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Field og Invention

This invention is directed to the use of certain
well-defined poly(aryl ether sulfones) in medical devices
where transparehcy and excellent environmental stress-crack
resistahce are required. These poly(aryl ether sulfones)
are based on 4,4’-dichlorodiphenyl sulfone and an aromatic
dihydroxy compound which is a mixture of either:
(a) 4,4’-dihydroxydiphenyl sulfone and hydroquinone;
(b) 4,4’-dihydroxydiphenyl sulfone and 4,4’-biphenol;
(c) 2 2-bis(4-hydroxypheny1)propane (bisphenol=-A) and

4,4’-biphenol; or -
(d) 2,2-bis(4~-hydroxyphenyl)propane and hydrogquinone.

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

Backaround of the Invention

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 tem-
perature resistance, good electrical properties, and very
good hydrolytic stability. Two poly(aryl ether sulfones)
are commercially available. A poly(aryl ether sulfone) is
available from Imperial Chemical Industries, Ltd. It has

the formula (1) -
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(b) 4, 4'-di hydroxydi phenyl sulfone and 4,4' -biphenol; (c)

2, 2- bi s(4- hydr oxyphenyl ) propane (bi sphenol -A) and 4,4'-binh%? L (d)

2, 2-bi s(4- hydr oxyphenyl ) propane and hydroqui none. Articles d% om t hese
poly(aryl ether sulfones) can be steamsterilized-while under stresses of
500 psi or greater; noreover they are not affected by corrosion-re- ducing
addi tives such as norpholine, for exanple. Al so, the

and is produced by the polycondensation of 4,4’-dihydroxy-
diphenyl sulfone with 4,4’-dichlorodiphenyl sulfone as
described in, for example, Canadian Patent No. 847,963. The
polymer contains no aliphatic moieties and has a heat
deflection temperature of approximately 210°C. Another
commerc1a1 poly(aryl ether sulfone) is available from Amoco
Performance Products, Inc., under the trademark of UDEL®

It corresponds to formula (2),

(01000}
(2)

has a heat deflection temperature of about 180°C, and is
made via the nucleophilic polycondensafion of bisphenol-a
di-sodium salt with 4,4’-dichlorodiphenyl sulfone, as
described in U.S. Patent No. 4,108,837.

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
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abovesmaterial s denpnstrate goggmseakhs T mSREEE ance in cgn& 9?7mﬁth
commonl y used hospital cleaners H b .- Backgr oun o? he I nvention
Pol y(aryl ether sul fones) have b about two decades. They are
tough |inear polyners that possess a nunber of attractive features such as

excel l ent high tem perature resistance, good electrical properties, and

very goog dnQle/! i orvdidly )y orddoPOtNd A of tdEEr S EQECSE 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(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 500 psi or greater; especially when 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.
A way, whereby these deficiencies can be ¢ircumvented is
described in the present invention. |

British Patent Application No. 2,088,396 describes
copolymers containing units (3) and (4):

oDsodTroDyso

(2)

-0l Y N0l Hso, L)
(+)

The claimed copolymers comprise about 80 to 10 mole
percent of repeat units (3), and correspondingly about 20 to
90 mole percent of repeat units (4). The application states
that the incorporation of (4) 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 pres-
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axé cbnnercially avail able. A poly(aryl ether sulfone) is EW§5§ﬁ§'e from
| nperial Chem cal Industries,Ltd. It has the formula (1)

produced by the polycondensatlon of 4, 4'-di hydroxy-

ence of boiler additives such as morpholine, or when in
contact with typical hospital cleaners and detergents.

The Invention

It was now unexpectedly discovered that certain poly-
(aryl ether sulfones) closely related to the materials (1),
and (2), display superior stress-crack resistance when
steam~sterilized under stresses of 500 psi or greater.

These materials are unaffected by corrosion-reducing addi-
tives in the steam generating system (e.g., by morpholine or
similar substances); or when in contact with commonly used

hospital cleaners and detergents.
The poly(aryl ether sulfones) of the instant invention

{@so, 7 N O-Ar-O)v

(¢)

are of formula (5)

wherein Ar is either
(a) a mixture of (6) and (7), containing from about

20 to about 100 mole percent of (7); or

Doy O
O | ()

(b) a mixture of (6) and (8), containing from about
60 to about 100, preferably from about 75 to

(8
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di phenyl sulfone with 4,4'-dichl orodi phenyl sul fone as desg-i2yed7 n, for
exanpl e, Canadi an Patent No. 847,963. The pol yner contains no aliphatic

noi eties and has a heat deflection tenperature of approximately [err].

Anot her conmmerci al poly(aryl ether sulfone) is available from Anoco
Performance Products, Inc., under the trademark of [err]. It corresponds to
formula (2), CH3 about 100, and most preferably from about 85 to

about 100 mole percent of (8); or

(c) a mixture of (8) and (9), containing from about
60 to about 100, preferably from about 75 to

about 100, |
CH,

OO

| CH,

(o)

and most preferably from about 85 to about 100
mole percent of (8); or

(d) ‘a mixture of (9) and (7) containing from about 20
to about 100 mole percent of (7).

In addition, blends of (5) with either (1) or, with
(2), wherein the weight proportion of (1) or of (2) is 50
percent or less, were also found to be satisfactory for
applications herein before described.

The poly(aryl ether sulfones) (5) may 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 substan--
tially 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.
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(.2), has a heat deflection tenperature of about [err], and | ggQﬁ via the
nucl eophilic pol ycondensati on of bisphenol-A di- sodlun1sal Wt

4, 4' -di chl or odi phenyl sul fone, as described in U S. Patent No. 4,108,837.

Over the years, there has devel oped a substantial body of patent and ot her
literature directed to the formati on and properties of poly(aryl ether

sul fones) and cffied medyfPEdtion which is particularly suitable for
making copelymers from bisphenol A and one or more addi-
tional dihydroxy compounds, the reactants other than said
additional dihydroxy compounds are charged and heated at
from about 120°C to about 180°C for about one to about §
hours, said additional dihydroxy compounds are added, the
temperature is raised and the mixture is heated at from
about 200°C to about 250°C, preferably from about 210°C to
about 240°C, for about one to 10 hours. This modification
is further described in the copénding U.S. Patent appli-
cation of Donald R. Kelsey, et al., Serzal No. 068, 973,
filed July 1, 1987, commonly assigned.

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

The polyarylethersulfone is then recovered by conven-
tional technigues such as coagulation, solvent evaporation,
and the like.

The solvent mixture comprises a solvent which forms an
azeotrope with water and a polar aprotic sclvent. 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 sol-
vents such as those of the formula:

R—s(0);—R,
in which each Rl represehts 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
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ethers) (all hereinafter called "PAE"). A broad range of RS $7yms achi eved
by Johnson et al., J. of Polyner 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 forned by the nucl eophilic
aromatic substitution (condensation) reaction of an activated aromatic

di hal i de solivents;osali oxgigens Bnd twd reirtboh akdws aretbehdedr eat thea

host of nS&ﬁ?@F atom. Contemplated for use in this invention are
such solvents as those having the formula:

=0

where the R2 groups are 1ndependent1y lower alkyl, such as
methyl, ethyl, propyl, butyl, and like groups, and aryl
groups such as phenyl and alkylphenyl groups such as the
tolyl group, as well as those where the R2 groups are
interconnected as in a divalent alkylene bridge such as

/\

s(o)

in tetrahydrothiophene oxides and dioxides. Specifically,
-these solvents include dimethylsulfoxide, dimethylsulfone,
diphenylsulfone, diethylsulfoxide, diethylsulfone, diiso~
propylsulfone, tetrahydrothiophene 1,l1-dioxide (commonly
called tetramethylene sulfone or sulfolane) and tetrahydro-
thiophene-1 monoxide.

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

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 gitu, to the alkali salt thereof by
reacting with the alkali metal carbonate. The alkali metal
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Because of their excellent nmechanical and thernal propertles coupled W th
out st andi ng hydrol ytic stability, the poly(aryl ether sulfBm@dy¥ave been
utilized in the nedical market for a variety of purposes for at |east ten
years. These nedi cal devices constitute a wi de variety of

carbonate is preferably potassium carbonate. As indicated
before, mixtures of carbonates such as potassium and sodium
carbonate may alsoc 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
dihalobenzencid 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 hydrox-
ide 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 herein
above defined under substantially anhydrous conditions.

is Sheet Has Been Re laced
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3 articles. Qobviously, one of the major attributes of the poly(aryl ether
sulfones) is their ability to be steam autocl aved repeat ed®d2AfX%hout | oss
of properties. Steamautoclaving is a very severe test, requiring both high
tenperature and hydrolytic stability, and involving cyclical effects -

wet /dry, hot/cold. The poly(aryl ether sulfones) (1) and (2) show sone

Additionally, the polymers of this invention may be
prepared by other methods known in the prior art, in which
at least one dihydric phenol and at least one dihaloben-
zenoid 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,methyl-
pyrrolidone, 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 poly(aryl ether sulfones) of the instant invention
allow for the fabrication of medical devices having excel-
lent transparency as well as 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 alsc possible in the
presence of various hospital cleaners and detergents, such
as those sold under the trademanes 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 may include
pigments, thermal stabilizers, ultraviolet light stabi-
lizers, and other additives.

