WO 02/ 096974 PCT/ GB02/ 02525 Pol yketones This invention relates to

pol yket ones and particularly, although not exclusively, relates to the 5
pr epar at i wo 0fo9gad yket ones, for exanpl e pol yet heret her ketramagBoaf232sgh
purity. The thernoplastic aromatic pol yketone pol yetheretherketone has
been known for over twenty years. 10 EP 0 001 879 (I nperial Chem ca

I ndustries) describes its preparation and use. For exanple, it may be
prepared by reaction of 4,4'-diflugrgbenzophenone and hydroqui none in

di phenyl sul phone and in the presenc@ggﬂigﬁgiﬁﬁali nmetal carbonate, for
exanpl e potassi um carbonate and/or sodium 15 carbonate. After the reaction,
t he di phenyl sul phone and inorganic salts are renoved by washing
successi vel y w tHhiscet angeptwose), watateftw do, apdlaketonesmet handl

(twce). 20 - 292 (1 ri Chem cal Jndustries) describes

washi ng pr oclgasprstojf or r%l Vi r?g Wil éan?ggsa?a}fcjfl%o V%#V’ar yﬁeqa;ccﬁsyegﬁer%? aryl
pol yt hi ot hesrayease: oot ai ni ”E t he  paoKFakionesql t, whebei n t heergdble

pol yet her or aryl . pol ythioether phase is initially in the formof a

"tof fee" 25 R §heERIRIR A uRE LITHBYFSFm by nel ting and/ or

di ssolution in a solvent, for exanple diphenyl sul phone. The liquid
m xture is contacted wth water to dissolve salt out of the mxture. 30
Pol yet her et her kélsne has bédermophmertdical | y avairbabkéc for nmapylykatsne

mitially Tromlmerlal Shem ool ndPUSLE g8t e, 2PBLLEaR LEY Lhe,
10 EP 0 001 879 (Imperial Chemical Industries) describes its
preparation and use. For example, it may be prepared by

reaction of 4,4’-difluorobenzophenone and hydroquinone in
diphenylsulphone and in the presence of an alkali metal

carbonate, for example potassium carbonate and/or sodium

15 carbonate. After the reaction, the diphenylsulphone and

inorganic salts are removed by washing successively with

acetone (twice), water (twice), and acetone/methanol
(twice) .
20 EP 0 292 211 (Imperial Chemical Industries) describes

a washing process for removing inorganic salt from an aryl
polyether or aryl polythioether phase containing the
inorganic salt, wherein the aryl polyether or aryl
polythioether phase is initially in the form of a “toffee”
25 and is caused to assume a liquid form by melting and/or
dissolution in a solvent, for example diphenyl sulphone.
The liquid mixture is contacted with water to dissolve

salt out of the mixture.

30 Polyetheretherketone has Dbeen commercially available
for many years, initially from Imperial Chemical
Industries (the applicant for the abovementioned patent

application) and subsequently from Victrex Plc, the



application) and subsequently from Victrex Plc, the WD 02/ 096974

PCT/ (B02/ 02525 2 assignee of Inperial Chem cal Industries. However,

not wi t hstwodiigsoat t enpts to renove inorganic salts from PCT/GB02/02525

pol yet her et herketone in the processes degcribed, comercially available
grades of pol yetheretherketone 5 (e.g. Victrex standard grade PEEKTM 450P)
tend to have greater than 250ppm of al kali netal cations, for exanple

Na+, in them_ |t is an ﬁbjﬁCt of ﬁhe resen; invention to address 10
probl ems asSEEHEST wi th t AEPGOrPLy SHEPSCFRet SIS oy anpfiRWeVer

pol yet her et hytkettHs: a LG daR@etta fid StreasRect 10briaei & N\eNtdsoNErbier e
is provided a nethod of purifying a polynmeric material of a_ 15 t%pe whi ch
i ncl udes: (Melpddigrerdietieisong B) éar bonsAe andPsocsifissifone deFeriksd, and

