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Title: METHOD FOR | SOLATI NG DI HYDROXYBI PHENYL PC]_YETHERSULFC]\IESy Abstract:
Pol yet her sul f ones derived from di hydr oxybi phenyl or dehydroxybenzenes,
especially 4,4' -dehydroxybi phenyl, are isolated by crystallization forma
solvent, preferably a water-inmm scible aromatic solvent. Crystallization
may be achi eved by cool- ing fromthe reaction tenperature to a tenperature
In the range of about 20-100 C, optionally with the use of a
crystallization aid such as preformed pol yethersul fone crystals. The
crystal |l i zedWpdr3edtzher sul fone i s then separated by filtrardwuosoasudss
by-product salts are renoved therefromby extraction with water. 28 My

2004
METHOD FOR ISOLATING

DIHYDROXYBIPHENYL POLYETHERSULFONES

BACKGROUND OF THE INVENTION

This invention relates to polyethersulfones, and more particularly to an
improved method for preparing dihydroxybiphenyl- and dihydroxybenzene-derived
polyethersuifones.

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 1:

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 METHOD FOR | SOLATI NG DI HYDROXYBI PHENYL
POLYETHERSULFONES BACKGROUND OF THE I NVENTION This invention relates to
pol yet hersul fones, and nore particularly to an inproved nmethod for
prepari ng di hydroxybi phenyl - and di hydr oxybenzene-deri ved
pol yet her sul f ones. Di hydr oxybi phenyl -derived pol yet hersul fones are known in
the art. A common 5 exanple is the polyethersul fone derived from
4, 4" - di hydr oxybi phenyl and bi s(4 chl orophenyl) sul fone (hereinafter
soneti mes " DBY6V3I84azhi ch conprises structural units of therfusioasa | @ (1)
The pol yethersul fone of formula | is typically an anorphous, injection
nol dable resin 10 with high solvent resistance and ot her desirable
properties. It is st .often prepared by a reaction of the DDS with an
alkali netal salt &F2}3jEmat fsid\pb polmmpR isolationcthe boleet is remora by nes

" bi phenyl sal tvoJatitizatioh,Glg. (LS ERE s OF BIM-LHQSE R 0C)._in solution
I n a dipolar aﬁprot | C %é_gve]ﬁt, ass_ il uswg?ﬁgligmgbﬁ&é?‘ﬁ\?ﬁ%égq ?%?ff“ﬁe and

sul fol ane, whi éﬁ‘%‘ 1R e hieddeialt Frombemodiseen pefits, volatlizigerisi bed, f or
exanpl e. in 1hndetaRén Re@bvadly fillraridRql Nsuaiﬁpihﬁé%g{:}gigb&%u%c}fso7ha¥fh§3t9ﬁe( égIGQrer

When preparsation I, S &longl ete, it is thus

by reroval f r SHFPHX °EHF JeRton and (hs small sige ofhesals etyptals Remowahbiytdissalutiant her

| arge anmount o wast is ecedl 1366 Pasible Ghcdthe ofdahie sAVER EERScibd ! es a mxture
of organic i 3“%%?@ sol vent and anti - sgéab/lersl_t mgﬂgﬁ?llpgﬁnv%{?ga%%par ation
econoni cal |y #& TEPAra{iQn {n 11 way saepgosuneareiallyadvantageos0 recycl e owing to
the high cost of such conpounds. Separation procedures are expensive and

burdensome. 1 28 MNAgotid@nktho@oDrbBbrisi, dﬁﬁ%éﬁ@@i%ﬂﬁ@rﬂy&nﬁﬂ%ﬁhmr native

met hod of pol g, \ | solvent is renoved by volatilization,
e.g., by extruglg%tflb’g?é’?élzla(rar‘?{' 'r%@%‘h?m\i?ysiaéesﬁi’%'?’el‘vla@mm’ﬂ’é%k!\?é?l?eﬂ #icBepar at e
10 as o-dichlorobenzene or anisole in combination with a phase transfer catalyst.

