) capillary die.
The solution temperature was 223°C, and the spinning
rate was 2.5 cm’*/min-filament. The distance from the

die face to the water quench bath was 7.6 cm (3 inches).

Take-up speed was 430 cm/min. The gel yarns were
"wet-wet" stretched in two stages. The first stage
stretching was at 140°C at a feed speed of 35 cm/min.
The second stage stretching was at a temperature of
169°C, a feed speed of 100 cm/min and a stretch ratio
of 1.25/1. Other stretching conditions as well as fiber
properties are given below.

FIG. 5 is a schematic view of a first process
embodiment of the present invention.

FIG. 6 is a schematic view of the second process
embodiment of the present invention.

FIG. 7 is a schematic view of a third process
embodiment of the present invention.

Patent Applicant Allied Corporation

Patent Attorney YUASA, Kyozo
(and 2 others)
[ILLEGIBLE STAMP]
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First i . Work-to-
stretch Tenacity Modulus Elongation break

Example fatio Denier $/d ¢/d % GJ/md
557 95 477 10 368 68 14

5568 90 405 106 376 57 13

The moduli of these yarns very substantially exceed
the highest previously reported values.
4. (Brief Description of the Drawing)

FIG. 1 is a graphic view of the tenacities of
polyethylene fibers prepared accordingly to Examples
3-99 of the present invention versus calculated values
therefore as indicated in the Examples. The numbers
indicated multiple points.

FIG. 2 is a graphic view of the calculated
tenacities of polyethylene fibers prepared according to
the present invention as a function of polymer
concentration and draw ratio at a constant temperature
of 140°C.

FIG. 3 is a graphic view of the calculated

tenacities of polyethylene fibers prepared according to

the present invention as a function of draw
temperature and draw (or stretch) ratio at a constant
polymer concentration of 4%.

FIG. 4 is a graphic view of tenacity plotted against
tensile modulus for polyethylene fibers prepared in
accordance with the present invention.
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Procedural Amendment (Method)
[ILLEGIBLE] [fsppygyed]

Commissioner of Japan Patent Office
1. Indication of Case
Patent Application No. 73297 of 1982

2. Title ofYeNtion>

Design

FIG. 7

[Stamp:

Kazuo Wakasugi

PRODUCTION METHOD OF HIGH STRENGTH, HIGH
MODULUS CRYSTALLINE THERMOPLASTIC ARTICLE,

AND FIBER AS NEW PRODUCT
3. Amending Party

Relation to Case Applicant

Address

Name Allied Corporation
4. Agent

Address 206 Shin-Otemachi Building 2-2-1 Otemachi,

Chiyoda-ku, Tokyo-to

[Stamp: Seal of

Name (2770) Patent Attorney: YUASA, Kyo,zoKyozo Yuasa,

Patent Attorney]

5. Date of Amendment Order July 27, 1982 (mailing date

6. Subject of Amendment

[Stamp: Japan
Patent Office

Delete descriptive text [ILLEGIBLEf}properdrawtmgsFHS. 2 and 3)

8/11/198

7. Content of Amendment
As attached

[ILLEGIBLE]
Asakura]
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We, Eric Vance and Motomi To, hereby declare as follows:

1. We personally prepared the attached translation from Japanese into English
of the patent that is entitled “/F158 /), =€ P 2 7 A OREEMEEATEY) & O ROET7 15
K OV B 8L 5 70 5 ff 4> in Japanese and “PRODUCTION METHOD OF HIGH
STRENGTH, HIGH MODULUS CRYSTALLINE THERMOPLASTIC ARTICLE, AND
FIBER AS NEW PRODUCT “ in English (also attached).

2. The attached translation is, to the best of our knowledge, a true, full
and accurate translation of the attached Japanese document.

3. We are competent to perform this translation, because we have six

and one year of experience as professional Japanese-to-English patent translators.

