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(54) Title: METHOD FOR ISOLATING DIHYDROXYBIPHENYL POLYETHERSULFONES

; (57) Abstract: Polyethersulfones derived from dibydroxybiphenyl or dehydroxybenzenes, especially 4.4°dehydroxybiphenyl, are

isolated by crystallization form a solvent, preferably a water-immiscible aromatic solvent. Crystallization may be achieved by cool-
ing from the reaction temperature to a temperature in the range of about 20-100 °C, optionally with the use of a crystallization aid
such as preformed polyethersulfone crystals. The crystallized polyethersulfone is then separated by filtration and by-product salts

=

are removed therefrom by extraction with water.
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are renoved therefromby extraction with water. 28 May 2004 V\D)(gll 38422
PCT/ US00/ 30266 METHOD FOR | SOLATI NG DI HYDROXYBI PHENYL POLYETHERSULFONES
BACKGROUND OF THE | NVENTION This invention relates to pol yethersul fones,
and nore particularly to an inproved nethod for preparing
di hydr oxybi phenyl - and di hydr oxybenzene-deri ved pol yethersul fones.
Di hydr oxybi phenyl - deri ved pol yet hersul fones are known in the art. A comon
5 exanple is the pol yethersul fone derived from 4, 4' -di hydr oxybi phenyl and
bi s(4 chl or oWR&KI8#¥32 sul f one (herei nafter sonetinmes " DDS")pCrasowhozeonpri ses
structural wunits of the formula | : (1) The pol yethersul fone of fornmula I
Is typically an anorphous, injection noldable resin 10 wth high sol vent

resi stance and ot her desirable py i ' st often prepared by a
reaction of the DDS with an al k%%@aﬁ%gql‘%@qﬁe di hydr oxybi phenyl

(hereinafter sonetines "BENRROKYBRHENYRPOLYGTHERSPEFGNESe (typically at
| east 140C) in solution in a dipolar aprotic solvent, as illustrated by
di met hyl sul foxi de and sul fol ane, which may be conbined with

chl or obenzene, paskaeEUND OF THRINVENT®NS. 1 n 15 Johnson et al., 1. Poly.
ScL, Pan A-1, S. 2375-2398 (1967). Wen preparation is conplete, it is

thus necessary to isol.ate . the, pol r b enoval, fromthe sol vent,
typically by preci ﬁ{sé'["fcﬂﬂ"%c Sﬁﬁeﬁﬁﬁuff%énammwam@%m vent such
as chlor Obenziﬁrpfbvecﬂ'hbtﬁo@fdigfe@&in% diftydfoxkSipkeiny 0 bitPdinfirddyBtzee- desiodd ent - and
anti-sol vent) ggi ch, to make preparation econom cally feasible, nust be
separ at ed for POBFPERSHIORES.  ocycle owing to the high cost of such compounds.

Separ ati on procedures are expensive and burdensone. 1 28 May 2004
Dihydroxybiphenyl-derived polyethersulfones are known in the art. A common

5 example is the polyethersulfone derived from 4,4-dihydroxybiphenyl and bis(4-
chiorophenyl) sulfone (hereinafter sometimes “DDS™), which comprises strucrural
units of the formula I :

0 _QQ

The polyethersuifone of formuia [ is typically an amorphous, injection moldable resin

10 with high solvent resistance and other desirable properties. It is most often prepared
by a reaction of the DDS with an alkali metal salt of the dihydroxybiphenyl
(hereinafter sometimes “biphenyl salt”) at high temperature (typically at least 140°C)
in solution in a dipolar aprotic solvent, as illustrated by dimethy} suifoxide and
sulfolane, which may be combined with chlorobenzene, as described, for example. in

15  Johnsonetal., J. Poly. Sci., Part A-1, 5, 2375-2398 (1967). When preparation is
complete, it is thus necessary to isolate the polymer by removal from the solvent,
typically by precipitation with a rather large amount of anti-solvent such as
chlorobenzene. This creates a mixture of organic liquids (solvent and anti-solvent)
which, to make preparation economically feasible, must be separated for solvent

20  recycle owing to the high cost of such compounds. Separation procedures are

expensive and burdensome.
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WO 01/38422 PCT/ US00/ 30266 In an alternative nethod of polyner isolation,
the solvent is renoved by volatilization, e.g., by extrusion or
filmtrusion. It is preferred, however, to separate by-product alkali
nmetal chloride salt fromthe polyner before volatilization is undertaken.
Renoval by filtration is usually inpracticable because of the high 5
viscosity of the solution and the snall size of the salt crystals. Renoval
by dissolution in water is even |ess feasible, since the organic sol vent
IS msciblewDotsset er. Thus, polyner preparation in thiperwRyodessenot
commerci al | y advant ageous. Anot her nethod of preparation, disclosed
specifically or by analogy in US Patents 5,229,482 and 5,830, 974, enpl oys
a less polar, water-i nH150| bl e sol vent such 10 as o-di chl orobenzene or
ani sol e in combi nat? YhalgmRtivemethodof pelymerisalation athe sapeant is réfmvpébjat ures in the
range of aboutvolatifizatioh,G.H\ e ewﬁﬂsidn%?ﬂlm-ﬂﬁi%rﬂ@lé ;&Ireéﬂr}!@'%\@%f)?oss enpl oy a