Temperatures in the range of about 125-250°C are utilized, making it advantage.cms to
employ a phase transfer catalyst which is resistant to high 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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by- product alkali netal chloride salt fromthe pol yner before
vol atilization is wundertaken. Renoval by filtration is usually
i npracticabl e because of the high 5 viscosity of the solution and the small
size of the salt crystals. Renoval by dissolution in water is even |ess
feasible, since the organic solvent is mscible with water. Thus, polyner
preparation in this way is not commercially advant ageous. Anot her nethod of
preparation, disclosed specifically or by analogy in US Patents 5,229, 482
and 5,830,974, enploys a |ess polar, water-inmm scible solvent such 10 as
o- di chl or obersiMMARY ORTBUL BNYENTHEM®I nati on with a phase transfer catal yst.
Tenperatures in the range of about 125-250C are utilized, making it

ﬁ%ﬁnt ggrgggzth gesqmphgﬁenampém 1stb5§éﬁ%fxﬂfedfs@6 tﬁat éigbtﬁé} dhﬁmésecaﬁﬁév ant a; % of
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wat er, si nce cpis@lliog polumer if of apstticle sizgihichirenders itrgsilysoparable in Sgsplidsiate act i on
i s often cunfensthemactiod nixtefefin whiehit ves prepareda elorg wish grepredt $ajt whicheen phase

separation afsﬁ&eqdeﬁuywamtyiraﬂo@ﬁ bwaitREtionl withwadierous sol id state nethods for

the preparation ofnakRgih BRloRAUBAREIES o, &% dlified B5SHudar exanpl e, in
204, 377 ? anor phous

US Patents 4, 87l rﬂ

pol yner is cr‘ﬁ?’%ﬁf‘m %ayl' fc?lgﬂmé g'de’f“feggf’&ﬁtﬁ?rs mef)vﬁiggﬁ &SCSZO with a
sol vent or non-sol vent reaig seh 9%"( sreefinan gendpwivartte pidechistaligiian el | not
known to be sapggeli¢thersnlinhe Whiplostgretomprisagicoéadimg the sblutiprsto dife range of gwit 20-
therefore, taooheysldauptiommy coledtingehd adstionbeforead dbindodlig withsol at i ng

pol yet her sul fc%ﬁﬁmmragd cularly d| hydroxybl phenyl derived pol yet hersul f ones
~and the like. I'n particula nabl§3|solat|on by

operations 25 which do S?Pafanh%%le ﬁﬁultm erﬁaa}ﬁ%%l? ogethersuéfﬁPe E%IS P ptution

pr eci pltatloﬁ‘n@) separation of phases which separate poorly. 2 28 May 2004
SUMVARY OF THE | NVENTI @hnoring byrneedupt sakisifpenm saidppiyetheksafend. on t he di scovery
t hat pol yet hersul fones can be prepared by any nethod known in the art and

subsequent |y rend%x%&eﬁe[s}!e%& 8t thd AGentidR a nfeinba i@t iddida EQihy&E:Eybip?leﬂfl
particle si Z%e}i\é%{i% %’Etﬁ&%ﬁﬁer{hﬂ?gs' In)é separable in % he soli'd state from
m X

the reaction re ared, al ongvalth by- product salt
whi ch can preparing sa1d polysulfone by reaction of 4,4'-dihydroxybiplienyl 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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subsequently be easily renoved by extraction with water. The invention in
one of its aspects, therefore, is a nethod for isolating a
di hydr oxybi phenyl - or di hydr oxyphenyl -deri ved pol yet her sul f one whi ch
conprises: treating a solution thereof in an organic solvent to effect
crystallization of said polyethersul fone which step conprises cooling the
solution to the range of about 20- 100C, and optionally contacting the
solution before or during cooling with a crystallization aid; separating
the resul ti moevpeeal | i zed pol yet hersul fone from sai d solrarivemiezmad
renovi ng by-product salts from said poiyethersul fone. Another aspect of the
I nvention is a nethod for isolating a dihydroxybi phenyl - derived

