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POLYBENZIMIDAZOLE-POLYETHERKETONEKETONE
BLENDS AND MISCIBLE BLENDS

Inventors: Bobby G. Dawkins
Michael Gruender
Gregory S. Copeland
Tim Hsu

BACKGROUND OF THE INVENTION

The present invention provides a process to produce a
solution blend of a polybenzimidazole (PBI) and a
polyetherketoneketone (PEKK) where the process produces a blend

in all proportions from 1/99 to 99/1 (PBI/PEKK).

Polybenzimidazoles (PBI) are polymers of high thermal
stability and are resistant to oxidative or hydrolytic
degradation. Polybenzimidazole polymers‘may be prepared by melt
polymerizing an aromatic tetraamine and a diphenylester or an
anhydride of an aromatic or heterocyclic dicarboxylic acid in a
one or two-stage process; see, for example U.S. Pat. Nos. Re.

26,065; 3,174,

v

47; 3,509,108; 3,551,389; 3,433,772; and
3,655,632. In particular, U.S. Pat. No. 3,551,389 discloses a
two-stage process for the production of aromatic
polybenzimidazoles, in which the monomers are heated at a
temperature above 170° C in a first-stage melt polymerization

zone until a foamed prepolymer is formed. The foamed prepolymer
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is cooled, pulverized, and introduced into a second stage
polymerization zone where it is heated again to yield a
polybenzimidazole polymer product. Polybenzimidazoles also may
be prepared from the free dicarboxylic acids or the methyl

esters of such acids.

Polyaryletherketone polymers comprise a number of closely
related polymers including polyetherketone (PEK),
polyetheretherketone (PEEK), polyetheretherketoneketone (PEEKK),
polyetherketonetherketoneketone (PEKEKK) and
polyetherketoneketone (PEKK). These polymers are moldable, and
thus easily formed into usable parts. They exhibit exéellent
long term oxidative stabilities at elevated temperatures (see
U.S. Pat. No. 4,320,224 issued Mar. 16, 1982 for "Thermoplastic
Aromatic Polyetherketones"). Of the polyaryletherketones,
polyetheretherketone (PEEK) is widely commercially available and
has been found to be an excellent thermoplastic molding resin.
At ambient temperatures PEEK exists as a solid with crystalline
and amorphous phases. The amorphous phase, which comprises 52
to 70% of the polymer softens at of temperatures about 143° C to
155 ° C, corresponding to the glass transition temperature, Tg,

of the amorphous phase.
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The remaining 48 to 30% of the polymer exists as a
crystalline phase with a melting temperature, Tm, of about 335 °
C which is dispersed in the amorphous phase. The polymer
softens when heated above Tg and melts at temperatures above Tm.
Unfilled grades of partially crystalline polymers like PEEK are
not useful in molded part forms at temperatures much above their
Tg since the softening that occurs leads to a sharp loss in
polymer mechanical properties, especially stiffness (i.e.,
‘modulus). This lowered stiffness is reflected in reduced

dimensional stability under stress at temperatures above Tg.

Previous efforts studying the synergistic properties of PBI
and polyaryletherketone (PAEK) focused on PAEK polymers with low
ketone ratios; primarily PEEK with a 33% ketone ratio and PEK
with a 50% ketone ratio. These mixtures do benefit from PBI's
ability to immobilize the amorphous regions of the
polyaryletherketone matrix resin, thereby imparting enhanced
thermo-mechanical properties not obtainable with other fillers
of polyaryletherketone, but which fall short of that obtained in
a miscible blend of polymers. Examples of these prior efforts
can be found in US Patents: 4,912,176, 5,070,153, 5,391,605, and

5,844,036.
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SUMMARY OF THE INVENTION

A process is demonstrated for producing a solution blend of
a polybenzimidazole (PBI) and a polyetherketoneketone (PEKK),
both unfilled and non-reinforced. The PBI is mixed with
sulfuric acid at a temperature between 40°C and 80°C for 30
minutes to 2 hours to produce a PBI solution, the PBI sclution
is cooled to room temperature to form a cooled PBI solution.
Then PEKK is added to the cooled PBI solution to form a mixture
and that mixture is stirred from 30 minutes to 2 hours at room
temperature to form a stirred mixture. The stirred mixture is
poured into an excess of water being stirred swiftly to
precipitate out the polymer blend from the mixture. The aqueous
mixture is filtered to isolate the blend. The blend is washed
with water and dried. The resulting blend can yield a blend in

all proportion from 1/99 PBI/PEKK to 99/1 PBI/PEKK.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing will become more readily apparent by referring
to the following detailed description and the appended drawings

where TGA is ThermoGravimetric Analysis in which:

Figure 1 is a graph plotting calculated glass transition
temperatures and the actual glass transition temperatures

recorded.
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Figure 2 is a graph plotting weight loss of PBI with

temperature by TGA.

Figure 3 is a graph plotting weight loss of PEKK with

temperature by TGA.

Figure 4 is a graph plotting weight loss of a blend of

80/20 PBI/PEKK with temperature by TGA.

Figure 5 is a graph plotting weight loss of a blend of

70/30 PBI/PEKK with temperature by TGA.

Figure 6 is a graph plotting weight loss of a blend of

60/40 PBI/PEKK with temperature by TGA.

Figure 7 is a graph plotting weight loss of a blend of

50/50 PRI/PEKK with temperature by TGA.

Figure 8 is a graph plotting weight loss of a blend of

40/60 PBI/PEKK with temperature by TGA.