(Q) ether a%ﬂe]{ﬁaoﬂ;aera@%af%?é 2 r%p%ts.”e%‘f’d.%ﬁf?géhggeﬁﬁ&ﬁé%{}g t he
polynmeric materiral  wth a solvent fornulation whi S at a tenpéerature of
greater shanel@.C amdtaepr essan@aatiovweraidhi PEEKPT es50Pe tded ey thachar ge

the solvent fornulation wiith inpurities 25 deriyed fr.om sai ol ynerjc
mtertal - aF S sty PROPPER I eHE LR O PCHO S iR | AP L al
Except wher g;pt hepwicsepst at ed throughout this specification, any alkyl,

akenyl or alkynyl noiety 30 suitably has up to 8, preferably up to 6, nore
preferably

It is an object of the present invention to address
10 problems assoclated with the purity of polyketones, for

example polyetheretherketone.

According to a first aspect of the invention, there is
provided a method of purifying a polymeric material of a

15 type which includes:

(A) phenyl moieties;
(B) carbonyl and/or sulphone moieties; and
(C) ether and/or thioether moieties
20
the method including contacting the polymeric material
with a solvent formulation which 1s at a temperature of
greater than 100°C and a pressure above ambient pressure
thereby to charge the solvent formulation with impurities
25 derived from said polymeric material, and separating the

charged solvent from the polymeric material.

Except where otherwise stated throughout this
specification, any alkyl, akenyl or alkynyl moiety

30 suitably has up to 8, preferably up to 6, more preferably
up to 4, especially up to 2, carbon atoms and may be of
straight chain or, where possible, of branched chain

structure. Generally, methyl and ethyl are preferred



up to 4, especially up to 2, carbon atons and nmay be of straight chain or,
wher e possi ble, of branched chain structure. CGenerally, nethyl and et hyl
are pref ewoad/oV@702/ 096974 PCT/ GB02/ 02525 3 al kyl groups pama:Ed2/0232Reny |

and al kynyl groups are preferred. Exceptz where otherw se stated in this
specification, 5 optional substituents of an al kyl group may incl ude

hal ogen atons, for exanple fluorine, chlorine brom ne and i odi ne atons,

and nitro, al koxy, drox ani_no, am no, sul phinyl,
aIkyIsquMI%ﬁ%Y LH?%RH%# %@ky%&ul?ﬁkﬁ%ﬁl % a%%KVY%nlaﬁoups are
alkoxycarbogﬂ. raid-dwal oal koxycar bonyl and hanaIkyI groups. Preferably,
optionally substltuted al kyl groups are unsubstituted. Preferably, said
pol ymeric naterlal has a nolet of formula 15 +E4Ar 4@ m E+ and/or a

noi ety of fornul *EégcoEf GIQ% % (cé_ S and/or.a noiety
of forrmula WO 0 WBE*? Fat é %P% SBeﬁl%lcaE o0

5 optional substituents of an alkyl group may include

halogen atoms, for example fluorine, chlorine, bromine and

iodine atoms, and nitro, cyano, alkoxy, hydroxy, amino,

alkylamino, sulphinyl, alkylsulphinyl, sulphonyl,
alkylsulphonyl, amido, alkylamido, alkoxycarbonyl,
10 haloalkoxycarbonyl and haloalkyl groups. Preferably,

optionally substituted alkyl groups are unsubstituted.

Preferably, said polymeric material has a moiety of

formula
15
~€-E—€Ar) [ ®\ £ |
O ET
and/or a moiety of formula
w r s
20

and/or a moiety of formula



Z t wherein the phenyl noieties inunits I, Il, and Ill are independently

optionally substituted and optionally cross- |inked; and wherein
mr,s,t, Waoanehoz4 i ndependently 5 represent zero or a posiPCxGBoteger, E
and E independently represent an oxygem or a sul phur atomor a direct

link, Grepresents an oxygen or sulphur atom a direct link or a -OPh-O
noi ety where Ph represents a phenyl group and Ar is selected from one of
t he follomnng to noi eties (|)* (|)**, (|) to (x) which is bonded via one
or nore of ' CH3 15 20 25 WO

nyl
02/ 096974 PCI{C --o\ /
(iii) &0-&0-0 (Egsf %%6 ﬁﬁz °

X)

