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This invention is directed to immiscible poly(aryl ether sulfone)
blends possessing improved properties comprising (a) from about 35 to
10 about 99 percent by weight of a poly(biphenyl ether sulfone) preferably
60 to 99 percent by weight and (b) from about 1 to about 65 percent by
weight of a second poly(phenylene ether sulfone) preferably 40 to 1
weight percent. The compositions described herein, particularly the
preferred compositions, retain the very attractive characteristics of their
15 constituents, and display excellent mechanical properties and heat
resistance. ' .
Articles made from these poly(aryl ether sulfones) can be steam-
sterilizied while under strésses of 500 psi or greater; moreover they are
_ not affected by corrosion-reducing additives such as morpholine, for
‘ 20 example. Also, the above materials demonstrate good chemical resistance
in contact with commonly used hospital cleaners and detergents.

Poly(aryl ether sulfones) have been known for about two decades.
25 They are tough linear polymers that possess a number of attractive
features such as excellent high temperature resistance, good electrical
properties, and very good hydrolytic stability. At least three poly(aryl
ether sulfones) are commercially available. A poly(aryl ether sulfone)
referred to herein as poly(phenylene ether sulfone) is available from

30 Imperial Chemical Industries, Ltd. It has the formula (1)

o=

(1)
and is produced by the polycondensation of 4,4'-dihydroxydiphenyl
sulfone with 4 4'-dichlorodiphenyl sulfone as described in, for example,
Canadian Patent No. 847,963. The polymer contains no aliphatic moieties

. ° /
35 and has a Tg of approximately 220°C. |
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polycondensation. of bisphenol-A di-sodium salt with 4,4'-
dichlorodiphenyl sulfone, as described in U.S. Patent No. 4,108,837.
A third commercial poly(aryl ether sulfone) is also available from
Amoco Performance Products, Inc., under the trademark of Radel®R. It
10 corresponds to formula (3) has a Tg of about 220°C, and is produced by
the polycondensation of biphenol with 4,4'-dichlorodiphenyl sulfone as
described in, for example, Canadian Patent No. 847,963.

FO-O-0C]

Over the years, there has developed a substantial body of patent and
15 other literature directed to the formation and properties of poly(aryl
ether sulfones and other poly(aryl'ethers) (all hereinafter called "PAE").
A broad range of PAE's was achieved by Johnson et al., J. of Polymer
Science, A-1, Vol. 5, 1967, pp. 2415-2427; Johnson et al., U.S. Patent
Nos. 4,108,837 and 4,175,175. Johnson et al. show that a very broad
20 range of PAE's can be formed by the nucleophilic aromatic substitution
(condensation) reaction of an activated aromatic dihalide and an aromatic
diol. By this method, Johnson et al. created a host of new PAE's.
Because of their excellent mechanical and thermal properties,
coupled with outstanding hydrolytic stability, the poly(ary! ether sulfones)
95 have been utilized in the medical market for a variety of purposes for at
least ten years. These medical devices constitute a wide variety of
articles. Obviously, one of the major attributes of the poly(aryl ether
sulfones) is their ability to be steam autoclaved repeatedly without loss of
properties. Steam autoclaving is a very severe test, requiring both high
30 temperature and hydrolytic stability, and involving cyclical effects -
wet/dry, hot/cold.
The poly(aryl ether sulfones) (1) and (2) show some important
deficiencies, however. Indeed, parts molded from these materials, stress-
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crack when steam sterilized under stresses of say 500 psi or greater:
especially when excessive concentration of boiler additives, such as
morpholine are employed to reduce corrosion in the steam generating
system; or, when in contact with commonly used hospital cleaners and
detergents. :

While poly(biphenyl ether-sulfone) (3) and parts molded therefrom
have substantially better properties than poly(aryl ether sulfones) (1) and
(2) it is substantially more expensive than (1) and (2) due to the high cost
of biphenol.

British Patent Application No. 2,088,396 describes copolymers

containing units (4) and (5):

—WO—%Q;*Q—%@—

The claimed copolymers comprise about 80 to 10 mole percent of
repeat units (4), and correspondingly about 20 to 90 mole percent of
repeat units (5). The application states that the incorporation of (5) into
the poly(aryl ether sulfone) (1) yields materials with improved resistance
to hot water crazing. The application does not mention steam-
sterilizability under load; nor does it teach that the copolymers show
resistance to stress-cracking in the presence of boiler additives such as
morpholine. - o

The general object of this invention is to provide blends of
poly(biphenyl ether sulfones) having many of the base properties of the
poly(biphenyl ether sulfone). . Another object of this invention is to’
provide medical articles from blends of poly(biphenyl ether sulfones)
which can be steam-sterilized while under stresses of 500 psi or greater
without stress-cracking even in the presence of morpholine. Other objects |
appear hereinafter.

The general objects of this invention can be attained with
smmiscible blends comprising (a) from about 35 to about 99 percent by
weight of a poly(biphenyl ether sulfone) and (b) from about 1 to 75
percent by weight of a poly(phenylene ether sulfone). Other things being
equal blends of polyarylether (1) and poly(ary! ether sulfone) (3) wherein
poly(aryl ether sulfone) (3) comprises at least 60% of the two polymers

-3-
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- ether sulfone) (3). The two polymers can also be used in weight percent
ratios of poly(biphenyl ether sulfone) of from about 50 to 99 to
poly(phenylene ether sulfone) of about 50 to 1 weight percent.

5 Briefly, the poly(biphenyl ether sulfones) useful in this invention

comprise the repeating unit

{O-orOrorro)
wherein at least 50 and preferably at least 75 mole percent of the divalent

Ar groups are p-biphenylene groups and the remainder (0 to 50 mole
10 percent) at least one member selected from the group consisting of p-

, etc. In general, the higher the

phenylene, :
concentration of biphenyl or biphenylene groups the better the properties
of the polymer.

The poly(phenylene ether sulfones) useful in this invention

15 comprise the repeating unit :

( @—soz—Q—o-A r'—o)

wherein at least 50 and preferably at least 75 mole percent of the divalent

—< >_S°z—< >—
Ar' groups are bisphenol S moieties and the

remainder (0 to 50 mole percent) p-phenylene.
20 The poly(aryl ether sulfones) can be prepared by either of two
methods, i.e., the carbonate method or the alkali metal hydroxide method.
In the carbonate method, the polymers are prepared by contacting
substantially equimolar amounts of the hydroxy-containing compounds
and dihalodiarylsulfones, e.g., 4,4'-dichlorodiphenyl sulfone or 4,4'-
25  difluorodiphenyl sulfone, with from about 0.5 to about 1.0 mole of an
alkali metal carbonate per mole of hydroxyl group in a solvent mixture
comprising a solvent which forms an azeotrope with water in order to
maintain the reaction medium at substantially anhydrous conditions durnng
the polymerization.
30 The temperature of the reaction mixture is kept at about 170°C to
about 250°C, preferably from about 210°C to about 235°C for about one

to 15 hours. |
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The polyarylethersulfone is then recovered by conventional
5 techniques such as coagulation, solvent evaporation, and the like.

The solvent mixture comprises a solvent which forms an azeotrope
with water and a polar aprotic solvent. The solvent which forms an
azeotrope with water includes an aromatic hydrocarbon such as benzene,
toluene, xylene, ethylbenzene, chlorobenzene, and the like.

10 The polar aprotic solvents employed in this invention are those
generally known in the art for the manufacture of polyarylether sulfones
and include sulfur containing solvents such as those of the formula:

Ry SO hy
in which each R, represents a monovalent lower hydrocarbon group free

15 of aliphatic unsaturation, which preferably contains less than about 8
carbon atoms or when connected together represents a divalent alkylene
group with b being an integer from 1 to 2 inclusive. Thus, in all of these
solvents, all oxygens and two carbon atoms are bonded to the sulfur atom.
.Contemplated for use in this invention are such solvents as those having

20 the formula:
T ' il
b R, we R "

where the R, groups are independently lower alkyl, such as methyl, ethyl,

propyle, butyl, and like groups, and aryl groups such as phenyl and
alkylphenyl groups such as the tolyl group, as well as those where the R,

25 groups are interconnected as in a divalent alkylene bridge such as
CoHa <
cH, CH,
\ /
S(O)y

in tetrahydrothiophene oxides and dioxides. Specifically, these solvents
include dimethylsulfoxide, dimethylsulfone, diphenylsulfone, diethyl-
sulfoxide, diethylsulfone, diisopropylsulfone, tetrahydrothiophene 1,1-
30 dioxide (commonly called tetramethylene sulfone or sulfolane) and

tetrahydrothiophene-1 monoxide.
This Sheet Has Been Reﬂlaced
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In the reaction, the hydroxy containing compound is slowly
converted, in situ, to the alkali salt thereof by reacting with the alkali
metal carbonate. The alkali metal carbonate is preferably potassium

10 carbonate. As indicated before, mixtures of carbonates such as potassium
and sodium carbonate may also be used.

Water is continuously removed from the reaction mass as an
azeotrope with the azeotrope forming solvent so that substantially
anhydrous conditions are maintained during the polymerization.

15 It is essential that the reaction medium be maintained substantially
anhydrous during the polycondensation. While amounts of water up to
about one percent can be tolerated, and are somewhat beneficial when
employed with fluorinated dihalobenzenoid compounds, amounts of water
substantially greater than this are desirably avoided as the reaction of

20 water with the halo and/or nitro compound leads to formation of phenolic
species and only low molecular weight products are secured.
Consequently, in order to secure the high polymers, the system should be
substantially anhydrous, and preferably contain less that 0.5 percent by
weight water during the reaction.

25 Preferably, after the desired molecular weight has been attained,
the polymer is treated with an activated aromatic halide or an aliphatic
halide such as methyl chloride or benzyl chloride, and the like. Such
treatment of the polymer converts the terminal hydroxyl groups into
ether groups which stabilize the polymer. The polymer so treated has

30 good melt and oxidative stability. |

While the carbonate method for preparing the polymer of this
invention is simple and convenient, in some Cases products of higher
molecular weight can be made by the alkali metal hydroxide method. In
the alkali metal hydroxide method, described by Johnson et al., U.S.

35 Ppatent Nos. 4,108,837 and 4,175,175, a double alkali metal salt of a
dihydric phenol is contacted with a dihalobenzenoid compound in the
presence of a sulfur containing solvent as herein above defined under

substantially anhydrous conditions.

I
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Additionally, the polymers of this invention can be prepared by
other methods known in the prior art, in which at least one dihydric
phenol and at least one dihalobenzenoid compound are heated, for
example, with a mixture of sodium carbonate or bicarbonate and a second
alkali metal carbonate or bicarbonate having a higher atomic number than
that of sodium, as described in U.S. Patent No. 4,176,222.

The molecular weight of the poly(aryl ethers) utilized for
manufacturing the devices of the instant invention is indicated by reduced
viscosity data in an appropriate solvent such as methylene chloride,
chloroform, N,methylpyrrolidone, and the like. The reduced viscosities
of the materials, as measured at concentrations of 0.2g per 100 ml. at
25°C, are at least 0.3 dl/g, preferably at least 0.4 dl/g and, typically, not
exceeding about 1.5 dl/g.

The compositions of this invention are prepared by any
conventional mixing method. For example, a preferred method

. comprises mixing the two poly(aryl ether sulfones) in powder or pellets
| form in an extruder and extruding the mixture into strands, chopping the
strands into pellets and molding the pellets into the desired article.
The poly(aryl ether sulfones) of the instant invention allow for the
48 20 (fabrication of medical devices having outstanding stress-crack resistance.
These devices can be steam-sterilized under stresses of 500 psi or greater
and in the presence of a variety of steam boiler additives. Typical boiler
additives designed to reduce corrosion in steam generating systems are
amino compounds such as morpholine, hydrazine, N,N-
25 diethylaminoethanol ("NALCO 359" or "BETZ NA-9"), and
2 octadecylamine, Steam sterilization is also possible in the presence of
various hospital cleaners and detergents, such as those sold under the
" tradenames of “"Castle 7900" (a sonic cleaner), "Chem Crest 14" (an
ultrasonic cleaner), "Tergitol Min Foam 2X" (a non ionic surfactant), and
30 the like.
The materials of the instant invention can include pigments, thermal
stabilizers, ultraviolet light stabilizers, and other additives.
The instant poly(aryl ether- sulfones) blends are useful for the
fabrication of a wide variety of medical devices. They are of particular
35  interest for autoclavable storage trays such as the systems for storage and
delivery of sterile surgical instruments (thus eliminating the costs
associated with wrapping); in the medical supply industry for shipment
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including chalk, calcite and dolomite; silicates including mica, talc,
wollastonite, silicon dioxide, glass spheres, glass powders; aluminum;

10 clay; quartz; and the like. Also, reinforcing fibers such as fiberglass,
carbon fibers, and the like may be used. The compositions may also

include additives such as titanium dioxide; thermal stabilizers, ultraviolet
light stabilizers, plasticizers, and the like.

15 EXAMPLES
The following examples provide specific illustrations of the present
invention and are not to be construed in any way as a limitation on its

scope or generality. -

20 Sample Preparations and Test Procedures
There were two types of polymeric materials used in all the

preparations of this invention: polybiphenylsulfone and bisphenol-S based
polysulfone. The polybiphenylsulfone is a polymer having the repeat unit

l-0-0--0HO}

25 It is available commercially from Amoco Performance Products,
Inc. under the trade name Radel R 5000. It has a reduced viscosity of
approximately 0.60 dl/g as measured in N-methyl pyrrolidone at a
concentration of 0.2 g/dl and 25°C. It has a number-average molecular
weight of about 20,000 as measured by gel permeation chromatography

30 using methylene chloride as a solvent and a polystyrene molecular weight
calibration. This polymer is referred to hereafter as PSF-L.

One bisphenol-S polysulfone used is the commercial product
Victrex 4100 G available from Imperial Chemical Industries, PLC. Itisa

polymer having the formula repeat unit

o iR
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It has a reduced viscosity of about 0.50 g/dl in N-
methylpyrrolidone at 25°C and a concentration of 0.2 g/dl. Its number-
average molecular weight by gel permeation chromatography is about
17,000 using methylene chloride as solvent and' a polystyrene molecular
weight calibration. This polymer is referred to hereafter as PES-1." The

polymers were used in pellet form and all are transparent, by virtue of
their amorphous character, and have a slight amber color.

10 Controls Aand B
Two neat polymers PSF-I and PES-I were dried ovemight in a
Lydon dehumidified recirculating air oven at a temperature of 300°F.
Parts were then injection molded on a Battenfeld injection molding
machine with a 3 oz injection capacity to produce standard ASTM test
15 specimens. Mechanical properties and heat deflection temperatures
(HDT) were measured per the ASTM procedures shown below. All tests
were conducted on 1/8" thick specimens except HDT which was run on

both 1/8" and 1/4" specimens.

20 Property . ~ ASTM Method No.
Tensile Modulus D-638
Tensile Strength D-638
Elongation at Break : D-638

25 Notched Izod Impact Strength D-256
Tensile Impact Strength | D-1822
Heat Deflection Temperature D-648
Flexural Modulus D-790
Flexural Strength D-790

Examples 1t0 6
The compositions shown in Table I were mixed well as pellets and

placed in a dehumidified air oven at 300°F for about 16 hrs (overnight)

for drying. The dry blends were then extruded using a 25 mm twin

screw double vented BErstorff extruder having an L/D ratio of 33/1
-9.
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' discarded. From past experience, this amount 1s sufficient to effectively
displace the melt in the extruder so as the compositions of the final blends

10 do not differ from those of the dry pellet mixes.

