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invention is directed to the use of an anorphous thernoplastic pol yner
contai ni.ng sul fone groups. Pol yaé¥loeﬂ§ 139%& hers are described in, for
exanple, U S. Patent 4,175,175 (€x 1 'an ). This patent describes a

pol ynmer which has the follow ng structure: [err] These polyners are

comrer cigdskyptevai | able and is a tough, rigid, high strength thernopisstic
which nmaintains its properties over a wide tenperature range from[err] to
above ‘[ esackGRoUNDEF THANVENTION good conbi nation of nechani cal properties and
excel l ent eTectirical propertres. Said polynmer is highly resistant to
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stress crack resistance of Polymer (A) so that it can be used in

applications whepe~it wll be_exposed to an aggressive sol VEM environnent.
25 % Attenpts pave been madg'z o devel op pol yners whi ch havefthe good
‘properties of polyner an grrdonal | y/ Txproved en nmant al stress
crack resi st dB)ed—Thel @ ; 20 e&» —good bal ance
of nmechani cal prpert: and} posse€ses hi not ched W¥pact| strength and

heat deflection fenperature & pol ymer (A). Additionally, ppFymer (B) has
i mproved stress qrack resistance. However, polynmer (B) is prepared from

4, 4' -di chl or odi phenyl sul fone and 4, 4' -bi phenol. The 4, 4'-biphenol is 40
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bi s- pherfdfiticoalypiBmrevedaniroamental syass erpdkieLstante- t ol uene renpving all the water
during t he™eddevingrolsger Beot ropic distillation. Then the phenolate is
reacted with an equi nol ecul ar amount of
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has a good balance of mechanical properties, and possesses higher notched impact strength and heat
deflection temperature than polymer (A). Additionally, polymer (B) has improved stress crack resistance.
However, polymer (B) is prepared from 4,4'-dichiorodiphenyl sulfone and 4,4'-biphenol. The 4,4"-biphenol is
difficult and costly to prepare and does not readily lend itself to commercialization.

In the US-A-36 47 751 thermoplastic resins with the recurring units of certain aryl ether sulphones are
described, which can be used as resins, lacques or in molded arlicles when, as it is mentioned, high
temperature resistance and advantageous mechanical properties are of importance. According to one
example of this patent specification, a special poly-arylether sulphone is prepared by first forming the
45 disodium salt of 2,2-bis(4-hydroxyphenyl)-propane from' the corresponding bis-phenol compound and

sodium hydroxyd in toluene removing all the water during the reaction by azeotropic distillation. Then the

phenolate is reacted with an equimolecular amount of 4,4"-bis(4-chlorophenyl-sulphons)-diphenyl-sther

-which is a rather complex and expensive compound. By this process a polymer with the recurring units

FO= OO OO0

is obtained.
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 ‘whith is a rather conplex and expensive conpound. By this process a pol yner
"with the recurring units [err] is obtained. 2 EP 0 113 112 Bl
Furthernore in the publication qupﬁ&§1gr sented at the Las Vegas Meeting"
Anmeri can Chem cal Society, Division of Polynmer Chem stry Vol 23, page
284-286 a copol yner containing the units of bisphenol and bi sphenol Ain a
rati o of Burtheldte Me@& plaBaih eshersAsiesanted RYthY, Lagl VBgRdM&ind"| ArBeticai Shdnadal a
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of upits and units(ll) for the production of nolded articles. The
- polymers nmay be random or may have an ordered structure. 35 The
polymers to be used 4\ this invention have a re ed viscosity of from
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said units (1) and (1) being attached to each other by an -O- bond;
the latter in an amount of up to 10 mole percent based on the total amount of units({l) and units(ll)
for the production of molded articles.
The polymers may be random or may have an ordered structure.
35 The polymers to be used in this invention have a reduced viscosity of from about 0.4 to greater than
about 2.5, as measured in N-methylpyrolidone, or other suitable solvent at 25°C.
The polymers to be used in this invention are prepared by contacting substantially equimolar amounts
. of a mixture of bisphenol S and bisphenol A and 4,4-dichlorophenylsulfone with from about 0.5 to about 1.0
N mole of an alkali metal carbonate per mole of hydroxyl group in a solvent mixture comprising a solvent
40 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 from about 120 to about 180°C, for about 1 to about
5 hours and then- raised and kept at from about 200 to about 250°C, preferably from about 210 to about
230°G, for about 1 to 10 hours. :
45 The reaction is carried out in an inert atmosphere, e.g., nitrogen, at atmospheric pressure, although
' higher or lower pressures may aiso be used.
The polymer is then recovered by conventional techniques such as coagulation and solvent evapora-
tion.
The solvent mixture comprises a solvent which forms an azeotrope with water and a polar aprotic
so solvent. The solvent which forms an azeotrope with water includes an aromatic hydrocarbon such as
benzene, toluene, xylens, sthylbenzene and chiorobenzene.
The polar aprotic solvents employed are those generally known in the art for the manufacture of
polyarylether sulfones and include sulfur containing solvents such as those of the formula:

56 Ry—S(O)—Ry .

in which each Ry 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
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The polymers to'be used in this invention are prepared by contacting
substanti al 'y equi nol ar anobunts of a m xture of bisphenol S and bi sphenol A
and 4, 4-di chl or ophenyl sul f one mnEpo1ng]@QQUt 0.5 to about 1.0 nole of an
‘al kal i metal carbonate per nole of "hydroxyl group in a solvent mxture
conprising a solvent 40 which forns an azeotrope with water in order to
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t he pol yweeedrontdidiid. ard BEnde D Bl Sk QtoMl Chhié@npleiCire Glchnsokibrity B thesekiegding e from
about 1Zémtie about [err] for about 1 to about -5 hours and then rai sed and
kept. at from about 200 to about [err] preferably from about 210 to about

[eﬁszfor about 1 to 10 hours, 45 The reagtion is carried out in an

i nert atnosphere, e.g. nltro en, at atnDsphe c pressure, although higher
or | ower pressures nay al u§ed Tgf gp |s t hen recovered by
convent i onal techni ques s Qh aagﬁ P a sdlvent evapora- tion. The

sol vent m xture conprises a solvent which for an azeotrope with water and
a polﬁr aprotic 50 solvent. The sol vent mhlch forns an azeotrope mnth
wat er |n Iudes an aronat C ocar on JSuc ene uene X
et hyl be %I as %?R)' th '?5{@ Exe
t hose g@h)@gafic af(ﬁ’ % %g'f"i? as (9{°u‘F 6?)I VAR
r -co |n a drv t alkylene b
sul foped 2 |nc e su i ven % such as t hose of the
formula: 55 [err] in mhrch each [err] represents a nonoval ent | ower
hydr ocarbon group free of aliphatic gﬁa uration, which preferably contains
| ess than about 8 carbon atons cted together represents a
di val ent 3 EP 0 113 112 BIB?Ikerne grou ,th b being an integer froml
to A.éncl usive. Thus, in all ese sol yents all oxygens and two carbon
atoms are bonded to the sulfur atom S€8h{enpl ated are such sol vents as
those having the fornula: [err] where the R2 groups are independently | ower
al kyl, such as nmethyl, ethyl, propyl and butyl groups, and aryl groups such
as pheny tetahydrethinghenshexivps angkdinxides. Sorsiiicalls, thse salvenis inclydeydipethyisyifguide] dimethyhos e
V\,her 25t |seifop diphenylsulione, diethylsulfoxide, diethylsulfone, diisopropylsuifone, tetrahydrothiophene 1,1-dioxide
{commonly called teframethylene sulfone or sulfolans) and tetrahydrothiophene-1 monoxide.
Additionally, nitrogen containing solvents may be used. These include dimethyl acetamide, dimethyl
formamide and N-methylpyrolidone.
The azeotrope forming solvent and polar aprotic solvent are used in a weight ratio of from about 10:1 to
30 about 1:1, preferably from about 7:1 to about 5:1.
In the reaction, the hydroxy containing compound is slowly converted, in situ, to the alkali salt thereof
by reacting with the alkali metal carbonate. The alkali metal carbonate is preferably potassium carbonate.
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
35 solvent so that substantially anhydrous conditions are maintained during the polymarization.
it is essential that the reaction medium be maintained substantially anhydrous duting the polyconden-
sation. While amounts of water up to about one percent can be tolerated, and are somewhat beneficial when
: employed with fluorinated dihalobenzenoid compounds, amounts of water substantially greater than this are
»- desirably avoided as the reaction of water with the halo and/or nitro compound leads to formation of
40 phenolic species and only low molecular weight products are secured. Consequently, in order to securs the
high polymers, the system should be substantially anhydrous, and preferably contain less than 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 chioride or benzyl chioride. Such treatment
45 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.

The polymers to be used in this invention may be blended with one or more compaitible thermoplastic
-polymers such as polyarylates, poly(aryl ethers), polyetherimides, polyesters, aromatic polycarbonates
including polyester-carbonates, polyurethanes, polyhydroxyethers,
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Examples

In these examples, all parts and percentages are on a weight basis unless otherwise specified.

85 Example 1

A four neck 2 liter round bottom flask was equipped with a mechanical stirrer, thermocouple, addition
funnel, dry nitrogen inlet, and a vacuum jacketed Vigreux column with a distillation trap and a condenser.