The instant poly(aryl ether sulfones) 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

- This Sheet Has Been Re laced
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i mpor t.aht "defici encies, however. |ndeed, parts nol ded froﬂr!ﬁ@t@ material s,
stress-crack when steamsterilized under stresses of say 500 psi -or .
especially when boiler additives, such as norpholine are enployed °

greater;
to reduce corrosion in the steamgenerating system or,

when in contact

wi th commonly used hospital cleaners and detergents. A way, whereby these

defi ci ensusgical Hashimumentstdhus eldaminating (the conts cassoaiatedon.

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

applications.
EXAMPLES

The following examples serve to give specific illustra-
tion of the practice of this invention but they are not
intended in any way to act to limit the scope of this inven-

tion.
Materials

Polysulfone UDEL P-1700 - a poly(aryl ether sulfone) of
formula (2), melt-flow at 650°F and 44 psi of 6.5 g/10

minutesﬁ Sold by Amoco Performance Products, Inc.

Polysulfone I - a poly(aryl ether sulfone) of
formula (s), wherein Ar is a mixture of (6) and'(y) in

a mole ratvio 25:75. and having a reduced viscosity from
0.5 to 0.55 as measured in N-methylpyrrolidone, at
25°C, at a concentration of 0.2 g/100 ml.

Polysulfone II - a poly(aryl ether sulfone) of the formula:

t

A araras

having a reduced viscosity from 0.5 to 0.55 as measured
in N-methylpyrrolidone, at 25°C, at a concentration of
0.2 g/100 ml.

A blend (60:40 by weight) of polysulfones I/UDEL P-1700
was also prepared and used in the steam sterilization

experiments.

1
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Briti.sh Patent Application No. 2,088,396 describes copoly L§7999taln|ng
units (3) and (4): [err] 4 ence of boiler additives such as norpholine,
or mhen in

Comparative Example A and Examples 1-3

Procedure
The materials to be tested were molded into 0.125 inch

flex bars (5 inch by 0.5 inch). These bars were autoclaved
under constant stress applied via the weighted cantilever
beam method. The experiments were performed in a Pelton and
Crane tabletop autoclave with a 50 ppm aqueous morpholine
solution. Each cycle comprised a steam cycle of 30 minutes
at 270°F under 27 psi, followed by a cooling cycle of a
minimum of 10 minutes at room temperature. The cooling
samples were examined for the presence of any defects,
cracks, breakages, etc.

The results, summarized in Table I, clearly show that
the poly(aryl ether sulfones) of the instant invention
display steam sterilizability under stresses of 500 psi or
greater, in the presence of morpholine; It is noteworthy
that even the Polysulfone I/UDEL P-1700 60:40 (by weight)
blend is significantly better than UDEL P-1700 under a 1000
psi stress; and is far superior to UDEL P-1700 under a
stress of 500 psi. The discrepancies noted in Table I are
probably due to variations in blending efficiency and,
hence, quality of the resulting materials.

This Sheet Has Been RTlaced
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contact with typical hospital cleaners and detergents. gyfgklon It was
now unexpectedly di scovered that certain poly- (aryl ethe S es)
closely related to the materials (1), and (2), display superior
stress-crack resistance when steamsterilized under stresses of 500 psi or
greater. These materials are unaffected by corrosion-reducing addi- tives -
I n the steam generating system (p“qE, 1 by norpholine or

Stean sggrilizlgigh Using »
50 _ppm Agueous Morpholine Solution

Example . Poly(Aryl Ether §u(fdngl Stress(psi) Number of Cycles

Comparative A UDEL P-1700 1000 79 (fail)
soo 148 (fail)
0 400
1 ~ Blend Polysulfone 1/ 1000 107 (fail)
UDEL P-1700 (60:40, 500 476 (fait)
by weight) 0 1012
1000 185 (fail)
500 1005 ¢fail)
0 1012
2 Polysul fone 1 1000 272 (fail)
500 1048
0 1048
3 Polysulfone 11 1000' 1320
soo0 1320
0 1320
Sheet Has Been Reﬂlaced



similrar substances); or when in contact with commonly used hospbPt2F717

cl eaners-and detergents. The poly(aryl ether sulfones) of the instant

i nvention are of fornmula (5) [err] (5) wherein Ar is either (a) a m xture
of (6) and (7), containing from about

Comparative Example B and Example 4

To determine the effect of cleaners and detergents, a
test was run at 180°F for 24 hours using 1/8 inch bars made
from UDEL P~1700 (Comparative Example B) and from the other
poly(aryl ether sulfones). Aqueous solutions of various
cleaners and detergents were utilized. The stress was applied
by bending the bar (constant strain). Note that the stress
values were calculated for room temperature; therefore, their
actual values may be lower at 180°F. The data are summarized
in Table II. The data of-Tgble ITI clearly show that Polysul-
fone I and Polysulfone II performed much better than UDEL

P-1700.
JASLE 1) -
Effect of Verious Cleaners and Detergents

Stress UDEL Polysul fone Polysutfone
Reagent tevel p-1700 1 11
Castle 7900 0 Surface Cracks oK oK
Sonic Cleaner 1000 ITD*Cracks oK 0K
(2 oz/g9al) 2000 Rupture oK oK

4000 fupture 14 [+] 4
Chem Crest 14 0 ox 1] 4 oK
Ultrasonic 1000 T0*Cracks ox oK
Cleaner - 2000 Rupture ox oK
(2 oz/gal) 4000 Rupture oK 4] 4
Tergitol Nin 0 oK oK ’ oK
Foam 2X 1000 Rupture - 1] 4 oK
Nonionic 2000 Rupture (/] 4 ' oK

surfactant** 4000 Rupture Rupture oK
(S misliter) :
* 1D = transverse direction
*% produced by Union Carbide Corporation. The formula is:
O(CH CH 0) fCh_Ch OICH CH(CH_)0) cu CH{CH_)ONu;

12 14 25 -29 2 2 3 2 3
Molecular weight is -hout 64D~ and x and y are 1 or greater.
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20 ta about 100 nol e percent of (7); or (6) 3 1_(b) a
m xture of (6) and (8), containing fromabout. 60 to about 100, p er ny

fromabout 75 to (8) This Sheet Has Been Repl aced

WHAT IS CLAIMED IS:

1. A stress-crack resistant medical device; steam steriliz-
able under stresses of 500 psi or greater, made from a
poly(aryl ether sulfone) of the formula

H 0. o-a-0]

wherein Ar is selected from the group of
(a) a mixture of the diradicals

containing from about 20 to about 100 mole percent of
p-phenylene: or

(b) a mixture of the diradicals

containing from about 60 to about 100 mole percent of
4,4'’~biphenylene; or

(c) a mixture of the diradicals

O -

containing from about 60 to about 100 mole percent of
4,4'~-biphenylene; or

_— . This Sheet Has Been RT
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5 about 100, and nost preferably from about 85 to about 100 nDIed§§%B nt of
(8); or (c) a mxture of (8) and (9), containing from about 60 Bt
100, preferably fromabout 75 to about 100, [err]

(d) a mixture of the diradicals

CH,

O = O

containing from about 20 to about 100 mole percent of

p-phenylene.

2. A stress-crack resistant medical device, steam steriliz-
able under stresses of 500 psi or greater, made from a blend
of the poly(aryl ether sulfone) of the formula

{@soz-{}o-m-o}

with the poly(aryl ether sulfone)

arrar

or with the poly(aryl ether sulfone)

cH,
Ratars

This Sheet Has Been Rerlaced
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and nDst preferably from about 85 to about 100 nol e percent of ﬁgh 73 (d)
a mxture of (9) and (7) containing fromabout 20 to about 100 Z grcent

of (7). In addition, blends of (5) with either (1) or, with (2), wherein
t he wei ght proportion of (1) or of (2) is 50 percent or |less, were also
found to be satisfactory for applications herein before described.

where Ar is a previously defined; and wherein the amount of

_\>-sc>2 @ 0-Ar-0 }

in the blend is at least 50 percent by weight.

3. A medical device as defined in claims 1 or 2 which is
unaffected by corrosion-reducing additives in the steam
generating system. '

4. A medical device as defined in claim 3, where the
corrosion-reducing additive is one or more of morpholine,
- hydrazine, N,N-diethylaminoethanol or octadecylamine.