The six blends were dried again overnight in the Lydon oven at
300°F and injection molded the following day on the Battenfeld injection
molding machine described above to generate the needed ASTM parts.
All blends appeared translucent on molding and the magnitude of the

15 translucency increased towards the middle of the composition scale and
became progressively less at the compositions rich in one polymer or the
other. The lack of clarity in these blends is an indication of immiscibility

between the two homopolymers.

20 Mechanical Properties
ASTM mechanical properties for the controls and blends are shown

in Table II. The strength and modulus values for all blends appear to

vary linearly with respect to PSF-I content in the blend. As a measure of

ductility, elongation at break of all the blends can be considered

25 equivalent to that of PSF-I within the variability of this measurement.

The tensile impact, a discriminating test of polymer unnotched toughness

is likewise similar for all compositions. All these mechanical properties

confirm the very good mechanical compatibility of the blends of this

invention. For compositions rich in PSF-I (examples 1, 2, and 3), little or

30 no loss in the high notched Izod of PSF-I is observed. Accordingly,

compositions comprising from 60 to 99 weight percent PSF-I and

correspondingly from 1 to 40 weight percent PES-I have many of the
excellent physical properties of PSF-L

Immiscible polymer blends which have poor mechanical

35 compatibility are typically characterized by low strength for parts

containing "weld lines” as a result of a multi-gated mold configuration.

To ascertain the mechanical compatibility of these blends the weld-line

strengths were measured against the base case with no weld line. ASTM

.10 -




8. second pol y(aryl ether sulfone) oth id fi
ly( er tha
,, fone) consisting essentially of the repeat inn;aljgi II et polytaryl

ensile bars containing weld lines were produced on a Van Dom injection

molding machine fitted with a double gated tensile bar mold. Molding

was performed at conditions similar to those used for the standard single

gate case. Results are shown in Table I illustrating the retention of
5 tensile strength over weld-line sections for all blends.

Steam Sterilization
To assess the steam sterilization resistance of the PSE-I/PES-I blend

compositions, the following test was employed. 5"x1/2"x1/8" ASTM bars
10 were mounted by fixing the bar horizontally from one end in a cantilever
fashion, and a weight was suspended on the free end. The weight attached
to the specimen was such that a maximum flexural stress of about 1000 psi
was generated at the fixed end surface of the bar. The samples which
were mounted side by side in a stainless steel drawer were then placed in a
15 steam autoclave. The autoclave was operated at a steam pressure of 27
psig, and a temperature of 270°F, and the autoclave chamber was charged
with water containing 50 part per million (ppm) morpholine. Each
autoclave cycle consisted of a S.minute heat-up and pressurization step
followed by a hold at the set conditions for 30 minutes after which the
20 autoclave was vented and allowed to cool down for 10 minutes. The
samples were typically inspected at the completion of 15-25 cycles and all
samples were tested in duplicates. '
Table IV summarizes the results from the steam sterilization
performance study. Quite unexpectedly, the performance of all blends
25 except that of example 6 is comparable to that of PSF-I. None showed
any evidence of stress cracking following 450 cycles of steam sterilization
as described above. In comparison, PES-I experienced a rupture after
only 45 cycles. The blend of example 6 had a rupture at 166 cycles - still
significantly better than PES-I. The unbroken duplicate of example 6 and
30 control B were cracked extensively and the test was not continued on them
as they are also considered failures from the practical standpoint of the
test. Accordingly, compositions comprising about 35 to 99 weight
percent PSF-I and about 65 to 1 weight percent PES-I have improved
resistance to steam containing amine stabilizers.

35
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Table I: Extrus’ion Conditions for Preparation of PSE-I/PES-I Blends
of Examples 1-6.*

Example 1 2 3 4 5 6
Percent PSF-I 80 70 60 50 40 25
Percent PES-I 20 30 40 50 60 75
Temperatures (C)

Zone 1 330 330 320 320 320 320
"2 340 340 330 330 330 330
"3 350 350 340 340 340 340
" 4 350 350 350 340 340 340
"5 350 350 350 340 340 340
"6 360 350 350 340 340 340
" 7 (Die) 350 340 340 340 340 340

Melt 388 382 378 374 371 371

* Conditions common to all runs were approximately as follows:

screw speed = 200 rpm
throughput rate = 29 lbs/hr

Vent 2 vacuum reading = 30 in Hg
Vent 1 open to the atmosphere

Table I: Mechanical Properties of PSF-I, PES-1 and 6 Blend
Compositions of the Two Polymers.

PSE.I__ Tensile Tensile Elongation Flexural Flexural
Example (%) Strength Modulus at Break  Strength Modulus
_ (kpsi) _(kpsi) (%) (kpsi) _(kpsi)

Control A 100 10.3 337 109 1238 339
1 80 10.6 335 99 13.5 361

2 70 10.8 341 117 14.1 374

3 60 10.9 344 107 14.4 382

4 50 11.0 346 107 14.9 386

5 40 11.4 345 115 15.3 398
6 25 11.6 355 101 15.5 393
Control B~ 0 12.1 402 36 16.2 409

12- This Sheet Has Been Reﬂlaced
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PSF-1 Notched Tensile Heat Deflection Temp.

Example (%) Izod Impact [1/8"]  [1/4")
(ft-1b/in) (ft-Ib/in?) (©) (©)
5 Control A 100 160 . 235 193 203
1 80 15.2 207 196 199
2 70 15.7 179 196 198
3 60 8.5 226 194 198
4 50 2.5 222 195 212
10 5 40 2.2 195 192 211
6 25 1.8 181 193 207
Control B 0 1.3 175 193 205
Table II: Weld Line Strengths of PSF- I/PES-I Blends Compared with
15 the Strength of Non-weld Line Specimes.
PSF-1 Tensile Strengths
Example (%) No Weld Line Weld Line
(kpsi) (kpsi)
20 |
Control A 100 10.3 10.0
1 80 106 . 10.4
2 70 10.8 10.5
3 60 109 10.8
25 4 50 11.0 11.0
5 40 - 114 11.2
6 25 11.6 11.5
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Table IV: Steam Sterilization* Performance of PSF-I, PES-I and 6
' Blend Compositions of the Two Polymers. |

PSF-1 Number of Cycles Observations
5 Example (%) Steam Sterilization

Control A 100 450 No Changes

1 80 450 No Changes

2 70 450 No Changes

10 3 60 450 No Changes

' - 4 50 | 450 No Changes

5 40 450 No Changes
| 6 25 166 Cracks/Rupture
Control B 0 45 Cracks Rupture

15

* Steam Sterilization Conditions: 1000 psi flexural stress, 27 psig
steam with 50 ppm morpholine, 270 deg F steam, 30-minute

autoclaving cycle.

Essentially the same results can be obtained by replacing PES-I with
20 Radel ‘A-200 sold by Amoco Performance Products, Inc., which is the

condensation product of dichlorodiphenyl sulfone with a 3:1 molar ratio
of Bisphenol S to hydroquinone.
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CLATMS:

1. A composition comprising a blend of (a)
poly (biphenyl ether sulfone) consisting essentially

of the repeating unit:

(OrorOron)

and (b) a second poly(aryl ether sulfone) consisting

essentially of the repeating unit:

O Oones

wherein Ar is a divalent group comprising at least 50
mole percent p-biphenylene and Ar' is a divalent
group comprising at least 50 mole percent

O -

and the weight ratio of (a) to (b) is from about 25
to 99 to 75 to 1.

2. A composition comprising a blend of (a)
from about 60 to about 99 percent by weight of a
poly(biphenyl ether sulfone) comprising the repeating

(Or-orDron)

and (b) from about 1 to 40 percent by weight of a
second poly(aryl ether sulfone) comprising the

unit

repeating unit

AT
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et her sul fone) blends of the invention have substantially the
properties as the nore expensive poly (aryl ether sulfone) (3).

ding to an enbodi nent of the invention,
of poly(aryl ether sulfones) in whi ch the remai nder o
s (0 to 50 nole percent) are other tha
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the remai nder of the Ar' groups (Oto 50 nole percent) may be

tr than p-bi phenyl ene. Accor di
Nt | ing to a further i T
ntion, a conposition is provided in which the rena|n?2§ggé£fnt of the

;gnnFLﬁ percent) in poly(aryl ether sulfone) (a) are sel &bw T
e %/ ne and and the renmai ni Ag16r =~ groups (O toel "”ll I,
nt) in poly(aryl ether sulfone) (b) are p-phen

(o)

wherein Ar comprises biphenylene and Ar' comprises

3. A composition as claimed in claim 2 wherein
Ar comprises at least 50 mole percent biphenylene and

Ar' comprises at least 50 mole percent

4. A composition as claimed in claim 3 wherein
from 0 to 50 mole percent of Ar is at least one
member selected from the group consisting of

p—phenylehe'and

O~

from 0 to 50 mole percent of Ar' is p-phenylene.

5. A composition as claimed in claim 2 wherein

Ar consists essentially of biphenylene.

6. A composition as claimed in claim 2 wherein

Ar' consists essentially of
AR OAY AR




fng to a further enbodi nent, the inventi ; . _
the poly(aryl ether sulfone) (a) tion provides a conposition in

the repeating unit: _ I s a pol ybi phenyl ether sul fone
_17_
7. A composition as claimed in claim 1 wherein

said blend comprises at least 50 weight percent
poly (biphenyl ether sulfone) and up to 50 weight
: percent poly(phenylene ether sulfone).

5
8. A composition as claimed in claim 1 wherein
the poly(biphenyl ether sulfone) comprises from 50 to
99 weight percent.
10 9. A process which comprises steam sterilizing

an article formed from a composition as claimed in

any one of the preceding clainms.

10. Use of a composition as claimed in any one
15 of claims 1 to 8 in making articles for medical use
or electrical insulation for electrical conductors.

20
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ably, the remaining At oroups (0o 50 mle percent) of pol y(aryl
i tion in which poly(aryl ether The invention further provides
&) having the repeggi né uniter sul fone) (a) is a poly(biphonyl ether
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ABSTRACT

POLY (ARYL ETHER SULFONE) COMPOSITIONS
COMPRIBING POLY (PHENYLENE ETHER SULFONE)

: A poly(aryl ether sulfone) blend comprising (a)
from about 25 to about 99 percent by weight of a
poly (biphenyl ether sulfone) and (b) from about 1 to
about 75 percent by weight of a second poly(phenylene
10 ether sulfone).

15
20
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This invention is directed to immiscible poly(aryl ether sulfone)
blends possessing improved properties comprising (a) from about 35 to
about 99 percent by weight of a poly(biphenyl ether sulfone) preferably
60 to 99 percent by weight and (b) from about 1 to about 65 percent by
weight of a second poly(phenylene ether sulfone) preferably 40 to 1
weight percent. The compositions described herein, particularly the .
preferred compositions, retain the very attractive characteristics of their
constituents, and display excellent mechanical propertles and heat
resistance.

Articles made from these poly(aryl ether sulfones) can be steam-
sterilizied while under strésses of 500 psi or greater; moreover they are
not affected by corrosion-reducing additives such as morpholine, for
example. Also, the above materials demonstrate good chemical resistance
in contact with commonly used hospital cleaners and detergents.

Poly(aryl ether sulfones) have been known for about two decades.
They are tough linear polymers that possess a number of attractive
features such as excellent high temperature resistance, good electrical
properties, and very good hydrolytic stability. At least three poly(aryl
ether sulfones) are commercially available. A poly(aryl ether sulfone)
referred to herein as poly(phenylene ether sulfone) is available from
Imperial Chemical Industries, Ltd. It has the formula (1)

1O=-Of

(N
and is produced by the polycandensation of 4,4' dxhydroxydxphenyl
sulfone with 4,4'- dlchlorodxphenyl sulfofie ‘as describé&d in, for example,

Canadian Patent No. 847,963. The polymer contains no aliphatic moieties
and has a Tg of approximately 220°C. This is the replacement sheet
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I n general t he higher the concentration of biphenyl or biphegys
t.he better the properties of the pol yner The pol y(aryl He&l HlaPIB LN Replace
sul fones) can be prepared by either of two methods, i.e., theTH“")u“utm”II Il
met hod or the al kali
-2 -
Another commercial poly(aryl ether sulfone) is available from
Amoco Performance Products, Inc., under the trademark of UDELS. It

corresponds to formula (2) REPLACEMENT SHEE

][- _Q_g ‘Q‘SOFO‘} 18 OCT w6

(2)
has a Tg of about 190°C, and is made via the nucleophilic
polycondensation of bisphenol-A di-sodium salt with 4,4'-
dichlorodipheny! sulfone, as described in U.S. Patent No. 4,108,837.

A third commercial poly(aryl ether sulfone) is also available from
Amoco Performance Products, Inc., under the trademark of Radel®R. It
corresponds to formula (3) has a Tg of about 220°C, and is produced by
the polycondensation of biphenol with 4,4'-dichlorodipheny! sulfone as
described in, for example, Canadian Patent No. 847,963.

FO-0=-0=C}

Over the years, there has developed a substantial body of patent and
other literature directed to the formation and properties of poly(aryl
ether sulfones and other poly(aryl ethers) (all hereinafter called "PAE").
A broad range of PAE's was achieved by Johnson et al., J. of Polymer
Science, A-1, Vol. 5, 1967, pp. 2415-2427; Johnson et al., U.S. Patent
Nos. 4,108,837 and 4,175,175. Johnson et al. show that a very broad
range of PAE's can be formed by the nucleophilic aromatic substitution
(condensation) reaction of an activated aromatic dihalide and an aromatic
diol. By this method, Johnson et al. created a host of new PAE's. '

Because of their excellent mechanical and thermal properties,
coupled with outstanding hydrolytic stability, the poly(aryl ether sulfones)
have been utilized in the medical market for a variety of purposes for at
least ten years. These medical devices constitute a wide variety of
articles. Obviously, one of the major attributes of the poly(aryl ether
sulfones) is their ability to be steam autoclaved repeatedly without loss of
properties. Steam autoclaving is a very severe test, requiring both high
temperature and hydrolytic stability, and involving cyclical effects -
wet/dry, hot/cold.

The poly(ary! ether sulfones) (1) and (2) show some important
deficiencies, however. Indeed, parts molded from these materials, stress-

This is the replacement sheet
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prepared by contacting substantially equi nol ar anmounts of the
cont ai ni ng conpounds and di hal odi aryl sul fones, e.g., 4,4 - dIC
sul fone or 4,4'-difluorodi phenyl sulfone, wth fron1about 0
nol e of an aIkaI| metal carbonate per nrod e- of hydroxyl group in a sol vent

o mai nt ai P8RS PRSS shecaraafiiaed BUPE trefies oE RS L pih i drgale ™
Egrlt ngtt ng ey:mam zvrylheam excesswme:qrmmnr&tugneoﬁfbmmr ra:ehhtwca rﬁuqluraérur ]SC
top about Z@éré % f%)rr% E&‘o@b%td %é%éjdhogpgfgglg Xhé régghﬁpgn |e§&§ggr| ed

out in an |Sr)’éfqmat%s¢héﬂem §0§taCtnN1éb§@rﬁnmnlé(t ﬁ’&spétairf‘é%ﬂ?"eg and
al t hough high e‘?ﬂs' ower pressures rray al so be used The

~pol yaryl et hers M}{fﬁ g@ﬁﬁpéﬁﬁ et er su one:S1 (§ ngzlartst ?ﬁ:gﬂe%uﬁlere rcorfnas

coagul ation, sol
have substantially better properties than poly(aryl ether sulfones) (1) and

(2) it is substantnally more expensive than (1) and (2) due to the high cost

of biphenol.
British Patent Application No. 2,088,396 descnbes copolymers

contammg units (4) and (5):

nmet al hydroxi de net hod. I n the carbonate nethod, the p@hié%ﬁéesza%'iaﬁenReﬁlaced
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The claimed copolymers compnse about 80 to 10 mole percent of
repeat units (4), and correspondingly about 20 to 90 mole percent of
repeat units (5). The application states that the incorporation of (5) into
the poly(aryl ether sulfone) (1) yields materials with improved resistance
to hot water crazing. The application does not mention steam-
sterilizability under load; nor does it teach that the copolymers show
resistance to stress-cracking in the presence of boiler additives such as
morpholine.