phase transfer, cat which is resistant errperatur %m'esuch as a
hexaal kyl guanlbéflpﬁ?c@ﬁ%i@' %ﬁcﬂﬂn@dﬁéﬁﬁﬁg@ Rﬂqunbgfowerphnhtzanen tshat the
by-product salundereuén. Remb DY Aftaddh (€ KRFiipA bl bl rmeice the sol vent

is water-i SCi er, such exXtraction is often c ersone and

i-nefficien sﬁr‘?&‘é‘“?’ﬁ@&’@ s?lgt"lj‘éﬁéfhﬁﬁlﬂi’tﬂ sizpof thesiali seystaleRemmivildry diskdiation

i ntroduction @fiwwai:eﬁvenllﬁsYs’éﬁ:bl@%&c&ﬁk'o%aﬁk@%ﬁeﬂ%tﬂ -9!?1 fith “;a%g.p%r eparation
of aromatic pal ycarbonates di scl osed exanpl e atents

4,948,871, 5, 7% Pf"%ﬁ'd“%‘"ﬂ‘?“%ﬁ“°E‘F?€“n%‘€!iﬂl¥eﬂdl"§m%m1)hous pol ymer is
crystal l'ized, often by heat treatnent or by contact 20 with a solvent or

non-sol vent. Such Anotisdraettiod af pmpmrmlmpadiﬁhaup@,\/@\éﬁglo%ﬁgtusknOV\Q t?) be
ore, to develop

operative wt i nterest, there
i nproved met h%@ﬂ%ﬁ%&;{@}ﬁd%g?@%ﬁ eﬁ’@?ﬁ%ﬁ?"‘ﬁ&'ﬁbl‘”ﬁ@f -RPiSSiPle sefuest such
parti cul arlPy dﬂWdhlowymzphmymisuﬂemlcmﬁmﬂﬂinyﬂtmlﬁw[faggg-scm@gyd the like. In
parti cul ar, éer;%gre snéges reg I}az% gé) es i solation by operations 25
whi ch do not | nc sPepspes i’q"f"né DTC ap pijlizsd. makingiitadvantigeonsde
separ ati on of empiey@phaseusansfer catdyat which 3 @&istare todigh temperatures, such as a

- hexaalkylguanidinium halide. An advantage of this method is that the by-product sait

can be removed by extraction with water, since the solvent is water-immiscible.

15 However, such extraction is ofien cumbersome and inefficient since there is generally

poor phase separation after introduction of water.

In various solid state methods for the preparation of aromatic polycarbonates,
as disclosed, for example, in US Patents 4,948,871, 5,204,377 and 5,717,056, the
normally amorphous polymer is crystallized, often by heat treatment or by contact

20  with a solvent or non-solvent. Such crystallization operations are, however, not known
to be operative with polyethersulfones.

It is of interest, therefore, to develop improved methods of preparing and
isolating polyethersulfones, particularly dihydroxybiphenyl-derived polyethersulfones
and the like. In particular, a method is desired which enables isolation by operations

25  which do not include steps requiring anti-solvent precipitation or separation of phases
which separate poorly.
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28 May 2004 SUMVARY OF THE | NVENTI ON The present invention is based on the
di scovery that polyethersul fones can be prepared by any nethod known in
the art and subsequently rendered crystalline. The crystalline polynmer is
of a particle size which renders it easily separable in the solid state
fromthe reaction mxture in which it was prepared, along wth by-product
salt which can subsequently be easily renoved by extraction with water.
The invention in one of its aspects, therefore, is a nmethod for isolating a
di hydr oxybi phenyl - or di hydroxyphenyl -deri ved pol yet her sul fone whi ch
conprises: tSUMMARY OFIHILINGENTH2Neof in an organic solvent to effect
crystallization of said polyethersul fone which step conprises cooling the

solution to the rq@lg reSint ﬁ’xbé}h'ﬁ)n %Q)asegl (e ARG AM ililt?}g letjhé{'sﬁﬁﬂésg:gﬁ b9 the

sol ution before or rin eparating

at. on
The reaul t1 ngrEPRL LI DeIspyR s i o sHireqpy rendeipenling e o
removi ng by- ﬁ%@ﬁ@?vglawrsw? W&ﬁ%ﬂc shatndeis 4t rpribyifeparakisan He ol t of t he
i nvention i s fombe teactioh onixtinsah which i vas memrd? eleydhwitinerprioduct saltiwhédh can

pol yet her sul fsaizequehiycte «aaIFREMSRE by PAtRPEd Wwith waérd pol ysul fone by reaction of
4, 4" -di hydr oxyb| pﬁ%@ﬂvm‘(ﬂoﬁ% onlé'o?fts asﬁé@tsofhgﬁfb%‘ﬂ:)ﬁéﬁﬁ&)ﬁ@?xs&ﬂm?%' ution in a