wherein the phenyl moileties in units I, II, and III are
independently optionally substituted and optionally cross-
linked; and wherein m,r,s,t,v,w and 2z independently
5 represent zero or a positive integer, E and E'
independently represent an oxygen or a sulphur atom or a
direct 1link, G represents an oxygen or sulphur atom, a
direct link or a -0-Ph-0O- moiety where Ph represents a
phenyl group and Ar is selected from one of the following
10 moieties (i)*, (1)**, (i) to (x) which is bonded via one or

more of its phenyl moietiesg to adjacent moieties

f
CH,

15

20

25



Unl ess otherwi se stated in this specification, a phenyl noiety nmay have
1,4- or 1,3-, especially 1,4-, linkages to noieties to which it is bonded.
5 In (i)*wotoheoger4ldl e phenyl may be 1,4- or 1,3- substit uPew/GESi02525
polyneric material may include nore thansone 1o different type of repeat

unit of formula I; nore than one different type of repeat unit of formula
I1; and nore than WO 02/096974 PCT/ GB02/ 02525 6 one different type of
repeat unit of formula III 'referab howev only one type of repeat
unit of formula I, 11 v aid noieties I, Il and
1l are suitably repeat un| In t ke onner material, units |, 11
and/or 1ll are suitably bonded to one another - that is, with no other
atons or groups being bonded betmeen units I, Il, and Ill. 10 Were the
phenyl noieties in units I, or Il are optionally substituted, they may

chlorine, atons or or phen 0 . erred al kyl
groups are Cl- 10, Iy Cl aIkyI gr%ia 1gﬂ2re er y/ed cycl oal kyl
groups incl ude cyclohexyl and nultlcycllc groups, for exanple adamantyl .
Anot her group of optional substituents of the phenyl npieties in units I,
[l or 11l include alkyls hal ogens, 20 C, F2Y+1 where y is an integer

greater than zero, O- (mhere is se ted fromthe group consisting of

i~ L0
' O

(vl O ) O Q @ Q

Unless otherwise stated in this specification, a phenyl

be optionally substi tuti by one or nore hal ogen, especially fluorine and

moiety may have 1,4- or 1,3-, especially 1,4-, linkages to

moieties to which it is bonded.

In (i)*, the middle phenyl may be 1,4- or 1,3-
substituted.

Said polymeric material may include more than one
10 different type of repeat unit of formula I; more than one

different type of repeat unit of formula II; and more than



perfluoral kyls and aryls), CF=CF2, CN, NO2 and OH.  Trifl uornethyl at ed
phenyl noieties nmay be preferred in sonme circunstances. 25 Preferably,
sai d pherwyb mop®ri es are not optionally- substituted as desgréEmed2s2vhere
said polymeric material is cross-linked,sit is 30 suitably cross-1linked so
as to inprove its properties. Any suitable neans may be used to effect
cross-linking. For exanple, where E represents a sulphur atom

li nki h ff d I
VD 02] 00667 PUSCT 00T i4zs EPY oeBbat Py hal UL Py eV br abpy ek L it

pol yneri ¢ matffiedapls,, NeloweRkironabhyyCress- |ttﬂ4>'@d 65 gdegEdtbedni¥hepe w
and/or z is/are greater than zero the 5 respective phenylene noieties my
i ndependent |15 ﬂr411b@n@-QIIﬂﬁﬁagésPFQV#ﬁ@dother noi eties in the repeat
units of formulae Il and/or I11. Preferably, said phenylene nvoieties have
1,4- linkages. 10 Preferably, the polyneric chain of the polyneric

mat eri al sdoes n@aiichahaicerizs S, noi edryd Preferabbyit&lyepepsent anatdirect
l'i nk. Suitabl "a" represents the nole % of units of forpula _15 | |n sai d

pol yneric rFRE, BoTYEBFIC wHBEE T2 achuﬁhF? 110§ dIt ndndaite; T4

represents1eﬂidgﬂryq®6ﬁdé@'E%(Hhéc%ﬁ%%ﬁer|L'ﬂhé@JQsPOMWHH'ﬁanEEékm
sui tably wherein each unit is the sane; and "c" represents the nole @6

of units ofaﬁqmanﬂnagnqupanbeame b@nﬁﬁérb@tWﬁﬁerU@itSshltéblyﬂwhdﬂ@in

10 Where the phenyl moieties in units I, II or III are
optionally substituted, they may be optionally substituted
by one or more halogen, especially fluorine and chlorine,
atoms or alkyl, cycloalkyl or phenyl groups. Preferred
alkyl groups are Ci.i0, especially Ci;.a, alkyl groups.