4. We declare under the penalty of perjury under the laws of the United States
that the foregoing is true and correct; and further declare that we are aware that willful
false statements and the like so made are punishable by fine or imprisonment, or both,

under 1001 of Title 18 of the United States Code.
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1 58-5228(19)
N %

O O e 0 @ o # K
3. 54 o S AEHT = N s # It L S ® V27 A # U Wi E TOLE

¢ /den 4 /den % (Gd/m3)
113 1599 5 0. 31 1092 4.0 12
114 1599 5 7. 3 4. 1356 3.6 12
115 1599 7 2. 37 1490 3.5 13
119 1837 6 % 3 5. 1257 4.2 11
122 12889 37 32 9 8 8. 4.5 1 4.
126 440 41 31 1051 4.5 13
128 1260 2 8 31 816 5.5 16
130 1260 58 3 3 981 4.5 1 5.
131 1260 43 35 11769 4.0 1 4.
132 1260 40 37 1261 4.5 16
133 1260 39 3 0 98 3 4.0 11
134 1260 5 3. 36 1313 4.0 13
135 282 2 6 29 1062 2.5 10
136 282 2 6 30 1034 3.5 1
137 282 37 30 1261 3.5 10

£ 3. 34 *eo AT = - Tt woN ® Y25 R ® v W ETOMHE

¢ /den 4 /den % (Gd/m3)
140 168 2 3 2 6 1041 3.5 9
145 56 8 4 0. 30 1157 4.0 12
146 231 21 32 763 4.0 14
147 2531 2 3 3 & 1176 4.2 16
148 231 2 2. 3 3 1131 4.0 16.
149 2351 19 31 1090 4.0 13
151 275 51, 28 1117 3.5 10
157 1444 6 4. 29 1182 3.0 10
160 408 3 5. 34 1124 4.0 12
164 138h 3 6 32 1210 4.0 12
166 1%865 39 33 1168 4.0 12
168 34 4 2 6 3 0. 721 5.0 13
169 344 40 32 1188 4.0 12
170 344 2 6 30 1060 4.0 9
171 34 4 29 31 1172 4.0 11
179 1017 6 8 29 1179 4.0 11
182 352 6 5. 33 1146 3.7 13
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£ 37 Fo AT =~ i @ h €Y= 7R ® U B CTOHS

¢/den ¢/den % (GJd/ md)
189 19568 4 4. 2 7. 1050 3.5 10
19 8 8 5. 59 31 1150 4.0 11
201 4 9 6. 3 3 29 108 2 4.0 11
206 8 4 6 37 31 9 5 5. 4.5 12
208 8 4 6 6 3 3 5. 1259 35 13
212 36 8 5 b. 39 1428 4.5 17
213 3 6 8. 49 3 5 1311 4.0 1 4.
220 1200 8 1 3 4. 1069 4.0 13
221 1200 6 0 30 1001 4.0 11
227 1607 4 2. 30 1050 4.0 12
228 1607 4 7 30 1114 3.5 10
229 1607 5 5 3 5. 1216 4.0 13
233 1060 3 4. 5 0. 914 4.5 12
235 1060 5 0. 57 12729 4.1 1 4.
236 1060 7 4. 4 5. 1541 4.0 19
245 18 3 23 2 6 1014 4.0 11
247 247 16 30 10065 4.5 1 4.
248 247 10 30 1100 4.0 11

= % B Fra AT = —n HE {4 i 58 h TV 27 R {2 [ BEiETcoHB

#./ den ¢/ den % (Gd/m3)
249 247 11 51 1132 40 12
250 247 19 57 1465 38 15
251 165 54 3 1 1032 4.5 13,
252 166 53 51 998 4.5 13
254 165 41 31 1116 4.0 11
255 165 40 29 1115, 4.0 10
272 1200 41 2 4. 1122 30 8.
273 1200 6 4 27 1261 2.5 7
274 15 4. 27 30 854 4.5 13,
275 15 4 4 4. 3 7 106 5 4.5 12
276 154 38, 30 105 4 4.0 10
280 291 39 3 0. 978 4.0 12
281 291 4 3, 29 107 2 4.0 11
284 25 4 3 0. 52 1099 4.5 14
308 985 27 50 90 . 4.3 12
509 98 b 34 55 1210 58 12
311 30 6 30 31 99U 4. 4 14
312 506 30 52 1045 4.0 15
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HfF  FrosrggTo-—~  EfHK W H  TYaEF A O ¥ BEITOHS