5. A medical device as defined in claim 3 which is resistant
to hospital cleaners and detergents.

6. A medical device as defined in claim 5 where the cleaner
or detergent is selected from the group of sonic cleaners,
ultrasonic cleaners and/or non ionic surfactants.

This Sheet Has Been
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The poly(aryl ether sulfones) (5) nmay be prepared by either of pugeAgEhods,
I .e., the carbonate nethod or the alkali netal hydroxide nethod. In the
carbonate nmethod, the polyners are prepared by contacting substantially
equi nol ar anmounts of the hydroxy- containing conpounds and

di hal odi aryl sul fones, e.g., 4,4'-dichlorodi phenyl sul fone or

4ii'[dif|1¥N(Nﬁlﬁ§andaﬁﬂdéV¥aé a¥ desfined dnoelaimdo 6t ®hakauthé. Homol € of an
alkall  jonic surfactant is of the formula
612_14H25_290(CH2CH20)x[CHZCHZO/CHZCB(CH3)O]YCHZCH(Cﬁs)OH
where x and y are one or greater and where the surfactant has
a molecular weight of about 640.

8. A medical device as defined in claims 1 or 2 where the
poly(aryl ether sulfone)'has a reduced viscosity of from about
0.3 to about 1.5 dl/g as measured in methylene chloride or in
chloroform, at a concentration of 0.2 g per 100 ml., at 25°C.

[ i




metdr ¢
a -sol ve
reacti
pol yner
[err] ¢
one tor

ity
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rbonat e’ per nole of hydroxyl group in a solvent m xturep€»npi?sing
t which forns an azeotrope with water in order to naintain the G%E;-
medi um at substan- tially anhydrous conditions during the

The tenperature of the reaction mxture is kept at about

i zat i on.
0 about [err], preferably fromabout [err] to about 235 C for about
15 hours.

POLY (ARYL ETHERSULFONES) WITH IMPROVED

ENVIRONMENTAL STRESS-CRACK RESISTANCE
AND MEDICAL DEVICES MADE THEREFROM

ABSTRACT

Described herein is the use of certain well-defined
poly(aryl ether sulfones) in medical devices where trans-
parency and excellent environmental stress-crack resistance

are required.

SPECIFICATION
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6 In a nodi f I cati othg\,gﬂe&maggeegﬁgﬁd I arly suitable for making copbl yners
fran1b|sphenol A an - tional d ou t he
reactants other tha ﬂmmu Wlﬂm di hydr oxy gﬁao 5 4 zed.a
heated at from about t [err]lfor about one to abo

Y LFONES (o)
9) S SS~CRA
MEDT MAD FRO]
ie ) ventio

This invention is directed to the use of certain
well-defined poly(aryl ether sulfones) in medical devices
where transparency and excellent environmental stress~-crack
resistance are required. These poly(aryl ether sulfones)
are based on 4,4’-dichlorodiphenyl sulfone and an aromatic
dihydroxy compound which is a mixture of either:

(a) 4,4'-dihydroxydiphenyl sulfone and hydroquinone;

(b) 4,4’-dihydroxydiphenyl sulfone and 4,4’-biphenol;

(c) 2,2-bis(4~hydroxyphenyl)propane (bisphenol-A) and
4,4’-biphenol; or ' '

(d) 2,2-bis(4-hydroxyphenyl)propane and hydroquinone.

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

o e Inve
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 tem-

' perature resistance, good electrical properties, and very
good hydrolytic stability. Two poly(aryl ether sulfones)
are commercially available. A poly(aryl ether sulfone) is
available from Imperial Chemical Industries, Ltd. It has .

the formula (1) LY
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hours, said additional dihydroxy conpounds are added, the tenperature is
rai,sed and the mxture is heated at from about 200 C to about [err],
preferably fromabout [err] to about [err], for about one to 10 hours. This
nodi fication is further described in theagppending U S. Patent appli-
cation of Donald R Kelsey, et al., Seri No. 068,973, filed July 1, 1987,

comonly assi qnefl s TG JARE By 'the® Pd1yebnddnsat idh 'J¥'{, F PR Sy -
diphenyl sulfone with 4,4’-dichlorodiphenyl sulfone as
described in, for example, Canadian Patent No. 847,963. The
polymer contains no aliphatic moieties and has a heat
deflection temperature of approximately 210°C. Another
commercial poly(aryl ether sulfone) is available from Amoco
Performance Products, Inc., under the trademark of UDEL@{
It corresponds to formula (2), _

01000}
(2)

has a heat deflection temperature of about 180°C, and is
made via the nucleophilic polycondensation of bisphenol-aA
di-sodium salt with 4,4’-dichlorodiphenyl sulfone, as
described in U.S. Patent No. 4,108,837.

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. S, 1967, pp. 2415-2427; Johnson et al., U.S.
Pateht 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 mechanicé& 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
—_—
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This Sheet Has Been Replaced
e.g., nitr heric pressure, although higher or |ower pressures
may, al so b§ yaryl ethersul fone is then recovered by conven-
tional tec such as coagul ati on, sglvent evaporation, and the |iKke.
The sol vent m xture conprises a sol vent ich forns an azeotrope with water

and a pol ar ,2p504 g SObYRRbusIy; SHleVOF MY Glafd¥ TP AL ropeLib!
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(aryl ether sulfones) (1) and (2) show some
important deficiencies, however. Indeed, par%s molded from
these materials, stress-crack when steam sterilized under
stresses of say 500 psi or greater; especially when 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.
A way, whereby these deficiencies can be circumvented is
described in the present invention.

British Patent Application No. 2,088,396 describes

copolymers containing units (3) and (4):

DysolDrolyso )

()

ol I Yo Hso L)
(+) |

The claiméd copolymers comprise about 80 to 10 mole .
percent of repeat units (3), and corresponddingly about 20 to
90 mole percent of repeat units (4). The application states
that the incorporation of (4) 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 pres-
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aromati ¢ hydrocarbon such as benzene, toluene, xylene, ethyl benzene,

chl or obenzene, and the |ike: The polar aprotic solvents enployed in this
i nvention are those generally krown in the art for the nmanufacture of

pol yaryl et her sul fones and include sul fur ,containing sol- vents such as

those of the formula: in which each [err]—represents a nonoval ent | ower

hydr ocar bon gepee bredoiledl adddtives saich als GorpHvXing) ederdiéy in
contact with typical hospital cleaners and detergents.

The Invention

It was now unexpectedly discovered that certain poly-
(aryl ether sulfones) closely related to the materials (1),
and (2), display superior stress~crack resistance when
steam-sterilized under stresses of 500 psi or greater..
These materials are unaffected by corrosion-reducing addi-
tives in the steam generating system (e.g., by morphocline or
similar substances); or when in contact with commonly used
hospital cleaners and detergents.

The poly(aryl -ether sulfones) of the instant invention

)

wherein Ar is either
(a) a mixture of (6) and (7), containing from about

20 to about 100 mole percent of (7); or

(6) 0
(b) a mixture of (6) and (8), containing from about
60 to about 100, preferably from about 75 to

are of formula (5)
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contains | ess than about 8 carbon atons or when connected together
represents a divalent al kylene group with b being an integer from1l to 2
i nclusive. Thus, in all of these REPLACEMENT SHEET TABLE 11 (conti nued)

5

about 100, and most preferably from about §5 to
about 100 mole percent of (8); or

(c) a mixture of (8) and (%), containing from about
60 to about 100, preferably from about 75 to

about 100,
CH,

OO

CH,

(o)

and most preferably from about 85 to about 100
mole percent of (8):; or

(d) a mixture of (9) and (7) containing from about 20
to about 100 mole percent of (7).

In addition, blends of (5) with either (1) or, with
(2), wherein the weight proportion of (1) or of (2) is 50
percent or less, were also found to be satisfactory for
applications herein before described.

The poly(aryl ether sulfones) (5) may be prepared by
either of two methods, i.e., the carbonate method or the
alkali metal hydroxide methcd.

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 grouh in a solvent
mixture comprising a solvent which forms sn azeotrope with
water in order to maintain the reaction medium at substan-
tially anhydrohs 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.
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REPLACENENT SHEET REPLACEMENT SHEET Clainms 1. A stress-crack.resistant
aut ocl avabl e nedi cal storage tray of high transparency steam sterilizable
under stresses of 3447 kPa (500 psi) or above, in the presence of
conventional corrosion reducing stean1boi%er addi tives and of

——

In a modification which is particularly suitable for
making copolymers from bisphenol A and one or more addi-
tional dihydroxy'compounds,.the reactants other than said
additional dihydroxy compounds are charged and heated at
from about 120°C to about 180°C for about one to about §
hours, said additional dihydroxy compounds are added, the
temperature is raised and the mixture is heated at from
about 200°C to about 250°C, preferably from about 210°C to
about 240°C, for about one to 10 hours. This modification
is further described in the copending U.S. Patent appli-
cation of Donald R. Kelsey, et al., Serial No. 068 973,
filed July 1, 1987, commonly assigned.