The general object of this invention is to provide blends of
poly(biphenyl ether sulfones) having many of the base properties of the
poly(biphenyl ether sulfone). . Another object of this invention is to
provide medical articles from blends of poly(biphenyl ether sulfones)
which can be steam-sterilized while under stresses of 500 psi or greater
without stress-cracking even in the presence of morpholine. Other objects
appear hereinafter.

The general objects of this invention can be attained with

- immiscible blends comprising (a) from about 35 to about 99 percent by
weight of a poly(biphenyl ether sulfone) and (b) from about 1 to 75
percent by weight of a poly(phenylene ether sulfone). Other things being
equal blends of polyarylether (1) and poly(aryl ether sulfone) (3) wherein
poly(aryl ether sulfone) (3) comprises at least 60% of the two polymers

This is the replacement shest
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azeotrope with water and a pol ar aprotic sol
an azeotrope with water includes an aromatic
t ol uene, xylene, ethylbenzene, chlorobenzene
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ratios of poly(biphenyl ether sulfone)-of from about 50 to 99 to
poly(phenylene ether sulfone) of about 50 to 1 weight percent.
Briefly, the poly(biphenyl ether sulfones) useful in this invention

comprise the repeating unit

{Ororreme)

wherein at least 50 and preferably at least 75 mole percent of the divalent
Ar groups are p-biphenylene groups and the remainder (0 to 50 mole
percent) at least one member selected from the group consisting of p-

phenylene, - ,ete. In general, the higher the
concentration of biphenyl or biphenylene groups the better the properties
of the polymer.

The poly(phenylene ether sulfones) useful in this invention
comprise the repeating unit

( @—soz—.Q—o-m-—o )

wherein at least 50 and preferably at least 75 mole percent of the divalent

_'< >"Soz—< >—

Ar' groups are bisphenol S moieties and the
remainder (0 to 50 mole percent) p-phenylene.

The poly(aryl ether sulfones) can be prepared by either of two
methods, i.e., the carbonate method or the alkali metal hydroxide method.

In the carbonate method, the polymers are prepared by contacting
substantially equimolar amounts of the hydroxy-containing compounds
and dihalodiarylsulfones, e.g., 4,4'-dichlorodiphenyl sulfone or 4,4'-
difluorodiphenyl sulfone, with from about 0.5 to about 1.0 mole of an
alkali metal carbonate per mole of hydroxyl group in a solvent mixture
comprising a solvent which forms an azeotrope with water in order to
maintain the reaction medium at substantially anhydrous conditions during
the polymerization.

The temperature of the reaction mixture is kept at about 170°C to
about 250°C, preferably from about 210°C to about 235°C for about one

to 15 hours.

! This is the replacement sheet
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Contenpl ated for use in this invention are such solvents as thosSe havi ng
the formila: The reaction is carried out9h'dn inert atmosphere, e.g., nitrogen, at

atmospheric pressure, although higher or lower pressures may also be

used. .

The polyarylethersulfone is then recovered by conventional
techniques such as coagulation, solvent evaporation, and the like.

The solvent mixture comprises a solvent which forms an azeotrope
with water and a polar aprotic solvent. The solvent which forms an
azeotrope with water includes an aromatic hydrocarbon such as benzene,
toluene, xylene, ethylbenzene, chlorobenzene, and the like.

The polar aprotic solvents employed in this invention are those
generally known in the art for the manufacture of polyarylether sulfones
and include sulfur containing solvents such as those of the formula:

| R SOp—h4
in which each R; represents a monovalent lower hydrocarbon group free
of aliphatic unsaturation, which preferably contains less than about 8
carbon atoms or when connected together represents a divalent alkylene
group with b being an integer from 1 to 2 inclusive. Thus, in all of these
solvents, all oxygens and two carbon atoms are bonded to the sulfur atom.
-Contemplated for use in this invention are such solvents as those having

the formula:

o - i__
IR2 1 R2 and 2- Hg

\J

where the R, groups are independently lower alkyl, such as methyl, ethyl,

propyle, butyl, and like groups, and aryl groups such as phenyl and.
alkylphenyl groups such as the tolyl group, as well as those where the R,

groups are interconnected as in a divalent alkylene bridge such as

C.H,
CH/2 \

~ S<0).,/

in tetrahydrothiophene oxides and dioxides. Specifically, these solvents
include dimethylsulfoxide, dimethylsulfone, diphenylsulfone, diethyl-
sulfoxide, diethylsulfone, diisopropylsulfone, tetrahydrothiophene 1,1-
dioxide (commonly called tetramethylene sulfone or sulfolane) and

tetrahydrothiophene-1 monoxide.
' “This is the replacement sheet
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where the R2 gr oupkis stieat HaoBRpREWR&E | y | ower al kyl, such as ne h I -
propyl e, butyl, an and aryl groups such as phen ‘ﬁ
al kyl phenyl groups Igl yl group, as well as those e the
groups are i s in a divalent alkylene brldge such as
! - 6 -

Additionally, nitrogen containing solvents may be used. These
include dimethylacetamide, dimethylformamide and N-methyl-
pyrrolidone.

The azeotrope forming solvent and polar aprotic solvent are used in
a weight ratio of from about 1:10 to about 1:1, preferably from about 1:5
to about 1:3.
| In the reaction, the hydroxy containing compound is slowly
converted, in gsitu, to the alkali salt thereof by reacting with the alkali
metal carbonate. The alkali metal carbonate is preferably potassium
carbonate. As indicated before, mixtures of carbonates such as potassium
and sodiim carbonate may also be used.

Water is continuously removed from the reaction mass as an
azeotrope with the azeotrope forming solvent so that substantially
anhydrous conditions are maintained during the polymerization.

It is essential that the reaction medium be maintained substantially
anhydrous during the polycondensation. While amounts of water up to
about one percent can be tolerated, and are somewhat beneficial when
employed with fluorinated dihalobenzenoid compounds, amounts of water
substantially greater than this are desirably avoided as the reaction of
water with the halo and/or nitro compound leads to formation of phenolic
species and only low molecular weight products are secured.
Consequently, in order to secure the high polymers, the system should be
substantially anhydrous, and preferably contain less that 0.5 percent by
weight water during the reaction.

Preferably, after the desired molecular weight has been attained,
the polymer is treated with an activated aromatic halide or an aliphatic
halide such as methyl chloride or benzyl chloride, and the like. Such
treatment of the polymer converts the terminal hydroxyl groups into
ether groups which stabilize the polymer. The polymer so treated has
good melt and oxidative stability.

While the carbonate method for preparing the polymer of this
invention is simple and convenient, in some cases products of higher
molecular weight can be made by the alkali metal hydroxide method. In
the alkali metal hydroxide method, described by Johnson et al., U.S.
Patent Nos. 4,108,837 and 4,175,175, a double alkali metal salt of a
dihydric phenol is contacted with a dihalobenzenoid compound in the
presence of a sulfur containing solvent as hcrem above defined under

substantially anhydrous conditions.

This is the replacement sheet
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and N- net hyl pyrrol i done. The azeotrope form ng Servent—anmd—potar
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other methods known in the prior art, in which at least one dihydric
phenol and at least one dihalobenzenoid compound are heated, for
example, with a mixture of sodium carbonate or bicarbonate and a second
alkali metal carbonate or bicarbonate having a higher atomic number than
that of sodium, as described in U.S. Patent No. 4,176,222.
| The molecular weight of the poly(aryl ethers) utilized for
manufacturing the devices of the instant invention is indicated by reduced
viscosity data in an appropriate solvent such as methylene chloride,
chloroform, N,methylpyrrolidone, and the like. The reduced viscosities
of the materials, as measured at concentrations of 0.2g per 100 ml. at
25°C, are at least 0.3 dl/g, preferably at least 0.4 dl/g and, typically, not
exceeding about 1.5 dl/g.

The compositions of this invention are prepared by any
conventional mixing method. For example, a preferred method
comprises mixing the-two poly(aryl ether sulfones) in powder or pellets
form in an extruder and extruding the mixture into strands, chopping the
strands into pellets and molding the pellets into the desired article.

The poly(aryl ether sulfones) of the instant invention allow for the

"~ fabrication of medical devices having outstanding stress-crack resistance.
These devices can be steam-sterilized under stresses of 500 psi or greater
and in the presence of a variety of steam boiler additives. Typical boiler
additives designed to reduce corrosion in steam generating systems are
amino compounds such as morpholine, hydrazine, N;N-
diethylaminoethanol ("NALCO 359" or “BETZ NA- 9"), and
octadecylamine, Steam sterilization is also possible in the presence of
various hospital cleaners and detergents, such as those sold under the
tradenames of "Castle 7900" (a sonic cleaner), "Chem Crest 14" (an
ultrasonic cleaner), "Tergitol Min Foam 2X" (a non ionic surfactant), and

+  the like.

The materials of the instant invention can include pigments, thermal
stabilizers, ultraviolet light stabilizers, and other additives.

The instant poly(aryl ether sulfones) blends are useful for the
fabrication of a wide variety of medical devices. They are of particular
interest for autoclavable storage trays such as the systems for storage and
delivery of sterile surgical instruments (thus eliminating the costs
associated with wrapping); in the medical supply industry for shipment

This is the replacement sheet
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1, preferably fromabout 1:5 to about 1:3. In the recclﬁEBMCEMEﬁT SHEET
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secure the rrers t he, system shoul d be supstanti al | y
ese compositions can include mineral fillers such’as carbonates

including chalk, calcite and dolomite; silicates including mica, talc,
wollastonite, silicon dioxide, glass spheres, glass powders; aluminum;
clay; quartz; and the like. Also, reinforcing fibers such as fiberglass,
carbon fibers, and the like may be used. The compositions may also
include additives such as titanium dioxide; thermal stabilizers, ultraviolet

light stabilizers, plasticizers, and the like.

EXAMPLES

The following examples provide specific illustrations of the present
invention and are not to be construed in any way as a limitation on its

scope or generality. -

Sample Preparations and Test Procedures
There were two types of polymeric materials used in all the

preparations of this invention: polybiphenylsulfone and bisphenol-S based
polysulfone. The polybiphenylsulfone is a polymer having the repeat unit

O
~O-0~-O+0}
| !
It is available commercially from Amoco Performance Products,
Inc. under the trade name Radel R 5000. It has a reduced viscosity of
approximately 0.60 dl/g as measured in N-methyl pyrrolidone at a
concentration of 0.2 g/dl and 25°C. It has a number-average molecular
weight of about 20,000 as measured by gel permeation chromatography
using methylene chloride as a solvent and a polystyrene molecular weight
calibration. This polymer is referred to hereafter as PSF-I.
One bisphenol-S polysulfone used is the commercial product
Victrex 4100 G available from Imperial Chemical Industries, PLC. Itis a
polymer having the formula repeat unit

This is the replacement sheet
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met hods knowe]dht! Sfiatdn. 2This 'Jolyhél idteferred to hereafter as PES-I.* The

polymers were used in pellet form and all are transparent, by virtue of
their amorphous character, and have a slight amber color.

Controls A and B
Two neat polymers PSF-I and PES-I were dried ovemight in a

Lydon dehumidified recirculating air oven at a temperature of 300°F.
Parts were then injection molded on a Battenfeld injection molding
machine with a 3 oz injection capacity to produce standard ASTM test
specimens. Mechanical properties and heat deflection temperatures
(HDT) were measured per the ASTM procedures shown below. Al tests
were conducted on 1/8" thick specimens except HDT which was run on

both 1/8" and 1/4" specimens.

Property ASTM Method No.
Tensile Modulus D-638
Tensile Strength D-638
Elongation at Break D-638
Notched Izod Impact Strength D-256
Tensile Impact Strength D-1822
Heat Deflection Temperature D-648
Flexural Modulus D-790
Flexural Strength D-790

Examples 1to 6

The compositions shown in Table I were mixed well as pellets and

placed in a dehumidified air oven at 300°F for about 16 hrs (overnight)

for drying. The dry blends were then extruded using a 25 mm twin

screw double vented BErstorff extruder having an L/D ratio of 33/1
A This is the replacement shewt
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| east one d| etﬁQ%QJR dat |east one dihal obenzenoid c rﬁ Bh Aglﬂ“
heated, for e mxture of sodium carbonate or}b| car b%ﬁtnf‘??b

and a second a bonate or bicarbonate having a hi héy8
nunber than th as described in U S Patent No , 176, 222
The nol ecul ar wei ght of the poI y(aryl- aphers) utilized for nutact uri ng

t he devices of the instant invention is Jindicated by red VIQPnCI*

dat a |h nI an apperdpng 40 dheangitionscprefilenshonymeire Tablo i d CCfMSErV&F’(SrHﬁ
L 2 O g Sl b st g sipini g
are at | easﬁ@ Q‘t&“{e@j Wﬁﬁefgté@‘gtwvj"a% douhle S(§ra41 pBi/)ﬁ’PEélelx cﬁ&
gﬁggg?le ggb;l%'st %Iéﬁt&génetl IQhOfrt]er pas§iieg qhﬁ@@ghtaogﬁtéem)‘( ;ﬁdru Ifovecrrmlmg ar 411
met hod conpp f f"rfgeq dpar%ﬁf?&a }é@ﬂbqu%m E)a? tﬁep%\mggﬂwt
pﬁl lets f;)[]mtesl 1mincatﬁd i Pabled] exBetweey suheesmxtblkeeldj compositaons, two .
ot oo BodbgE it LR e RO ST i o
for the fabdiscard omepastexpericnee, thisvamguaftistsafficient to effectively
displace the melt in the extruder so as the compositions of the final blends
do not differ from those of the dry pellet mixes.

The six blends were dried again. overnight in the Lydon oven at
300°F and injection molded the following day on the Battenfeld injection
molding machine described above to generate the needed ASTM parts.
All blends appeared translucent on molding and the magnitude of the
translucency increased towards the middle of the composition scale and
became progressively less at the compositions rich in one polymer or the
other. The lack of clarity in these blends is an indication of immiscibility

between the two homopolymers.

Mechanical Properties
ASTM mechanical properties for the controls and blends are shown

in Table II. The strength and modulus values for all blends appear to
vary linearly with respect to PSF-I content in the blend. As a measure of
ductility, elongation at break of all the blends can be considered
equivalent to that of PSF-I within the variability of this measurement.
The tensile impact, a discriminating test of polymer unnotched toughness
is likewise similar for all compositions. All these mechanical properties
confirm the very good mechanical compatibility of the blends of this
invention. For compositions rich in PSF-I (examples 1, 2, and 3), little or
no loss in the high notched Izod of PSF-I is observed. Accordingly,
compositions comprising from 60 to 99 weight percent PSF-I and
correspondingly from 1 to 40 weight percent PES-I have many of the
excellent physical properties 'of PSF-I.