¢ /den ¢/ den % (GJd/m3)
314 1234 4 5. 37 1320 4.0 12
315 34 4. 2 5. 30 970 4.0 11
317 25 4 29 3 2 1270 3.5 11
320 190 29 30 1060 4.0 12
322 507 2 5. 29 1030 4.0 11
323 340 2 5. 3 4. 129 3 4.1 15
324 540 2 3 3 2 99 6 4.4 14
325 340 30 37 1241 4.1 1 5.
326 540 35 39 1480 37 1 4.
327 37 5 2 4 3 0 920 4.5 1 4.
328 37 A 27 5 4. 1080 4.5 16
329 373 3 0. 3 6 13469 4.0 1 4.
330 373 3 5 37 1377 3.9 1.4
332 218 3 4. 3 5. 1320 39 1 4.
333 218 3 0. 57 1356 4 4.0 16
334 2 18 3 0 51 117 2 39 12
335 326 2 6 7. 1260 4.5 16
336 326 3 0 39 1387 4.2 16

* i 71 Fra ST = - W ot o h ' Y27 R f# o3 B ETOLS

¢/ den #/ den % (GJd /m3)
337 326 42 42 1454 4.0 18
338 326 4 2. 37 1440 3.9 16,
339 3409 5 5. 29 1330 3.3 9.
345 3409 31 29 1007 4.5 1 4.
346 349 51 3 4. 116 5. 4.3 14
357 772 45, %1 990 4.4 16
358 77 2 51 27 1356 30 11
359 772 5 8 3 2. 1240 3.7 12
360 772 59 3 3 1223 %8 13
364 293 47 38 1407 4.5 17
375 1613 5 0. 3 Q0. 96 0 4.1 11
379 791 46 52 1110 2.9 12
382 105 6 6 8 34 1280 37 12
383 921 51 51 109 G 4.0 14
386 10b 7 ¥ 9 34 1250 %8 13
387 98 4. 59 3% 1010 4.3 1 4.
394 230 29 1 98 2 4.3 13
400 427 32 50 97 U 4.1 12
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= ¥ # *eo AT = —r &g M % B ® Y a5 = @ " Bt TOH®

¢/ den ¢/ den % (GJd/m3)
405 15865 39 33 1124 3.6 2 4.
407 15865 17 4. 32 1040 4.0 13
418 1370 51 3 3 1160 3.7 11
419 3 4 4. 2 5 30 1170 3.8 11
421 1193 5 0 31 88 0 4.6 14
422 1493 39 3 5. 1220 39 13
4273 1193 51 3 4 1310 3.4 11
424 1193 5 0. 3 6 1390 3.6 13
426 1315, 32 30 8 6 0. 4.4 12
427 1315 4 2. 3 3 1160 39 13
428 1315 4 6. 3 4. 1170 3.8 13
429 395 19 3 5. 8 4 0L 4.5 12
430 395 2 5 31 1100 39 13
435 14565 3 6. 31 92U 4.3 12
436 14585 4 3 31 1120 3.6 11
437 14565, 51 33 106 0. 33 11
440 1316 37 32 1130 4.0 13
441 453 31 32 290 4.7 14
= 5% ¢ FEa YA BT = — E 8 i w5 Y a5 f# BEWircogn

¢ /den ¢/ den % (Gd/ m3)
442 453 4 9 59 1320 4.4 18
443 453 3 4. 33 1060 4.4 13
444 453 5 5. 3 6 1410 36 14
446 402 2 8 30 1107 4.0 11
447 402 2 2 30 870 5.0 14
448 40 2 3 4. 3 6 11765 4.3 8.
449 402 3 8. 37 1256 4.3 15.
451 46 1 33 33 1070 4.4 1 4.
452 461 3 8. 3 5. 1130 4.1 13
4 53 4 6 1 4 0. 35 1220 37 12
454 6 4. 14 3 4. 1080 4.7 13
455 6 4. 17 3 5. 126 3 3.4 11
456 6 4. 2 6 4 0 1453 38 12
460 26 8 3 2 3 5. 1220 4.3 15
4 62 2 6 8 29 3 4. 1100 4.2 1 4.
463 2 6 8 3 2 3 4. 1110 4.1 1 6
464 26 8. 4 3. 40 1390 3.9 16
465 4 20 5 3. 41 1550 5.7 1 6.
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hooo®Y= A B U BB ETOMLS

#/den _g/den % (64 /md)
466 420 27 31 1010 4.0 12.
467 371 2 4 31 960 4.4 13
468 371 6 3 45 1560 39 17
470 125 4 4 0 3 5. 1100 4.1 13
47 1 1254 4 3 37 1190 4.0 1 4.
472 1254 4 b. 3 8 1320 4.0 14
473 125 4 6 6. 39 1600 35 13
474 210 4 4. 4 3. 1700 5.5_ 15
475 210 2 1 5 4. 1170 4.0 12
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A