Figure 9 is a graph plotting weight loss of a blend of

30/70 PBI/PEKK with temperature by TGA.
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Figure 10 is a graph plotting weight loss of a blend of

20/80 PBI/PEKK with temperature by TGA.

Figure 11 is a graph plotting weight loss of a blend of

10/90 PBI/PEKK with temperature by TGA.

Figure 12 is a graph plotting weight loss of all blends

PBI/PEKK displaced by 10 unit increments.

Figure 13 is a graph plotting the temperature of 10% weight

loss of blends of PBI/PEKK.

DETAILED DESCRIPTION OF THE INVENTION

A process is demonstrated for producing a solution blend of
a polybenzimidazole (PBI) and a polyetherketoneketone (PEKK) .
The PBI is mixed with sulfuric acid at a temperature between
40°C and 80°C for 30 minutes to 2 hours to produce a PBI
solution then cooled to room temperature to form a cooled PBI
solution. Room temperature i1s defined as an ambient temperature
from 20° C to 25° C (68 © to 77 ° F). Then PEKK is added to the
cooled PBI solution to form a mixture and that mixture is
stirred from 30 minutes to 2 hours at room temperature to form a
stirred mixture. The stirred mixture is poured into an excess

of water being stirred swiftly to precipitate out the polymer
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blend. The aqueous mixture is filtered to isolate the polymer
blend. The polymer blend is washed with water and dried. The
resulting blend can yield a blend in all proportion from 1/99
PBI/PEKK to 99/1 PBI/PEKK. The water used can be either tap
water, deionized water, distiiled water or distilled deionized

water.

Once a solution of such polymers is produced the polymer
blend is precipitated by dripping or spraying the mixture into a
bath, where the bath is made up of water, methanol or
water/methanol mixtures. The precipitated material may be
ground if necessary. Subsequent drying of the blend in one
embodiment can be a vacuum drying at pressures ranging from 1 -
200 mm Hg and at temperatures ranging from room temperature to
200° C will produce a resin. This resin can be either injection
or compression molded into articles with specifically tailored
thermal and mechanical properties that lie between the
respective properties of the pure substances from which they are

produced.

PBI and PEKK are separately dissolved into sulfuric acid
having a concentration of between 85% and 110%. It has been
found that a concentration of 94 % to 98 % sulfuric acid works

well. In one embodiment, the PBI is mixed with sulfuric acid at
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a temperature between 50° C and 70° C. The process is performed
at atmospheric pressure. The process is performed in the absent
of added pressure. In the process, the step of being swiftly
stirred can be done in an apparatus that assures good mixing.

An example of such an apparatus would be a commercial or
laboratory blender, such as a Waring blender. Waring blenders

are available from Waring Commercial, Torrington, CT.

The process for producing a blend of a polybenzimidazole
(PBI) and a polyetherketoneketone (PEKK) may further comprise
additional steps. After the blend is washed with water it can
be neutralized in a base to produce a neutralized blend. This
neutralized blend is washed in water to produce a washed blend.
The washed blend is then dried to yield a blend in all

proportion from 1/99 PBI/PEKK to 99/1 PBI/PEKK.

The base can be any base. Base is defined as a substance
that can neutralize an acid. Included are both hydroxides and
oxides of metal. Water soluble bases such as but not limited to

potassium hydroxide, sodium hydroxide and ammonium hydroxide can

be used. It has been found that ammonium hydroxide works well.

In this process the drying step may performed at a

temperature from 90° C to 210° C. The drying step is performed
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from 4 to 12 hours. This drying step may be performed in a
vacuum. If a vacuum is used for drying, it is performed at a
vacuum that ranges from 1 - 200 mm Hg and at temperatures
ranging from ambient to 200° C. The drying process produces a

resin.

This process for producing a solution blend of a
polybenzimidazole (PBI) and a polyetherketoneketone (PEKK) may
produce a miscible blend of a polybenzimidazole (PBI) and a
polyetherketoneketone (PEKK) where the proportions are from
50/50 to 90/10 (PBI/PEKK). By miscible it is defined as a blend
or composite having a predominant or single Tg, i.e., with
intimate and uniform mixing. While the blends from 40/60
(PBI/PEKK) to 10/90 (PBI/PEKK) may also be miscible, they tend
to behave thermally more like the PEKK. Therefore their high
temperature performance is only slightly improved and as PEKK is
much easier to mold and is less expensive there is far less need
for these blends. The miscible blends of a polybenzimidazole
(PBI) and a polyetherketoneketone (PEKK) where the proportions
are from 50/50 to 90/10 (PBI/PEKK) are favored because they
offer superior high temperature performance and more flexible
production attributes but they are more processable than PBI by

itself.
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The resulting resin where the proportions are from 50/50 to
90/10 (PBI/PEKK) has a glass transition temperature, Tg, of
greater than 400° C (see Figure 1). This resulting resin has a
weight loss of less than 20% at 600° C, see Figures 4, 5, 6 and
7 and a weight loss of 30% or less at 800° C, see Figures 4, 5,

6 and 7.

One would expect that a blend of PBI resin with
polyetherketoneketone would exhibit thermal properties roughly
following the Fox Relationship, Figure 1. Unexpectedly it was
determined that a blend of a polybenzimidazole (PBI) and a
polyetherketoneketone (PEKK) in all proportions from 50/50 to
90/10 (PBI/PEKK) made by the solution process has a glass
transition temperature Tg of greater than 400° C. This is a
thermal property, which is greater than that predicted by the

Fox Relationship.