Immiscible polymer blends which have poor mechanical
compatibility are typically characterized by low strength for parts
containing "weld lines" as a result of a multi-gated mold configuration.
To ascertain the mechanical compatibility of these blends the weld-line

strengths were measured against the base case with no weld line. ASTM
This is the replacement sheet
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s%ress Cra]?k3réelésli88Lﬁl?CF. These devices can be steamsteril ipred-tnder
stresses o , err] (500 psi) or greater and in theR

variety of steam boiler additives. Tg/pi caIg boiler additive EPMMMOSHEET
reduce corrosion in steam generating systems are am no co u S
mor phol i ne, hydrazi ne, NN-diethylam nqetjRanol (" NALCO 359" n@‘@j’f\&%)
and octadecylam ne, Steamsterilization Is also possible i resence o
vari ous hospltal cleaners and detergents, such as those spld unaer t he
tradenanes of "Castle 7900" (a sonic cleaner), "Chem Crest IT#Z*{an

ul trasonic gé;ﬁ@l&ewrs costatning weld linesnwere paodaced ori a ‘éamflacmnmjycnand

the |ike. he ria

thormal st aBIdHRE gnaaﬁm%ﬁmiw%?%&@% 4G NE RS e Bl ke, frandang™ <

gpeal \rllm_sg gmt wagl ]?’éxffbvﬂnedti{leconditfmsesknﬂaemﬂes@ usedf for llh@rStanéalf sm 8tion
var

aut ocl avabl &2 8%3 ﬁgyg&s l%h\é JhFX?FH quﬁe{rtgpg eﬁ{%'&@l&?{iﬁ%? §O(r)f

sterile sur garrsale StmngE“(ed B’leeﬁqiﬂ?ﬁ(?féﬁ forgatlflendst s associated with

wrapping); in the nedical supply industry for shipnment and

Steam Sterilization
To assess the steam sterilization resistance of the PSF-I/PES-I blend

compositions, the following test was employed. 5"x1/2"x1/8" ASTM bars
were mounted by fixing the bar horizontally from one end in a cantilever
fashion, and a weight was suspended on the free end. The weight attached
to the specimen was such that a maximum flexural stress of about 1000 psi
was generated at the fixed end surface of the bar. The samples which
were mounted side by side in a stainless steel drawer were then placed in a
steam autoclave. The autoclave was operated at a steam pressure of 27
psig, and a temperature of 270°F, and the autoclave chamber was charged
with water containing 50 part per million (ppm) morpholine. Each
autoclave cycle consisted of a S5-minute heat-up and pressurization step
followed by a hold at the set conditions for 30 minutes after which the
autoclave was vented and allowed to cool down for 10 minutes. The
samples were typically inspected at the completion of 15-25 cycles and all

samples were tested in duplicates. |
Table IV summarizes the results from the steam sterilization

performance study. Quite unexpectedly, the performance of all blends
except that of example 6 is comparable to that of PSF-I. None showed
any evidence of stress cracking following 450 cycles of steam sterilization
as described above. In comparison, PES-I experienced a rupture after
only 45 cycles. The blend of example 6 had a rupture at 166 cycles - still
significantly better than PES-I. The unbroken duplicate of example 6 and
control B were cracked extensively and the test was not continued on them
as they are also considered failures from the practical standpoint of the
test. Accordingly, compositicns comprising about 35 to 99 weight
percent PSF-I and about 65 to 1 weight percent PES-I have improved
resistance to steam containing amine stabilizers.
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storage of inplants, prostheses and other medical devices u der L ACEMENTe SHEET
condi ti ons; and | ar applica- tions. e ’C‘OTFp’O'S‘I'T’T"OTTS"'
of this invention m‘ﬁiﬁﬁrﬁiﬁ?ﬁ cated into any desired 5}1 eﬂg ?T

nol di ngs, coating bers. They are particularly dESI rag P

use as electrical insulation for electri,cal conductors.

conpositions can include mineral fillers“such as carbonates|incl uding

chal k, cal nd mte |I| Tt e,
silicon di ?xﬁ’g%? gl a% f 3@? fbv\giergghl:% (ﬁ?rlr1ccﬁuﬁ1§%J ffg X (} [’é[xgié and
the like. Also, rein qsob such as fiberglass, carbon fibers, and
the li ke may be used. The conp03|t|ons may al so |nclude additives such as

titani um Tt thermat—stabfi—zer ortTraviotrer, 1T n[ St api I Zers;
%ié;r_gﬁg 1 2 3 495 6

pl asti ci zed the like

Percent PSF-I 80 70 60 50 40 25
Percent PES-I 20 30 40 50 60 75
Temperatures (C)

Zone 1 330 330 320 320 320 320
"2 . 340 340 330 330 330 330
"3 350 350 340 340 340 340
"4 350 350 350 340 340 340
"5 350 350 350 340 340 340
"6 360 350 350 340 340 340
" 7 (Die) 350 340 340 340 340 340

Melt _ 388 382 378 374 371 371

* Conditions common to all runs were approximately as follows:

screw speed = 200 rpm

throughput rate = 29 lbs/hr

Vent 2 vacuum reading = 30 in Hg
Vent 1 open to the atmosphere

Table II:  Mechanical Properties of PSF-I, PES-I and 6 Blend
Compositions of the Two Polymers.

PSF-1 Tensile Tensile | Elongation Flexural Flexural
Example (%) Strength Modulus at Break  Strength Modulus
(kpsi) _ (kpsi) (%) (kpsi) __ (kpsi)

Control A 100 10.3 337 109 12.8 339
1 80 10.6 335 99 13.5 361
2 70 10.8 341 117 14.1 374
3 60 10.9 344 - 107 14.4 382
4 50 11.0 346 107 14.9 386
5 40 11.4 345 115 15.3 398
6 25 11.6 355 101 15.5 393
Control B 0 12.1 402 36 16.2 409

This is the replazement sheet
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- 6- EXAMPLES The fol l owi ng exanpl es pfovi de specific illustrations
of the present invention and are not to be construed in anyRep| dey
limtation on its scope or generality. MENT §HEET

13- 18 OCT 1996

PSF-I Notched Tensile Heat Deflection Temp.

Example (%) Izod Impact (1/8"]  [1/4")
(ft-1bfin) __ (ft-1b/in2) (©) (C)

Control A 100 160 . 235 193 203
1 80 15.2 207 196 199

2 70 15.7 179 196 198

3 60 8.5 226 194 198

4 50 2.5 222 195 212

5 40 22 195 192 211

6 25 1.8 181 193 207
Control B 0 1.3 175 193 205

Table II: Weld Line Strengths of PSF-J/PES-I Blends Compared with
the Strength of Non-weld Line Specimes.

PSF-1 Tensile Strengths
Example (%) No Weld Line Weld Line
(kpsi) (kpsi)

Control A 100 10.3 10.0

1 80 106 10.4

2 70 10.8 10.5

3 60 10.9 ' 10.8

4 50 11.0 11.0

5 40 - 114 11.2

6 25 11.6 11.5

heet Has Been RTlaced

TR

This is the replacement sheet

Date: 1 8 607 9%




Sanmpl e Preparations and Test Procedures There were tancifé&‘«ToisHEET
polymeric materials used in all the preparations of this]i

pol ybi phenyl sul fone and bi sphenol -S based pol ysul f one. g OCT 1996
pol ybi phenyl sul fone is a pol ymer having the repeat unit 18

[err]

- 14 -

Table IV: Steam Sterilization* Performance of PSF-I, PES-I and 6
' Blend Compositions of the Two Polymers.

. PSF-1 Number of Cycles Observations
Example (%) Steam Sterilization
Control A 100 450 No Changes
1 80 ' 450 No Changes
2 70 450 No Changes
3 60 : 450 No Changes
- 4 50 450 No Changes
) 40 450 - - No Changes
6 25 166 Cracks/Rupture
ControlB 0 45 Cracks Rupture

* Steam Sterilization Conditions: 1000 psi flexural stress, 27 psig
steam with 50 ppm morpholine, 270 deg F steam, 30-minute

autoclaving cycle.

Essentially the same results can be obtained by replacing PES-I with
Radel ‘A-200 sold by Amoco Performance. Products, Inc., which is the
condensation product of dichlorodiphenyl sulfone with a 3 1 molar ratio
of Bisphenol S to hydroqumone

This Sheet Has Been Rei

[ IIIIII Il

This is the replacement sheet

DatG-:. 18 OCT 193



It is available comercially from Anoco Performance Products, Inc. under
the trade nane Radel R 5000. It has a reduced viscosity of approximtely
0.60 d1/g as nEaShestatds Béen Repieédy| pyrrolidone at a concentration of 0.2
g/dl and 25C : 000 as

: Immuﬁ H' r average nol ecul ar wei ght of b
i CIREBLACEM
solvent and a p rene nol ecul ar wei ght 1&alH brati on. Thils ENT §HEET

measur ed by gel romat ography using nethylene
--4-.s..~_

referred to hereafter as PSF-I. One bi sphenol - S pol ysyl ogﬁ xﬁgg
the conmercial product Victrex 4100 G available from I nperjal % aﬁ996

I ndustries, PLC. It is a polyner having the formul a repeat
CLAIMS: ' |

1. A composition comprising a blend of (a)
poly(biphenyl ether sulfone) consisting essentially

of the repeating unit:

N S

and (b) a second poly(aryl ether sulfone) consisting
essentially of the repeating unit:

OrorOons

wherein Ar is a divalent group comprising at least 50
mole percent p-biphenylene and Ar' is a divalent
group comprising at least 50 mole percent

O

and the weight ratio of (a) to (b) is from about 25
to 99 to 75 to 1.

2. A composition comprising a blend of (a)

from about 60 to about 99 percent by weight of a
poly (biphenyl ether sulfone) comprlslng the repeating

{O=Dons)

and (b) from about 1 to 40 percent by weight of a

unit

second poly(aryl ether sulfone) comprising the

repeating unit .
This is the replacement sheet
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' i scosi | in
[ It has a reduced viscosity of about 0.50 g/d
x?hgthylpyrrordone at 25[err]C and a concentration of 0.2 g/dl. Its

[ hy i s about
- | BeWiRePBted Dy gel perneation chromat ograp
anggg 3!?;39%%5%&“{%36 e as solvent and a pol ystyrene nol ecul ar

' ' ti is referred to hereafte T
\Sﬁ: 32;rgallvlelr)<raauls or m and al | —alk€ transpar ent ﬁﬁ@’%‘@?ﬁ}@@&@ﬁj
t hei r anor phous character and have a slight anber color}| fontro %’ﬁﬁ%

and PES-1 were dried overnight in & WBIQT

Two neat polymers PSF-1 _
dehum dified recirculating air oven at a

(Ol Do)

wherein Ar comprises biphenylene and Ar comprises

oD

3. A composition as claimed in claim 2 wherein

B

Ar comprises at least 50 mole percent b1pheny1ene and
Ar' comprises at least 50 mole percent

OO~

4. A composition as claimed in claim 3 wherein
from 0 to 50 mole percent of Ar is at least one
member selected from the group consisting of
p-phenylene and

~O=O-

from 0 to 50 mole percent of Ar!' is P-phenylene.

5. A composition as claimed in claim 2 wherein
Ar consists essentially of biphenylene.

6. A composition as claimed in claim 2 wherein
Ar' consists essentially of

This is the replacament sheet

R R D © Date: 18 60T 19




tenperature of 149[err]C (300[err]F). Parts were then injection nolded on a
Battenfeld injection nolding machine with a 85g. (3 0z) injection capacity
to produce standard ASTM test specinmens. Mechani cal properties and heat
deflection tem peratures (HDT) were neasured per the ASTM procedures shown
bel ow. All tests were conducted on 3 nm (1/8") thick specimens except HDT
whi ch was run on both 3 mm (1/8") and & mrn ¢1/4") speci nens.

Property ASTM Met hod No.

Tensi | e Modul us - D638

Tensile Strength D- 638

El ongation at Breal, A compos@t@%ﬁ as claimed in claim 1 whereifVot ched

| zod | npact Str Tensi |l e | npact
Streng?ﬁ 1gngig§ comprlses at least 50 weight percent P

poly (biphenyl ether sulfone) and up to 50 weight
percent poly(phenylene ether sulfone).

8. A composition as claimed in claim 1 wherein
the poly(biphenyl ether sulfone) comprises from 50 to
99 weight percent.

9. A process which comprises steam sterilizing
an article formed from a composition as claimed in
any one of the preceding claims.

10. Use of a composition as claimed in any one
of claims 1 to 8 in making articles for medical use
or electrical insulation for electrical conductors.

REPLACEMENT SHEET
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Heat Deftection Tenperature D-648 | Fl exur al
Modul us D- 790 FI exur al

Strength D790
REPLACEMENT SHEET
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ABSTRACT

POﬁY!ARYL ETHER SULFONE) COMPOSITIONS
COMPRISING POLY (PHENYLENE ETHER SULFONE)

A poly(aryl ether sulfone) blend comprising (a)
from about 25 to about 99 percent by weight of a
poly(biphenyl ether sulfone) and (b) from about 1 to
about 75 percent by weight of a second poly (phenylene

ether sulfone).

REPLACEMENT SHEET

18 0CT 1996

\

This Sheet

W

This is the raplacement sheet

Dais: 18 OCT 1896



Bl

Qbokb|5- |

conposi tions 'shoR/EP'LACEabBHEEmer e

-7- Exanpl

wel | as pel |l @"L NS El:’ﬁhn a dehuni di fi qETDescriprion : pheelid9 .?J Sed(aoo -)
for about 16| hfs (overnwgﬂt) flor dryi ng. TkE’d}la{m@;I)end r"egg_'g % J(tpfu bd
using a 25 lfe vented BErE]w,;J,mg(h;r:BﬁE T/ro
ratio of 33/ ccordi ng to_the| conditiops FB’NbLt@a M) de T‘rre
first vent of S open to tpe at m)s"p er DA 0 o,. """" tof a
vacuum punp. {The extruder was—f | . 1 v rer
ext r udat epyas.Be | etized after “-5 gﬁ;j;'mi?:mh.ﬂw. EOD, for Gool ] ng.

w qu
Al bl ends were extruded and Oy LEnE BT e t hroughput

U
rates indi cafiQslehibn id @ati8d idimmREbISERIaryPAier Qifidhb)\bRndY|pB438ksia@ifproved PBpetieOddMmprisibg K J
(two poun@py pofaryEaiat duthinb)and\BY £se8ha bty @fler aSford) 6tAdt Sab baud Tirst paiyiaes etisek sutiondl) in
di scar deda wéighatioptatto (BXyhieh isditteerange of from 70/30 to 99/1. The compasitions described herein, particularly
the praelerred compasitions, retain the very attractive charactaristics of their canstituents, and dispiay excellent me-
chanical properties and heat rasistance.

Articles made from these poly(ary! ather sulfones) can be steam-steriiizied while under stresses of 3,448KN/m?2
(500 psi) or greater; moreover they are not affectad by corrosion-reducing additives such as morpholine, for example.
Also, the above materials demonstrate good chemical resistanca in cantact with commonly used hospital cleaners and
detergents.

Paiy(aryl ether sulfones) have been known for about two decades. They are tough linear poiymers that possass
a number of altractive featuras such as excsilent high temperature rasistance, good electrical praperties, and very
good hydrolytic stability. At least three poly(aryl ether sulfones) are commercially available. A poly(aryl ether sultone)

referred to herein as poly(phenylene ether sulfons) is available from Imperial chemical Industries, Ltd. Ithas the formula
Sheet Has Been Replaced
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and is produced by the polycondensation of 4,4'-dihydroxydiphanyl sulfone with 4,4'-dichioradiphenyl sulfone as de-
scribed in, for example, Canadian Patent No. §47,963. The polymer contains no aliphatic moieties and has a Tg of
approximately 220°C.

Another commercial poly(aryl ether suffone) is available from Amoco Performance Products, Inc., under the trade-
mark of UDEL®. It corresponds to formula (2),

FOEO-O=OF

has a Tg of about 190°C, and is made via the nucleophilic polycondensation of bisphenol-A di-sodium salt with 4,4'-
dichiorodiphenyl sulfone, as described in U.S. Patent No. 4,108,837.