S 1) L YrRMENRE ERL T=-r B S ®U2I5X O T EMITOLE

L/ H=T45 4t . /4 $/d ¢$/d % GJd/m?
487 167 1176 35 41 36 1570 33 13
488, 2.86 491 25 136 27 1098 3.7 10
489 2.02 337 25 132 29 1062 36 10
490 2.02 337 30 126 31 1275 35 11
491 198 162 25 151 33 1604 2.0 11
492 194 225 25 227 29 1231 3.3 11
493 194 225 30 143 34 1406 3.3 12
494 199 303 30 129 34 1319 3.4 12
495 199 303 35 112 35 1499 3.2 13

—149—

HONEYWELL Ex. 1009, Page 63 of 75
HONEYWELL INTERNATIONAL INC. v. DSM IP ASSETS B.V.

IPR2024-00493



K496 —-501
TAFTAS A - D— B [BAER]
NERASTA  MEBHET AR Ay

=%, BEBRTTFY ' BRUEBET o —rC, &

KA LARMEYRTREBBOR2 55 v

BUBG e 2+ LCBLTEMBR LR, + ~— > 24

BT P M TREBCADHOM Gy — > 5i—

BEBRIND (H2/1)eHBEBEhr, &

%EM&Tnbbffvaﬁﬁﬁ&MOkﬁu

THET, EMTIZ 2574 > MAREONICES

FTARZERRDLOR, (AF774 v HOKLAER

149 CTO001KRETHD, ) Lo L7rin,

TAX—2DA574 RO HBEF BT

Bl BEMIAY —>w s v rav—£K

RTTCTFEXCTHML., BVWTARLCEET

L,

%ﬁ%49é’501bﬁﬁﬂm1.$%ﬁﬁﬂ

2200, Y*BEBEISHR S, BHAR L1000k

BEBEITOERI 6m (3427 ) Thor,

KN4 96BUFA499-501TOMAELAD

15R63 58 -5228 (26)
EHORIO01m (0040427 ) Thorn, %

BHRA9TRUTCA4IBATHIALEL007 5
(003047 )ThHor, R4 9 6 RV
494501 R} s EAWIVIZ175CTh
Dfce KEPA49TRUA498TCOERWIV i
226THOr, EDWOBAEBERTME Y —
YOHEERILLTFTOHRY THOR,

Yoo~ K
£ 4T UEE N EWkE K W EM K F=-r BB ELas5x  § F BEEITOHE
C/B-TATAE wm/ B i B §/4d §/4d % GJd/m3
496 2.02 313 140 22 206 25 1022 37 9
497 100 310 140 125 136 28 1041 3.6 9
498 100 310 140 15 94 32 1389 2.8 9
499 2.02 313 120 20 215 30 1108 4.5 14
500 202 313 120 225 192 30 1163 4.2 13
501 202 313 1éO 20 203 27 1008 4.2 11
~150—

HONEYWELL Ex. 1009, Page 64 of 75
HONEYWELL INTERNATIONAL INC. v. DSM IP ASSETS B.V.
IPR2024-00493



15meE58-5228 (27)

XEME502-533 YEMHEL, BIREGEEIEMERE120
BTORKHCTR, M—0M Y FDx - C. ieHESI S5cm/ 5, WHIL12/1TH>D
¥ERORNTI2RETERLALEOLEYST o CORTRIBERI/AY —DpEBY
O, EMERATREY — A LeMERTH XD TOCTFECTHMM - Zéel, SIOVBEEEXRMLZ,
7, RRLCEREHS 03 ELTHTFRRT,
KEHS 0 2 BIBKE/MIAY ~ DR % 1 m /5 OHK
Pax - OWN BETHEM LA, £OMOBK2 BUEM&HET
A2 KCRT 2I5702261IVAY=FL EHY - OmBRNERY L TCET,
YOSKRSBELILO S AY - RN 7,
16HAX0075m(0.0304>F)DF4I N il i%é mog F=—n o
E C S 1, ¢/d