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

The polyarylethersulfone is then recovered by conven-

_tional techniques such as coagulation, solvent evaporation,
and the 1like.

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 soclvents employed in this- invention
are those generally known in the art for the manufacture of

- polyarylether sulfones and include sulfur containing sol-
vents such as those of the formula:

R—SO);—R,

in which each Ry represents a.monovalentﬁiower 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

eet Has Been Reﬁlaced
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various conventional hospital cleaners and detergents, said autoclavable
medi cal storage tray being conposed of a poly(arylethersul fone) of unit
formula (5): [err] wherin Ar in said unit formula (5) is a mxture of the
diradicals (6) and (8): [err] (6) said diradical m xture (6,8) containing
from60 to 100 nol e percent of the 4,4'-btrphenylene diradical (8). 2. An
aut ocl avabl e nedi cal storage tray conposed of a blend of a

poly(arylethggig BQ@e)aQH %yfgéﬁgrgﬂéﬂéao EQrQSL Q@Qms are bonded to the
sulfur atom. Contemplated for use in this invention are
such solvents as those having the formula:

O
" g R
Rz R2 and R .——- "—

O

where the R2 groups are indepen@ently~lo§er alkyl, such as
methyl, ethyl, propyl, butyl, and like groups, and aryl
groups such as phenyl and alkylphenyl groups such as the
tolyl group, as well as those where the 32
interconnected as in a divalent alkylene bridge such as

groups are

. - Cem
- SN

CH, ~ s(o)

in tetrahydrothiophene oxides and dioxides. Specifically,
these solvents include dimethylsulfoxide, dimethylsulfone,
diphenylsulfone, diethylsulfoxide, diethylsulfone, diiso-
propylsulfone, tetrahydrothiophene 1,1-dioxide (commonly
called tetramethylene sulfone or sulfplane) and tetrahydro-
thiophene-1 monoxide.

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

The azeotrope forming solvent and polar aprotlc solvent
are used in a weight ratio of from about T: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
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in daiml, with a poly(arylethersulfone) of unit forrmula (1):.[err]
wherein the anount of said poly(arylethersul fone) (5) represents at | east
50 percent by weight of said blend. 3. An autoclavable nedical storage tray
as defined in aim1l or 2, wherein said poly(arylethersulfone) (5) has a
reduced viscosity of fron10 3to 1.5 dl /g, as neasured in nethyl ene
chloride or in chloroform at a concentration of 0.2g per 100 m, and at
[err]. 4. An autoclavable nedical storage tray according to any of d ains
1- 3, wherei rcathompteips\rprefenabl ypotéssiumacéFppnatedef Ased ndicatsdn 1,

s a mxturg ofo S8 QAHGAUEAE E2indREedd) subfl 487 bBRASETul Al Loaium

cont ai ni ng
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 reactlon 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 aveoided 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 poiymer 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 alkéli metal hydrox-
ide 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 herein
above defined under substantially anhydrous conditions.

heet Has Been R laced

Tl e

m{%

Date: e 3 R Y



100 nol e percent of said radical (8). 9 5. An autOChﬁMm&iﬂuﬁEQi

storage tray according to Claim4, wherein said dlradlc

contains from85 to 100 nol e percent of said radical " Hable

nedi cal storage tray according to Caimb5,gwherein sald

pol y(aryl et hersul fone) (5) has the and 2

Additionally, the polymers of this invention may be

prepared by other methods known in the prior art, in which
at least one dihydric phencl and at least one dihalcben-~

zenoid 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 melecular 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,methyl-
pyrrolidone, 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 poly(aryl ether sulfones) of the instant invention
allow for the fabrication of medical devices having excel-
lent transparency as well as 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 morphollne, hydrazine, '
N,N-diethylaminoethanol ("NALCO 359" or "BET2 NA—S"), and
octadecylamine. Steam sterilization. is also possible-in the
presence of various hospital cleaners and detergents, such
as those sold under the trademanes 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 may include
pigments, thermal stabilizers, ultraviolet light stabi-
lizers, and other additives. '

The instant poly(aryl ether sulfones) 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
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formula (5-1 [err] (5-1) and sai d poly(arylethersulfoneguShe wn&mhwd
reduced viscosity of fromO0.5 to 0.55 as neasured in N IIdone
at [err] and at a concentration of 0.2 g/ 00 m. 7. The

pol y(aryl ethersul fone) of unit fornula ( [err] [err]

?g)ere' N A 50581 e N bbObEULY, (Bhel §0 tleX WijR00 1A Hliv Al $Al 3, B) and
poly(aryl ether sulfones) is their ability to be steam
autoclaved repeatedly without loss of properties. Steanm

autoclaving is a very severe test, requiring both high
temperature and hydrolytic stability, and invelving 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 500 psi or greater; especially when beoiler
additives, such as morpholiné are employed to reduce
corrosion in the steam generating system; or, when in
contact with commonly used hospital cleaners and detergents.
A way, whereby these deficiencies can be circumvented is
described in the present invention.

British Patent Application No. 2,088,396 describes
copolymers containing units (3) and (4):

o< Neo i Mgl N
o< Dol Jre{ sl
(2)

-o@—@o-@—sozg

(«)

The claimed copolymers comprisg about 80 to 10 mole
percent of repeat units (3), and correspon@§ngly about 20 to
90 mole percent of repeat units (4). The application states
that the incorporation of (4) 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 pres-

This iz the replacement sheet
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[err] said diradical mixture (6.8) containing from60 to 100 nol e percent

of the 4,4'-biphenylene diradical (8) to nmake a stress-crack resistant

aut ocl avabl e nedi cal storage tray of high transparency which is steam
sterilizable under stresses of 3447 kPa (500 psi) or above, in the presence
of conventional corrosion reducing steam-oil er additives and of
conventional hospital cleaners and detergents. 8. The use of a blendot a
pol y(aryl ethersul fone) of unit fornmula (5), as defined in daim7, with a
poly(aryl ethersul fone) of unit forrmula (1); [err]

Comparative Example A and Examples 1-3

Procedure
The materials to be tested were molded into 0.125 inch

flex bars (5 inch by 0.5 inch). These bars were autoclaved
under constant stress applied via the weighted cantilever
beam method. The experiments were performed in a Pelton and
Crane tabletop autoclave with a 50 ppm agqueous morpholine
solution. Each cycle comprised a steam cycle of 30 minutes
at 270°F under 27 psi, followed by a cooling cycle of a
ninimum of 10 minutes at room temperature. The cooling
samples were examined for the presence of any defects,
cracks, breakages, etc.

The results, summarized in_Table I, clearly show that
the poly(aryl ether sulfones) of the insﬁant invention
display steam sterilizability under stresses of 500 psi or
greater, in the presence of morpholine. It is noteworthy
that even the Polysulfone I/UDEL P-1700 60:40 (by weight)
blend is significantly better than UDEL P-1700 under a 1000
psi stress; and is far superior to UDEL P-1700 under a
stress of 500 psi. The discrepancies noted in Table I are
probably due to variations in blending efficiency and,
hence, guality of the resulting materials.
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or with a poly(arylethersulfone) of unit formula (2): [err] (2) wherein the
anount® of said poly(aryl ethersulfone) (5) represents at |east 50 percent by
wei ght of said blend to nake a stress-crack resistant autocl avabl e nedi cal
storage tray of high transparency mhichffsstean1steri|izab|e under
stresses of 3447 kPa (500 psi) or above/tn the presence of conventi onal
corrosion reduci ng steam boiler additives and of conventional hospital

cl eaners and detergents.

TABLE I

—————

Steam Sterilization Using a

S0 _ppm Aqueous morpholine Solution

Example Poly(Ar i ther Sulfone Stress(psi) Numsber of Cycles
i - 1000 79 (fail)
Comparative A UDEL P-1700 . Soo A
0 400
1 . slend Polysulfone 1/ 1000 107 (:l;:;
UDEL P-1700 (60:40, 500 1::: (fa
by weight) 0
1000 185 (fail)
500 1005 (fail)
¢ 1012
272 (fail)
Lfone 1 1000
: Potyss 500 1048
1] 10438
1320
Lfone 11 1000
’ Potyss 500 1320
0 1320
“
ThhﬁﬂuxﬁfhirﬁirﬂrTmﬂxﬁ
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Thi s Sheet Has Been Replaced 10 articles. Obviously, one of the maj or

attributes of the poly(aryl ether sulfones) is their abi | T %fﬁEB ﬁ
aut ocl aved repeatedly without | oss of properties. Steam au
very severe test, requiring both high 13

Comparative Example B and Example 4

To determine the effect of cleaners and detergents, a
test was run at 180°F for 24 hours using 1/8 inch bars made
from UDEL P-1700 (Comparative Example B) and from the other
poly(aryl ether sulfones). Aqueous solutions of various
cleaners and detergents were utilized. The stress was applied
by bending the bar (constant strain). Note that the stress
values were calculated for room temperature; therefore, their
actual values may be lower at 180°F. The data are summarized
in Table II. The data of Table II clearly show that Polysul-
fone I and Polysulfone II performed much better than UDEL
P=-1700.