wat er - i i sci ar.omat 1.c_sol ve e. catal yst;

cool 1 ng the. SaMrRrHEREn T gl Yéﬁquhe@ﬂﬂfws BoEar e 1Bt et on

tenperature to one in tt'ﬁ@mtg glatiggt therprfin apgeadrcolved te plfesteryealyzetian of zat i on

of said pol yathelyshérfulfone whiclwgs@atpssatcoctlma@te solnBorotb thetrarga ohabeet War ti cl e

size of at | dee’C, &kl Jpticall SontREfNpthetdlin bbferd o Siiida caglingwititaal | | zed

p0|yethersu|f%@ﬁnﬁ&ﬁﬂhﬁﬁld solution by filtration; and renoving by-product
salts from sai'd pol yet h%{@% ﬁ)&e g%nge %(rgrgta%f:%eld%gly%ersulwa { fom sanl:I:' :.sro'%tlon

DESCRI PTI ON: PAQEFERRED
an

removing by-product salts from said poiyethersulfone.

Another aspect of the invention is a method for isolating a dihydroxybiphenyl-

derived polyethersulfone which comprises:

preparing said polysulfone by reaction of 4,4'-dihydroxybiphenyl with
bis{4-chlorophenyl)sulfone in solution in a water-immiscible aromatic solvent in the
presence of a phase catalyst;

cooling the polyethersulfone solution thus obtained from the reaction
temperature to one in the range of about 20-40°C, to effect crystallization of said
polyethersulfone to crystals at least 90% of which have particle size of at least 15 microns;

separating the resulting crystallized polyethersulfone from said solution
by filtration; and

removing by-product salts from said polyethersulfone by extraction with
water.

DETAILED DESCRIPTION: PREFERRED EMBODIMENTS

The polyethersulfones which are the subject of the present invention are typically
prepared from at least one monomer unit reagent comprising an alkali metal salt of a
dihydroxybenzene such as resorcinol or hydroquinone or a dihydroxybiphenyl such as
3,3"- or 4,4'-dihydroxybiphenyl, with 4,4-dihydroxybiphenyl being preferred. The salt is
typically a sodium or potassium salt. Sodium salts are frequently preferred by reason of
their availability and relatively low cost. The other reagent is at least one monomer unit
comprising a bis(halopheny1) sulfone such as bis(3-bromophenyl) sulfone or DDS, the
{atter being preferred. Equimolar proportions of these two reagents are preferably
employed. It is also contemplated to employ polyethersutfones

-3
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The pol yet hersul fones which are the subject of the present invention are
typically prepared fromat |east one nononer unit reagent conprising an
al kali metal salt of a dihydroxybenzene such as resorcinol or hydroqui none
or a di hydroxybi phenyl such as 3,3'- or 4,4'-di hydroxybi phenyl, wth
4, 4- di hydr oxybi phenyl being preferred. The salt is typically a sodium or
potassiumsalt. Sodiumsalts are frequently preferred by reason of their
avai lability and relatively |low cost. The other reagent is at |east one
nononer uni tWOIB82i si ng a bi s(hal ophenyl) sul fone such asT/usoo/30266
bi s(3- bronophenyl) sulfone or DDS, the I|atter being preferred. Equinolar
proportions of these two reagents are preferably enployed. It is also
contenpl ated t gmplqmn&,r %thersulf%pes -3 28 May 2004 WO 01/ 38422
PCT/ US00/ 3026 i Nl n§° HonSPS FFSHUN PN °“b@rf§?lawy=mp9fﬁtaicmut 25 ol e
percent. of stuniigterived frommitesmasimevsed from ot her nononers. The condensati on
reacti on between these two reagents is conducted under strictly anhydrous

conditions. It mayr @ccﬁxa&gm&ag&c idh 1 “’EFE&SF tfvﬁgéag%sc lsggly\égtpéqulag ?n a

wat er -i mm sci bl e sol vent
sol vent syst erfirictly anhyfingus codditions. Enp@baconamtatmadmalaymbud Slesnaral |y at a

tenperature i t descri bed, herei nabove. For
si %I i Ci ty%of %%%%gmﬂﬁ Sﬁ%\?\%@g?ﬁ m%é&)e g}qﬁ&gﬁ@elf?fﬁﬁo@ﬁ%ﬁ Iyegt oy a

sol vent syst etia¢ inlydestd digplasapratic $obast is generalipbier temperari@ Gh (e fangé 6L | C -

sol vent such h ch] orabenze O trichl orobenzene,
chl \(;r ot ol 3enea(§°uq 5@§®b@r‘%§%§?bﬁ% hgrlefﬂa & rsxé{pﬂglp %Ppﬁﬁléﬂ"h@‘"e"ﬁ’rﬁfﬁat iC

conmpound havi mighly ﬂmftrandlto ympioy isajveat syslmreoisistingof dt RagQAdvAELI On with a

phase transfeg e rature in,the range of about
125- 250C. Phasnéﬁ%bgin)sé?&naﬁgg 19%“; &fé%?%gh‘fpﬁﬂe’t H‘g?}ﬂ?ff’ DegeRs; | ty, i.e., those
that are s‘ﬂablrshlombendme.pdn@@mhe ahisalt, ph&ﬁm%ﬁﬁhe@rahdilogmomcpref erred.

