
Field of Invention 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. 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 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)    2 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 [err].
Another commercial poly(aryl ether sulfone) is available from Amoco
Performance Products, Inc., under the trademark of [err]. It corresponds to
formula (2), CH3 



(2) has a heat deflection temperature of about [err], and is made via the
nucleophilic polycondensation 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    



3 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(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 circumvented is described in the present invention. 



British Patent Application No. 2,088,396 describes copolymers containing
units (3) and (4): [err]    4 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 are of formula (5) [err] (5) wherein Ar is either (a) a mixture
of (6) and (7), containing from about 



20 to about 100 mole percent of (7); or (6)                      (7) (b) a
mixture of (6) and (8), containing from about 60 to about 100, preferably
from about 75 to (8) This Sheet Has Been Replaced   



5 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, [err] 



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
[err] to about [err], preferably from about [err] to about 235 C for about
one to 15 hours.  



6 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 [err] to about [err] for about one to about 5 



hours, said additional dihydroxy compounds are added, the temperature is
raised and the mixture is heated at from about 200 C to about [err],
preferably from about [err] to about [err], 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 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 sol- vents such as
those of the formula: in which each [err] 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    REPLACEMENT SHEET TABLE 11 (continued) 



REPLACEMENT SHEET    REPLACEMENT SHEET Claims 1. A stress-crack resistant
autoclavable 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): [err] wherin Ar in said unit formula (5) is a mixture of the
diradicals (6) and (8): [err] (6) said diradical mixture (6,8) containing
from 60 to 100 mole percent of the 4,4'-biphenylene diradical (8). 2. An
autoclavable 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): [err]
wherein the amount of said poly(arylethersulfone) (5) represents at least
50 percent by weight of said blend. 3. 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/g, as measured in methylene
chloride or in chloroform, at a concentration of 0.2g per 100 ml, and at
[err]. 4. 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 defined in Claim 1,
containing from 75 to 



100 mole percent of said radical (8).    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 (9). An autoclavable
medical storage tray according to Claim 5, wherein said
poly(arylethersulfone) (5) has the and 



formula (5-1 [err] (5-1) and said poly(arylethersulfone) (5-1) has a
reduced viscosity of from 0.5 to 0.55 as measured in N-methylpyrro- lidone
at [err] and at a concentration of 0.2 g/100 ml. 7. The use of a
poly(arylethersulfone) of unit formula (5):                     [err] [err]
wherein Ar in said unit formula (5) is a mixture of the diradicals (6) and
(8): 



[err] 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. 8. The use of a blendot a
poly(arylethersulfone) of unit formula (5), as defined in Claim 7, with a
poly(arylethersulfone) of unit formula (1); [err] 



or with a poly(arylethersulfone) of unit formula (2): [err] (2) 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
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.  



This Sheet Has Been Replaced 10 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(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 circumvented is described in the present
invention. British Patent Application No. 2,088,396 describes copolymers
containing units (3) and (4): [err] (4) 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-  



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 [err] 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. 



12 [err]    



13 Comparative Example B and Example 4 To determine 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 (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 [err]. 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. TABLE 11 Effect of Various Cleaners and
Detergents  



WHAT IS CLAIMED IS:            14 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 [err] wherein Ar is selected
from the group of 



(a) a mixture of the diradicals [err] containing from about 20 to about 100
mole percent of p-phenylene; or (b) a mixture of the diradicals [err]
containing from about 60 to about 100 mole percent of 4,4'-biphenylene; or 



(c) a mixture of the diradicals [err] containing from about 60 to about 100
mole percent of 4,4'-biphenylene; or    15 



(d) a mixture of the diradicals CH3 [err] 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 



[err] with the poly(aryl ether sulfone) or with the poly(aryl ether
sulfone) [err]    16 



where Ar is a previously defined; and wherein the amount of [err] 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. [err]  



7.  A medical device as defined in claim 6 where the non ionic surfactant
is of the formula [err] 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 [err].    