THEY - 2¥kLlr, $ARET220C, #

AEER 1 BT AT AL THDOR, #4 503 --- ~--— 504 22
EroaRwECcOBRIT6m(34>7)T 504 130 15 320 28
Hor, ABAEILZ08m/HTHOE, 16 505 130 175 284 29
TAFAI AN 9o - A AN, 506 130 20 242 33
8 —] & (“WET — WET") i {4 507 140 15 303 31
EERTRAS 74 v MEH/ » Y — 2w 2 4 508 140 175 285 32
EHELr, BIRTRMERKAS 0 2 K KKD 509 140 225 222 31
1674542 P AY—vu3a—rfiaeT 510 145 175 285 31
—HKEML, 487455 bOERY A X - 511 145 20 226 32
RAR  BM2B W2B RiP U252 BT BHET Py
e mmy " f/f 2 A C

512 +45 225 205 31 513 1046 30 9 -
513 150 15 310 28 514 1254 29 8 -
514 150 17 282 28 515 1436 29 9 -

515 150 20 225 33 516 1621 26 8 152,160

516 1
50 225 212 34 FREG o Y AREIZ 138 CTMRLR,

RGP =252 K BFWET 0B A RGPS 1 S5OBBOEEDORERKRII 80

I L. % ’54}5..5 T be/m> ThHOr, EOTEBROEERERRYE 7

503 614 ?5 12 147 SYI/DEELD B, ALBRREBK Lo T

504 1259 2.9 8 U Hofo

505 1396 2.6 8  156:1157 HMEPA517-522

506 1423 2.8 9 S [ —#% )% ("WET — DRY") &

507 1280 3.9 9 b EFX TR A X — >y —BEMLTKIK

508 367 3.0 9 149+ 455 TCTFETCmHmML, ERBBEEMHL 7,

509 15677 26 8 - HIBRTI, RKEAS02KKERD16714 7

510 1357 30 9 _—— Arb¥Arx -3 o -rllBET—RBICEM®

511 1615 27 8 S L.487 474 rDERYA+Y - MBL

512 1583 25 8 151,156 fco BIBOEMEHIEMBE120C, e
—151—

HONEYWELL Ex. 1009, Page 65 of 75

HONEYWELL INTERNATIONAL INC. v. DSM IP ASSETS B.V.
IPR2024-00493



11RABE58-5228(28)
HEE3 S5am/ 5, BRI 12 /1 TChHDOR,

BRIBRERYAr Y- %/ v 22v—-ERRT
TCTFEKTMHL, ¥RLTCKATRAEMRL,
RCKESERETRBEE 1m DL TE2BDOE
el r, TOBDOE2 EEMRFRTFEMRY

—yOWBNEER YU TICRT,
WP H2 B H12 B F=—nr & N EUVAIX O F BEECORE WA
EREEC E & i $/d $/4d % GJ/m3 T
517 130 125 390 22 1193 3.0 7 -_——
518 130 15 332 26 1279 2.9 7 150,157
519 140 1.5 328 26 1291 3.0 8 _——
520 140 175 3035 27 1239 2.7 8 150,159
521 150 1.75 292 31 1427 3.0 9 -
522 150 2.0 246 31 1632 2.6 8 152,158

—152—

HONEYWELL Ex. 1009, Page 66 of 75
HONEYWELL INTERNATIONAL INC. v. DSM IP ASSETS B.V.
IPR2024-00493



KEM523~-533
[ -#%] A ("DRY-DRY") &M

XFATIREAS 0 2 KERD Y 2+ ¥ — >
#TCTFETHBELTE®RL, RKE 2R TEMN
Lco BMIBTIE, 167474 bY—%3
o—-ArHBET—ECEMRL .
DEfHxEa A Y - kRBLE, B1REW
SHFREFRBE1200, hREEI S/ 5,
EME10,/1TH27, BI1RER* €y 2
X~ OBEEREUTORERAS 23 KEST. &
2BEBPTOUREEZ 1 -/ HTHOR, £D
OB 2EEFRGERTCEMRY — > OWBIKYE
BB TRET,

487434 ¢H

HR258-5228 (29)

Y HWBE EMRKL F=—2r % H =252 # F HEEITOLS B A
T g/4d $/d % Gd/m? C
523 - - 892 21 564 4.3 9 146,153
524 130 15 387 24 915 3.1 7 -
525 130 175 325 23 1048 2.3 6 150,158
526 140 15 306 28 1158 2.9 8 -
527 140 175 311 28 1129 2.9 8 -
528 140 2.0 286 24 1217 2.3 6 150,157
529 150 15 566 26 917 33 8 -
530 150 1758 300 28 1170 3.0 8 -
53 1 150 2.0 273 31 1338 3.8 8 -
532 150 225 200 32 1410 2.2 8 -
533 150 2.5 216 33 1514 2.5 8 152,156
(97)
—153—

HONEYWELL Ex. 1009, Page 67 of 75

HONEYWELL INTERNATIONAL INC. v. DSM IP ASSETS B.V.