JASLE I

Effect of Various Cleaners and Detergents

Stress UDEL Polysul fone Polysul fone
Reagent Levet P-1700 ' i j43
Castle 7900 )] . Surface Cracks oK oK
Sonic Cleaner 1000 I1D*Cracks oK oK
(2 oxz/gal) 2000 Rupture (1] 4 oK

4000 Rupture [+] 4 oK
Chem Crest 14 8 oK (4] 4 gK
Ultrasonic 1000 TD*Cracks oK oK
Cleaner 2000 Rupture ox oK
(2 oz/gal) 4000 Rupture (.14 oK
Tergitol Kin ] oK oK ) oK
Fosm 2X 1000 Rupture (] 4 oK
Moniaonic 2000 Rupture - oK A 1] 4
Surfactant** 4000 Rupture . Rupture 8 ok

(S mi/liter)

* TD = transverse direction
** produced by Union Carbide Corporation. The formula is:
OCCH_CX¥ 0) (CH_CH _O/CH Cll(Cll o) Cli CH{(CH_J)OH;

c12-14’."25-29 2 2 2 2 3
Rolecular weight is nbout 640; and x and y are 1 or greater.
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t enperat ure énd hydrolytic stability, and involving cyclical effects -
wet/dry, hot/cold. The poly(aryl ether sulfones) (1) and:(2) show some
i mportant deficiencies, however. |Indeed, parts nol ded fThisShechidsBecieplhiedl S,

stress-crack when steam sterilized under $hresses of say _
greater; es Lally ojler additivesi—such as norph oyed
to reduce cﬁﬁgts#%ncﬁﬂfgﬁg t%Ean1generating system or, en I n

1. A stress-crack resistant medical device, steam steriliz-
able under stresses of 500 psi or greater, made from a
poly(aryl ether sulfone) of the formula

{C\}soz@o-m- } |

wherein Ar is selected from the group of
(é) a mixture of the diradicals

Ol ™ <

containing from about 20 to about 100 mole percent of

p-phenylene; or
(b) a mixture of the diradicals

QoD

containing from about 60 to about 100 mole percent of

4,4'-biphenylene; or

(c) a mixture of the diradicals

CH, ] -

O - DO
_— i —
CH,

containing from about 60 to about 100 mole percent of

4,4’~biphenylene; or

This is the replacement sheet
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contact with comonly used hospital cleaners and deter gents——A-way—whereby

t hese deficiencies can be circunvented is describ '

th ( nci ed in the g

Lgxfg}hﬁg. Br!ils?Bfategt Application No. 2,088, 396 describgmgﬁgg § Keplaced
g units an 4): [err 4 ' ' '
about 80 to 10 nole (91 I )-:LEhe claimed copolyrre”" H ﬁﬁ"

(d) a mixture of the diradicals

CH,

Oy = O

containing from about 20 to about 100 mole percent of

p-rhenylene.

2. A stress-crack resistant medical device, steam steriliz-
able under stresses of 500 psi or greater, made from a blend
of the poly(aryl ether sulfone) of the formula

[y Dy one

with the poly(aryl ethef sulfone)

| o@so;@}

or with the poly(aryl ether sulfone)

.

| CH;
TN 7AW
O\ rso, </ Na °O°Cﬂ'
= = =/ Lh

—— This is the replacement sheet
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percent. of repeat units (3), and correspondi ngly about—20to—96—+ote——

percent of repeat units (4). The application states thatsistsh&e i1 nﬁ@ lg('ge‘iion
of (4) into the poly(aryl ether sulfone) (1) yields mate ' roved
resi stance to hot water crazing. The applliecation does nogmmﬁ/m
sterilizability under |oad; nor does it teach that the c

resi stance to stress-cracking in the pres-

where Ar is a previously defined; and wherein the amount of

/ \>-soz @ 0- .eu—oiL

in the blend is at least 50 percent by weight.

3. A medical device as defined in claims 1 or 2 which is
unaffected by corrosion-reducing additives in the steam

generating system.

4. A medical device as defined in claim 3, where the
corrosion-reducing additive is one or more pof morpholine,
hydrazine, N,N-diethylaminoethanol or octadecylamine.

5. A medical device as defined in claim 3 which is resistant

to hospital cleaners and_detergents.

6. A medical device as defined ih claim 5. where the cleaner
or detergent is selected from the group of “sonic cleaners,
ultrasonic cleaners and/or non ionic surfactants.

L,
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Conparative Exanple A and Exanples 1-3 Procedure The materials to be tested
wer.e nolded into 0.125 inch flex bars (5 inch by 0.5 inch). These bars were
aut ocl aved under constant stress applied via the weighted cantil ever beam
nmet hod. The experinents were perforned iqia Pel ton and

7. A medical device as defined in claim 6 where the non
jonic surfactant is of the formula
C12_14H25_290 (CHZCHZO) x[CHZCHZO/CHZCH (CH3 0] YCHZCH(CHB) OH

where x and y are one or greater and where the surfactant has
a molecular weight of about 640.

-

8. A medical device as defined in claims 1 or 2 where the
poly(aryl ether sulfone)'has a reduced viscosity of from about
0.3 to about 1.5 dl/g as measured in methylene chloride or in
chloroform, at a concentration of 0.2 g per 100 ml., at 25°C.

This Sheet Has Been RTlaced
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Crane t.abl etop autoclave with a 50 ppm aqueous norpholine solution. Each
cycle conprised a steamcycle of 30 mnutes at [err] under 27 psi, followed
by a cooling cycle of a mininmmof 10 m nutes at roomtenperature. The

cool ing sanpl es were exam ned for the presence of any defects, cracks,
breakages, etc. The results, sumarized &% Table I, clearl y show that the
poly(aryl ether sulfones) of the instant invention

POLY (ARYL ETHERSULFONES) WITH IMPROVED
ENVIRONMENTAL STRESS-CRACK RESISTANCE
AND MEDICAL DEVICES MADE THEREFROM

ABSTRACT

Described herein is the use of certain well-defined
paly(aryl ether sulfones) in medical devices where trans-
parency and excellent environmental stress-—-crack resistance
are required. '

This Sheet Has Been Replaced . " .

* This is the replacement shewet
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di splay steamsterilizability under stresses of 500 psi or greater, in the
presence of norpholine. Lt is noteworthy that even the Pol ysul fone I /UDEL

P-1700 60: 40 (by weight) blend is significantly b
under a 1000 psi stress; and is far sugie_[ ior to U eﬁb tr-ﬁs
of 500 psi. The discrepancies noted in Table | are pr |y du

t bl di fficienc and hence uality of theresultln
variations in endi ng e en 8 ¥ g

mat eri al s.
smass—cmrx IESIS'mN:E MADE FROM POLY{ARYL
Description ETHER SULFONES)

Field of the invention

The invention is directed to the use of certain well-defined poly(arylethersuuones) in autoclavable*surglcal trays
adagpted for medical uses where transparency and excellent environmental stress-crack resistance are requnred

Articles made from these poly(aryl ether suliones) can be steam-steritized while under stresses of 3447.4 kPa
(500 psi) or greater, moreover they are not affected by corrosion-reducing additives such as morpholine, lor example.
Also, the above materials demonstrate good chemical resistance in contact with commonly used hospital cleaners and
detergents.

Background of the Invention

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. Two poly(aryl! ether sulfones) are commercially available. A poly(aryl ether sulfone) is available
from Imperial Chemical Industries, Ltd. It has the formula (1):

om0

(1)

and is produced by the polycondansation of 4,4'-dihydroxydiphenyl sulfone with 4,4,-dichlorodipheny! sulfone as de-
scribed in, for example, Canadian Patent No. 847,963. The polymer contains no aliphatic moieties and has a heat
deflection temperature of approximately 210°C. Ancther commercial poly(aryl ether sulfone) is available from Amoco
Performance Products, Inc., under the trademark of UDEL® . It corresponds to formula (2),

o @g@ @Q}

(2)

has a heat deflection temperature of about 180°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.

Cver the years, there has devsioped 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 he formed by the nucleophilic
aromatic substitution (condensation) reaction of an activated aromatic dihalide and an aromatic diol. 8y this method,
Johnson et al. created a host of new PAE's.

Because of their excellent mechanical and thermal properties, coupled with outstandirg hydrolytic stability, the
poly(aryl ether sulfones) have baen ulilized in the medical market for a varisty 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 sul-
fones) 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 elfects - wet/dry, hot/cold.