The Fox equation defines or describes the composition
dependence of the Tg of ideal copolymer or ideal polymer blends
(or miscible blend of two polymers) in which no strong
interactions are involved. The Fox equation typically is

expected to lead to a lower value of Tg than would be given by a

simple linear Rule of Mixtures and reflects the effective higher
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free volume or randomness due to the presence of two components

in a mixture:

1/Tg

[l

m1/Tgl + m2/Tg2 where m is the respective mass fraction or

1/Tg

Il

w/Tgl + (1-w)/Tg2 where w is the weight fraction

In cne of the embodiments of the invention, a process is
shown for producing a solution blend of a polybenzimidazole
(PBI) and a polyetherketoneketone (PEKK). The PBI and PEKK is
mixed with a strong acid at a temperature between 40°C and 80°C
for 30 minutes to 2 hours to produce a mixture which then is
cooled to room temperature. The strong acid is selected from a
group of acids consisting of: sulfuric acid, methane sulfonic
acid, trifluoromethane sulfonic acid, trifluoroacetic acid,
dichloroacetic acid, formic acid and combinations thereof.

Room temperature i1s defined as an ambient temperature from 20° C
to 25° C (68° to 77° F). The mixture is dropped into a bath of

a non-solvent. The bath is selected from the group of water
methanol and water/methanol blends. The bath is being stirred
swiftly to precipitate out the polymer blend. This mixture is
then filtered to isolate the polymer blend. The polymer blend

is washed with water and dried. The resulting blend can yield a
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blend in all proportion from 1/99 PBI/PEKK to 99/1 PBI/PEKK.

The water used can be either tap water or deionized water.

In this embodiment the PBI and PEKK are dissolved together

into the strong acid having a concentration of between 80% and

120%. It has been found that a concentration of 94% to 98% acid
works well. Sulfuric acid has been found to work well. In one

embodiment, the PBI is mixed with PEKK in a strong acid at a
temperature between 50° C and 70° C. The process is performed
at atmospheric pressure. The process is performed in the absent

of added pressure.

In this embodiment it should be recognized that mixing
together can be at the same time or it can be stepwise. If it
is stepwise then one or the other polymer is added and dissolved
or partially dissolved before the other polymer is added. It
may be that only one of the polymers needs to be added at an
elevated temperature where the other polymer can be added at

room temperature.

In this embodiment the process for producing a blend of a
polybenzimidazole (PBI) and a polyetherketoneketone (PEKK) may
further comprise additional steps. After the blend is washed

with water it can be neutralized in a base to produce a
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neutralized blend. This neutralized blend is washed in water to
produce a washed blend. The washed blend is then dried to yield
a blend in all proportion from 1/99 PBI/PEKK to 99/1 PBI/PEKK.
The base can be any base. Water soluble bases such as but not
limited to potassium hydroxide, sodium hydroxide and ammonium
hydroxide can be used. It has been found that ammonium

hydroxide works well.

In this embodiment a solution of such polymers is produced
and the polymer blend is precipitated by dripping or spraying
the mixture into water or water/methanocl mixtures. The
precipitated material.may be ground if necessary. Subseguent
drying of the blend in one embodiment can be a vacuum drying at
pressures ranging from 1 - 200 mm Hg and at temperatures ranging
from room temperature to 200° C to produce a resin. This resin
can be either injection or compression molded into articles with
specifically tailored thermal and mechanical properties that lie
between the respective properties of the pure substances from
which they are produced. These blends can be used to enhance
films, composites or alloys. Furthef, these blends can be

reinforced or filled prior to molding.

A process for producing a melt blend of a polybenzimidazole

(PBI) and a polyetherketoneketone (PEKK) is also provided. In
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this alternate process a polybenzimidazole (PBI) and a
polyetherketoneketone (PEKK) are pre-mixed dry to obtain a dry
mix. In an extruder with a plurality of heating zones the dry
mix i1gs feed. The heating zones of the extruder are set in the
range 240° C to 410° C. The dry mix is melted as it passes
through the extruder and is subjected to the mixing and the
temperatures generated by the extruder. The resulting product
is a melt blend of PBI/PEKK in all proportion from 1/99 PBI/PEKK

to 80/20 PBI/PEKK.

The extruder can be either a single screw or twin-screw
extruder. When extruding this type of material where the
viscosity of the material tends to be high, the screw or screws
are usually run in a range of 20 rpm to 200 rpm. In one
embodiment the extruder is a screw extruder and is run in a
range of 30 to 160 rpm. In another embodiment the extruder
screw i1s run in a range 40 rpm to 120 rpm. An example of such
an extruder is a Brabender extruder. C.W. Brabender of South
Hackensack, NJ offers the same product line as the

Brabender® GmbH & Co. KG for the North American market.

The extruder will have at least two heating zones, but in
some cases 1t can have three or more heating zones. In one

embodiment those heating zones will be set to a range of 240 ° C
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to 400° C. In another embodiment those heating zones will be
set to a range of 250° C to 395° C. In most cases the first
heating zone will be set a lower temperature than the subsequent
heating zones. This can be seen more clearly by referring to

Table D in the Examples section.

A miscible blend of a polybenzimidazole (PBI) and a
polyetherketoneketone (PEKK) can be made by this process, where
the blend has from 60/40 to 80/20 (PBI/PEKK) where the blend has
a weight loss of less than 20% at 600° C a weight loss of 30% or

less at 800° C.