* grofips are inter-connected as in a divalent al kyl ene bridge such as: 15

[err] in tetrahydrothi ophene oxi des and di oxi des. Specifically, these

sol vents include di met hyl sul f oxigeg 1¢4 ypigy! - 25 sul fone, diphenylsul fone,

di et hyl sul f oxi de, diethyl sul fone, diisopropylsulfone, tetrahydrothi ophene

1, 1-di oxide (commonly called tetranethyl ene sul fone or sulfol ane) and
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t hat substanti al I y anhydregs conditions are mai nt @ ned during the

pol yneri zati on. t hat e reac di um be mai nt ai ned

- substantially a @.ﬁ =pn. Whil e anbunts of
wat er,; up to abou e t—g¢an b era e Qt2 somewhat beneficial
when enpl oyed wit fI uor i ed di hal obenzen0| d cofipoynds, amounts of water

substantially gre ter ) ZT T as the reaction of
water with the so b 8@ tion of 40
phenolic species nd oYs Iow1 O-¢ i ght p sOafe secured.
Congeguent |y, in order to secure the high polyners, the system shoul d be
substantially anhydrous, and preferably contain |less than 0.5 percent by
‘wei ght water during the reaction. Preferably, after the desired nol ecul ar
wei ght BXEPl8en attained, the polymer is treated with an activated aromatic
hal i de or an aI| hatlc hallde such as nethyl chloride or benzyl chlorlde
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pol yhydgspenas. hﬁfe%olyﬁ%r Rbfsfed by dilution with chlorobenzens, filtration to remove salts and

extrusion through a vented extruder to recover pelletized product. The material had a reduced viscosity of
0.53 as measured in N-methyl-pyrolidinone (0,2 g/100 ml) at 25°C. The polymer had a repeating unit of the
35 following formula:

O OO,
L=,

50 The polymer prepared in Example 1 was compression molded at about 300°C into ASTM test bars and
tested for the following properties: Tensile strength and modulus according to ASTM D-638; yield strength
according to ASTM D-790; elongation at break according to ASTM D-638; pendulum impact strength
according to ASTM D-1822. The glass transition temperature (Tg) of the polymer was obtained by a
dynamic mechanical method using a torsion pendulum as described in L. E. Nielsen, Mechanical Properties

55 of Polymers, Van Nostrand-Reinhold, Princeton, New Jersey. Also, the reduced viscosity of the polymer is
shown.

Controls A and B were also tested as described to determine their physical properties. The reduced
viscosity of the Controls was measured in methylene chloride at 25°C (0.2 gm/100 mi)

5



“In these exanples, all parts and percentages are on a wei ght basis unless
ot herwi se 'specified. 55 Exanple 1 A four neck 2 liter round bottom fl ask
~was equi pped with a nechanlcaIEprﬁgarz her mocoupl e, addition funnel, dry
nitrogen inlet, and a vacuum jackete Igreux colum with a distillation
trap and a condenser 4 EP 0 113 112 Bl Into the flask were charged

- 172. 30 gCor(roL /58 arpolymer)of b following fdimaufal or odi phenyl sul fone, 120.18 g. (0.48
.ol es) of 4, 4-di hydroxydi phenyl sul fone, 27.39 g. (0.12 nol es) of

4, 4' -bi sphenol A_87.16 g. (0.618 noles) of 98% pure pot assi um car bonat e,
195 m . of chl orfobenzene, and 514 m . of sulfol ane. TAE xture was purged
Wt B nitrogen f 30 minutestBpd then heated to [err] where it was

mai nt ai ned for ]

and held there
pol yneri zati on ) _ v it 8 :
vas recovered by dllutlon Wi “3ch|orobenzene f||trat|on to renove salts,
“and’ coagulatlon nto nmethanol. It was washed with warm water and finally

wi th nmethanol betore drying in a vacuum oven at about F®r] The pol yner had
~a reduced viscosity of 0.71 as neasured in N-nethylpyrolidinone (0.2 g/100
m) at [Qﬁk%mﬁhghgphyﬂﬁ&w mial0 repeating unit of the follow ng fornula:
15 20 Exanpl e our neck 2 liter round bottom flask was equi pped
~with a nechanlcal stlrrer, t her nocoupl e, addition funnel, dry nitrogen
inlet and a vacyem j acketed Vigreux colum with a distrflation trap and a

condenser. ol es) of
4, 4' -di chl.or odi ghe N, :
4,6~ di hydr oxydilp " S - 4, 4' - bi sphenol A,