15 Preferred cycloalkyl groups include cyclohexyl and

multicyclic groups, for example adamantyl.

Another group of optional substituents of the phenyl
moieties in units I, II or III include alkyls, halogens,
20 CyFzy.1 where y is an integer greater than zero, O-R? (where
R? is selected from the group consisting of alkyls,
perfluoralkyls and aryls), CF=CF,, CN, NO, and OH.
Trifluormethylated phenyl moieties may be preferred in some
circumstances.
25
Preferably, said phenyl moieties are not optionally-

substituted as described.

Where said polymeric material is cross-linked, it is

30 suitably cross-linked so as to improve its properties. Any
suitable means may be used to effect cross-linking. For
example, where E represents a sulphur atom, cross-linking

between polymer chains may be effected via sulphur atoms on



20 each unit Il is the sanme. Preferably, ais in the range 45-100, nore
preferably in the range 45-55, especially in the range 48-52. Preferably,
the sum ovom2am@d7€ is in the range 0-55, nore preferablyPCh/GBie/oeR2Age
45-55, especially in the range 48-52. Preferably, the ratio of a to the
sum 25 of b and c is in the range 0.9 to 1.1 and, nore preferably, is
about 1. Suitably, the sumof a, b and c is at |least 90, preferably at

| east 95, nore erabl at least 99, ~ especia bout 100. Preferably,
sai d ponn‘erJTecst?ﬁ e et st%r%g%‘ﬂ?]r%'l |§/ajo<%* fof VIPBEC | MRReT LRt/ 4F 111
30 Said pol yaY iU FRyshe jaxBamapokyaBEibaying a repeat unit of
general fornula 02/ 096974 PCT/ @B02/02525 8 E Etr mE 1J& COGf(@CO O
B r s or a honopol yner having a repeat unit of general formula E- f Ar O
E S02 G SOQ L t 5 o] oc y f eas Wo
different units g’fze]fe\[; and/%ﬁ ggemrL\Q{AaP% %ngg@g% 'ng%%lgen {) b

r epresens OKHspbctalnﬂa Eolenyd Afe mMnoietiey, Wa&ndlrzd@almui@sdﬁaxk@dllm any

10 st at enment hereln an alterpative to a polynerjic material conprising
units 1V and?®r N/ijrjs@E%%%% BBobae S&NGTpEIREAeS dt eflpay repeat units
of formulae II and/or III. Preferably, said phenylene

moieties have 1,4- linkages.

10 Preferably, the polymeric chain of the polymeric
material does not include a -S- moiety. Preferably, G

represents a direct link.

Suitably, "a" represents the mole % of units of formula
15 I in said polymeric material, suitably wherein each unit I
is the same; "b" represents the mole % of units of formula
IT in saild polymeric material, suitably wherein each unit
IT is the same; and "c" represents the mole % of units of
formula III in said polymeric material, suitably wherein
20 each unit III is the same. Preferably, a is in the range
45-100, more preferably in the range 45-55, especially in
the range 48-52. Preferably, the sum of b and ¢ is in the
range 0-55, more preferably in the range 45-55, especially
in the range 48-52. Preferably, the ratio of a to the sum
25 of b and ¢ is in the range 0.9 to 1.1 and, more preferably,
is about 1. Suitably, the sum of a, b and c¢ is at least
90, preferably at least 95, more preferably at least 99,
especially about 100. Preferably, said polymeric material
consists essentially of moieties I, II and/or III.
30
Said polymeric material may be a homopolymer having a

repeat unit of general formula



may be a honopol ymer having a repeat unit of general 15 forrmula fo- CO G
f(@CO E-fAr E g )A] r s or a honopol yner having a repeat unit of general
fornmul a WO0020096074 PCT/ GB02/ 02525 9 E VA SO2 Q G Q SEETEBoA02REX D V
or a random or bl ock copolyner of at least two different units of |W
and/or V*, wherein A, B, C, and D independently represent 0 or 1 and E,
E, G A, mr, s, t, v, wand z are as described in any statenent
herein. 5 Preferably, mis in the range 0-3, nore preferably 0-2,
especially 0-1r Preferabl r isin the range 0-3, nore preferabl
especially 0-1f PE)'%f i_S\i &Yy ra 3, ef ey
especi al |y 0-T[{EoUHY VE B 14 0 prCe: e CQ
Preferably, wiLs 0 or 1.>Preferably is 0'or~1." fably,
polymeric material is a honopol ynmer having a repeat unit of general fornula
V. 15 Preferably Ar is selected fromthe following noieties (xi) *,