One would expect that a blend of PBI resin with
polyetherketoneketone would exhibit thermal properties roughly
following the Rule of Mixtures. Unexpectedly it was determined
that a blend of a polybenzimidazole (PBI) and a
polyetherketoneketone (PEKK) in all proportions from 60/40 to
80/20 (PBI/PEKK) made by the melt blend process has a glass
transition temperature, Tg, of greater than 400° C. This is a
thermal property, which is greater than that predicted by the

Fox Relationship.
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EXAMPLES

Various batches of blends of PBI/PEKK were prepared and
tested along with a batch of a commercially available PBI,
CELAZOLE PBI 100 mesh, available from PBI Performance Products
Inc., Charlotte NC (sample 300). The PEKK used was an amorphous
PEKK, an example of which is Al1050G. PEKK is available from
Infinite Polymer Systems, State College, PA. or Oxford
Performance Materials, New Britain, CT; Cytec, W. Patterson, NJ.

The blends were prepared as outlined below.

The samples were tested and the results can be seen in Table
A. TCA is ThermoGravimetric Analysis. The weight loss of a
subgstance heated or cooled at a controlled rate, which is recorded
as a function of time and temperature. Frequently the rate of
weight change is also measured electronically by taking the first
derivative of the weight change with time. The Differential
Scanning Calorimetry experiments were conducted in a TA Instruments
DSC 2020 Modulated DSC. The samples were continuocusly flushed
with nitrogen. Glass transition temperatures were measured for
both the first and second scanning with a heating rate of 10°
C/min. The rate of cooling the sample between the two heating was

10° C/min.
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Preparation of PBI di-blends with PEKK

Experiment 311

Preparation of PBI/PEKK 90/10 in solution

In a 500 ml three-necked resin-flask equipped with a mechanical
glass stirrer with four blades and nitrogen inlet and outlet
were added 18 grams of PBI 100 and 180 grams of 96% sulfuric
acid. The mixture was stirred for one hour at 60° C to dissolve
the PBI, and was cooled to room temperature. To the cooled PBI
solution was added 2 grams of PEKK. The resulting mixture was
stirred for one hour at room temperature, poured into one liter
of fast stirring water in a Waring blender, filtered to collect
the polymer blend. The blend was washed with water, neutralized
with ammonium hydroxide, filtered, washed again with water, and
then dried for overnight under vacuum at 120 ° C to obtain 20
grams of PBI/PEKK 90/10 blend with the following thermal

properties; Single Tg of 40%° C from th
; |
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Td onset 612° C, Td at 10% weight loss 636° C at 10° C/minute

under nitrogen. (Td = decomposition temperature)
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Experiment 312

Preparation of PBI/PEKK 80/20 in solution

In a 500 ml three-necked resin-flask equipped with a mechanical
glass stirrer with four blades and nitrogen inlet and outlet were
added 16 grams of PBI 100 and 180 grams of 96% sulfuric acid. The
mixture was stirred for one hour at 60° C to dissolve the PBI, and
was cooled to room temperature. To the cooled PBI solution was
added 4 grams of PEKK. The resulting mixture was stirred for one
hour at room temperature, poured into one liter of fast stirring
water in a Waring blender, filtered to collect the polymer blend.
The blend was washed with water, neutralized with ammonium
hydroxide, filtered, washed again with water, and then dried for
overnight under vacuum at 120° C to obtain 14.6 grams of PBI/PEKK
80/20 blend with the following thermal properties; Single Tg of
414° C from the second DSC scanniﬁg; Td onset 559° C, Td at 10%
weight loss 630° C at 10° C /minute under nitrogen. (Td =

decomposition temperatur
Experiment 313

Preparation of PBI/PEKK 70/30 in solution
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In a 500 ml three-necked resin-flask equipped with a mechanical
glass stirrer with four blades and nitrogen inlet and outlet were
added 14 grams of PBI 100 and 180 grams of 96% sulfuric acid. The
mixture was stirred for one hour at 60° C to dissolve the PBI, and
was cooled to room temperature. To the cooled PBI solution was
added 6 grams of PEKK. The resulting mixture waé stirred for one
hour at room temperature, poured into one liter of fast stirring
water in a Waring blender, filtered to collect the polymer

blend. The blend was washed with water, neutralized with
ammonium hydroxide, filtered, washed again with water, and then
dried for overnight under vacuum at 120° C to obtain 19.6 grams of
PBI/PEKK 70/30 blend with the following thermal properties; Tgs
of 157 and 418° C from the second DSC scanning (however it is
believed that the Tg of 157 may be an anomaly); Td onset 529° C, Td
at 10% weight loss 580° C at 10° C/minute under nitrogen. (Td =

decomposition temperature)

Experiment 314

Preparation of PBI/PEKK 60/40 in solution

In a 500 ml three-necked resin-flask equipped with a mechan%cal

glass stirrer with four blades and nitrogen inlet and outlet were

added 12 grains of PBI 100 and 180 grams of 96% sulfuric acid. The
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mixture was stirred for one hour at 60° C to dissolve the PBI, and
was cooled to room temperature. To the cooled PBI solution was
added 8 grams of PEKK. The resulting mixture was stirred for one
hour at room temperature, poured into one liter of fast stirring
water in a Waring blender, filtered to collect the polymer blend.
The blend was washed with water, neutralized with ammonium
hydroxide, filtered, washed again with water, and then dried for
overnight under vacuum at 120° C to obtain 11.3 grams of PBI/PEKK
60/40 blend with the following thermal properties; Single Tg of
410° C from the second DSC scanning; Td onset 582° C, Td at 10%
weight loss 652° C at 10° C/minute under nitrogen. (Td =

decomposition temperature)

Experiment 315

Preparation of PBI/PEKK 50/50 in solution

In a 500 ml three-necked resin-flask equipped with a mechanical
glass stirrer with four blades and nitrogen inlet and outlet were
added 10 grams of PBI 100 and 180 grams of 96% sulfuric acid.