85.47 g. e, 195 m . of

chl orobenzene, ana 514 m . of sulfolane. The m xture Was 30 purged with
nitrogen for 30 mnutes and then heated to [err] and nmaintained there for
about 7 hours. The reaction was term nated by reaction with nethyl chloride
aft®r the addition of 4.23 g. of potassium carbonate. The pol ymer was
recovered by dilution with chlorobenzene, filtration to renove salts, and
extrusion through a vented extruder to recover pelletized product. The

mat eri al -had a reduced viscosity of
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0.53 &s nmeasured in N-nethyl-pyrolidinone (0,2 g/100 nml) at [err] The

pol ymer had-a repeating unit of the 36 following fornula: 45

[err]. 50 The pol yner prepar edéﬁ}{ﬁ?ﬁglﬁ 1 was conpression nol ded at
about [err] into ASTMtest bars and teste or the follow ng properties:
Tensile strength and nodul us according to ASTM D-638; yield strength
accordi ng t anévedvs Bre 6hékn ieirabRgat i on at break according to ASTM D- 638;
pendul um i npact strength according to ASTM D-1822. The gl ass transition
tenmperature (Tg) of the polynmer was obtained by a dynam c nechani cal nethod
using a torsion pendulumas described in L. E. N elsen, Mchanical

PrQper tsi es 55 of Pol ymers,” Van Nogti.ahd- Rei nhold, Princeton, New Jersey.
. . o . 1] ™y
Al so, the reduced viscosity of th@ S} ymenai s whows. Controls A and B were
al so tested as described to det er@i €| theie physical properties. The
reduced viscosity of the Control smv»'&slrreasured in nmethylene chloride at
[err] (0.2 gnm 100 mM) 5 EP 0 113 112 Bl Control Ais a pol ymer of the
fol l owthg formula: 10 and Contr ol B has the following fornula: 15 25 30 35
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EP 0 113112 Bl The results are shown in Table |. U [err] 7 EP 0 113 112
Bl Clains 1. The use of an anorphous thernopl asfic€ polyrrer containing units

of the fornmula: [err] said whés1d{iegnd (11) bei ch ot her
by an -0- bond; the latter in an amobunt of up to m glmﬁ%”iﬁgsed on
the total amount of units(l) and units(Il) for th | ded

art Cleines. Pat ent ansprUche 25 1. Verwendung ei nes am)rphen t her nopl asti schen
Pol yneren, das Einheiten der Fornmel 0 30 -

2 uihd T8 ug-of an #orpheushthprmopiegtib ety eantainihig whtsi of t'?ﬁfo("nl)'a und (I1) durch eine

- 0- Bi ndung mi tei nander verbunden sind, letztere in einer Menge bis zu 10
o Nbl -% bezogen auf (H) e Gesant nenge

der Ei nheiten(1) und (I1), 45 zur
Herstel l ung gefornter Gegenstgnde// Rakendlca @ Utilisation d' un
pol ynere thernopl asti que anmor phe 8g#t nant 2de ifs de formule: 50

10 . and .
<|33
| | (11) —@—c—-ﬂ—
5 P \—/
. . (o4

C said units (1) and () being attached to each other by an -O- bond;
et the latter in an amount of up to 10 mole percent based on the total amount of units{l} and units{i}
for the production of molded articles.
Patentanspriiche

25 1. Verwendung eines amorphen thermoplastischen Polymeren, das Einheiten der Formel

. S e a e

ﬁnd
" s,
_f"\>,‘c_//““\\__
C (I1) P \—/
40
enthiklt,

waobei diese Einheiten (I) und (i) durch eine -O-Bindung miteinander verbunden sind,
letztere in einer Menge bis zu 10 Mol-%, bezogen auf die Gesamimenge der Einheiten {I) und (i),
45 zur Herstellung geformter Gegensténds.
‘Revendications

1. Utilisation d'un polymére thermoplastique amorphe contenant des motifs de formule:

(1) |
___.@-—‘.SOZ-‘@'—_'
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Y . /0 s02 55 et 8 EP 0113112 Wfs
(') et (I1) dtant relids Pun P |"autre par une liaison -0-; ce dernre
~une quantit6 allant jusqu' A 10gPQuUHgeNE BEN Nol es parl M’ ntit4

total e des so motifs (1) et des notifs (11) pout'® mﬂmﬁiﬂ
d-articles noul 6s. 15 20 25 30 35 40 45 50 55 9

5 . : CHg
lesdits motifs (1) et () étant relids I'un & I'autre par une liaison -O-;
ce dernier en une quantité allant jusqu'a 10 pourcent en moles par rapport 2 la quantité totale des

10 motifs (I) et des motifs ()

pour la production d'articles moulés.
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