Vari ous types t ve .th roperty. They
i ncl ude quat efrju(r%rgllra{?é1 Eg %@%ﬁ%&gg&%éeﬁgﬁ% ?‘3@ ‘HF%EP‘ A withay, s, Pat ent
4,273,712, N ahdscytam&dcmlkyhrdm mmpmemdmnmara@bwamz iBes0°C.

Phase transfer catalysts with high thermal stability, i.e., those that are stable in
the range of about 125-250°C, are highly preferred. Various types of phase transfer
15 catalysts have this property. They include quaternary phosphonium salts of the type
disclosed in U.S. Patent 4,273,712, N-alkyl-4-dialkylaminopyridinium salts of the
type disclosed in U.S. Patents 4,460,778 and 4,595,760, and guanidinium salts of the
type disclosed in the aforementioned US Patent 5,229,482, Said patents are
incorporated by reference herein. The preferred phase transfer catalysts, by reason of
20 their exceptional stability at high temperatures and their effectiveness to produce high
molecular weight polyethersulfones in high yield, are the hexaalkylguanidinium and
o, -bis(pentaalkylguanidinium)alkane salts. Proportions of catalyst, when employed,

are most often in the range of about 1-10 mole percent based on sulfone.

In step A of the method of the invention, the solution of the polyethersulfone is
25 treated 10 effect crystallization of said polyethersuifone. Such treatment may be by
merely cooling a solution in a water-immiscible solvent, preferably the solution in
which the polyethersulfone was prepared, from the reaction temperature to one in the
range of about 20-100°C, and typically to ambient temperature. Siow cooling, overa

period of at least about 2 hours, is often particularly effective for crystaliization.

-4-
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type disclosed in U S. Patents 4,460,778 and 4.595, 760, and guani di ni um
salts of the type disclosed in the aforenentioned US Patent 5,229, 482.
Said patents are incorporated by reference herein. The preferred phase
transfer catal ysts, by reason of 20 their exceptional stability at high
tenperatures and their effectiveness to produce high nolecul ar weight
pol yet hersul fones in high yield, are the hexaal kyl guani di ni um and
a, W bi s(pent aal kyl guani di ni um) al kane salts. Proportions of catal yst, when
enpl oyed, areos4R2 often in the range of about 1-10 nol eeqrarseesstésbased on
sulfone. In step A of the nethod of the invention, the solution of the
pol yethersulfone is 25 treated to effect crystallization of said
pol yet hersul fone. Such treatment may be by nmerely cooling a solution in a
wat er - i mi sci bl e sdtisele withinshescajw of thetifveatbriol coitadt the SMLENbIELLE o

pol yet her sul f oge: r romth eacfion tenperature to one in the

range of about a%‘%%%@ﬁﬁ%&?*fﬁ%ﬁ‘ﬁ"f"ﬁgﬁﬁﬂrﬁ"eé"ﬁ‘i‘c‘?’%%@“&ﬂ gidds prefoawedc ool i ng,

over a peri odp@dyethersulfenesn itabysiallid: foanlsis aﬂs&c&ﬁér@lal&&b%h?lbg%{o?ﬁnﬁf fective

for crystallizgli.9e 2004 W0 01/ 38422 PCT/ US00/ 30266" I't is al so
ﬁfclegt'ghgt élm.szﬁlcﬁ/g%/ l‘.llgl'HI?IP giogide and talc,as cry

within the scope e 1nventto izatiogAidbef ore or  during
cooling with a crystallization aid. The preferred crystallization aid is

prefornmed ol yet hdihe averaga pattiple size ofshs erysadllinerpiyethenuifdre obGinad 50

cont enpl at ed t@s@ikRd | | ' nts such as ti.tani um

di oxi (rjrg and ta(ﬁs: as f:arb;ggaiill | z%fnl%ﬁ%%e?g%‘gg?‘ﬁg&%%?'ﬁg@“ﬁ&ﬁﬂ PPY sj ze of
the crystal | i i0-388Igigrhsand prefershly hionti0nt90 microns Eequénkip,cht RROVE%icS ey pi cal | y
in th ' : t . 20-200 m d
%, S RO 85 L o eyt

pref erably about 50- m crons. Frequent
crystal |'i ne pdli§enherimbinideag20mierors Particle sigesfdushe purpesecofahipar t i cl e si ze

of at | easto 153%51’@{@9@@,@{,@{33!59%&dﬁhgéﬁgﬁgiﬁggcg,h%; Bg_slg%Part i cle sizes for
ned by Ta

t he purposes of this 10 invention were deter PPPEfRP act i on

using a Coulter LSg 00@? ,r?{?us. ..Jhose skilled in the art will be aware
that particle sizes " DufSiddn BfaT 350 beawate thatparisi siaes outside e abave-

particul arly Inawedepicplraigecind paiticlaly 198 faRictatiet, by b Ueshifd fotbdhain
applications; for example, for blending with additives such as pigments, stabilizers
and fire retardants and with other polymers. Particles which are too fine may cause
15 dust problems which can lead to powder explosions and other health hazards. On the
other hand, for powder coating purposes and aqueous suspensions, e.g., for composite
fiber impregnation, finer particles may be required. Modifications to achieve other

particle sizes may be include control of polymer concentration, changes in solvent

composition, use of different cooling temperatures, alteration in rate of cooling, use
20  and amount of crystallization nucleating agents and the like.