The poly(ary! ether sulfones) (1) and (2) show somae important deficiencies, however. indeed, parts moided from
these materials, stress-crack when steam sterilized under stresses of say 3447.4 kPa (500 psi) or greater; especially
when 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. A way, whereby these deficiencies can be circum-
vented is described in the present invention. —

British Patent Application No. 2,088,396 describes copolymers containing units (3) and (4): REPLACEMENT SHEET
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The claimed copolymers comprise about 80 to 10 mole percent of repeat units (3), and correspondingly about 20
to 90 mole percent of repeat units (4). The application states that the incorporation of (4) 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, or when in contact with typical hospital cleaners and detergents.

The invention

Woe have now unexpectediy discovered that certain poly(arylethersulfones) which are closely related to the mate-
rials (1) and (2), display superior stresscrack resistance when steam-sterilised under stresses of 3447 .4 kPa (500 psi)
or greater. These materials are unaffected by conventional corrosion-reducing additives, (e.g., morpholine, in the steam
generating system, or when in contact with commonly used hospital cleaners and detergents.

- The prasent invention, therefors, relates to the uss of a poly(arylethersuifone) as defined below inan autoclavable
_storage tray adapted for medical use and to autoclavable storage trays mada from the said poly(arylethersulfones) as
defined below. The poly(arylethersulfones) used for this purpose are capable of withstanding steam sterilization at a
stress level of 3447.4 kPa (500 psi). Specifically the poly(arylether sulfones) are capable of withstanding steam steri-
lization comprising a steam cycle conducted for 30 minutes at a temperature of 132°C (270°F) and under a pressure
of 186.2 kPa (27 psi) using aqueous morpholine in the steam generating system as a corrosion reducing additive at a
concentration of S0 ppm.
The poly(arylethersuliones) of the instant invention are of unit formula (5):

(O Orereo)
O
wherein Ar is said unit formula (5) is a mixture of the diradicals (6) and (8):

Parya OO
© (&)

said diradical mixture(6,8), containing from 60 to 100, preferably from 75 to 100, and most preferably from 85 to 100,
mole percent of the 4,4'bidphenylene diradical (8).

" In addition, blends of the poly(arylethersulfone) (5) with either of the poly(arylethersulfones) (1) and (2), defined
above, wherein the weight proportion of the poly(arylethersulfone) (1) or (2) is S0 percent or less, were also found to
be satisfactory for the applications hereinbefore described, i.e. for making the stress crack-resistant steam storilizable
autoclavable storage trays of the invention.

REPLACEMENT SHEET
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13 Conparative Exanple B and Exanple 4 To determ ne the effect of cleaners
and detergents, a test was run at 180F for 24 hours using 1/8 inch bars
made from UDEL P-1700 (Conparative Exanple B) and fromthe other poly(aryl
et her sul fones). Aqueous sol utionss of various cleaners and detergents
were utili zawkh prebéneingshtion aiSo atadss tiRdIaé of @ @oiarylientiiond) of Uarodal (sh:const ant strai n) .

Note that the stress
N ool -

(5]

wherein Ar in said unit formula (5) is a mixture of the diradicals (6) and (8):

-@-SO z _Q' "/_\

(6) {8)

said diradical mixture (6,8) containing from 60 to 100 mole percent of the 4,4'-biphenylene diradical (8) to make a
stress-crack resistant autoclavable medical storage tray of high transparency, which is steam sterilizable under stresses
of 3447 kPa (500 psi) or above, in the presence of conventional corrosion reducing steam boiler additives and of
conventional hospital cleaners and detergents.

The present invention further covers the use of a blend of a poly{arylethersuifone) or unit formula (5) as defined
just above with a poly(arylethersulfone) of unit formula (1):

SN / \ -‘
=07
(1)
or with a poly(arylethersulfone) of unit formula (2):

CH,

-‘wherein the amount of said poly(arylethersulfone) (5) represents at least 50 percent by weight of said blend, to make
a stress-crack resistant autoclavable medical storage tray of high transparency, which is steam sterilizable under stress-
es of 3447 kPa (500 psi) or above, in the presence of conventional corrosion reducing steam boiler additives and of
conventional hospital cleaners and detergents.

The poly(arylethersuifones) (5) may 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 dihalodiaryisulfones, e.g., 4,4'dichlorodiphenyl sulfons or 4,4'difluorodiphenyl sulfone, with
from 0.5 to 1,0 mole of an alkali metai carbonate per male 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 170°C to 250°C, preferably from 210°C to 235°C for one to 15
hours, ,

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

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

.The solvent mixture comprises a solvent which forms an azeoctrope 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, and chlorobenzene,

The polar aprotic solvents employed in this mventlon are those generally known in the art for the manufacture of
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val ues were cal cul ated for roomtenperature; therefore, their actual val ues
may be lower at [err]. The data are summari zed in Table Il. The data of
Table Il clearly show that Polysul- fone I and Polysul fone Il perfornmed
much better than UDEL P-1700. TABLE 11 Effgct of Various C eaners and

Detergent s polyarylether sulfones and includs sulfur containing solvents such as those of the formuta:

R,-8(0),-R,

in which each R, represents a monovalent lower hydrocarbon group free of aliphatic unsaturation, which preferably
contains less than 8 carbon atoms or when connected together represents a divalent alkylene group With b being an
jnteger 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:

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

C.H,

/ \
s@), ~

in tetrahydrothiophene oxides and dioxides. Specifically, these solvents include dimethylsulfoxide, dimethylisutfone,
diphenylsulione, diethylsulfoxide, diethylsuifone, diisopropylsulfone, tetrahydrothiophene 1,1-dioxide (commoniy
called tetramethylene suffone or sulfolane) and tetrahydrothiophene-1 monoxide.

Additionally, nitrogen containing solvents may be used. These inciude dnmethylacemmlde. dimethyiformamide and
N-maethylipyrrolidone.

The azeotrope forming solvent and polar aprotic solvent are used in a weight ratio of from 1:10 to 1:1, preferably
from 1:5t0 1:3.

In the reaction, the hydroxy oontatmng compound is slowly converted, in sity, to the alkali sait 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 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.

Itis essential thiat the reaction medium be maintained substantially anhydrous during the polycondensation. While
amounts of water up to about ons percent can be tolerated, and are somewhat beneficial when employed with fluori-
nated dihalobenzenoid 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 fow molecular
waight products are secured. Consaquently, in order to secure the high polymaers, 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 methy! chioride or benzyi chloride, and the like. Such treatment of the polymer
converts the terminal hydrcxyl groups into ether groups which stabilize the polymer. The polymer so treated has good
melt and oxidative stabiiity.

While the carbonate method for preparing the polymer employed according to this invention is simple and con-
venient, in some cases products of higher molecular weight can be made by the alkali metal hydroxide method. Inthe
alkali metdl hydroxide method, described by Johnson et al., U. S. Patent Nos. 4,108,837 and 4,175,175, adouble 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.

Additionally, the polymers employed in this invention may be prepared by other methods known in the prior art, in
which at least one dihydric phenol and at least one dihaiobsnzenoid 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 manutacturing the devices of the instant invention is
indicated by reduced viscosity data in an appropriate solvent such as methylene chloride, chlioroform and N,methyl-

REPLACEMENT SHEET

27 AUG 1997




V\HAT‘I S CLAIMED | S: 14 1. A stress-crack resistant nedi cal
device, steamsteriliz- able under stresses of 500 psi or greater, nade
froma poly(aryl ether sulfone) of the forrmula [err] wherein Ar is selected

fromthe group of
-5 -

pyrrolidone. The reduced viscosities of the materials, as measurad at concentrations of 0.2g per 100 ml. at 25°C, are
at least 0.3 dl/g, prelerably at least 0.4 di/g and, typically, not exceeding about 1.5 di/g.

The poly(aryl ether sulfones) employed in tha instant invention allow for the fabrication of medical.devices having
excellent transparency as well as outstanding strass-crack resistance. These devices can be steam-gterilized under
stresses of 3447.4 kPa (500 psi) or grealer and in the prasence of a variety of steam boiler addiives. Typical bailar
additives designed ta reduce corrosion in steam generating systems are amino compounds such as morpholine, hy-
drazine, N,N-diethylaminosthanol ("NALCO 359 or "BETZ NA-9"), and octadecylamine. Steam starilization is also
possible in the presence of various hospital cleaners and detergents, such as those soid under the trademanes of
“Castla 7900" (a sonic cleaner), "Chem Crest 14" (an ultrasonic cleaner), *Tergitol Min Feam 2X" (a non ionic surfactant),
and the like.

The materials employed in the instant invention may include pigments, thermal stabilizers, ultraviolet light stabi-
lizers, and other additives.