The mixture was stirred for one hour at 60° C to dissolve the
PBI, and was cooled to room temperature. To the cooled PBI
solution was added 10 grams of PEKK. The resulting mixture was

stirred for one hour at room temperature, poured into one liter of
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fast stirring water in a Waring blender, filtered to collect the
polymer blend. The blend was washed with water, neutralized with
ammonium hydroxide, filtered, washed again with water, and then
dried for overnight under vacuum at 120° C to obtain 19.9 grams of
PBI/PEKK 50/50 blend with the following thermal properties; Tgs
of 162, 219 (very weak intermediate Tg), and 405 ° C from the
second DSC scanning; Td onset 559° C, Td at 10% weight loss 557°
C at 10° C/minute under nitrogen. (Td = decomposition

temperature)

Experiment 316

Preparation of PBI/PEKK 40/60 in solution

In a 500 ml three-necked resin-flask equipped with a mechanical
glass stirrer with four blades and nitrogen inlet and outlet were
added 8 grams of PBI 100 and 180 grams of 96% sulfuric acid. The
mixture wag stirred for one hour at 60° C to dissolve the PBI,
and was cooled to room temperature. To the cooled PBI solution
was added 12 grams of PEKK. The resulting mixture was stirred for
one hour at room temperature, poured into one liter of fast
stirring water in a Waring blender, filtered to collect the
polymer blend. The blend was washed with water, neutralized with

ammonium hydroxide, filtered, washed again with water, and then
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dried for overnight under vacuum at 120° C to obtain 19.7 grams of
PBI/PEKK 40/60 blend with the following thermal properties:
Single Tg of 165° C from the second DSC scanning; Td onset 550°
C, Td at 10% weight loss 576° C at 10° C/minute under nitrogen.

(Td = decomposition temperature)

Experiment 317

Preparation of PBI/PEKK 30/70 in solution

In a 500 ml three-necked resin-flask equipped with a mechanical
glass stirrer with four blades and nitrogen inlet and outlet were
added 6 grams of PBI 100 and 180 grains of 96% sulfuric acid. The
mixture was stirred for one hour at 60° C to dissolve the PBI,
and was cooled to room temperature. To the cooled PBI solution was
added 14 grams of PEKK. The resulting mixture was stirred for one
hour at room temperature, poured into one liter of fast stirring
water in a Waring blender, filtered to collect the polymer blend.
The blend was washed with water, neutralized with ammonium
hydroxide, filtered, washed again with water, and then dried for
overnight under vacuum at 120° C to obtain 19.3 grams of

PRBI/PEKK 30/70 blend with woody structure and the following

thermal properties; Single Tg of 163° C from the second DSC
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scanning; Td onset 559° C, Td at 10% weight loss 570° C at 10°

C/minute under nitrogen. (Td = decomposition temperature)

Experiment 318

Preparation of PBI/PEKK 20/80 in solution

In a 500 ml three-necked resin-flask equipped with a mechanical
glass stirrer with four blades and nitrogen inlet and outlet were
added 4 grams of PBI 100 and 180 grams of 96% sulfuric acid. The
mixture was stirred for one hour at 60° C to dissolve the PBI,
and was cooled to room temperature. To the cooled PBI solution was
added 16 grams of PEKK. The resulting mixture was stirred for one
hour at room temperature, poured into one liter of fast stirring
water in a Waring blender, filtered to collect the polymer blend.
The blend was washed with water, neutralized with ammonium
hydroxide, filtered, washed again with water, and then dried for
overnight under vacuum at 120° C to obtain 19.3 grams of PBI/PEKK
20/80 blend with woody structure and the following thermal
properties; Single Tg of 159.5° C from the second DSC scamning;
Td onset 559° C, Td at 10% weight loss 568° C at 10° C/minute under

nitrogen. (Td = decomposition temperature)
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Experiment 319

Preparation of PBI/PEKK 10/90 in solution

In a 500 ml three-necked resin-flask equipped with a mechanical
glass stirrer with four blades and nitrogen inlet and outlet were
added 2 grams of PBI 100 and 180 grams of 96% sulfuric acid. The
mixture was stirred for one hour at 60° C to dissolve the PBI, and
was cooled to room temperature. To the cooled PBI solution was
added 18 grams of PEKK. The resulting mixture was stirred for one
hour at room temperature, poured into one liter of fast stirring
water in a Waring blender, filtered to collect the polymer blend.
The blend was washed with water, neutralized with ammonium
hydroxide, filtered, washed again with water, and then dried for
overnight under vacuum at 120° C to obtain 20.9 grams of
PBI/PEKK 10/90 blend with woody fibrous structure and the
following thermal properties; Single Tg of 163.5° C from the
second DSC scanning; Td onset 559° C, Td at 10% weight loss 568°
C at 10° C/minute under nitrogen. (Td = decomposition

temperature)

The results of these experiments can be viewed more clearly

by referring to the tables below.
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Table A

Tgs of PBI/PEKK Blends

Batch ID PBI/PEKK Tgl Tg2
300 (PBI 100) 434
311 90/10 ND 409
312 80/20 ND 414
313 70/30 157%* 418
314 60/40 ND 410
315 50/50 162 406
316 40/60 165 ND
317R 30/70 163 ND
318 20/80 159.5 ND
319 10/90 163.5 ND
350 PEKK 0/100 155.5 ND

**Possible anomalous Tgl temperature

ND = Not detected

The glass transition temperatures for the blend samples and
for the unblended samples of PBI and PEKK were recorded, as was
the expected glass transition temperatures for the blends
calculated in accordance to the Fox Relationship as shown in
Table B and in Figure 1. Note that in Table B the glass
transition temperatures (Tg) are given in both degrees

centigrade an

d degrees Kelvin.