In step B, the crystallized polyethersulfone particles are separated from the
solvent and remainder of the reaction mixture. This is typically done by filtration,
whereupon by-product atkali metal halide salt is recovered in admixture with the
polyethersulfone. Conventional washing steps employing organic solvents such as

25  toluene and methanol may also be employed; they are typically effective to remove
phase transfer catalyst from the polyethersulfone.

Finally, in step C the by-product salt is removed from the polyethersuifone.
This is typically achieved by simple extraction with water, most often at a temperature

in the range of about 60-90°C for efficient salt dissolution.

-5-
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applications; for exanple, for blending with additives such as pignents,
stabilizers and fire retardants and with other polyners. Particles which
are too fine may cause 15 dust problenms which can |l ead to powder expl osions
and ot her health hazards. On the other hand, for powder coating purposes
and aqueous suspensions, e.g., for conposite fiber inpregnation, finer
particles may be required. Modifications to achieve other particle sizes
may be include control of polymer concentration, changes in sol vent

conposi tion, WO9E38432 di fferent cooling tenperatures, altermtrusoosodes at e of
cooling, use 20 and amount of crystallization nucleating agents and the
like. In step B, the crystallized pol yethersul fone particles are separated

fromthe solvent q.gd r%ggi nder of the reaction mxture. This is typically
done by filtration, et cRARoyeEprsplfenguef thig invahtionwitmhavh alivad@g&aivér | S
recovered in abimdrptiods Rirhldf thd Sam 1#&%&' nvent i onal washing

st eps enpl oyi r}% rgani ¢ ,sol vents EFs)llgjhlc as'%@%% uedr%tcﬁ‘gtﬁtan th8hol may al so
be enpl oyed: tHEJPESINCE H5Y danetypeglemesatei ve to remove phase transfer

catal yst fromthe polyethersulfone. Finally, in step C the by-product salt

is renoved from t hEhquobhat dfaNesivehaifis illuliigd ByShd %HB&&%L%H@D(}Q! eved by sinple
I t

extractiongw . 7pst often at a tenperature range of about
60- 90C f or “ef Mbé%lgg}na? {"E‘éﬂf) AJNELEG1 AerRgnand werodetagined bp gel pENEAKEBB4 22

PCT/ US00/ 3026 &hromatograyintrelativene polpdtptedener sul fones of this invention often
have advant ages over the anorphous formof the same polyners, particularly
fromthe stanggai { handl i ng, since they do not agglonerate. The nethod
of the invention i1s illustrated by the foll owi ng exanples. 5 Mol ecul ar

wei ghts are wei ght average and were determ ned by gel perneation

chr omat ogr aphy el APy BIkEer piybres nesked Tk apmiEd ithaGfdbhatical dukes, @ (M)
three-necked DeasStarkdp Boimektedl tb B céhddREP AR hillger ;Bljréern%ahs ¥as charged in a
10 nitrogen atmosphere with 9.905 grams (g) (124.15 millimoles [mmol)) of 50.14%
aqueous sodium hydroxide solution, [1.559 g (62.08 mmol) of 4, 4>
dihydroxybiphenyi, 53 ml of water and 160 ml of cyclohexane. The mixture was
heated to reflux, with stirring, whereupon most of the water was removed as an
azeotrope with the cyclohexane; 150 ml of toluene was then added over 1.5 hours and
15  distillation was continued to remove all water and cyclohexane.

o-Dichlorobenzene, 100 ml, was added and the Dean-Stark trap was replaced
"y a recirculating trap containing calcium hydride as a drying agent. The
¢ dichlorobenzene was refluxed through the trap for 2 hours, after which the solution
was cooled and 17.826 g (62.08 mmol) of DDS, 1.310 g (4.97 mmol) of
20 hexaethylguanidinium chloride and 25 ml of dry o-dichlorobenzene were added. The
mix-re was heated under reflux for 7 hours and the resulting viscous solution was
diluted with 150 ml of o-dichlorobenzene and allowed to cool to room temperature
over three hours, whereupon the product polyethersulfone precipitated as fine solid
particles. The resulting thick slurry was filtered and the filtration residue was washed
25 with 100 ml of toluene, followed by 100 ml of methanol and two portions of hot
water. Finally, the purified polyethersulfone was dried in a vacuum oven at 100°C.
The yield was 95.3% of the theoretical amount of a product having a sodium content