pol yet hersul fo | rises: preparing said pol ysul fone by reaction of
4, 4" - di hydr oxy‘%ﬁ%@qﬁn% qEF°“HP§@i’%6ﬁ|?’d‘P6?)%€HW)f§Q}F PEFRALof sisustumli on in a
wat er - i nm sci bings deryrdifrom othet memdmers) t he presence of a phase catal yst;
cool ing the pol yethersul fone solution thus obtained fromthe reaction
tenperature to onefthd.dnh& out .20-40C, to effect crystallization
of said polyether suf]? ones{ug’ggc%%{naq%gv 5P HERLYP o8RRI condiugtad widee particl e
size of at | eatictlygnhyilronsxesditisasplimay begprtlixeed ie 2 diolan gprétiy/ivahl, inzed

pol yet her syl f Q& fik RS Rl | uti op: I |tration: . and renoving by-product
salts fromsaid 6(‘) yet %rsgld?'ﬁgﬁfg abymeu%lorffé%ett%h rﬁﬁafﬂmﬁ/éf’cae‘?"?"eﬂ??ﬁ?‘EED

DESCRI PTI O\ FREMERRED diBOBpivEnTdy elitic gpetalle tiwempdritoies thehdngbopr € t he

subj ect of the ka0 I re ically. prepared fromat_ |east one
nonomer uni t ﬁ%zﬁg@o%p%?%%\%ﬁggmﬁaﬁ% ﬁoﬁﬁ‘f’ﬁ’i“" a‘ﬁPPﬁFu%- hoyyesrelit éscybenzene

such as resor dightyl preferrddyic eropjoy asmhenosysiamaoheystinuf/de leafi@ny wagpCh as 3, 3' - or

Salt i typt SORREBRéomtt ik hof LR AR S hordinatiel s Care Trequent |y
preferred 1By tihiombendene, chieiotohavaiahiadie,| phéngtode) diphetlybéther ot dnokiRyv cost. The

ot her reagent _j r.unit —c ri.si ng .a bis(hal ophenyl)
aul fone. saen. S0t et 80Ge SRR o ity o Rl ¥ porfbiviign Sh 2be ng
preferred. Eqpkasoiransfepcagdyst sridans tenfpetatvesia thewinge 0AGRGE B5aysge@r ef er abl y

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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enployed. It is also contenplated to enpl oy pol yethersul fones -3 28 My
2004 WO 01/ 38422 PCT/ US00/ 30266 contai ni ng m nor proportions, generally up
to about 25 nole percent. of structural units derived from other nononers.
The condensation reaction between these two reagents is conducted under
strictly anhydrous conditions. It may be conducted in a dipolar aprotic
solvent, in a5 water-inm scible solvent or in a mxture of the two.
Preparation in a solvent system that includes a dipolar aprotic solvent is
general |y atWaov®Mderature in the range of about 150-30GCrussydescri bed
her ei nabove. For sinplicity of operation, however, it is highly preferred
to enploy a sol vent system consisting of at | east one water- inmscible
aromati c sol vent such as chl orobenzene, o-dichl orobenzene, 10
trichl orobenzene, dhis@lsemithinghescopenfsiel ifvenpHicebitbh@ ,mecgbmh&wéf%r@wef or

anot her ar omaj, | a po ity.no higher than those, in
conbi nati on W ?dﬁﬁg%%gﬁgls&gﬂta?%lsﬂp%?m&aafia@%P‘%ffﬁ'&d a'@fg%l“%"élﬁ*bé!ﬂatmfenmw t he
range of about polgsiepBlie iPhaerpsullizeriofme is akabodniplatkd @) i&'ﬂ%}d@'
stability, i'%mléﬁﬁgﬁkﬁpﬁ%hﬁiﬁmﬁ@QEIe'i” t he range of about 125-250C, are
highly preferred. VArrous typestaim 8iokids and Licas crystaization aldsst s have t hi s
property. They include quaternary phosphoniumsalts of the type disclosed
in U S Pat®nt 4,278 2epage Rarirlk yize af thé eryitallimerpoiyerhersiitingiobmins@hd s of t he

t ype di scl osediekdibkl shov 3 7 95, 760, angd guani di ni um
salts of the a%togé)e q?bs?c?%tst d |%ﬁ%ﬁ€8%%o°§§%gﬁkgﬁgﬂdr?ﬁ'%ﬁt8ﬂ?“ 0859, 482.
Sai d ‘patents 00;micransed prefesably ahout 39r WAamicrony. Erequentipert [enst DE% o ghe phase
transfer cat alofstafline PYIyERSRMND [ ' . .st.abilit hi gh