- 25 -
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Table B
PBI% PEKK% Calc Tg K | Calc TgC
Tg Tg Found Tg Found
300 100 0 707 434 434
311 90 10 663.8534 390.8534 409
312 80 20 625.6702 352.6702 414
313 70 30 591.6405 318.6405 418 157
314 60 40 561.1215 288.1215 410
315 50 50 533.5967 260.5967 405 162
316 40 60 508.6459 235.6459 165 165
317 30 70 485.9243 212.9243 163 163
318 20 80 465.1459 192.1459 159.5 159.5
319 10 90 446.0716 173.0716 163.5 163.5
350 0 100 428.5 155.5 155.5 155.5

Weight loss curves were obtained on

a TGA/SDTA 857e Mettler

Toledo with a heating rate of 10° C/min. under nitrogen. The
results are shown in Figures 2-13 and in Table C.
Table C
Temperature (° C) at 10% weight loss for PBI/PEKK
Sample [D PBI/PEKK TGA on set Td10
300 100/0 641 691
311 90/10 612 636
312 80/20 559 630
313 70/30 529 580
314 60/40 582 652
315 50/50 559 577
316 40/60 550 576
317 30/70 559 570
318 20/80 559 568
319 10/90 559 568
350 0/100 553 569

- 26 -
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Melt-extrusion of PBI/PEKK di-blends with wvarious
compositions as indicated below were pre-dry-mixed and fed through
a Brabender extruder with a 3/4 inch diameter barrel (1.91 cm) 18
inches long (45.72 cm) with three heating zones at 50-100 rpm.
The 100 grams of blends were extruded through a tube die under
the heating conditions specified in the tables to produce tubes.
Batch 612 was a 80/20 blend of PRI/PEKK, batch 613 was a 70/30
blend of PBI/PEKK, and sample 614 was a 60/40 blend of PBI/PEKK as
shown in Table D. All extruded well except sample #612 PBI/PEKK

80/20 di-blend that also extruded but with some difficulty.

Table D
Melt-extrusion of PBI/PEKK Di-Blends
Batch ID PBI/PEKK 1* zone 2™ zone | 3™ zone
Temp.”C | Temp.”"C | Temp.”C
612 80/20 260 360 390
613 70/30 260 350 380
614 60/40 260 340 360
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What is claimed is:

1. A process for producing a solution blend of a
polybenzimidazole (PBI) and a polyetherketoneketone (PEKK) which
comprises the steps of:

providing a polybenzimidazole (PBI) and a
polyetherketoneketone (PEKK) ;

mixing said PBI with sulfuric acid at a temperature
between 40° C and 80° C for 30 minutes to 2 hours to produce a
PBI solution;

cooling said PBI solution to room temperature to form
a cooled PBI solution;

adding said PEKK to said cooled PBI solution to form a
mixture;

stirring said mixture from 30 minutes to 2 hours at
room temperature to form a stirred mixture;

pouring said stirred mixture into an excess of water
being stirred swiftly to form an aqueous mixture;

filtering said agueous mixture to remove the water and
sulfuric acid to produce a blend;

washing said blend with water; and

drying said blend to yield a blend in all proportion

from 1/99 PBI/PEKK to 99/1 PBI/PEKK.
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2. The process for producing a blend of a
polybenzimidazole (PBI) and a polyetherketoneketone (PEKK)
according to claim 1 where sulfuric acid has a concentration of

between 85% and 110%.

3. The process for producing a blend of a
polybenzimidazole (PBI) and a polyetherketoneketone (PEKK)
according to claim 1 further comprising the steps of:

neutralizing said blend in a base to produce a
neutralized blend;

washing said neutralized blend in water to produce a
washed blend; and

drying said washed blend to yield a blend in all

proportion from 1/99 PBI/PEKK to 99/1 PBI/PEKK.

4. A process for producing a solution blend of a
polybenzimidazole (PBI) and a polyetherketoneketone (PEKK) which
comprises the steps of:

providing a polybenzimidazole (PBI) and a
polyetherketoneketone (PEKK) ;

providing a strong acid which isbselected from a group
consisting of: sulfuric acid, methane sulfonic acid,
trifluoromethane sulfonic acid, trifluorocacetic acid,

dichloroacetic acid, formic acid and combinations thereof;
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mixing said PBI and PEKK with said strong acid at a
temperature between 40° C and 80° C for 30 minutes to 2 hours to
produce a mixture;

cooling said mixture to room temperature;

dropping said mixture into a bath where said bath is
selected from the group of water or a water methanol blend;

stirring swiftly said mixture and said bath to form an
aqueous mixture;

filtering said aqueous mixture to remove the water and
strong acid to produce a blend;

washing said blend with water; and

drying said blend to yield a blend in all proportion

from 1/99 PBI/PEKK to 99/1 PBI/PEKK.

5. The process for producing a blend of a
polybenzimidazole (PBI) and a polyetherketoneketone (PEKK)
according to claim 1 where said process is performed at

atmospheric pressure.