of 58 parts per million (ppm). Its average particle size was 63 microns and 90% of the
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Dean-Stark trap connected to a condenser and nitrogen purge neans was
charged in a 10 nitrogen atnosphere with 9.905 grans (g) (124.15 m|llinoles
(mmol ]) of 50.14% aqueous sodi um hydroxide solution, 11.559 g (62.08 mmol)
of 4.4t. dihydroxybi phenyl, 53 ml of water and 160 ml of cycl ohexane. The
m xture was heated to reflux, with stirring, whereupon nost of the water
was renoved as an azeotrope with the cycl ohexane; 150 m of tol uene was

t hen added over 1.5 hours and 15 distillation was continued to renove all
wat er and cykOeéms#ane. o- Di chl orobenzene, 100 m, was addedosmmboishe
Dean-Stark trap was replaced 'y a recirculating trap containing cal cium
hydri de as a drying agent. The c¢ -dichl orobenzene was refl uxed through the
trap for 2 hours, after which the solution was cooled and 17.826 g (62.08
mol ) of DDS, gartrlesthad a ide &fat a3y nidroB0THREHAE trivshe i ddthpdbadleb g Ry LT | de and
25 nil of dry r?xélﬂhﬂll ogoﬁer&&ge were added. The m xture was heated under
reflux for 7 hOUrse SAECEHE VilPs H5re 4 25C ARA2O4 T uesPestiveltis  dil uted with 150

m of o-dichl orobenzene and allowed to cool to roomtenperature over three
hours, wher eupoRAMPEERr oduct pol yet hersul fone precipitated as fine solid
particles. The resulting thick slurry was filtered and the Filtration

ot hanol and" o par e Al 3 ot O Mo Buarnfle ' S8 Shardea  trosen.

pol yet her sul f GABosRhere #ith 4@01 g H28:48 wenv))d 601 1406 adiROE sodikhchydtiorids Was 95. 3%

per 111 on ( pouon. 3F8UTL (6274 G PEH b DM B SR S Bt B0t of ' e
0

per mllion (ppm. Its average particle
6 28 May 2004 WOfgysichezme. Themixieoyas Osteérapd as indxampled dind asikdl€ 10§ mat | east

25 0, ek snd 850 S S Rl J B gy SPT
three- necked fPRERR Y@copipd and 18,01 7pl4amunoihatDRS and2iini of dey Misolea@e 5
at mospher oM taBdehOTi rlixirel & PetidRed WHab011.23Q (4020330 ePus sodi um hydroxi de
hexaethylguanidinium chloride was added and the mixture was heated under reflux
(155°C) for 8 hours. The resulting viscous solution was diluted with 150 m] of
o-dichlorobenzene and allowed to cool to room temperature, whereupon the product
polyethersuifone precipitated as fine solid particles. The resulting thick slurry was
15 filtered and the filtration residue was washed with 200 ml of methanol and two
portions of hot water, Finally, the purified polyethersulfone was dried in a vacuum
oven at 100°C, The yield was 95.4% of the theoretical amount of a product having a
sodium con 2nt of 32 ppm. Its average particle size was 177 microns and 90% of the

particles had a size of at least 38 microns. The molecular weight was 48.400.

20 EXAMPLE3

The procedure of Example 2 was repeated, employing 9.919 g (124.33 mmol)
of aqueous sodium hydroxide, 11.576 g (62.17 mmol) of 4, 4dihydroxybiphenyl,
17.852 g (62.17 mmol) of DDS and 1.73 g (4.97 mmol) of hexa-n-propylguanidinium
chloride. Upon completion of the reaction, 150 m! of anisole was added and the

25 mixture was cooled to 85°C and spiked with 50 milligrams (mg) of preformed
crystalline polyethersulfone. The polyethersuifone product, obtained in 95.1% vyield,
had a sodium content of 29 ppm and an average particle size of 119 microns; 90% of
the particles had a size of at least 20 microns. The molecular weight was 53,700.

-7-
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solution, 11-683- (62.74 mmol) of 4, 4 -di hydroxybi phenyl, 50 m of water
and 160 ml of cycl ohexane. The m xture was dehydrated as in Exanple 1 and
anisole, 100 m, was added and refluxed through the cal cium hydride trap
for 1.5 hours, after which the solution was cooled and 18.017 g (62.74
mmol ) of DDS and 25 ml of dry anisole were 10 added. The m xture was
reheated to 145C, 1.32 g (5.02 mmol) of hexaet hyl guani di ni um chl ori de was
added and the m xture was heated under reflux (155C) for 8 hours. The
resulting vi woswsssznl ution was diluted with 150 m of o-shieidedsnkenzene
and allowed to cool to roomtenperature, whereupon the product
pol yet hersul fone precipitated as fine solid particles. The resulting thick
slurry was ExAnPieaed and the filtration residue was washed with 200 nil
of nethanol and two portions of hot water. Finally, the purified
pol yet hersul fone, was dried in a vacuum oven at 100C. The yield was 95.4%