t enper at ur es a?l% t heilg’r J'réetfﬁf ect P‘(O/Iéarﬁ%?g?% Péordgﬁuc“ei'%?g%mm"e‘gﬁf 15¥“ \%téi ght

pol yet her sul f JHEWQNS. prefarafily 35ileast 20 migrens. Rartitle xizes fi/the prarpéses of thisn and

a, W bi s( pertt aghveplighiadn: Blrstnieh 8l ke Qirhal i | PES ol Sakal yst, when
enpl oyed, are nost often in thié range of ﬁ%@%?eﬁl%%nép@apﬁg?@ént based on
the invention, the solution of the

sul fone. In step f the method q 1 on, .
pol yet her sul fone i $"°%2 M?ﬂéﬂf‘héd“t“fiﬁ BY vt et Rasicla saes eutsidhobovei d
pol yet her sul f aned typicalvaigeemtd partitul i) aler faMiclRERY ¥ndy 80 iksiga ArsQlalif i 0N in 2
wat er - i mm sci t?al:ﬁ sol v.ent a0 effer eibldx_l the solution I'n
ications; for exarnple, 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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whi ch the pol yet hersul fone was prepared, fromthe reaction tenperature to
one in the range of about 20-100C. and typically to anbient tenperature.
Sl ow cooling, over a period of at |east about 2 hours, is often
particularly effective for crystallization. -4 28 May 2004 WO 01/ 38422
PCT/ US00/ 30266 It is also within the scope of the invention to contact the
solution before or during cooling with a crystallization aid. The
preferred crystallization aid is preformed polyethersulfone inits
crystalline WOORI842t is al so contenplated to enpl oy i nor gaorusoosuesl eat i ng
agents such as titaniumdioxide and talc as crystallization aids. 5 The
average particle size of the crystalline polyethersul fone obtained as
descri bed above is L%Eiﬁc’:t%hly in the range of about 5-500 m crons, nopst
of ten about  20- 200 PHF¥SHHRE pobsthersulfanceof this intyensionBler Rifve eitvnses over
Frequent |y, atthdé ambhodralor iha e ' ersul fone particles
thus produced haye a.particle sﬁiﬁ%ﬁﬁ'b@g@%%%% F EPIPInt Bf ef er abl y at
| east 20 nicrdf ‘“%f@?&eédgp%é@?@?m@he purposes of this 10 invention were
determ ned by |aser diffraction using a Coulter LS-100 apparatus. Those
skilled in the artThd méth@Bofameifventisiat iRBiikolynsioResind Waldg. t he above-
noted typi gal Moq{l:g&, gigﬁ[ gr%rt L %ul arly larger "particle”si zens, "may be desired
for certain applicarransreiiehtavamse and wese dawraingd hygslipedmeatisi t i ves such as
pi gnent s, st akkiomawgmphyaeldtifeits olykfraiedant s and with ot her pol ynmers.
Particles which are too fine may cause 15 dust problens which can lead to
powder expl o0skgRls j other health hazards. On the other hand, for powder
coati ng purposes and agueous suspensions, e.g., for conposite fiber
i npregnation, finer _particles may be required. Mdifications to achieve
other particle si%a% nilliterdmi)ibreerteskediiask equiped pith y mechamparaiver, at i on,
changes i n sob¥eyStarke@ bled [ cooling te ratures,

DTG o B oLl i Bh kg e Btk R

alterationsin rate of cooling, use t%%n
nucl eat i ng agUHPEen ZHRPsPiGEe Witk 2903 grams (@p(124.15 millimples frarhdil)a 0. 14%

pol yet her sul f‘q“&“ﬁ@ﬁilhﬁhﬁﬁoﬁ&eesoﬁlﬁ&ﬁrl?%gﬂégdﬁ?@ﬁ@?tts4°|3"’e”t and remai nder of

the reaction mgxture. This is typica ne b fation, whereupon
by- product al %@"rﬁ‘g‘?gﬁnyhﬁ mijef veasgrand £60-micaf\wyaiehgxdne. Frenmixduterveaswi t h t he
pol yet her sul fieard td7eflue With Qitfihg, Whsreh i ridsEOhETRAE WA AdnRegani ¢ sol vents
such as . '