6. The process for producing a blend of a
polybenzimidazole (PBI) and a polyetherketoneketone (PEKK)
according to claim 5 where said process is absent of added

pressure.
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7. The process for producing a blend of a
polybenzimidazole (PBI) and a polyetherketoneketone (PEKK)
according to claim 1 where the step of being swiftly stirred is

done in a Waring blender.

8. The process for producing a blend of a
polybenzimidazole (PBI) and a polyetherketoneketone (PEKK)

according to claim 3 where said base is ammonium hydroxide.

9. The process for producing a blend of a
polybenzimidazole (PBI) and a polyetherketoneketone (PEKK)
according to claim 3 where said drying step is performed at a

temperature from 90° C to 180° C.

10. The process for producing a blend of a
polybenzimidazole (PBI) and a polyetherketoneketone (PEKK)
according to claim 9 where said drying step is performed from 4

to 12 hours.

11. The process for producing a blend of a
polybenzimidazole (PBI) and a polyetherketoneketone (PEKK)
according to claim 10 where said drying step is performed in a

vacuum.
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12. The process for producing a blend of a
polybenzimidazole (PBI) and a polyetherketoneketone (PEKK)
according to claim 1 where said blend is a miscible blend of a
polybenzimidazole (PBI) and a polyetherketoneketone (PEKK) where
said blend is miscible in all proportions from 50/50 to 90/10

(PBI/PEKK) .

13. The process for producing said miscible blend of a
polybenzimidazole (PBI) and a polyetherketoneketone (PEKK)
according to claim 12 where said blend has a glass transition

temperature, Tg, of greater than 400° C.

14. A miscible blend of a polybenzimidazole (PBI) and a
polyetherketoneketone (PEKK) made by the process of claim 1
where said blend is miscible in all proportions from 50/50 to
90/10 (PBI/PEKK) having a glass transition temperature, Tg, of

greater than 400° C.

15. A miscible blend of a polybenzimidazole (PBI) and a
polyetherketoneketone (PEKK) made by the process of claim 1
where said blend has from 50/50 to 90/10 (PBI/PEKK) where said

blend has a weight loss of less than 20% at 600° C.
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16. A miscible blend of a polybenzimidazole (PBI) and a
polyetherketoneketone (PEKK) made by the process of claim 1
where said blend has from 50/50 to 90/10 (PBI/PEKK) where said

blend has a weight loss of 30% or less at 800° C.

17. A process for producing a melt blend of a
polybenzimidazole (PBI) and a polyetherketoneketone (PEKK) which
comprises the steps of:

providing a polybenzimidazole (PBI) and a
polyetherketoneketone (PEKK) ;

providing an extruder with a plurality of heating

ZONEeSs ;

pre-dry-mixing said PBI with said PEKK to obtain a dry
mix;

feeding said dry mix to said extruder;

setting said heating zones in the range 240° C to 410°
C;

melting said dry mix blend as it passes through said
extruder; and
obtaining said melt blend of PBI/PEKK in all

proportion from 1/99 PBI/PEKK to 80/20 PBI/PEKK.

18. The process for producing a melt blend of a

polybenzimidazole (PBI) and a polyetherketoneketone (PEKK)
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according to claim 18 where said extruder is a screw extruder

where said screw is run in a range of 30 to 160 rpm.

19. A miscible blend of a polybenzimidazole (PBI) and a
polyetherketoneketone (PEKK) made by the process of claim 18
where said blend has from 60/40 to 80/20 (PBI/PEKK) where said

blend has a weight loss of less than 20% at 600° C.

20. A miscible blend of a polybenzimidazole (PBI) and a
polyetherketoneketone (PEKK) made by the process of claim 18
where said blend has from 60/40 to 80/20 (PBI/PEKK) where said
blend has a glass transition temperature, Tg, of greater than

400° C.



WO 2008/097709 PCT/US2008/051548

Page 1 of 7
Flg 1 Tgs PBY/PEKK Blends as a Function of PBI Content
450
| n)
O/O\O\
400 /"” 27
350 ///D///
O i / o
Oo"v 300 ]//
[ N
250
200 D///JT —DO- Tg calculated by Fox Relation
—0- Tg found
T /8< 5 o—-——y —A- Tgs of two components
150 0
1 T | T |
0 20 40 60 80 100
PBI, %, in PBI/PEKK Biends
. TGA Curve of PBI 100
Fig. 2 -
-0 —
-20 %
| N
S
@ -40
o
_! —
=
o))
o -60
= l-—-—PBI100|
-80
-100 ; r I x 1

0 200 400 600 800 10l00
Temperature, C, 10° C/min, N,



WO 2008/097709 PCT/US2008/051548
Page 2 of 7
TGA Curve of PEKK
Fig.3
-0
-20
S \
%) -40 \
2 ~
d
= i
jo)
z 00 [—— 350 PEKK]
-80
-100 ] T | [ |
0 200 400 600 800 1000
Temperature, C, 10° C/min, N,
TGA Curve for PBI/PEKK
Fig. 4
9% o e
_ '\
-20
N
i N
=S
\ %" -40
]
| —
=
2 60
= | === 312R 80/20]
-80
-100 1 1 T 1 l
200 400 600 800 1000

Temperature, C, 10° C/min, N,




WO 2008/097709

PCT/US2008/051548
Page 3 of 7
. TGA Curve for PBI/PEKK 70/30
Fig. 5 |
20 \\
o i \
R
gh -40
@]
e -
=
2 60
= | | === 313R 70/30|
-80
-100 T | n 1 | |
0 200 400 600 800 1000
Temperature, C, 10° C/min, N,
. TGA Curve for PBI/PEKK 60/40
Fig.6 -
-0 R
ey,
20 \\
S ~
B AN
7] T
Q
!
E _
2
® -60
= - | === 314 60/40 |
-80
-100 T T | [ ;
0 200 400 600 800 1000