A third commarcial poly(aryl ether sulfona) is also availabla from Amoco Performance Products, Inc., under the
trademark of Radel® R, It corrasponds to formuia (3) has a Tg of about 220°C, and is produced by the polycondensation
of biphenol with 4,4'dichloradiphenyl sulfone as described in, for example, Canadian Patent No. 847,963.

Ovar the years, thera has developed a substantial body of patent and qthar literature directed to tha formation and
properties of poly(aryl ether sulfones and other paly(aryl sthers) (all hereinafter called "PAE"). A broad range of PAE's
was achieved by Johnson et al., J. of Polymaer Science, A-1, Vol. §, 1967, pp. 2415-2427; Johnson et al., U.S. Patent
Nos. 4,108,837 and 4,175,175. Johnson at al. show that a vary broad range of PAE's can be formed by the nucleaphilic
aromatic substitution (condensation) reaction of an activated aromatic dihalide and an aromatic diol. By this method,
Johnsan et al. created a host of new PAE's.

Becausa of their excallent mechanical and thermal properties, coupled with qutstanding hydrolytic stability, the



thié amount is sufficient to effectively displace the nelt ifn;_t-'hjel-‘-.fef)ﬁiE'lNTdsmEET

L

50 as the conpositions of the final blends do not differ friom-those-of—the
dry pellet m xes. The six blends were dried again over ight1i n qu‘q%]
Lydon oven at 149[err]C (300[err]F) and injection nol ded thg flol | 8\/\%‘ ay
on the Battenfeld injection nolding machi-ne descri bed above |t d.generate thel
needed ASTM parts. Al blends appeared translucent on nol dijng and the

magni tude of the translucency increased towards the m ddle re—eonPo
sition SC%P' ja é?ﬁ?’ﬁ'é‘&'&ﬁ*é‘a‘f?rbwmé'sgd invthd medica g@rkatfor & Vagiety @ pP@Bastir atN@sttdn gduard, ThesdN e
pol yner or, %"l oL e ".’“‘:‘héwPﬁwe%ﬂ agifies; Pavipudhyone pHeeypaidy Ritrieles of e paly(@nhather a4 ON
of i i SCidy lehdih :;ﬁ@‘ W?dl‘ﬂﬂfﬂffﬂﬁl‘f’gtr?@r"‘g? of propertieg§eam g¥ieciavings TYNPRIea Ng
from 70 to 9;%.,)%#; iine? Slie, E’Qﬁﬁ : (J;i;:gﬁsa‘;%‘ ?@Q@&gﬁa "f\‘j‘to‘il’f;f:‘@"ft Reveply. \wei ght
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when eascesslve concar_utralion of boilar additives, such as morpholine are amployad to raduce carrasion in the steamn
generatfng syslefn: or, whan in contact with commonly used hospital cleaners and detergents.
While poly(bipheny! ether sulfone) (3) and parts molded therafrom have substantially baetter properties than poly
{aryl efﬁer sulfones) (1) and (2) itis substantially more expensiva than (1) and (2) due to the high cost of biphenol.
British Patent Application No, 2,088,396 describes copolymers containing units (4) and (S

7 “”C*%{%f{}%%DF

The claimed copolymers o.omprise about 80 to 10 mole percent of repeat units (4), and carraspondingly about. 20
to 90 mole percent of repeat units (S). The application states that the incorporation of (5) into the poly(aryl ether sulfone)
{1 c;/leids :aten:;s with improved rasistance to hot water crazing. The application does not mention steam-sterilizability
underload: nor does it teach that the copolymers show rasistanice 1o stress-cracking i i iti
a8 oo ing in the presence of boiler additives

Thg general objec.t-of this invention is to provide blends of poly(aryl ether suifones) having many of the base
properties of the poly(biphenyi ether su lfone). Another object of this invention is to provide medical articles from blends
of' poly(aryl ather sxfﬂones) which can be steam-starilized while under stresses of 3,448KN/m2 (S0Q psi) or greatar
without stress-cracking even in the presence of marpholina. Other objects appear hereinafter.

The invention provides a composition comprising a blend of (a) a fi isti
repeating ot prising (a) a first poly(ary! ether sulfone) consisting of the

Do)

* and (b) a second Poly(aryl ether suifone) other than said first poly(ary! ether suifone) consisting assentially of the

repaating unit:
_(Q"saz—O—G—A r—0 )-—

i & weight rafio o (a) to (b) which s in the range of from 70/30 to 99/1 wherei -
; n at least SO mole % of said Ar
are p-t;nphenylene and wherain at least S0 mole % of said Ar' groups are y groups
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ASTM nechani cal properties for the controls and bl ends are shown in Table
11. The strength and nodul us values for all blends appear to vary linearly
with respect to PSF-1 content in the blend. As a neasure ductility,

el ongation at break of all "the blends can be consi dered

of PSF-1 within the variability of this peasurenent. Thg
di scrinmnating test of polynmer unnotchéd foughness is |
all conpositions. Al these nechanical properties confi
mechani cal conpatibility of the blends of this inventio

rich in PSF-1 (exanples 1, 2, 3), little no | ossfin the nrgtrne+cled
| zod of PSF-1 is observed. Acgo gl PRSI ti ons LSl
to 99 wei ght percent PSF-| eé%%h roml to 40 wei ght per

PES-1 have many of the excell e operties of PSF-1I.
| mm sci bl e pol yner bl ends whi ch have poor- nechani cal conpatibility are
typically characterized by low strength forparts containing "weld |ines" as
a resul t 6 pdlydRibiter sufdHe RfibndE fle RN HAYE Sloitéhbally thesanis GRpéns Bs theweraveminiva paal
conpat i bi tadyiteyher sultone) (3).
According to an embodiment of the invention, the composition comprises the blend of poly(aryl ether sulfones) in
which the remainder of the Ar groups (0 to 50 mole percant) are other than

00

Furthermore, the remainder of the Ar' groups (0 to 50 mole percent) may be cther than p-pipheny-le_ne.
According to a further embodiment of the invention, a composition is provided in which the remaining Ar groups
(0 1o 50 mole percent) in poly(aryl ether sulfone) (a) are selectad from p-phenylene and

~0-~0-

and the remaining Ar* groups (0 to 50 mole percent) in poly(aryl ether sulfone) (b) are p-phenylene.
According 1o a further embodiment, the invention provides a composition in which the poly(aryl ether sulfone) (a)
is a polybiphenyl ether sulfone having the repeating unit:

=—O~~0~02}

preferably, the remaining Ar’ groups (O to 50 mole percent) of paly(aryl ether sutfone) (b) being p-phenylene.
The invention further provides a composition in which poly{aryl ether sutfone) (a) is a poly(biphenyl ether sulfone)
” having the repeating unit

LD~~~}

and a poly(aryl ether sulione) (b) having the repeating unit:

- -
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of these blends the weld-1ine strengths were neasured ag
with no weld line. ASTMtensile bars containing weld |i eﬂE‘%A@EMHM’dQHEE# n
a Van Dorn injection nolding machine fitted with a doublfe prated-tens++eqb
nol d. Mol'ding was perfornmed at conditions simlar to thads gd §1w#p
standard single gate case. Results are shown in Table IIjl [ill 54P trig
retention of tensile strength over weld4l +ne sections fgr bl.ends
Steam Sterilization To assess the steam sterilizatijon resistance of
the PSF-1/PES-1 bl end conpositions, the follow ng test
mm x 13 mm x 3 mm (5"x1/2"x1/8") ASTM bars wer

hori zontal |y fron1f q | ; '
suspended on the
that a maximumfle
was generated at the

flxed end surféce of the bar.

In general, the higher the concentration of biphanyi or biphenylena grougs the batter the properties of the polymer.

The poly(asyl ether sulfones) can be prepared by sither of twa methods, i.e., the carbonate method or the alkali
maetal hydroxide method.

Intha carbonate method, the polymers are preparad by contacting substantially equlmolar amounts of the hydroxy-
containing compounds and dihalodiaryisulfones, e.g., 4,4'-dichiorodiphenyl sulfone or 4,4'difluaradiphenyl sulfone,
with from about 0.5 to about 1.0 moie of an atkali metal carbonate per mole of Rydroxyl group in a solvent mixture
comprising a solvent which forms an azectrope with water in arder to maintain the reaction medium at substantially
anhydrous conditions during the polymerization.

The temperature of the reaction mixture is kept at about 170°C to about 250°C, preterably Trom about 210°C to
about 235°C for about ane to 15 hours.

The reaction is carried out in an inert atmosphere, .., nitrogen, at atmaspheric pressure, aithough hlgher or lower
pressuras may also be used.

The polyarylethersulfane is then recovered by conventional techniques such as coagulation, soivent evaporation,
and the like. ' ‘

The solvent mixture comprises a soivent which forms an azeotrope with water and a polar aprotic soivent. The
solvent which forms an azeotrope with water includes an aromatic hydrocarbon such as benzene, toluene, xylene,
athylbenzena. chiorobenzene, and the like.

The polar aprotic solvents employed in this invention are thosa generally known in the art for the manufacture of
polyarylether sulfones and include sulfur containing solvents such as those of the formula:

R, SO—H”,

in which each R, regresents a monovalent lower hydrocarben group free of aliphatic unsaturation, which preferably
contains less than about 3 carbon atoms or when connected together represents a divalant alkylene group with b being
an integer from 1 to 2 inclusive. Thus, in all of these soivents, all oxygens and two carbon atoms are bonded to the
sulfur atom. Contemplated for uss in this invention are such solvents as those having the formula:

whera the R, groups are independently lower alkyl, such as methyl, ethyl, propyle, bulyl, and like groups, and aryl
groups such as phenyl and alkylphenyl groups such as the lyl group, as well as those where the R, groups are
interconnected as in a divalent alkylene bridge such as

CH
CH/ 4 \CHZ

N 50,
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The sanpl es whi ch were nounted—si de by side in a stainl e;sR%‘tLéGEMﬁfﬂB\%l.EET"

were then pl achfl shikt fas 0 gyt oclave. The autoclave wasjoperated at a
Steam pressure (27 psig), and a tenperafute 1f JAR25097r ]
(270[err] F), amlmﬁ e chanber was charged with{water containin
50 part per ml phol i ne. Each autocl ave cycle’ 1

5-m nute heat-up and pressurization s’t‘ép‘fol | owed by a held at the set
conditions for 30 mnutes after which the autocl ave was vented and all owed

t o cool dia\iraHy@ihidddedd cRiddsind diddits. %ﬁﬁﬁéa@ﬁ th¥dRls6lvenid fHcG@d difetly3aRRdsl Gidletmisuibhve
conpl et i odipradyisilifane? Hiedylui@Rie Adicthyikitond; aKgaprEsyIsiEdes tdrers/tiediophand wLphin:sdat (@Bnmonly
Tabl e |V saktteerawsnd dutone esulfdase) Ridsmatydethobressn sdnexidel | zat | on per f or mance
study. Qui t écdifinesiprriteonendyiningseivens maenseddinese ingfdegimethijaceadiide. é'x‘e'éldt’fm@fnéﬁta"@f

exanpl e 6”1‘“3‘“\6% é‘?‘&bl e to that of PSF-I. None showed a%/ evi dence o
stress cr %ﬁ Ao } 'Vﬂ§6‘d@?ﬂaé§"°df'vegi%%ﬁ?%'fér”?'?’i‘ 2 9 e %Fgu'dé%‘EF‘?"B‘éd
(=}

above after

: enc daru he
bl end o f lk@h con a| n:lgys :‘gveHece in SIﬁ rﬁt:gglll?all)é?lﬂl? é:ﬁ'ﬁ yrea m? t er

t han PES- clrnxtur m" t& @é?lad El&‘ﬁ‘% lun%l% ) a al B wer e CI’ aC
ext ensi vel y wads dohtBudushplem¥Vas trdhithe 642 ttn mass@d adiie b@mna&e &Q&ﬂépﬁérﬁmg solvent so that
substantially anhydrous conditions are maintained during the polymarization.

Itis essantial that the reaction medium be maintained substantially anhydrous during the polycondensation. White
amounts of water up to about one parcent can be tolerated, and are somewhat beneficial when employed with fluori-
nated dihalobenzenoid compounds, amaunts of water substantially greater than this are desirably avoided as the re-
acticn of water with the halo andVor nitro compound leads to formation of phenolic species and only low malacular
weight procucts are secured. Consequently, in order to secura the high polymers, the system should be substantially
anhydrous, and preferably contain less that 0.5 percant by weight water during the reaction.

Preferably, after the desired moilecular weight has been aftained, the polymer is treated with an activated aromatic
halide or an aliphatic halide such as mathyl chioride or benzyl chioride, and the like. Such treatment of the polymer
converts the terminal hydroxyl groups into athar groups which stabilize the polymer. The polymer so treated has good
melt and oxidative stability.

While the carbonate method for preparing the polymer of this invention is simple and convenient, in some cases
products of higher malecular weight can be made by the alkali metal hydroxide methad. In the alkali metal hydroxide
method, described by Johnson etal., U.S. Patent Nos. 4,108,837 and 4,175,173, a doubie alkali metal salt of a dihydric
phenal is contacted with a dihalobenzenoid compound in the presence of a sulfur containing solvent as herein above
defined under substantially anhydrous conditions.

Additionally, the polymers of this invention can be prepared by other methads known in the prior art, in which at
leasi one cihydric phenal and at least one dihalobenzencid compound are heated, for example, with a mixture of sodium
cartonate or bicarbonate and a second alkali metal carbonate or bicarbonate having a higher atomic number than that
of scdium. as described in U.S. Patent No, 4,178,222.

The moiecular weight of the poly(aryt athers) utilized for manutacturing the devices of the instant invention is
indicaied Sy reduced viscosily data in an apgrepriate sclvent such as methylene chioride, chioraform, N.methylpyrro-
lidone. and the like. The reduced viscosities of the materials, as measured at concentrations of 0.2g per 100 ml. at
25°C. are at least 0.3 di/g, preferably at least 0.4 di/g and, typically, not excaeding about 1.5 d/g.

The cempositions of this invention are prepared by any conventionai mixing method. For example, a preferred
methoc comprises mixing the twa poly(ary! ether suifones) in powder or pailets form in an extruder and extruding the
mixture into strands, chopping the strands inte pellets and moiding the pellets into the desired article.

The paiy(aryl ether sulfones) of the instant invention allow for the fabrication of medical davices having outstanding
stress-crack resistance. These devices can be steam-sterilized undar strasses of 3,448 kN/m? (500 psi) or greater and
in the presence of a variety of steam boiler additives. Typical beiler additives dasigned to reduce corrosion in steam
generating systems are amino compounds such as morpholine, hydrazine, N,N-diethylaminoethanal (“NALCO 359°
or "BETZ NA-9%), and octadecylamine, Steam sterilization is alse possible in the prasence of various hospital cleaners
* and datergents, such as those sold under the tradenamaes of “Castle 7900" {a sonic cleaner), "Chem Crest 14" (an

ultrasonic cleaner), "Tergitol Min Foam 2X" (a non ionic surfactant), and the like. .

The materials of the instant invention can include pigments, thermal stabilizers, ultraviolet light stabilizers, and
other additives.

The instant paly(ary! ether suifones) blends are useful for the fabrication of a wide variety of medical devices. They
are of particular interast for autoctavable storage trays such as the systems for storage and delivery of sterile surgical
instuments (thus eliminating the costs associated with wrapging): in the medical supply industry for shipment and
storage of implants, prasthases and other medical devices under sterile canditions; and in many other similar agplica-
tions.