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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25 tol uene and nethanol may al so be enpl oyed; they are typically effective
to renobve phase transfer catalyst fromthe polyethersulfone. Finally, in
step C the by-product salt is renoved fromthe polyethersulfone. This is
typically achieved by sinple extraction with water, nost often at a
tenperature in the range of about 60-90C for efficient salt dissolution.
-5 28 May 2004 WO 01/38422 PCT/ US00/ 30266 The crystalline pol yethersul fones
of this invention often have advantages over the anorphous form of the
sane pol yner¥Qoy#®i cul arly fromthe standpoint of handlpcrgsosersee t hey do
not aggl onerate. The nethod of the invention is illustrated by the

follow ng exanples. 5 Ml ecular weights are wei ght average and were
determ ned by gel perneation chronmatography relative to polystyrene.
EXAVPLE 1 A 50partidlésihiad o sieg of(anichst B nbeemeTheaglask kriiition thrRRRSte Wigh bn P

mechani cal sti DeansStark trap connected to a condenser and
ni trogen pur ge&%@%?g\%rgmﬁcﬂgwééﬂ“‘?sﬁwéép% At 204 e mesaectivelpher e with 9. 905
grans (g) (124.15 mllinoles (mml]) of 50.14% aqueous sodi um hydroxi de

sol ution, 11.5BYAMPLE2 08 mmol) of 4.4t. dihydroxybi phenyl, 53 m of water
and 160 m of cycl ohexane. The m xture was heated to reflux, wth

L] e Lo o e A PR R e b (P

cycl ohexane; 150 ml of tol uene was
distillatioh vamosphere withd@01 e (1358 mmabiof $a14% aqueduseydibltgUudRIde

o, DL et or obenzgiifion 4¥8s 5T oo iflfid, A bR IBAN AL o 8RR ST oP! aced

'y a recirculating trap containing calci
- di chl or obenz Mef ficdohexane. Fhe sixthie cag Helytimted main Bxamp |hed asisold flo@#, Whi ch t he

o 20 hoxaet hy | oy aReaiC S cul hlchh BBl wlf oGl Shours iy zene
vere added. THEUUPR Xisfrelednd 180T &(S2iMdumol) of DD aid25 rl dfdry misaletvetd1e
LA oo R PR A el PR A5 0l © 1 o robenzene

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 £ (124.33 mmotl)
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.
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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 m
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. 3%
of the theoretical anobunt of a product having a sodiumcontent of 58 parts
per mllion (ppm. Its average particle size was 63 mcrons and 90% of the
6 28 May 200wowds#ly 38422 PCT/ US00/ 30266 particles had a sgpesedsozét | east
25 mcrons. The glass transition tenperature (Tg) and nelting tenperature
(Tm values were 226 and 264C, respectively. EXAMPLE 2 A 500 m
t hree- neckege¥AmpkEget up as in Exanple 1 was charged in a nitrogen 5
at nosphere with 10.011 g (125.48 muol ) of 50. 14% aqueous sodi um hydr oxi de
solution, 11-683; (62. 74 mmpl) of 4, 4 -di hydroxybi phenyl, 50 ml of water
and 160 m of c{RAGREYSKeerime aH%ﬂ?Yr“éelgﬁ)sWH@ﬁl}/@rsaﬁ’@lmeaﬁ in Exanple 1 and

ani sol e, 10@olykthersuMasic padaedd Bde Feafdlon o &, ih; i yel ride trap
for 1.5 hou?s, after vr\,hﬁ?ch t%g sol tftfl;sgn ﬁ%&&e@‘ﬁgﬁ?@%g’% (62.74
mrol ) of DDZaHyAnredst 33°Cond spiked vithemysiallin polyethasuifdutea in Exemplt 3t ur e was
reheat ed st o pledffeatioh-whe ni.di ni,um chl ori de was
added and the %ixture ﬁs&%ﬁgﬁhégg'rﬁﬁﬁgwél df‘%ﬁ‘d'é” urs. The
resul ting vPAREUSOIVER rEqyisghothessneans of ceyatallization.1sBch aslanbolvent di chl-or obenzene
and al | owedpfegipiffoh. t 0 room t enperature, whereupon the product