IPR2024-00493



REAS 2 9DRBOBELXRET 5L 940
b/m® ChOR, BEDOALEIROT2 $TH
D,

KKEHWD 34 —-542
TANFITASFA P X —-DOBREMR
HTORBATE, 2HORBTEMELE

BYRBECALIIBREROURYIT N9 Th

LORKAHTIM DY Y FOREWB Y &

BLr,

REAS 3 4
REMI A ¥ —DOHMY
HKEM2 CRBDOL I,

FryX—YO R SEBEBMBULAE, 167

A7 A2 DX - 2®HAL.,. KEHS502 M

BRICERDO,

REM5 35
EFRHEBFCID/ AY - OHME
REFAS 3AKEBOLICMBMLAKREW

Prx—ru, GAEROBERCHKELLE 1T

T2 r0rbREEES 16m/ FCTHEYTHE

IV226D#Yy =

1mMEE58-5228(30)
27 P ~ARBNCRNA, REMS 40 —

SA2DAZAIHABEDO YA+ RELHARTREA
~FAYKTCEBTC2 /1 CEMLR, 1BEM
Yrra—-7LtEkBROR,
REPWE536-542

REFASIARFS35KTHHELAEL ST
AFA DPAY -5 RBTTC2EEMLR,
WiHrHBBEOEIRTE, ARy —rLamBk
YAXx—%30m/ FCTHBL, 120CK
L, B2BROABTEHRTI 2+ ¥ - %
1m/ BTHEL, 15 0CKTEMLAE, £
BMOEFRGRTY - OHERIH TICKRT &
U

®Mp = ® 120C 150C ¢ -] L2752 # U BEEITOHS
EE L EME EfRHE EMLE F=-r ¢ST=-nr ¢/F=-nr % Gd/m?
536 - 8.3 2.25 187 128 23 1510 2.6 6
537 - 8.3 2.5 20.8 116 30 1630 3.0 9
538 - 8.3 2.75 228 108 30 1750 2.7 8
539 - 8.3 3.0 2 4.9 107 31 1713 2.6 8
540 2 6.8 2.0 272 95 30 1742 2.5 7
541 2 6.8 225 30.6 &4 34 1911 2.5 8
542 2 6.8 2.5 34 75 32 1891 2.2 7

HONEYWELL Ex. 1009, Page 68 of 75

HONEYWELL INTERNATIONAL INC. v. DSM IP ASSETS B.V.

IPR2024-00493



M543 -551

B 2TARBEL KT BHY TF Ly —

>

HY 2F v BRDES 25 A CHST 2 BB
KB, €©~, Px— e 4 (P.J.Barham)
BUx—, 35~ (A.Keller), J.Poly.Sci.
Polymer Letters ed.17.591(1979)rc st »

1#mE58-5228(31)
BET26DTHE, oA 7L OBN

RUY - YREBERADCDTHDOR, BLTO
REATE, 2TOY - RIREA2CERDOL
SN INA2261IVAVZFLvD6ER
SBEHrOHAL, KEAS 0 2KEMDI S
BARLE, Y- LT2RTCEMLE, B1 R
EEOBRERL120C, H2REMOREIIT150

bDLBbNd, 140GPa(1587 ¢/d)7c s CThofe 1674742 b XY —D/DOMLD
fis, W 5L (dynamie methab) KL L h 2.5 AERLEFFTCHE IO, ERRBRTEY — >
Hi:RU OO 6SDARKTHEINAR, ZOH DERZUTLET .
RAS.T.M.ED2101 (¥ ->RBELY B F
BIhrM— ABB% D05 )R] iz A.S.T.
MED2256 [M—=2 b+ 7 FEKLIBY—>D
BEFE(RI) LW T ENDHUOH
ErLYBEINRIFEIN/N DO THEEEDN
2, BREDOHERIZICRHET A>T — 2 8BDOR
LERINKFETH 5,
MUTFOKMAR, 1600¢/d gz sesa
FA . BB IDOT20008¢/d x@xs=
STADFRRY = F v - OMMBILDO R,
T4 —F—1 N )
E3. 1] FATA2E EAN 252 @ U BEETOHE
o /5 EMET /S EHH2 # $/FT=mn §/F=—n % Gd/md
w - & =)
543 25 15 100 225 48 39 1843 2.9 -
544 35 125 100 2.5 64 31 1962 2.6 8
545 35 10.5 100 2.75 48 31 1789 2.4 9
546 100 6.4 200 285 48 27 1662 2.5 8
® - ® =R
547 25 15 100 2.0 48 36 2109 2.5 13
548 25 15 100 2.0 48 32 2305 2.5 4
549 25 15 100 2.0 48 30 2259 2.3 8
550 25 15 100 187 48 35 2030 2.7 11
551 25 15 100 195 16 35 1953 3.0 8
—155—