The comgasitions of this invantion can also be fabricated into any desired shape, i.e., moidings, coatings, films,
or fibers. They are particularly desirable for use as electrical insulation for alectrical conductars.

These campasitions can include mineral fillers such as carbonates including chalk, calcite and dolomite; silicates
including mica, taic, wallastonite, silicon dioxide, glass spheres, glass powders; aluminum; clay; quarntz; and the like.
Also, reintorcing fibers such as fibarglass, carbon fibers, and the like may be used. The compositions may aiso include
additives such as titanium dioxide; tharmal stabilizers, ultraviolet light stabilizers, plasticizers, and the like.
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The following examplas grovide specific illustrations of the present invention and are net to be construed in any
way as a limitation an its scope or generality.

Samole Praeparations and Test Proceduras

There were two types of polymeric materials used in all the praparations of this invention: polybiphenylsulfone and
bisphenol-S based polysulfone. The polybiphenylsulfone is a polymer having the repeat unit

1O-0~-O+0}

It is available commaercially from Amoco Performance Products, Inc, under the trade name Radel A 5000. It has
a reduced viscasity of approximataly 0.60 di/g as measurad in N-mathyl pyrrolidone at a concentration of 0.2 g/dl and
25°C. It has a number-average molecular weight of about 20,000 as measured by gel parmeation chromatography
using methylene chioride as a solvent and a polystyrene molecular weight calibration. This polymer is refarred to
heraafter as PSF-I.

One bisphenal-S polysulfone used is the commaercial product Victrex 4100 G available from Imperial Chermcal
industries, PLC. It is a polymer having the formula repeat unit

+OFO

It has a reduced viscosity of about 0.50 g/di in N-methylpyrrolidone at 25°C and a congentration of 0.2 g/dl. Its
number-average molecular weight by gel permeation chromatography is about 17,000 using methylene chioride as
solvent and a polystyrene molecular weight calibration. This polymar is referred to hereafter as PES-. The polymers
were used in pellet form and ail are transparent, by virtue of their amorphous character, and have a slight amber color.

-Controils A and B

. Two neat polymers PSF-| and PES- were dried overnight in a Lydon dehumidified recirculating air oven at a
temperature of 143°C (300°F). Parts were then injection moided on a Battenfeld injection molding machine with a 85g.
(3 02) injection capacity to produce standard ASTM test specimens. Mechanical properties and heat deflection team-
peratures (HOT) were measured per the ASTM procedures shown below. All tests wera conducted on 3 mm (1/8%)
thick specimens except HOT which was run on both 3 mm (1/8°) and 6 mm (1/4") specimens.

Property - ASTM Method No. .
Tensile Modulus D638

Tensile Strength 0-638

Elongation at Break . - D638 >

Notched Izod impact Strength | -~ D-256

Tensile Impact Strangth D-1822

Heat Deflection Temperature D-648

Flexural Moduius D-790

Flexural Strength D-790

T
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Extrusi on Conditions for Preparation of PSF-1/PES-I1 Bl NBEPINCEMENTIBHEET 1
- 6. Exanpl e 1 2 [err] & Ferri

[err] [err] Percent PSF-1 80 7 %‘6 JUL 199760
50 40 25 ~ Percent” PES-1 2 [ 40
50 60 75 Tenperatures (O L Zong..l
330 330 ExamoiddQs 320 320 320 ' 2

340 340 33 330 330 330

The compositions shown in Table | were mixad well as petlets and placed in a dehumidified air oven at 14g°¢

(300°F) for about 16 hrs (overnight) for drying. The dry blands ware then extruded using a 25 mm twin screw doubla

. vented BErstorff extruder having an /O ratio of 331 accarding to the conditions profile shown in Table 1. The first vent

port was open to the atmosphaere, the second was connectad to a vacuum pump. The extruder was fittad with a double

strand die. The polymer extrudate was pelletized after passing through a water trough for cooling. All biends were

extruded and gelletized without incident at the throughput rates indicated in Table 1. Between successive blend com-

positicns, 1kg (two pounds) of extrudate ware designated as "transition” material and discarded. From past experience,

" this amount is sufficient to el‘fectively' displace the melt in the axtruder so as the compositions of the final blends do
not diffar from those of the dry pellet mixes.

The six blends were dried again overnight in the Lycon oven at 149°C (300°F) and injection molded the following
day on the Battenfeld injection molding machine described above to generate the needed ASTM parts. All blends
appeared translucent on molding and the magnitude of the translucency incraased towards the middie of the compo-
sition scale and became progressively less at the compositions rich in one polymer or the othar, The lack of clarity in
these blends is an indication of immiscibility between the two homopolymers.

Cempositions comprising from 70 to 99 weight parcent PSF- and correspondingly from 1 to 30 weight percent
PES-| are according to the invention.

Mechanical Properties

ASTM mechanical properties for the controls and blends are shown in Tabie L. The strength and modulus values
for all blends appear to vary linearly with respect to PSF4 content in the blend. As a measure of ductility, elongation
at break of all the blends can be considered equivalent ta that of PSF-l within the variability of this measurement. The
tensile impact, a discriminating test of polymer unnotched toughness is likewise similar for all compasitions. All these
mechanical groperties confirm the very good mechanical compatibility of the blends of this invention. For compositions
rich in PSF- (examples 1, 2, and 3), little or no loss in the high notched zod of PSF is observed. Accardingly, com-
positions comprising from 60 ta 99 weight percent PSF-i and correspondingly from 1 to 40 weight percent PES- have
many of the excellent physical properties of PSF-.

Immiscible polymer blends which have poor mechanical compatibility are typically characterized by low strength
forparts containing *waid lines® as a resuit of amulti-gated mold configuration. To ascertain the mechanical compatibility
of these blends the weld-line strengths were measured against the base case with no weid line. ASTM tensile bars
containing weld lines were produced on a Van Dom injection molding machine fitted with a double gated tensile bar
molc. Molding was pertormed at conditions similar to those used for the standard single gate case. Results are shown
in Taole [l illustrating the retention of tensile strangth over weld-line sections for all blends.

Steam Sterilization

To assess the steam sterilization resistance of the PSF-/PES-| blend compositions, the following test was em-
ployed. 127 mmx 13 mm x 3mm {5"x1/2°x1/8") ASTM bars were mounted by fixing the bar horizontaily from one end
in a cantilever fashion, and a weight was suspended on the free end. The weight attached to the specimen was such

. that a maximum flexural stress of about 8.9 x 109 kN/m?2 (1000 psi) was generated at the fixed snd surface of the bar,

The samples which wera mounted side by side in a stainless steel drawar werg then placed in a steam autoclave. The

, autoclave was operated at a steam prassure of 186 kN/m?2 (27 psig), and a temperature of 132°C (270°F), and the

-+ auteclave chamber was charged with water containing SO part per million {ppm) morpholine. Each autaclave cycle

censisted of a S-minute heat-up and prassurization step followed by a hold at the set conditions for 30 minutes after

which the autoclave was vented and allowed to cool down for 10 minutes. The samples wers typically inspected at the
completion of 15-25 cycles and ail samples were tested in duplicates. .

Table IV summarizes the results from the steam sterilization performanca study. Quita unaxpectedly, the performn-
ance of all blends except that of example & is comparable to that of PSF-, None showed any avidence of strass cracking
following 450 cycles of steam sterilization as described above. In comparison, PES+ experienced a rupture after anly
45 cycles. The blend of example 6 had a rupture at 166 cycles - still significantly bettar than PES-. The unbroken
duplicate of example § and control 8 wera cracked axtensively and the tast was not continued on them as they are
also considered failures from the practical standpoint of the test. Accordingly, compositions comprising about 35 to 99
weight percent PSF-l and about 55 to 1 waeight parcent PES-l hava improved resistance to steam containing amine

" stabilizers.
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350 350 340 340 340 340

350 350 350 340 340 34“
350 350 350 340 340 REPLACEMENT SHEET
360 350 350 340 340 34
350 340 340 3404 . 340 34
388 382 378 374 371 ' 37‘!I.4 JUL 1997

Condi ti ons common to all runs were approxi mately as follows: . . «

screw speed
Vent 2 vacuum res
t he at nosphere

=200 rpm t hr ou

xtrUSion Conditions for raparation of PSF-I/PES-| Blends of Examples 1-6.°
Example 1 2 30 43 X 8
Parcent PSF4 80 70 60 50 40 25
Parcent PES- 20 30 40 50 60 75
Temperatures (C)
Zone 1 330 | 330 320 320 320 320
- 2 340 | 340 330 330 330 330
3 350 | 350 340 340 340 | 340
4 350 | 3s0 350 340 340 340
5 350 | 350 350 340 340 340
8 360 | 350 350 340 340 340
7 (Die) 350 | 340 340 340 340 340
- Melt 388 382 378 374 371 an
" * Canditicns common (o all uns wers approximately as lollows:
screw speed = 200 rpm

theaughput rate = 13 kg/hr (29 Ibaihr)
Vent 2 vacuum reading = 102 ki\/m= (30 in Hg)
Vent 1 apen o the atmosphere

< comparative example

Table II: ~ Mechanical Properties of PSF-I, PES-I and 6 Blend
Compositions of the Two Polymers

. PSF-I Tensile Tensile Elongation Flexural Flexural
Example (%) Strength Modulus atBreak  Strength Modulus
103 kwm:(k'psi)msx kN/m2 (kpS l) ( %) 103xkN/m? (kpsi)mh knv/mi(kpsi)

Control A 100 71.010.3) 2.324(337) 109 88.3(12.8) 2.337(339)

1 80 73.1(10.6) 2.310(335) 99  93.1(13.5 2.459(361).

) 70 74.5(10.8) 2.351(341) 117 97.2(14.1) 2.579(374)

3 60 75.2(10.9) 2.372(344) 107 99.3(14.4) 2.634(382)

4 50 75.9(11.0) 2.386(346) 107 102.7(14.9) 2.661(386)

5 40 78.6(11.4) 2.379(345) 115 105.5(15.3) 2.744(398)

6 - 25 80.0(11.6) 2.448(355) 101 106.9(15.5) 2.710(393)
Control B 0 83.4(12.1) 2.772(402) 36 111.7(16.2) 2.820(409) -

hpyt rate = 13 kg/ hr (29 |bs/hr)
- 17Topen To
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err] conparatve exanple Tabte II: Mechani cal Propecties of PSF-1,
[ and 6 Tk Siitet Has Been Re laced Conpositions of t her-WEPLRQE Ever %HEET
Tensil e um gpngati on Fl exural Fl e>0<|u|ra —E*a-n&-e_._ -
St rengt ﬂmlwwy B.r eak ] Q[S; re]ngt h  Modul us 14 JUL 997
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PSF-I Notched Tensile Heat Deflection Temp.
Example (%) [zod Impact 3mm(1/8"]6mm{1/4"]
J/mm(ft-1b/in) kN/m2(ft-1b/in2) (C) (C)
Control A 100 551.0(16.0)  1.620(235) 193 203
1 80 523.5(15.2) 1.427(207) 196 199
2 70 540.7(15.7)  1.234(179) 196 198
3 60 292.7(8.5) 1.558(226) 194 198
4 50 86125 1531(222) 195 212
5 40 75.8(2.2)  1.345(195) 192 211
6 25 62.0(1.8)  1.248(181) 193 207
Control B | 0 44.8(1.3)  1.207(175) 193 205
. Table It
Weld Line Strengths of PSF-/PES-i Blends Campared with the Strength of Non-weld Line Specimes.
Example l PSF-1 (%) Tensile Strengths '
No Weld Line 103 x kN/m2 (kpsi) Wald Line 103 x kN/m2 (kpsi)
Control A 100 71.0 (10.3) 69.0 (10.0)
-1 80 73.1 (10.6) 71.7(10.4)
2 70 74.5 (10.8) 72.4(10.5)
3 80 75.2 (10.9) 74.5 (10.8)
4 50 75.9(11.0) 75.9 (11.0)
§ 40 78.6 (11.4) 77.2{11.2)
6 25 80.1 (11.8) 79.3(11.5)
Table IV:
Steam Sterilization* Performance of PSF-l, PES-| and 6 Blend Compoasitions of the Two Polymers.
Examgle . PSF (%) Number of Cycles Steam Qbservations
- . Sterilization
" Control A 100 450 No Changes
1 ‘ 80 450 No Changes
2 70 450 No Changes
3 60 450 No Changes
4 50 450 No Changes
s 40 450 No Changes
6 25 168 Cracks/Rupture
Control B 0 45 Cracks Rupture

. ° Steam Sterilization Conditions: 6.9 x 105 KN/m2 (1000 psi) lexural siress, 186 kN/m< (27 peig) steam with 50 #pm morphaline. 132°C (270 deg

#) steam, 30-minute autociaving cycle.

Essentially the same results can be obtained by

replacing PES with Radel A-200 sold by Amoco Parformance

Products, Inc., which is the candensation product of dichloradiphenyl sultone with a 3:1 molar ratio of Bisphanol S to

hydroquinone.



Control A 100 71. 0(10 3) 2, 321(337) 109 88 3(12.8)

2.337(339) . 80Thl§$1e& adsd0( 335) 9o R_Eptiﬂ 43

2. 459(361) 5(10 8) 2. 351(341) CEMEMWSHEE
07.2(14.1) 2, 579(37 , 60 75.2(10.9) 2l 330374y

107 99.3(14.4) 2, -10- 50 75 9(11.[0) 1'4 gg (%?)
107 102.7(14.9) 2. 661(386) 40 78.6(11.4)2, 379

115 105 Sis. 3) 2. 744( 398) 2 25 80.0(11.

101 106.9(15.5) 2.710(393) Control B 0 83.4(12.1) 2.772(402)
36 111. ¥( PEomrpsiten 8RMpidyAblend of (a) a first poly(ary! ether sulfone) cansisting of tha repeating unit:

OO

and (b) a second paiy(aryi sther su i
repostng e y(aryl ather sulfone) cther than said ﬁrst_ poly(ary! ether sulfane) consisting essentially of the

AC-= O

in a weight ratio of (a) to (b) which is in the ran
' ge of from 70/30 to 99/t wherei
groups are p-biphenylene and wherein at least 50 mole % of said Ar' groups arem a4 foast 80 mole % of sl Ar

OO

2. A y " . - .
composition according to Claim 1, wherain the rermainder of said Ar groups (0 to S0 mole per cent) are other than

3. A composition according to Claim 1 or
are other than p-biphenylene.

—f

Claim 2, wherain the remainder of said Ar groups {Q to 50 mole percent)

-~ 4. Acompesition according to Claim 1, in

whi
selectos fror p-phenylene o ich the remaining Ar groups (0 to 50 mole percent) in <compoanent (a) are

and the remaining Ar* groups (0 to 50 moale percent) in campdneht (b) are p-phenylene

5. A composition accordin im 1, in whi ' )
to Cla 3 .
unitt 9 IM 1, in which component (a) is a polybigheny! sther sulfons having the repeating

* c L ] L] *
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A composition according to Claim 5, wherein the ramaining A groups in component {b) (O to 50 mole percent)
ara p-phenylene.

A composition according to Claim 1, in which component (a) is a poly(biphenyi ether sulfone) having the repeating
unit: : :

{0~-0~0-0—

and component (b) is a paly(aryl ether sulfone) having the repeating unit:

Patentanspriche

1.