pol yet hersuFfone precipitated as fine solid particles. The resulting thick
slurry was 15 fi\%ﬁred zgnd ‘%Ee filtration residue was washed with 200 nil
“of nethanol and Y& YR FOBeiments haye bega sesforthforhe pyrposeiof illvsiration.e d

pol yet her suthe doregoingiesteiptihs aid examples/sHIuldNGERE Rbmebdd0 be 2 fikfatdnilnd Was 95. 4%
of the weoi'hgtsé_ocal em)g%ii of ,a [ofﬁuct,havi n,g a sodiumcontent of 32 ppm
lts average parﬁgﬁ BVeliofpAccprtingly, ¥arigns madificatigns, adaptaiens. gék t i cl es had a
size of at ﬂeamtivds&amomuom&neIlhl@edﬁli)&ﬁﬁbﬂvamomhﬁﬁﬁngm r’ixgsﬁﬂpandm EXAVPLE 3
The pr OCEd“&gpeOde@i:?&PAt‘?nv%m‘{‘&S repeated, enploying 9.919 g (124.33 mmol)
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of aqueous sodi um hydroxide, 11.576 g (62.17 mml) of 4, 4
- di hydr oxybi phenyl, 17.852 g (62.17 mmol) of DDS and 1.73 g (4.97 mol ) of
hexa- n- pr opyl guani di ni um chl oride. Upon conpletion of the reaction, 150 m
of ani sol e was added and the 25 mi xture was cooled to 85C and spiked with
50 mlligranms (ng) of prefornmed crystalline polyethersul fone. The
pol yet hersul fone product, obtained in 95.1%yvyield, had a sodium content of
29 ppm and an average particle size of 119 mcrons; 90% of the particles
had a size of at |east 20 microns. The nol ecul ar wei ght was 53,700. -7 28
May 2004 WO 01/ 38422 EXAMPLE 4 PCT/ USO0/ 30266 In a control experinent, a _
15% (by wei ghtQL.4&BY&ti on in sul fol ane of pol yet hersul fone produced by the
reaction of 4, 4 -dihydroxybi phenyl with DDS was = naintained at 30C and

spi ked with crystalyi neppﬁgﬂggam:mgﬁ%g Lybipieayl 6r 3. 5 Precipitation
was not observgd over our prepareﬁ i n a dipolar
aprotic sol verﬁif‘hxdéWPP@‘a 33?@% f%‘ffoeélg'glﬂﬁ DI on, such as
anti-solvent precipitation. Wi l'e typical embodinents have been set forth
for the purpose of ill u%}Mngasohlhenﬂm@é‘mmgmwemlmntmﬁﬁmd exanpl es

should not beg fdmnsegm 16&&@&%@% QfpHEaRDoRAg tHRGoIuEGARS | ON.
Accor di ngly, v rious

f1C |, tions, a atives .may
occur to one &RGIR ¥ &Dt H’@H?”"g@ﬁ&{“t“%'g? ‘WS"?‘B’FPF?
scope of the pb@l&@nﬁmﬂmmﬁhﬂiﬁﬁmﬂmﬂﬁ May 2004 CLAIMS 1. A method for
i.sol ating a di bydroxybi phenyl - or dihydroxyphenyl-derived. polyethersulfone

rem Oty sr e vt onE e el g cSA0b Oy BReSHAR S dhife ! 1 ©

‘cool i ng the s&eltiomsando * the range of about '20-100C, and optionally
contactlng the sol ution before or during
: ' anrmmawmgbyqnodmﬁsﬂﬁﬂhnnsmdpohmﬁmnmhbne