HONEYWELL Ex. 1009, Page 69 of 75

HONEYWELL INTERNATIONAL INC. v. DSM IP ASSETS B.V.
IPR2024-00493



RMAS ABRUESS50DY->>DDTASBN
RUSKERNZEXTIT O, UTRETHKREL, 2
AR UvAxbIHndI . Mat.Sci., B15%,
505 (1980) Kﬂ%b#,14&5tmi%h
HUFOLBO M~ -2 320, 22
OROZNMPBEINLIMEAC—2%RLTnB,

1#M358-5228(32)
BBTHLOTH B,

HTORBATL, KEA2 CERDO L OKR
HLa1B8IlVF o vorot574 Mb 6Kk
ReBHIrG, ETORBYNALL, REP
552—-556Tix, HOZ01x(0040" ),
AEISORAME S 1 THRMBEH AL 7c, BR

Kty m oA = B SHES BEIZI220T0CTHOn, BRUA 7y BN T
548 147.155C 977k /m® 0 BREKAY 29 2 /A CHEB L, £4HEr5H
550 149.,156C 98 1k/m® 0 KABBECOERI L b6m (34 >F) THo

REM552-558
BRECESa5anRknsHYrarryr—y
ChEITKBR&EIhRY) e Cvo R

(AT T OBOER) D25 2DOREHE

3, 74 ~, 94 9T AX(T.Williams), T.

Mat.Sci.16+537(1971) KIBHLDTHS

ERbNS, TRNOLOHTEARBEORMBML £ v

Y PRBETADT, 167GPa(210¢/d)

THDOf. UTORKHIZ, 220¢/d wlx s

TSR, PAKIN250¢/d x B rE

AT ARRTEITa Ly ARBEOMBIK D 2

o YrlMY, Be — A+ BE 25w/ AT
RBEY- ALl mOMBCHERL C—REBA
ERLrc, EWE#r TCTFEF THRIHL, 2%
BERLC, XDOMOBABRFEMRELTICRM
ETY TR R '

7o W OE MW

EKH % W B K EMH F=—-n - S Eva27 A @ T HEWEITOLES
- 3 T ¢/ d ¢/4d ‘% GJ/m?

552 432 139 10 33 130 298 158 21

553 432 138 10 34 130 259 183 25

564 317 140 5 45 112 262 199 20

5565 317 140 10 51 110 220 196 22

5566 317 150 10 61 8.8 220 298 29

—156—

HONEYWELL Ex. 1009, Page 70 of 75
HONEYWELL INTERNATIONAL INC. v. DSM IP ASSETS B.V.
IPR2024-00493



RKRAS S 6 DMMODTARHRRETIE, B
1MAR170-171CCTHH. ELRBVBAT
173C.179CRUC185CTHDf, ZD
VYPELYWOBARAI166TTHD, ZhHORE
e 27 23, UMCBREZINARRGELR
RKHUICEL 56D TH S,

HEASSTRUES558 Tk, 16HX1m
(0.04A04>F) EMBFL AL TY - 2kl
foo MBBEIZ223C, HAREL25m/ 5
—TATEAPTHDOR, FAHPOLKIGHE
THOEMBE T 6am (34 >F)THH, EMEE
343 0m/ BThHDOrR, Y¥—A4¢Y—-YR2ED
(B0 REBxMLr, 81 BEME 140
C,. fBEEK3 S /A TITN, E2 KEM
t2169C, hRAEE 10 Dem /B RUEMR
125/ 1KTCAT S, TDHOEMHRHELT
KEEOHEER L TRKET,