EXAMPLES
The following examples serve to give specific illustration of the practice of this invention.
Materials

Polysulfone UDEL P-1700 - a poly(aryl ether sulfone) of formula (2), meit-flow at 343°C (650°F) and 303.4 kPa
(44 psi) of 6.5 g/10 minutes. Sold by Amoco Performance Products, Inc.

Polysulfone | - a poly(aryi ether sulfone) of formula (S), wherein Ar is a mixture of (6) and (7) in a mole ratio 25:
75. and having a reduced viscosity from 0.5 to 0.55 as measured in N-methylpyrrolidone, at 25°C, ata concentration

of 0.2 g/100 mi,
D~ o

Polysulfone il - a poly(aryl ether suifone) of the formula:

@so,@oo}

having a reduced viscosity from 0.5 to 0.55 as measured in N-methyipyrralidone, at 25°C, at a concentration of
0.2 g/100 mt.

A blend (60:40 by weignt) of polysuifones I/AUDEL P-1700 was also prepared and used in the steam sterilization
experiments.

Comparative Example A and Examples 1-3

Procedure

The materials to be tested were moided into 3.175 mm (0.125 inch) flex bars 127 mm by 12.7 mm ((S inch by 0.5
inch)]. These bars were autoclaved under constant stress applied via the weighted cantilever beam method. The ex-
periments were performed in a Pelton and Crane tabletop autoclave with a 50 ppm aqueous morpholine solution, Each
cycle comprised a steam cycle of 30 minutes at 132°C (270°F) under 186.2 kPa (27 psi), followed by a cooling cycle
of aminimum of 10 minutes at room temperature. The cooling samples were examined for the presence of any defects,
cracks, breakages, etc.

The results, summarized in Table |, clearly show that the poly(aryl sther sulfones) of the instant invention display
steam sterilizability under stresses of 3447.4 kPa (500 psi) or greater, in the presence of morpholine. It is noteworthy
that even the Polysulfone I/UDEL P-1700 60:40 (by weight) blend is significantly better than UDEL P-1700 under a
'8894.8 kPa (1000 psi) stress; and is far superior to UDEL P-1700 under a stress of 3447. 4 kPa (500 psi). The dis-
crepancies noted in Table | are probably due to variations in blending efficiency and, hence, quality of the resulting
materials. ‘
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(a) a mxture of the diradicals [err] containing fromabout 20 to about 100
nol e percent of p-phenylene; or (b) a mxture of the diradicals [err]
containing fromabout 60 to about 100 nol e percent of 4,4'-biphenylene; or

-6 -
TABLE |
Steam Sterilization Using a 50 pom Aqueous Morpholine Solution
_ Example Poly(Aryl Ether Sullone) | Strass(psi) kPa Number of Cycles
Comparative A | UDEL P-1700 6894.8 (1000) 79 (fail)
3447 .4 (500) 148 (fail)
0 (0} 400
1 Blend Polysulfone I/ 6894.8 (1000) 107 (tail)
UDEL P-700 (60:40, 3447.4 (500) 476 (fail)
by waeight) . 0(0) 1012
6894.8 (1000) 185 (fail)
3447.4 (500) 10085 (fail)
0(0) 1012
2 Polysuifone | 6894.8 (1000) 272 (tail)
3447.4 (500) 1048
0 (0) 1048
3 Polysulfone li 6894.8 (1000) 1320
3447.4 (500) 1320
0 (0) 1320

_ Comparative Exampie B and Example 4

To determine the effect of cleaners and detergents, a test was run at 82°C (180°F) for 24 hours using 3.175 mm
(1/8 inch) bars made from UDEL P-1700 (Comparative Example B) and from the other poly(aryl ether sulfones). Aque-
ous solutions of various cleaners and detergents were utilized. The stress was applied by bending the bar {constant
strain). Note that the stress values wera calculated for room temperature; therefore, their actual values may be lower
at 99°C (180°F). The data are summarized in Table li. The data of Table Ii clearly show that Palysulfone | and Polysul-
tone li performed much better than UDEL P-1700. )

~ TABLE If
Effect of Various Cleaners and Detergents
Reagent Stress kPa Level {psi) | UDEL p-1700 | Polysulfone | | Polysulfone Il
: Qa'sﬂe 79800 0 (0) Surface Cracks - OK OK
Sonic Cleaner 6894.8 (1000) TD*Cracks oK oK.
(2 oz/gal) 13789.5 (2000) Rupture OK oK
; 27579.0 (4000) ' | Rupture oK OK
Chem Crest 14 : 0{0) OK _ oK OK
Ultrasonic . 6894.8 {1000) TD*Cracks oK oK
Cleaner 13789.5 (2000) Rupture oK K
(2 oz/gal) 27579.0 (4000) Rupture OK OK
' Tergitol Min 0@ |oK oK OK
, Foam 2X 6894.8 (1000) Rupture oK OK
“ | Nonionic 13789.5 (2000) Rupture OK oK

° TD = transverse direction
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(c) a mxture of the diradicals [err] containing from aho 6 ot 100
nol e percent of 4,4'-biphenyl ene; or 15 'H‘ L&‘eetgastB “Ti?elii‘

-7 -
TABLE Il [continued)

Eftact of Various Cleanars and Detargents
Reagent Strass kPa Leval (psi) | UOEL p-1700 | Polysullone !’ Pély"aylfone i
Surtactant** (5 mbliter) 27579.0 (4000) ﬁupture " Ruptura OK

** Produced by Union Carbide Corporation. The formula is:

C12.14H25-290(CHCHA0),(CHaCHRO/CHACHICH3)O), CHaCH(CH)OH:
Molecular weight is about 640; and x and y are 1 or grealer.

Claims

1. Astress-crack resistant autoclavable medical storage tray of high transparency, steam sterilizable under strasses
of 3447 kPa (500 psi) or above, in the prasence of conventional corrosion reducing steam boiler additives and of
various conventional hospital cleaners and detargents, said autoclavable medical storage tray being composed
of a poly(arylethersulfone) of unit formula (5):

7 Nso, @ 0- Ar- }

(5)

wherin Ar in said unit formula (8) is a mixture of the diradicals (6) and (8):

A Dol NN
(6) | ~ (8)

said diradical mixture (6,8) containing from 60 to 100 mole percent of the 4,4"biphenylens diradical (8).

2. Anauteclavable medical storage tray composed of a blend of a poly(arylethersulfone) of unit formula (), as defined
in Claim 1, with a poly(arylethersulfone) of unit formula (1):

fo DD } ,
(1) '
or with a poly(arylethersulfone) of unit formula (2):

- [THIS SHEET HAS BEEN
{ @so /\7} o > REPLACED
(2) éH‘ ' ,

wherein the amount of saud poly(arylethersulifone) (S) represents at least SO percant by weight of said blend.
3. An autoclavable medical storage tray as defined in Claim 1 or 2, wherain said poly(arylethersulfone) (5) has a
reduced viscosity of from 0.3 to 1.5 d/g, as measured in methylene chioride or in chioroform, at a concentration
- of 0.2g per 100 mi, and at 25°C.

‘4. An autoclavable medical storage tray according to any of Claims 1-3, whersin the group Ar in said unit formula
(5), as defined in Claim 1, is a mixture of said diradicals (6) and (8), as defined in Claim 1, containing from 75 to
100 mole percent of said radical (8).
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(d) a nmixture of the diradicals CH3 [err]

100 nol e percent of p-phenylene. 2. A stress-crack re
device, steamsteriliz- able under stresses of 500 psi
froma blend of the poly(aryl

et her sul fone) of the for

cont ai ni ng f marRsEeORHs Be&) Ke a&@OUt

AR -

-7 -
TABLE Il {continued)
Effect of Various Cleaners and Detergents
Reagent Stress kPa Level (psi) | UDEL p-1700 | Polysulfone I’ _Pdls}ayltone 15
Surfactant™ (5 mbfiter) 27579.0 (4000) | Rupture Rupture OK

** Produced by Union Carbide Carporation. The formula is:
Cy2.1 4Hg,290(CHzCHZO),,[CHgCHzolCHQCH(CH:;)OIYCHch(CH3)OH
Molecular weight is about 640; and x and y are t or greater.

Claims

1.

A stress-crack resistant autoclavable medical storage tray of high transparency, steam sterilizabie under stresses
of 3447 kPa (500 psi) or above, in the presence of conventional corrosion reducing steam baoiler additives and of
various conventional hospital cleaners and detergents, said autoclavable medical storage tray being composed
of a poly{arylsthersulfone) of unit formula (5):

/4 \\_501@0 Ar—}

(5)

wherin Ar in said unit formula (5) is a mixture of the dirédicals (6) and (8):

Oso,@

(6)

/

(8

said diradical mixture (8,8) containing from 60 to 100 mole percent of the 4,4'-biphenylene diradical (8).