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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.cooling wth a crystallization aid; (B) separating the resulting
crystallized polyethersul fone fromsaid solution; and (C) renoving

by- product salts from said pol yethersul fone. 2. ' The nmethod according to
claiml wherein at |least 90/a of the polyethersulfone crystals have a
particle size of at |least 15 mcrons. 3. The nethod according to claiml
wherein the polyethersulfone is prepared. from 4, 4" -di hydroxybi phenyl and
bi s(4-chl orophenyl) sulfone. 4. The nethod according to claim3 wherein the
pol yet hersul fone Is prepared in a dipolar aprotic solvent at a tenperature
in the range of about.150-300C. 5. The nethod according to claim3 wherein
the pol yethersulfone is prepared in a solvent system consisting of at

| east one water-i rmﬂ.sm bTie: raethodidcordisgtt elaim 5 whdrdio siepasenarises slawbp ase

transfer .catal {(@Im

The -net hod. accor éﬁ @Hﬁﬁ %Hé&nth?ﬁ%& Ive Jne ?)gép(ﬁ% enzene

The met hod accd§# %F‘!‘mtﬁﬁs“-mﬁnﬁeﬁ s ani sole. 8. The

net hod accordi ng to claim5-wherein the phase transfer catalyst is a

hexaal kyl guani di'ni um hal'i de.- 9 28 May- 2004 9. The nethod according to claim -

: iShWnerFl nt rs]t ep ﬁ cldh’pr|‘Hmsneahmi%fordmg®chgn9hdwmuﬂ{mﬁmn{ingn which .
e pol yet her, 5&9@25)% ‘ﬁ’pﬁé ”Eﬁ%f enperature to one in

t he range of ?go O%r % ne{lﬁx acecording to claim9 wherein

t he reaction mxture |s contact ed before or during cooling with a - ' '

crystal lization a| The nethod ﬂéﬁgwwgc Jo, claim.10 wherei'n'the

crystallization: al Tﬁ"r’@?"ﬂ?"ﬁm r@‘“i‘h"?‘?g‘aum%lﬁﬂﬁe form

12.". The net ho@refonmihdng:themdﬂommm&rymmﬂmﬁmhhe crystallization aid is an-

‘i hor.gani ¢ ‘nucl eating agent, 13. The. nmethod according to claim5 wherein

' step 1 corrprlses filtration.
A .5 'I'hcmdhodaccordmgtoclaxmmwheremﬂlccrysulhmuonmdlsan

* inorganic nucleanng ageqt.

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

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 polycﬂxermﬂfozxe
#)  which, comprises:

: _ prepanng ‘said polysulfone by reactxon 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 rangg of about 20—40°C, to eﬁ"ect crystailization of
“said polyethemulfone to mystals at Jeast 90% of which havc a particle size.of a5 least
15 mlcrons,

10 _ "
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14. ' The method according to claim13 wherein phase transfer catal yst
is. renoved by w.sling with a polar organic liquid: 15. The nethod
according to claim5 wherein step C conprises extraction .with water. 16.
The met hod according to Caim15 wherein step Cis conducted at a
tenperature in the range of about 60-90C. 17.. A method for isolating a
di hydr oxybi phenyl -deri ved pol yet hersul fone which conprises: preparing said
pol ysul fone by reaction of 4,4'-dihydroxybi phenyl with bis(4-chlorophenyl)
sulfone in solution in it water-inmm scible aromatic solvent in the presence
of a phase transfer catalyst; (A) cooling the polyethersulfone sol ution

t hus obtained fromthe of about -
20-44C, to erect crystaI(Fs\ﬁg%’t@ta#a M@%ﬁw&%o e° 0 cryﬁ"él s at .’
| east  90% of vieldioniteflirafiowsand cl e size-of as least 15 nmicrons; -10 28 My
2004 (B) separating the resulting crystalli zed- pol yet her sul fone fromsal -
solution by filtration; and (G renoving by-product .salts fromsaid

pol yet hersul fone by ext i(E}temmvingbiytprodait eslts frokm Said PoigeterstifisheASCOiAgh t 0 -
claim 17 wher ?&3 aromatic, solvent is. . o-dichlorobenzene. 19. The

met-hod. accor di ng €l ai m 1? wherein the aromatic solvent .is ani sol e.. 20:
The method accordi n% to cI aim1l7 -wheréin the reaction m xture is
d

contact ed before. od8dur.i WIWW@M&?WM?M@DWMI nits.
crystal line TGOleMomb&nzcne .

19, The method accbrding to c!ain_n 17 wherein the sfomatic so}mtis
anisole. IR | L ‘
20. 'Ihemethodaccordmgtoclmm l7whmmthemctlonm1xhn-els

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