YREDENY, BlEN L2 XA KHLTT =
TrPLRIITThD,

HSBI, ARHOHE—HFEEBROBREN TS
E

BOHL, XRFOBE _HFEBROBRBRETH
5,

BB, XFROE=ZFEEROBRERTH
5,

Hpr A

T34 Fea—Rv—yar

—157—

HREE58-5228(33)
B % N evas U RWIT
(222 S

X
KRR E F=-r ¢/d ¢/d % GI/m

5567 95 477 10 368 68 14
558 90 405 106 376 57 13
INHDY—rDEIS 25 XL, UNKCREIN
ARRAERAGICHLS 6D Th b,

4 (HMmofwnx s )

EIHS, FBHOKKEMS ~ 9 9CiEg>THA
YBLlreAY) o7 vy BROBNEY, RERICK
THERTHALcEKHEL T a7 L7
TThH, BFIBERERT,

Ho2WE, ARHCRERODTHBLARY = F v
YE#EDENE., —EEE140CTOEAMA
BLEFLOBMBLEL THAL @D S 57 Th
%

HIME, ARHCEOTHBLAKY 25U
CERDB N, —EEABWREL S TOEFRR
BEERLOBMBLELTHELAED Y77 TH
3,

HAME, FRHCEODTHRLARY 25 v

0.709

.20

1.704

2.204

2.70

3.20

3.704 .
4,204

4.70

5,20

HONEYWELL Ex. 1009, Page 71 of 75
HONEYWELL INTERNATIONAL INC. v. DSM IP ASSETS B.V.
IPR2024-00493



°C

& A

HRE58-5228(34)

¢ 14.7 \ 240 V T 37 .6 4.0

\ 40g/d
FIG. 2
1490°C2 % 5 A
241v pe 4 32 9 27.2 313 339 348
30¢/d
; 2 1.8 179 224 25.2 26.2 25.6
~ m -
»
« .
10 20 30 a0 50 60
4§
F IG.? 4/
¥ FA g/d
F |G 3 0 400 00 lz%o 1600 2000
y,‘/,‘&4% o A L 1 1 1 n o A A 1
261V ._-];7—‘:
160 (Y] 5.0 %0 1Y) 7 T ] e
"N\
Y hA
/ \ " .‘.
180 / . ;2 °
1.2 16.9 21.0 233 240 229 * 3 20 *
174 2\
/ =
/ { .. 2 zz L] *
- LI Y)
140 3.2 209 270 /s: 339 348 ; 27 S22 \"
E ' 220
002 38 oo
324 CON ez
/ . 2.\\
e
[ ] .2
/ 374 .
130 53 349 329 ﬁlu a8 467 \.
s \
10 20 30 40 8o 60
"d
—158—

HONEYWELL Ex. 1009, Page 72 of 75

HONEYWELL INTERNATIONAL INC. v. DSM IP ASSETS B.V.
IPR2024-00493



B 58-5228 (35)

s2 63

-
(-3
(]
N
N

—159—

HONEYWELL Ex. 1009, Page 73 of 75
HONEYWELL INTERNATIONAL INC. v. DSM IP ASSETS B.V.
IPR2024-00493



F R H E ¥ (HR)

» B ST @/o ]

sHFRE B 2 O kB
LBl RF
mnsTefdme 732778

2820 2%
B0 B2 720 4 % ks 5 W B9
MATKE M A 5% w3 8t

HMEETHE
B L OB H OB A

& B
bR TN AN

4K B A
# B EERSTFREZKFEI_TE2%1%

FRFECr 20688 -
& &  (2770) #Et B B # ;ﬁé‘%
5. BERSOEN BHETE 7 A 278 (RxB)
b WL O *t B

M@ 2.38)

IHMEDORE

HAxah)

—160—

HRI58-5228 (35)

HONEYWELL Ex. 1009, Page 74 of 75

HONEYWELL INTERNATIONAL INC. v. DSM IP ASSETS B.V.

IPR2024-00493



AR (%)

1REE58-5228(37)

€ 14.7 24.0 §|.5 374 \41.6 44.0
\ s00/d

\ 30g/d

2 N 2 262 5.6
1.8 '7'9209/4224 252 2
10 20 30 40 80 (1)
3 A% e
# 3 X
160 9.2 13.0 15.0 15.4 14.0 11.0

150

130 -+

15.2 249 328 39.2 438 467
10 20 30 40 50 60
-161—

HONEYWELL Ex. 1009, Page 75 of 75
HONEYWELL INTERNATIONAL INC. v. DSM IP ASSETS B.V.
IPR2024-00493