Zusammensaeizung, die sina Mischung von (a) einem erstan Poly(arylethersulfon) umfaBt, bestehend aus der sich

wiederholanden Einheit:
-@—s:z—Q—o—A r~<>)—

und (b) einem zweiten Poly(arylethersuifon), das sich von dem arsten Poly(arylethersulton) unterscheidet, im we-
sentiichen bestehend aus der sich wiaderholenden Einhaeit: :

in einem Gewichtsvarhaitnis von (a) zu (b) im Bereich von-70/30 bis 99/1, wobei wenigstens 50 Mol-% der ge-
nannten Ar-Gruppen p-Biphenylen sind und wobei wenigstens 50 Mol-% der genannten Ar'-Gruppen

* € L M S %
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sind.

Zusammensetzung nach Anspruch 1, worin die Gbrigen genannten Ar-Gruppen (0 bis 50 Mol-%) sich von

~0-~0-

untarscheidsn.

.. Zusammensstzung nach Anspruch 1 oder Anspruch 2, warin die dbrigen genannten Ar'-Gruppen (0 - SO Moi-%)

sich von p-Biphenylen unterschaiden.

Zusammensetzung nach Anspruch 1, worin die tbrigen Ar-Gruppen (0 bis 50 Mol-%) in der Komponente (a) aus-

gewdhlt wurden aus p-Phenyien

und
und dié dbrigen Ar'-Gruppen (0 bis 50 Mol-%) in der Komponents (b) p-Phenylen sind.

' Zusammensetzung nach Anspruch 1, wobei die Kompanente (a) ain Polybiphanylethersuifon mit der wiedarkeh-

renden Einheit:

n

{0--~0—~0~0—)

Zusammense;zung nach Anspruch 5, wabei die Ubrigen Ar'-Gruppen in der Komponente (b) (0 bis 50 Mal-%) p-
Phenylen sind, _ : _

ist.

Zusammensetzung nach Anspruch 1, wobei die Komponaente (a) gin Poly(biphenylethersuifon) mit der wiederkeh-
renden Einhait: . _

tQ+-0—0-0—)

und Komponaente (b) ein Poly(arylethersuifon) mit der wiederkehrenden Einhait:

* c L ] S *
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Revendications

1. Composition comprenant un mélange de (a) une pramiére poly(aryl éther sulfone) constitude de I'unité récurrente :

(0=

et de (b) une deuxisme poly(ary! éther sulfone) autre que ladite premidre poly(ary! éther sulfone), constituée es-

sen;iellement de l'unité récurrente :
soz—@—o—w-o)—

daqs un rapport pondéral de (a) & (b) qui se situe dans la plage de 70/30 & 99/l, composition dans laquelle au
moins 50 moles % desdits groupes Ar sont des groupes p-biphénylane et dans laquelle au moins S0 moles %
desdits groupes Ar' sont les suivants : :

7 N\

Ol

2. Composition selon ia revendication 1, dans laquelle la rastant desdits gfoupes Ar (04 50 moles %) sontautres que :

3. Compasition selon la revendication 1 ou 2, dans laquelle le_restant desdits groupes Ar' (0 & SO moles %) sont
autres que le p-biphényléna. . .

4. Composition selon la ravendication 1, dans laquelle les groupes Ar restants (0 & 50 moles %) du composant (a)
sont sélactionnds parmi le p-phénylane et le groupe suivant ;

_—

This Sheet Has Been eﬂlaced

(A WM
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et las groupes Ar' restams (O & SO moles %) du composant (b) sont formés de p-phényléne. -

5. Composition selon Ia ravendication 1, dans laquelle le@ composant (a) o i
e rdcurrertia q o] (a) est une poly(biphényl dther suifone) ayant

\OasE <:>—a—<:>—@—°}

6. Composition selon la ravendication S, dans

uelle les groupaes Ar' restants d -
sont formés de p-phénylane, lag group du composant (b) (0 & 50 moles %)

7. Composition selon Ia ravandication 1, dans laquelle
l'unité récurrente :

{O=~0~~0~0—2)

et le composant (b) est une poly(aryl éther sulfone) ayant I'unité récurrente :

KOO0

le composant (a) est une poly(biphényl éther sulfone) ayant

This Sheet Has B
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the preferred compositions, retain the very attractive characteristics of their constituents, and display excsllent me-
chanical properties and heat resistance.
Articles made from these poly(ary! ether sulfones) can be steam-sterilizied whila under stressas of 3,448KN/m2
(500 psi) or greater; moreover they are not affected by corrosion-reducing additives such as morpholine, for example.
Also, the above materials demonstrate good chemical resistance in contact with commonly used hospital cleanars and
detergents.
Poly(aryl ether sulfones) have been known for about two decadss. They are tough linear polymers that possess.
a number of attractive features such as exceilent high temperature resistance, good electrical properties, and very
good hydrolytic stability. At least thrae poly(aryl ether sulfones) are commiercially available. A poly(aryl ether sulfone)
referred to herein as poly(phenylene ether sulfone) is available from Imperial chemical Industries, Ltd. It has the formula

(1)
REPLACEMENT SHEET
- O <:>"°}' 15DEC 997 |
n
(1) '
and is produced by the polycondensation of 4,4'dihydroxydiphenyl sulfone with 4,4'-dichl6rodiphenyl sulfone as de-.
scribed in, for example, Canadian Patent No. 847,963. The polymer contains no aliphatic moieties and has a Tg of
- approximately 220°C, ’ -

Another commercial poly(ary! ether sulfone) is available from Amoco Performance Products, Inc., under the trade-
mark of UDEL®. It corresponds to formula (2),

Hy : ]
H, n
(2)
has a Tg of about 190°C, and is made via the nucleophilic polycondensation of bisphenol-A di-sodium salt with 4,4'-
dichlorodiphenyl sulfone, as desecribed in U.S. Patent No. 4,108,837, ' o
A third commercial poly(ary! ether sulfone) is also available from Amoco Performance Products, Inc., under the

trademark of Radei® R. It corresponds to formula (3) hasa Tg of about 220°C, and is produced by the polycondensation:
of biphenol with 4,4'-dichlorodiphenyl sulfone as described in, for example, Canadian Patent No. 847,963,

FO-O O

Over tha years, there has developed a substantial body of patent and other literature diracted to the formationand
properties of poly(aryl ether sulfones and other poly(aryl ethers) (all hereinafter called ‘PAE"). Abroad range of PAE's
was achieved by Johnson et al., J. of Polymer Sciencs, A-1, Vol 5, 1967, PP. 2415-2427; Johnson et al., U.S. Patent
Nos. 4,108,837 and 4,175,175. Johnson et al. show that a very broad range of PAE's can be formed by the nucleophilic
aromatic substitution (condansation) reaction of an activated aromatic dihalide and an aromatic diol. By this method
Johnson et al. created a host of new PAE's. . - ]

Becausa of their excellent m'oghanical and thermal properties, coupled with outstanding hydrolytic stability, the -

Aeeae,
-




Essentially the sane results can be obtained by replacing PES-1 w th Radel
A- 200 sol d by Anmobco Perfornmance Products. -Inc., which is the condensation
product of dichlorodi phenyl sulfone with a 3:1 nolar ratio of Biphenol Sto
hydr oqui none.

REPLACEMENT SHEET -2~

poly(aryl ether sulfones) have been utilized in the medical market for a variety of purposes for at least ten years. These
maedical devices constitute a wide variety of articles. Obvicusly, cne of the major attributes of the poly(aryl ether sul-
fones) is their ability to be steam autoclaved rapeatadly without loss of properties. Staam autoclaving is a very savere
test, requiring both high temperature and hydrolytic stability, and involving cyclical effects - wet/dry, hot/cold.

The poly(aryl ether sulfones) (1) and (2) show some important deficiencies, however. indeed, parts molded from
these materials, stress-crack when steam sterilized under stresses of say 3,448KN/m2 (500 psi) or greater especially
when excessive concentration of boiler additives, such as morpholine are employed to reduce corrosion in the steam
generating system; or, when in contact with commonly used hospital cleaners and detergents.

While poly(biphenyt ether sulfone) (3} and parts molded therefrom have substantially better properties than poly
(aryl ether sulfones) (1) and (2) it is substantially more expensiva than (1) and (2) due to the high cost of blphenol

British Patent Application No. 2,088,396 describes copolymers containing units (4) and (5):

-°O—%Q;“OS°:—Q—

The claimed copolymers comprise about 80 to 10 mole percent of repeat units (4), and correspondingly about 20

. to 90 mole percent of repeat units (5). The application states that the incorporation of (5) into the poly(aryl ether sulfone)

(1) yields materials with improved resistance to hot water crazing. The application does not mention steam-sterilizability

under load; nor does it teach that the copolymers show resistance to stress-cracking in the presence of boiler additives
such as morpholine.

The general object of this invention is to provide blends of poly(ary! ether sulfones) having many of the base
properties of the poly(bipheny! ether sulfone). Ancther object of this invention is to provide madical articles from blends
of poly(aryl ether sulfones) which can be steam-sterilized while under stresses of 3,448KN/m2 (500 psi) or greater
without stress-cracking even in the presence of morpholine. Other objects appear hereinafter.

The invention provides a composition' comprising a blend of (a) a first poly(aryl ether sulfone) conslstlng of the -.

repeating unit:
{Oo(Don-s)

and (b) a second poly(aryl ether sulfone) other than said first poly(aryl ether sulfone) conslstmg essentially of the

repeating umt:
e(@%@-o—w}

in a weight ratio of (a) to (b) which Is in the range of from 70/30 to 99/1 wherein at least 50 mole % of said Ar groups
- are p-biphenylene and wherain at least 50 mole % of said Ar groups are

REPLACEMENT SHEET
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- 10- C ai ns 1. A conposition conprising a blend of (a) a first
poliy(aryl ether sul fone) consisting of the repeating unit

-3- REPLACEMENT SHEET
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) blends of the invention have substantially the same properties as the more expensive
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The poly(aryl ether sulfone

(aryl ether sulfone) (3).
According to an embodiment of

which the remainder of the Ar group

poly

the invention, the composition comprises the blend of poly(aryl ether sulfones) in
s (0 to 50 mole percent) are other than

——/\C_)—>—so2 O

Furthemmore, the remainder of the Ar' groups (0 to 50 mole percent) may be other than p-biphenylene.
According to a further smbodiment of the i

nvention, a composition is provided in which the remaining Ar groups
(0 to 50 mole percent} in poly(aryl ether sulfone) (a) are selected from p-phenylene and

~0-0-

and the remaining Ar' groups (0 to 50 mole percent) in poly(aryl ether sulfone) (b) are P-phenylene.

According to a further embodiment, the invention provides a composition in which the poly(ary! ether suifone) (a)
is a polybipheny! ether sulfone having the repeating unit:

preferably, the remaining Ar' groups (0 1o 50 mole percent) of

The invention further provides a composition in which pol
having the repeating unit:

(O-0—0-0-}

and a poly(aryl ether sulfone) (b) having the repéating unit;

poly(aryl ether suifone) {b) being p-phenylens.
ly(ary! ether sulfone) (a)isa pqu(biphenyl ether sulfone)




and (b) a second poly(aryl ether sulfone) other than said first poly(aryl
et her sul fone) consisting essentially of the repeating unit:

-4 -

In general, the higher the concentration of biphenyl or biphenylene groups the better the properties of the polymer.

The poly(aryl ether sulfones) can be prepared by either of two methads, i.e., the carbonate method or the alkali
metal hydroxide method, 3 '

In the carbonate method, the polymers are prapared by contacting substantially equimolar amounts of the hydroxy-
containing compounds and dihalodiarylsuifones, e.g., 4,4'-dichlorodiphenyl sulfone or 4,4'-diflucradiphenyl sulfone,
with from about 0.5 to about 1.0 mole of an alkali metal carbonate per mole of hydroxyl group in a solvent mixture
comprising a solvent which forms an azeotrope with water in order to maintain the reaction medium at substantially
anhydrous conditions during the polymerization. '

The temperature of the reaction mixture is kept at about 170°C to about 250°C, preferably from about 210°C to
about 235°C for about one to 15 hours.

The reaction is carried outin an inert atmosphere, e.g., nitrogen, at atmospheric pressure, although higher or lower
pressures may also be used. . '

g The polyarylethersulfone is then recovered by conventional techniques such as coagulation, solvent evaporation,
and the like.

The solvent mixture comprises a solvent which forms an azeotrope with water and a polar aprotic soivent. The
solvent which forms an azeotrope with water includes an aromatic hydracarbon such as benzene, toluene, xylene,
ethylbenzene, chiorobenzene, and the like.

The polar aprotic solvents employed in this invention are those generally known in the art for the manufacture of
polyarylether sulfones and include sulfur containing solvents such as those of the formula:

R——S(O)—R,

in which each R, represents a monovalent lower hydrocarbon group free of aliphatic unsaturation, which preferably
contains less than about 8 carbon atoms or when connected together represents a divalent alkylene group with b being
an integer from 1 to 2 inclusive. Thus, in all of these solvents, all oxygens and two carbon atoms are bonded to the
sulfur atom. Contemplated for use in this invention are such solvents as those having the formula;

Ry i R; dez““j%—'Rz

whers the R, groups are independently lower alkyl, such as methyl, ethyl, propyle, butyl, and like groups, and aryl
groups such as phenyl and alkyiphenyl groups such as the tolyl group, as well as those where the R, groups are
interconnected as in a divalent alkylene bridge such as

REPLACEMENT SHEET
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in tetrahydrothiophene oxides and dioxides. Specifically, these solvents include dimethylsJ :
diphenyisulfone, disthylsulfoxide, disthyisulfone, diisopropylisulfone, tetrahydrothiophene 1,1-dioxide (commonly
called tetramathylene sulfone or sulfolane) and tatrahydrothiophene-1 monoxide.

Additionally, nitrogen containing solvents may be used. These include dimethylacetamide, dimethylformamide and
N-methylpyrrolidone.

The azeotrops forming solvent and polar apratic solvent are used in a weight ratio of from about 1:10 to about 1
1, preferably from about 1:5 to about 1:3.

In the reaction, the hydroxy containing compound is slowly converted, in situ, to the alkali salt thereof by reacting
with the alkali metal carbonate. The alkali metal carbonate is preferably potassium carbonate. As indicated befare,
mixtures of carbonates such as potassium and sodium carbonate may also be used.

Water is continuously removed from the reaction mass as an azeotrope with the azeotrope forming solvent so that
substantially anhydrous conditions are maintained during the polymerization.

ltis essential that the reaction medium be maintained substantially anhydrous during the polycondensation. While
amounts of water up to about one percent can be tolerated, and are somewhat beneficial when employed with fluori-
nated dihalobenzanoid compounds, amounts of water substantially greater than this are desirably avoided as the re-
action of water with the halo and/or nitro compound leads to formation of phenolic species and only low molecular
waeight products are secured. Consequently, in order to secure the high polymers, the system should be substantially
anhydrous, and preferably contain less that 0.5 percent by weight water during the reaction.

Preferably, after the desired molecular weight has been attained, the polymer is treated with an activated aromatic
halide or an aliphatic halide such as methyl chloride or benzy! chloride, and the like. Such treatment of the polymer
converts the terminal hydroxyl groups into sther groups which stabilize the polymer. The polymer so treated has good
melt and oxidative stability.

While the carbonate method for preparing the polymer of this invention is simple and convenient, in some cases
products of higher molecular weight can be made by the alkali metal hydroxide method. In the alkali metal hydroxide
methoed, described by Johnson et al., U.S. Patent Nos. 4,108,837 and 4,175,175, a double alkall metal sait of a dihydric
phenoal is contacted with a dihalobenzenoid compound in the presence of a sulfur containing solvent as herein above
defined under substantially anhydrous conditions.