of the theoreti cH?QAERlsEPEsment. 1 37A kot waighy) selition insulfolann afont ent of 32 ppm
| t's aver age ppigethérallfons pro@ucé@By the readtioh 0@ AS 4'2; vBi L,cles had a
size of at Ipeast_ 38 rri;:r ons.'%hq m)logggl a?%dg’g{ﬁl@%gﬁ%ﬁ?’%%% EXAMPLE 3
The pr ocedumintgined,an {5 Cand spiked withsastaline pelygthersuifone 8 i®ESarplé 3124. 33 ol )
of aqueoys Padipitatidnyrhs A D f 4 4
_di hydroxybiﬁhepn |, 17.‘8%%%%%%.5?99%‘%%“%” ‘lé}"aP?‘i'a’di‘??é‘P§'“{4. 97 nmol ) of
hexa- n- pr op¥ "@'Lfa%i" VENtTPANtEeS ether greprieof cryptatlizasionsiueit dsanti-oblvéhe reaction, 150 m
of ani sol e pasipadiesd and the 25 m xture was cooled to 85C and spiked with
50 mlligrans Frrg) of prefornmed crystalline polyethersul fone. The
pol yet her sul fonqgﬁlr oducaa, g@{ai ned ip 95.1%yield, had a sodiumcontent of
29 ppm and an avePafEPiRA empediments have gen st ot fof b gurpom R dlustration. parti cl es
had a size the faegoimgaticripiondiafd sxamples. hﬂuﬂﬁnb%‘é&eé’tﬂed’vsibgminﬂ@éon%’ 700. -7 28
May 200/110V\qhg1/0384ﬁ2tﬁ IIEIXAI}IZPLE 4 PCT/US00/ 30266 In a control experinent, a
15% ( by wei ght) PE 1 IPSHUPE AcfPidehi 2npps modifications, adaptations, and

alternatives may occur to one skilled in the art without departing from the spirit and

scope of the present invention.
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pol yet her sul f one produced by the reaction of 4, 4 -di hydroxybi phenyl with
DDS was nmintai ned at 30C and spi ked with crystalline pol yethersul fone as
in Exanple 3. 5 Precipitation was not observed over 20 hours. Thus, polyner
prepared in a dipolar aprotic solvent requires other neans of
crystallization, such as anti-solvent precipitation. Wile typical
enbodi nents have been set forth for the purpose of illustration, the
foregoi ng descriptions and exanpl es should not be deened to be a limtation
on 10 the scope of the invention. Accordingly, various nodifications,
adaptations, and alternatives may occur to one skilled in the art W|thout
departing frorﬁltaAuIM§p| rit and scope of the present invention. 8 28 May
2004 CLAIMS 1. A nethod for isolating a d| bydroxybl phenyl - or a

di Ihyfl'roxy|toﬂenyl fderll vedppﬁgmgalﬁgrm tug wﬁ ; 1L§1tes| I _(A)t_treat}ng ad _
solution theregf in a ani vent' 1o effec crystallization of sai
pol yet her sul f SHaYdrpye e’?ﬁ‘g gr?ﬁ 5BF '(j‘ﬁ ution to'. the range
of about 20-100C, and opti onal |y cont acting the solution before or during:

ccooling with a crystal KAYaatiog asobitiop Bjen preamerganic sdieent daeffect ng
gfysta'd"tzed lg}} i&ﬁ&&blf.«f 'og ngwﬁ&iéﬁ &fip rﬁ&%@ ﬂ@rmwﬁeato t

y-product sa PO rsy e net hod accqrding to
claiml V\herelﬂﬁ-"@{’g‘f &]a'@putg’@ ﬁ'&ﬂ(i@é‘?ﬂté?%ﬁ’f’%?@“ FEOTAURE 5
particle si zecséh@twit!eaeﬂysﬁﬁiﬂﬁma‘iﬂﬁ 3. The method according to claimil
wherein the pol yethersulfone is prepared. from4,4' -di hydroxyb| phenyl and

‘bi s(4- chl orophenyl) sul g% égg&,lkﬁ Qrﬁﬁiﬁ rein the
pol yet her sul fone Is gaéénnrgﬂ I po gr apr%lﬂgglgot?lvent at a }tgéeyﬁperat ure
i'n the range 8¢ldesand 150- 300C. 5. The net hod "according to claim3 wherein
the polyethersulfonerls .

(C) rcmovmg by-product salts fmm said polyethersulfone

2. Themethod acwrdmg to c]aun 1 wherein at least 90% of the
polyeﬁlersulfone crystals have a particle size of at least 15 microns.

3. The mcthod aocordmg to claim 1 wherein lhc polycthcrsu]fonc is '
prepared from 4 4‘-dihydroxybxpheny1 and bis(4-chlorophenyl) sulfone. '

4, The method according to claim 3 wherem the polyethersulfone is
prepared ina dlpolar aprotic solvent at a temperature in the ranige of about 150-300°C.

5 The methed accordmg to claim 3 wherem the polyeﬂzersulfone is -
prf:pa:cd in a solvent system consisting of at least one water-immiscible aromatic
solvent in the presence of a phase transfer catalyst, at & temperature in the range of
; : about 125-250°C.