An autoclavable medical storage tray composad of a blend of a poly(arylethersulfone) of unit formula (5), as defined
in Claim 1, with a poly(arylethersulfone) of unit formula (1):

fo O
(1)

or with a poly({arylethersuifone) of unit formula (2):

DD

(2)

o}

Cfeﬂ,

THIS SHEET HAS BEEN
s REPLACED

wherein the amount of sand poly(arylsthersuifone) (5) rapresents at least SO percent by weight of said blend.

An autoclavable medical storage tray as defined in Claim 1 or 2, wherein said poly(arylethersulfone) (5) has a
reduced viscosity of from 0.3 to 1.5 dl/ig, as measured in methylene chloride or in chloroform, at a concentration

~ of'0.2g per 100 mi, and at 25°C.

= An autoclavable medical storage tray according to any of Claims 1-3, wherein the group Ar in said unit formula

(5), as defined in Claim 1, is a mixture of said diradicals (6) and (8), as definad in Claim 1, containing from 75 to
100 moile percant of said radical (8).
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Sheet Has Been Replaced

[err]. with the poly(aryl ether sulfone) or with the pol y&”“l‘ ml‘nnl‘l “
- 8.-

sul fone) [err] 16
5. An autoclavable medical storage tray according to Claim 4, whersin said diradical mixture (6,8) contains from 85
to 100 mole percent of said radical (8). -

6. An autoclavable medical storage tray according to Claim 5, whorein said poly(arylethersuﬂone) (5) has the unit

formula(s- . i
(S5-1)

and said poly(arylethersulfene) (5-1) has a reduced viscosity of from 0.5 to 0.55, as measured in N-methylpyrro-
lidone at 25°C and at a concentration of 0.2 g/100 mi.

7. The use of a poly(arylethersuifone) of unit formula (5):

/ \ 501@O-Ar-o:}-

(5}

whersin Ar in said unit formuia (5) is a mixture of the diradicals (6) and (8):

L O S
- (6) (8)

said diradical mixture (6,8) containing from 60 to 100 mole percent of the 4,4' biphenylene diradical (8) to make a
stress-crack resistant autoclavable medical storage tray of high transparency, which is steam sterilizable under
stresses of 3447 kPa (500 psi) or above, in the presence of conventional corrosion reducing steam boiler additives
and of conventional hospitai cleaners and detergents.

8. Theuseofablend ofa poly(arylethersulfone) of unit formula (5), as defined in Claim 7, with a poly(arylethersuifons)

of unit formula (1);
[O=01
—_ I \— ’
- (1)

or wrthapoly(arylethersulfone) of unit formula (2) THIS SHEET HAS BEEN
| REPLACED
1[ Dyso oD
o T

whaerein the amount of said poly(arylethersulfone) (S) represents at least SO percent by waight of said blend, to

make a stress-crack resistant autoclavable medical storage tray of high transparency, which is steam sterilizable

under stresses of 3447 kPa (500 psi) or above, in the presence of conventional corrosion reducing steam boller
. additives and of conventional hospital cleaners and detergants.
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\A,hler"e Ar is a previously defined:; and wherein the anount of [errFE?MQEIWNTSHEET
blend is at” | east' 50 percent by weight. 3. A nedi cal device as defined in

clfaims 1 or 2 which is unaffected by corrosion-regducing additives in the
steam generating system 4. A nedical device as n‘éné
pwol

ai wher,
the corrosion-reducing additive is one or nore o 4n - 6

TABLE Il (continued)

Effect of Various Cleaners and Detergents

Reagent Stress kPa Level (psi) | UDEL p-1700 | Polysulfone | { Rolysulfone H
Surfactant™ (5 muiiter) 27579.0 (4000) | Rupture “Rupture OK

** Produced by Union Carbide Corporation. The formuia is:

c,2.14H$.290(cHzcHZO)X[CHZCHZOICHQCH(CHa)O]yCHacti(CHs)OH:
Molecular weight is about 640:; and x and y are 1 or greater.
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hydrazi ne, N, N-di et hyl am noet hanol or octadecyl am ne. 5. A ned}ﬁ%P&iAcéMﬁ'\GegHEET
as.-defined in claim3 which is resistant to hospital cleaners and

det ergents. 6. A nmedi cal device as defined in claim5 where the cl eaner

or detergent is selected fromthe group_gf sonic cleaners, ultrasonic

cl eaners and/or non ionic surfactants. [err]

Claims

1. A stress-crack resistant autociavable medical storage tray of high transparency, steam sterilizable under stresses
of 3447 kPa (500 psi) or above, in the presence of conventional corrosion reducing steam boiler additives and of
various conventional hospital cleaners and detergents, said autoclavable medical storage tray being composed
of a poly(arylethersulfone) of unit formula (5):

/4 \\,'501©0'Ar’ } »
= (5) -

wherin At in said unit formula (5) is a mixture of the diradicals (6) and (8):

Ol oy
(6) . .-ta)‘

said diradical mixture (6,8) containing from 60 to 100 mole percent of the 4,4'-biphenylene diradical (8).

2. Anautoclavable medical storage tray composed of a blend of a poly(arylethersulfone) of unit formula (5), as defined
in Claim 1, with a poly(arylethersulfone) of unit formula (1):

.j[‘o OS(OQ} -

" REPLAGEMENT SHEET

or with a poly(arylethersulfone) of unit formula (2): 19 FEB 1999
' : c‘:ﬁ,
7 N\ 7 N\ -
| 1["@5"1@ g -
(2) H,

wherein the amount of said poly(arylethersulfone) (5) represents at least 50 parcent by weight of said blend.

3. An autoclavable medical storags tray as defined in Claim 1 or 2, wherein said poly(arylethersulfone) (5) has a
reduced viscosity of from 0.3 to 1.5 dl/g, as measured in methylene chloride or in chioroform, at a concentration
of 0.2g per 100 ml, and at 25°C.

‘4. An autoclavable medical storage tray according to any of Claims 1-3, wherein the group Ar in said unit formuia
{5), as defined in Claim 1, is a mixture of said diradicals (6) and (8), as defined in Claim 1, containing from 75 to
100 mole percent of said radical (8).
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7. A medical device as defined in claim6 where the non ionic ‘S”urf-f"a&tuﬁlTSH EET
igs.of the formula [err] where x and y are one or greater and where the
surfactant has a nol ecul ar wei ght of about 640. 8. A medical device as
defined in clainms 1 or 2 where the .9.

5. An autoclavable medical storage tray according to Claim 4, wherein said diradical mixture (6.8) contains from 85
to 100 mole percent of said radical (8).

8. An autoclavable medical storage tray according to Claim S, whorein said poly(arylsthersulions) (5) has the und

tormuia (5-1 -

{5-1)

and said poly(arylethersuffone) (5-1) has a reduced viscosity of m:m 0.5 1o 0.55, as measurad in N-methylpyrro-
lidone at 25°C and at a concentration of 0.2 g/100 ml.

7. Theuseofa poly(atylethersdl@one) of unit formuta (5): o REPL ACEMENT SHEET

-£<->-so, O-Ar-o-}— | 19 FEB 1999

(5}

wherein Ar in said unit formula (5) is a mixture of the diradicals (6) and (8):

= OO0
{(6) ) (8)

said diradical mixture (6,8) containing from 60 to 100 moie percent of the 4,4*-biphenyiene diradical (8) to make a
strass-crack resistant autociavable medical storage tray of high transparency, which is steam sterilizable under
stresses of 3447 kPa (500 psi) or above, in the presence of conventional corresion reducing steam boiler additives
and of conventional hospital cieaners and detergents.

8. The use of a blend of a poly(arylethersulfone) of unit formula (5), as defined in Claim 7, with a poly(arylethersutfone)

of unit formula (1);
feOe D7
(1)

or with a poly(arylethersulfone) of unit formuia (2):

[0}

(2)

wherein the amount of said poly(arylethersulfone) (5) represents at least S0 percent by weight of said blend, to
make a stress-crack resistant autcciavabie medical starage tray of high transparency, which is steam sterilizable
under stresses of 3447 kPa (500 psi) or above, in the presence of conventional corrosion reducing steam boiler
additives and of conventional hospital cleaners and detargents.

T



pol y(aryl ether sulfone) has a reduced viscosity of from abouREBLﬁ)EMEmbSHEE]'
1.5 dl/g as neasured in nethylene chloride or in chloroform at a
concentration of 0.2 g per 100 m ., at [err].

-10 -

MEDICAL DEVICES WITH IMPROVED ENVIRONMENTAL STRESS-CRACK

RESISTANCE MADE FROM POLY (ARYL ETHER SULFONES)

ABSTRACT

Described herein is the use of certain well-defined poly (aryl ether sulfones) in
medical devices where transparency and excellent environmental stress-crack

resistance are required.
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