Additionally, the polymers of this invention can be prepared by other methods known in the prior art, in which at
leastone dihydric phenol and at least one dihalobenzenoid compound are heated, for example, with a mixture of sodium
carhonate or bicarbonate and a second alkali metal carbonate or bicarbonate having a higher atomic number than that
of sodium, as described in U.S. Patent No. 4,176,222,

The molecular weight of the poly(aryl ethers) utilized for manufacturing the devices of the instant invention is
indicated by reduced viscosity data in an appropriate solvent such as methylene chloride, chloroform, N,methylpyrro-
lidone, and the like. The reduced viscosities of the materials, as measured at concentrations of 0.2g per 100 ml. at
25°C, are at least 0.3 di/g, preferably at least 0.4 dl/g and, typically, not exceeding about 1.5 di/g.

The compositions of this invention are prepared by any conventional mixing method, For example, a preferred
method comprises mixing the two poly(aryl ether sulfones) in powder or pellets form in an extruder and extruding the
mixture into strands, chopping the strands into pellets and molding the pellets into the desired article.

The poly(aryl ether sulfones) of the instant invention allow for the fabrication of medical devices having outstanding
stress-crack resistance. These devices can be steam-sterilized under stresses of 3,448 kN/m2 (500 psi) or greaterand
in the presence of a variety of steam boiler additives. Typical boller additives designed to reduce corrosion in steam
generating systems are amino compounds such as morphoaline, hydrazine, N,N-diethylaminoethanol ("NALCO 359"
or "BETZ NA-9%), and octadecylamirie, Steam sterilization is also possible in the presence of various hospital cleaners
and detergents, such as those sold under the tradenames of "Castle 7900" (a sonic cleaner), "Chem Crest 14" (an
ultrasonic cleaner), *Tergitol Min Foam 2X"* {a non ionic surfactant), and the like.

~ The materials of the instant invention can include pigments, thermal stabilizers, ultraviolet light stabilizers, and
other additives. g

The instant poly(ary! ether sulfones) blends are usetul for the fabrication of a wide variety of medical devices. They
are of particular interest for autoclavable storage trays such as the systems for storage and delivery of sterile surgical
instruments (thus eliminating the costs associated with wrapping); in the medical supply industry for shipment and
storage of implants, prostheses and other medical devices under sterile conditions; and in many other similar applica-
tions. T o
The compositions of this invention can also be fabricated into any desired shape, i.e., moidings, coatings, films,
or fibers. They are particularly desirable for use as electrical insulation for electrical conductors.

These compositions can include mineral fillers such as carbonates including chalk, calcite and dolomite; silicates
including mica, tac, wollastonite, silicon dioxide, glass spheres, glass powders; aluminum; clay; quartz; and the like.
Also, reinforcing fibers such as fiberglass, carbon fibers, and the like may be used. The compositions may also include
additives such as titanium dioxide; thermal stabilizers, uftraviolet light stabilizers, plasticizers, and the lik.
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EXAMPLES

The following examples provide spacific illustrations of the present invention and are not to be construed in any
way as a limitation on its scope or generality. .

Sample Preparations and Test Proceduras _

There were two types of polymeric materials used in all the preparations of this invention: polybiphenylsulfone and
bisphenol-S based polysulfone. The polybiphenylsulfone is a polymer having the repeat unit

Fo-o-otol

It is available commercially from Amoco Performance Products, Inc. under the trade name Radel R 5000. it has
a reduced viscosity of approximately 0.60 dl/g as measured in N-methyl pyrrolidone at a concentration of 0.2 g/dl and
25°C. lthasa number-average molecular weight of about 20,000 as measured by gel permeation chromatography
using methylene chloride as a solvent and a polystyrene molecular weight calibration. This polymer is referred to
hereafter as PSF-I.

One bisphenol-S polysulfone used is the commercial product Victrex 4100 G available from Imperial Chemical
Industries, PLC. it is a polymer having the formula repeat unit

+OHOH

It has a reduced viscosity of about 0.50 g/dl in N-methylpyrrolidone at 25°C and a concentration of 0.2 g/dl. its
number-average molecular weight by gel permeation chromatography is about 17,000 using methylene chloride as
solvent and a polystyrene molecular weight calibration. This polymer is referred to hereafter as PES-. The polymers
were used in pellet form and all are transparent, by virtue of their amorphous character, and have a slight amber color. -

Controis A and B

Two neat polymers PSF-| and PES-l were dried ovemight in a Lydon dehumidified recirculating air oven at a
temperature of 149°C (300°F). Parts were then injection molded on a Battenfeid injection molding machine witha 85g.
(3 02) injection capacity to produce standard ASTM test specimens. Mechanical properties and heat deflection tem-
peratures (HDT) were measured per the ASTM procedures shown below. All tests were conducted on 3 mm (1/8%)
thick specimens except HDT which was run on both 3 mm (1/8%) and 6 mm (1/4") specimens.

Property : | ASTM Method No.
Tensile Modulus - D638
Tensile Strength 0-638
Elongation at Break - - D638
Notched 1zod Impact Strength D-258
= | Tensile Impact Strength D-1822
Heat Deflection Temperature D648
Flexural Modulus =~ D-7%0
Flexural Strength -~ - - D-790
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Examples 1 to 6

The compositions shown in Table | were mixed waell as pellsts and placed in a dehumidified air oven at 149°C
(300°F) for about 16 hrs (overnight) tor drying. The dry blends ware then extruded using a 25 mm twin screw double
vented BErstorff extruder having an L/D ratio of 33/1 according ta the canditions profile shown in Table 1. The first vent
port was open to the atmosphere, the second was connacted to a vacuum pump. The extruder was fitted with a double
strand die. The polymer extrudate was pelletized after passing through a water trough for cooling. All blends were
extruded and pelletized without incident at the throughput rates indicated in Table 1. Between successive blend com-
positions, 1kg (two pounds) of extrudate were designated as "transition” matarial and discarded. From past experienca,
this amount is sufficient to effectively displace the melt in the extruder so as the compasitions of the final blends do
not differ from those of the dry pellet mixes.

The six blends were dried again overnight in the Lydon oven at 149°C (300°F) and injection molded the following
day on the Battenfeld injection molding machine described above to generate the needed ASTM parts. All blends
appeared translucent on molding and the magnitude of the translucency increased towards the middle of the compo-
sition scale and became prograssively less at the compositions rich in one polymer or the other. The lack of clarity in
these blends is an indication of immiscibility between the two homopolymers.

Compositions comprising from 70 to 99 weight percent PSF- and correspondingly from 1 to 30 weight percent
PES-| are according to the invention.

Mechanical Properties

ASTM mechanical properties for the controls and blends are shown in Table Il. The strength and modulus values
for all blends appear to vary linearly with respect to PSF- content in the blend. As a measure of ductility, elongation
at break of all the blends can be considered equivalent to that of PSF- within the variability of this measurement. The
tensile impact, a discriminating test of polymer unnotched toughnaess is likewise similar for all compositions. All these
mechanical properties confirm the very good mechanical compatibility of the biends of this invention. For compasitions
rich in PSF-l (examples 1, 2, and 3), little or no loss in the high notched Izod of PSF-1 is observed. Accordingly, com-
positions comprising from 60 to 99 weight parcent PSF-l and correspondingly from 1 to 40 weight percent PES-! have
many of the excellent physical properties of PSF-I.

Immiscible polymer blends which have poor mechanical compatibility are typically characterized by low strength
for parts containing "weld fines" as a result of a multi-gated mold configuration. To ascertain the mechanical compatibility
of these blends the weld-line strengths were measured against the base case with no weld line. ASTM tensile bars
containing weld lines were produced on a Van Dom injection molding machine fitted with a double gated tensile bar
mold. Moiding was performed at conditions similar to those used for the standard single gate case. Results are shown
in Table 1l illustrating the retention of tensile strength over weld-line sections for all blends. -

Steam Sterilization

To assess the steam sterilization resistance of the PSF-/PES-| blend compositions, the following test was em-
ployed. 127 mm x 13 mm x 3 mm (5"x1/2"x1/8") ASTM bars were mounted by fixing the bar horizontally from one end
in a cantilever fashion, and a weight was suspended on the free end. The weight attached to the specimen was such

* that a maximum flexural stress of about 6.9 x 103 kN/m2 (1000 psi) was generated at the fixed end surface of the bar.
The samples which were mounted side by side in a stainless steel drawer were then placed in a steam autoclave. The
autoclave was operated at a steam pressure of 188 kN/m2 (27 psig), and a temperature of 132°C (270°F), and the
autoclave chamber was charged with water containing 50 part per million (ppm) morphaline. Each autoclave cycle
consisted of a S-minute heat-up and pressurization step followed by a hold at the set conditions for 30 minutes after
which the autoclave was vented and allowed to cool down for 10 minutes. The samples were typically inspected at the
completion of 15-25 cycles and all samples were tested in duplicates.

Table IV summarizes the results from the steam sterilization performance study. Quite unexpectedly, the performn-
ance of all blends except that of example € Is comparable to that of PSF-1. None showed any evidence of stress cracking
foliowing 450 cycles of steam sterilization as described above. In comparison, PES- experienced a rupture after only
45 cycles. The blend of example 6 had a rupture at 166 cycles - still significantly better than PES-. The unbroken
duplicate of example 6 and control B were cracked extensively and the test was not continued on them as they are
also considered failures from the practical standpoint of the test. Accordingly, compositions comprising about 35 to 99
weight percent PSF-| and about 65 to 1 welght percent PES-I have improved resistance to steam containing amine
stabilizers.
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Table I:
Extrusion Conditions for Preparation of PSF-I/PES-I Blends of Examples 1-6.*
Example 1 2 34 40 54 8
Percent PSF- 80 70 60 50 40 25
Percent PES- 20 30 40 50 60 75
Temperatures (C)
Zone 1 330 | 330 320 320 320 320
* 2 340 | 340 330 330 330 330
3 350 | 350 340 340 340 340
4 - . 350 | 350 350 340 340 340
5 350 | 350 350 340 340 340
6 360 | 350 350 340 340 340
7 (Die) 350 | 340 340 340 340 340
Melt 388 | 382 378 374 371 N
* Conditions commeon to all runs were approximately as follows:

screw speed = 200 pm

throughput rate = 13 kg/he (29 Ibalhg

Vent 2 vacuum reading = 102 ki/m* (30 in Hg)
Vent 1 open to the aimosphere

4 comparative example

. Compositions of the Two Polymers.

Mechanical Properties of PSF-I, PES-I and 6 Blend

PSF-I Tensile Tensile Elongation Flexural Flexural

Example (%) Strength Modulus at Break Strength Modulus

o,
3
4
S

6

103xkn/m2(kpSi J1o3ekn/mz (kpsi) (%) 103xkn/m2 (kpsihoxivm2(kpsi)

Contrl A 100 710010.3) 2.324337)

80 73.1(10.6) 2.310(335)
70 74.5(10.8) 2,351(341)
60 75.2(10.9) 2,372(344)
50 75.9(11.0) 2,386(346)
40 78.6(11.4) 2,379(345)
25 -80.0(11.6) 2.448(355)

109

99

117
107
107
115
101

36

88.3(12.8) 2.337(339)
93.1(13.5) 2.459(361)
97.2(14.1) 2.579(374)
99.3(14.4) 2.634(382)
102.7(14.9) 2.661(386)
105.5(15.3) 2,744(399)
106.9(15.5) 2.710(393)
111.7(16.2) 2,820(409)

Control B 0 _83.4(12.1) 2.772(402)
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PSF-I Notched Tensile Heat Deflection Temp.
Example (%) Izod Impact 3mm(1/8"J6mm{1/4"]
J/mm(ft-Ib/in) kN/mX(ft-1b/in2) C)  (©
Control A 100 551.0(16.0) 1.620(235) 193 203
1 80 523.5(15.2) 1.427(207) 196 199
2 70 540.7(15.7)  1.234(179) 196 198
3 60 292.7(8.5) 1.558(226) 194 198
4 50 86.1(2.5) 1.531(222) 195 212
b 40 - 75.8(2.2) 1.345(199) 192 211
6 25 - 62.0(1.8) 1.248(181) 193 207
. Control B 0 44.8(1.3)  1,207(175) 193 205
Table lll:

" | Weld Line Strengths of PSF-/PES:I Blends Compared with the Strength of Non-weld Line Specimes.

Control B

45

Example [ - PSF-| (%) Tensile Strengths
. No Weld Line 103 x kN/m?2 (kpsi) Weld Line 103 x kN/m?2 (kpsi)
Control A 100 71.0 (10.3) 69.0 (10.0)
1 80 73.1 (10.6) 71.7 (10.4)
2 70 74.5(10.8) 72.4 (10.5)
3 60 75.2 (10.9) 74.5 (10.8)
4 50 75.9 (11.0) 759 (11.0)
5 40 78.6 (11.4) 77.2(11.2)
8 25 80.1 (11.6) 79.3 (11.5)
Table 1V
Steam Sterilization* Performance of PSF-l, PES-| and 6 Blend Compositions of the Two Polymers.
Example PSF-I (%) - Number of Cycles Steam Observations
Sterilization
Control A 100 450 No Changes -
1 80 450 No Changes
2 70 450 No Changes
3 60 450 No Changes
4 50 450 No Changes
5 - 40 450 No Changes
6 166 Cracks/Rupture

Cracks Rupture

* Sleam Steriization Gonditions: 6.9 X 15’ kNIm‘ (1000 pel) fle

F) steam, 30-minute mtoelwlng eyeh

Essentially the same results can be obtame

hydroquinone.

siress, 186 kN/m< (27 paig) steam with 50 ppm morpholine, 132°C (270 deg

eplacing PES-| l with Radel A-200 sold by Amoco Performance -
Products, Inc., which is the ccndensation product ol dichlorodlphenyl sulfone with a 3:1 molar ratio of Bisphenol S to
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conmponént (b) (0 to 50 nole percent) are p-pheny :
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sul fone) having the repeating =~ unit: 10
Claims

1. A compasition comprising a blend of (a) a first poly(ary! ether su itone) consisting of tha repeating unit:

{O= O

and (b) a second poly(aryl sther sulfone) other than said first poly(ary! ether sulfone) consisting essentially of the

repeating unit:
AO-= o)

in a weight ratio of (a) to (b) which is in the range of from 70/30 to 99/1 wherein at least 50 mole % of said Ar
. groups are p-biphenylene and wherein at least 50 mole % of said Ar' groups are

Do

2. Acompesition according to Claim 1, wherein the remainder of said Ar groups (0 to 50 mole per cent) are other than
——@}—so'z O

3. Acomposition according to Claim 1 or Glaim 2, wherein the remainder of said Ar' groups (0 to 50 mole percent)
are other than p-biphenylene,

4. Acomposition according to Claim 1, in which the remaining Ar groups (0 to 50 mole percent) in component (a) are
selected from p-phenylene and

and the remaining Ar' groups (0to 50 t_pole.bei_c'en't) in'.lco_mponent (b) are p-phenylene.

5. A composition according to'Claim 1, in which component (a) is a polybiphenyl ether sulfone having the repeating
unit: . T L

L S
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8. A compasition according to Claim 5, wherein the remaining Ar groups in component (b) (0 to 50 mole percent)
ara p-phenylens. : ' ' )

7. Acomposition according to Claim 1, in which component (a) is a poly(biphenyl ether sulfone) having the rapeating

w~0)~~0—~0}

and component (b) is a poly(aryl ether sulfone) having the repeating unit:

-

AR ) ) S '
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ABSTRACT

POLY (ARYL ETHER SULFONE) COMPOSITIONS
COMPRISING POLY (PHENYLENE ETHER SULFONE)

A poly(aryl ether sulfone) blend comprising (a)
from about 25 to about 99 percent by weight of a
poly (biphenyl ether sulfone) and (b) from about 1 to
about 75 percent by weight of a second poly (phenylene
ether sulfone). '
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