6.  The metbod accordmg to claun 5 wherein the solvent is
o~dJchlorobenzene

7 The method according o claim 5 wherein the solvent is a‘msole

8. The method according to cla:m 5 wherem the phasc transfer catalyst is
a hexaalkylguamdnuum balide.

9
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prepared in a solvent systemconsisting of at |east one water-inmm scible
aromatic solvent in the presence of a phase transfer catalyst, at a
tenperature in the range of about 125-2500C. 6. The nmethod according to
claim5 wherein the solvent is o-dichlorobenzene. The method according to
claim5 wherein the solvent is anisole. 8. The nethod according to claimb5
wherein the phase transfer catalyst is a hexaal kyl guani di nium halide. 9 28
May 2004 9. The nethod according to claim5 wherein step A conprises
slowy cooling the reaction mxture in which the pol yethersul fone was
prepared fromthe reaction tenperature to one in the range of about
20-100C. 10. , The nethod according to claim9 wherein the reaction mxtur_e
is. contacted befor or Trmeodsmbidiny toicldimd wheraih atepisz edriyniseilowly 1.

The net-hod. acc do

pr ef-orrred - pol yéek{ gihg %@%‘%eaWs cr &tﬂfﬁgﬁeﬁtﬁ%ﬂe#%ﬁe
accor di ng t o -cleastion mtﬁomgﬂbswgaofa@at%mfaﬂd is an inorganic
nucl eati ng agent 13. The. method accordi.ng to claim5b wherein step 1
conprises filtratian..-. 14.-' The method according to claim13 where| n

- phase. transfer cat alOyst Mmethdmdmnyoalammmminﬂi&mnohmixmﬂgam c’
l.iquid: 15. .T ﬁ@ﬁeﬁ q,qi“gi%lﬁ ! ?sliﬁ(ﬁjﬁ% tep C conprises
extraction- .% wat er . gi actordi ng to‘ECI aim 15 wherein step
C.is. conducted at a terrperature |n the range of about 60-90C. 17.. A :
met hod. for. i sol ati hydr.oxybi phenyl - et her ul fone’ “\ihi ch
¢onpri.ses: preparl ﬁg sai éﬁﬂ@m‘ﬁ&&ﬁﬂg@%@/tﬂgﬂg@ftﬁ %Sl}ﬁbl phenyl

with =~ preonnedpolyethersulfoneimtscrystalhneﬁ)rm.

12. 'I'hcmdhodaccordmgtoclaxmmwheremﬂlccrysulhmuonmdlsan
* inorganic nucleanng agent. '

13. Themethod according to claim 5 Wherein step B comprises ﬁltraﬁep. '

14. * The method accordmgto claim 13 wherein phase transfer catalyst is.
removed by waslﬂng with a poIar orgama liquid. -

_ 15, 'Ihcmethod according to claim 5 wherein step C comprises extraction

. 16. Themethodaccordmgtoclalm lSwhc:mnstepCmconductedata
tempcraturcmthcrangeofaboMé&QO'C ' '

ol '17.- Amethod for Jsolatmgadihydmxyhphenyl-dmved polycﬂxersu]fozxe
5 " which comprises: .

_ prepanng ‘said polysulfone by reactton of 4 4'—d1hydroxyb1phcnyl wxﬂ:
bxs(4-cblorophenyl) sulfone in solutionina watcr-Immlsciblc aromatic solvent in the '_ o
_pres.cncc ofa phasc uansfer catalyst; '

- (A) coohng the. polydhm'sulfonﬂ solunon thus obtamed fromthe
_ mactmn tcmpcmjme to one in the range of about 20—40°C, to effect crystallization of

“said polyethemulfone to mystals at Jeast 90% of which havc a particle size.of a5 least
15 mlcrons,

10 _ "
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bi s(4-chl orophenyl) sulfone in solution in it water-inmscible aromatic
solvent in the presence of a phase transfer catalyst; (A) cooling the
pol yet hersul fone solution thus obtained fromthe reaction tenperature to
one in the range of about 20-44C, to erect crystallization of said
pol yet hersul fone to crystals at |east 90% of which have a particle size-of
as least 15 mcrons; -10 28 May 2004 (B) separating the resulting
crystallized- polyethersulfone fromsal solution by filtration; and (G
removi ng by-product salts from said pol yet hersul fone by extraction wth
water. .1.8. The nethod according.to claim 17 wherein 'the aromatic sol vent

i's.” . o-dichlorobenzen Hi mgw]gg; Qﬁ agﬂ! gﬂ f |g!fg ﬁ %er. in the
aromatic sol vent is. ani g(gp e maﬂ'ﬁ%g%accor n)g 0 clarm erein’
the reaction rioltindyfBiratiomendt ed before or duri ng cool i ng vvlth pref or rred
polyethersulfonelnlts crystalllne form .11 . :

- (C) removmg by-product salts from sa1d polyethersulfone by exhactan :
. with water.
’ .18."  The method accordmg to clmm 17 wherein the aromatw solvent is- |
o 0~dlchlombcnzcne ' |
19 The method according to claim 17 whercin the afomatic solvent is
anisole. e | L ‘
20. 'Ihemethodaccordmgtoclmm l7whmmthemctlonm1xhn-els

: contacted before or durmg oooling with pxefonned polyethersulfonie in its crystalline
_ form.

11