Temperature, C, 10° C/min, N,



WO 2008/097709

Fig. 8

Weight Loss, %

Weight Loss, %

PCT/US2008/051348
Page 4 of 7
TGA Curve for PBI/PEKK 50/50
-0
-20 \\
i ~
-40
-60
i | === 315R 50/50 |

-80

-100 | | |
0 200 400 600 800 1000
Temperature, C, 10° C/min, N,
TGA Curve for PBI/PEKK 40/60

“O S AR
-20
-40
-60

| | == 314 40/60 |
-80
-100 T T : ] ] |
0 200 400 600 800 1000

Temperature, C, 10° C/min, N,




WO 2008/097709

Fig. 9

Fig. 10

Weight L.oss, %

Weight Loss, %

Page 5 of 7

TGA Curve for PBI/PEKK 30/70

PCT/US2008/051548

~

T

1000

0 200 400 600 800

Temperature, C, 10° C/min, N,

TGA Curve for PBI/PEKK 20/80
\\
\%:
| === 1318 20/80 |

T T |

0 200 400 600 800 1000

Temperature, C, 10° C/min, N,



WO 2008/097709

Fig.

11
Q

Weight Loss, %, Displaced

PCT/US2008/051348
Page 6 of 7
1 1 TGA Curve for PBI/PEKK 10/90
-0 R
-20
= _ \
o =40
w
0
- -
5
s -60
= il [ === 319 10/90
-80
-100 ! I | | |
0 200 400 600 800 1000
Temperature, C, 10° C/min, N,
1 2 TGA Curve PBI/PEKK Blends
5
100: ::J:\:::M\MNWWVVWVVWM
80" e i S TTEEPT R ~i°ii)°°°o°a:‘/‘/\l\ﬂ'%
o] St PBIPEKK
6 B ~\\‘ \Doo"'oo
: e ME\\ ~~2100/0
40— 1 ] %\ cooooo 90/10
] ™ ”%%% O 80/20
20— VorAsansAsAAAAAA A O \‘ xn%hlxz 70/30
| ’WW%H%\\ [ | e 60/40
e T~ ___ | == 50/50
01 ﬁ\% —— 40/60
y S| TS| === 30/70
201 N | v 20080
B . a1 (3/Q0
407 Curves are displaced by 10 unit increment from bottom up | === 0/100
0 200 400 600 800 1000

Temperature, C, 10° C/min, N,



WO 2008/097709

Fig. 13

Temperature, C, 10° C/min, N,

Page 7 of 7

Temperature at 10% Weight Loss

as a function of PBI Content

PCT/US2008/051548

700

680

660

640-

620

//
/

600 -

580

——0
O]

560 -

540

520

500

480

—p—at 10% weight loss

460

440

420

400

T 1 I

0 20 40 60

PBI, %, in PBI/PEKK Blend

80

100



INTERNATIONAL SEARCH REPORT

International application No.
PCT/US 08/51548

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - CO8G 63/06 (2008. 01)
USPC - 528/207

B.  FIELDS SEARCHED

According to International Patent Classnﬁcatlon (IPC) or to both national classification and IPC

USPC - 528/207

Minimum documentation searched (classification system followed by classification symbols)

USPC - all classes
Google Scholar

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

USPTO - WEST,; Google Scholar

. (continued on extra sheet)

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

search terms - $benzimidazole, $etherketoneketone, acid, ammonia, ammonium, aqueous, base, basic, blend, blender, ...

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 6,248,469 B1 (Formato et al.) 19 June 2001 (19.06.2001); col 6 In 30, 48;col 29 In 40-45;co! | 1-11
----- 321n 13 to col 33 In 29; col 34 In 62 to col 35 In 34; fig. 2 [
Y . 12-20
Y US 6,946,211 B1 (Bjerrum et al.) 20 September 2005 (20.09.2005); col 6, In §9-6; col 6, In 66 to | 12-16 and 19
col7in9
Y US 5,139,863 A (Alvarez et al.) 18 August 1992 (18.08.1992); col 7 In 22-28 15-20

D Further documents are listed in the continuation of Box C.

O

* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international
filing date

“L” document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“0O" document referring to an oral disclosure, use, exhibition or other
means

“P”  document published prior to the international ﬁlmg date but later than

the priority date claimed

“T” later document pubhshed after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y”  document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combmauon
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

04 April 2008 (04.04.2008)

Date of mailing of the international search report

30 APR 2008

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-3201

Authorized officer:
Lee W. Young

PCT Helpdesk: 57 1-272-4300
PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (April 2007)




INTERNATIONAL SEARCH REPORT International application No.

PCT/US 08/51548

- - continued from box B- -

cooled, cooling, dissolv$, dry$3, drying, evaporat$, excess, filtering, glass, hours, minutes, miscibl$, miscible, mix$3, mixing, mixture,
neutral$, PBI, pekk, ph, polybenzimid$, polybenzimidazole, polybenzimidazole, polyetherketone$, polyetherketoneketone, polymer,
pouring, process, produce, producing, proportion, remove, room, soluble, stirred, stirring, sulfuric, temperature, tg, transition, transition,
waring, washing, water, yield : .

Form PCT/ISA/210 (extra sheet) (April 2007)



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - claims
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - wo-search-report
	Page 44 - wo-search-report