(xi)**, (xi) too(rxxia)

homopolymer having a repeat unit of general

formula
t v
5 or a vrandom or block copolymer of at least two

different units of IV and/or V

wherein A, B, C and D independently represent 0 or 1
and E,E',G,Ar,m,r,s,t,v,w and z are as described in any

10 statement herein.
As an alternative to a polymeric material comprising
units IV and/or V discussed above, said polymeric material

may be a homopolymer having a repeat unit of general

15 formula

{E@—CO{—@)VV G K@)r co-E: HHS - E—Ar] (@ )m E' )A}

or a homopolymer having a repeat unit of general

formula



H3 (xi)** G H3 WD 02/096974 PCT/ GB02/02525 10 (xi)* \ / CO\ CO\ [/ (xi)
(xiit) \ /- - 8@\ [ (xiii) - - - (xiv) (xv) - (xvi) (xvii) O O (xviii)
(xix) (XwD)209d974 (xx) In (xi)*, the m ddle phenyl nmay b@®CI/GB02/0252%, 3-
substituted. WO 02/096974 PCT/ GB02/ 025254 11 Preferably, (xv) is selected
froma 1,2-, 1,3-, or a 1,5- noiety; '"(xvi) is selected froma 1,6-, 2,3-,
2,6- or a 2,7- noiety; and (xvii) is selected froma 1,2-, 1,4-, 1,5- 1, 8-
or a 2,6- noiety. 5 One preferred class of polyneric material does not
|nclude any |et|es of fornula 11, but SU|tany only |ncludes noieti es

of forrrulae I 1 FIZINN G
random or [ ppei) odiAy

random or block copolymer of at least two

different units of IV* and/or V*, wherein A, B, C, and D
independently represent 0 or 1 and E, E', G, Ar, m, ¥, 8,

t, v, w and z are as described in any statement herein.

Preferably, m is in the range 0-3, more preferably 0-2,
especially 0-1. Preferably, r is in the range 0-3, more
preferably 0-2, especially 0-1. Preferably t is in the
range 0-3, more preferably 0-2, especially 0-1.

10 Preferably, s 1is 0 or 1. Preferably v is 0 or 1.

Preferably, w is 0 or 1. Preferably z is 0 or 1.

Preferably, said polymeric material is a homopolymer
having a repeat unit of general formula IV.
15

Preferably Ar is selected from the following moieties

-

3

(xi)*, (xi)**, (xi) to (xxi):

i
C



suitably includes a repeat unit of general fornmula IV. Such a polyneric
material may, in sone enbodi nents, not include any repeat unit of general
formul a WOX3/081974 abl e noieties Ar are noieties (i)*, (i) PCTiIGBo2/023251i) and
(iv) and, of these, noieties (i)*, (i) and (iv) are preferred. O her
preferred noieties Ar are noieties (xi)*, (xii), (xi), (xiii) and (xiv)
and, of these, npieties (xi)*, (xi) and (xiv) are especially preferred. 20
An especially preferred class of polyneric naterial are polyners (or

copol ynmers) which const3t ess | 1y of—Yhenyl npieties in conjunction

W th ket one andfipr -’@ CO , in the preferred class, the
pol yneric 25 materi al“-dbes not clude repeat units which include -S, -
SO2- or aromatic groups other than phenyl. Preferred polyneric naterials
of the type described include: (a) a polyner consisting essentially of
units of 30 fornula IV wherein Ar represents noiety (iv), E and E

represent oxy@an 5, mre ents Oyxjw represents G represents a
6960 2/ 02525 @ eB0$ - and A and B
| yet her erketone). (W—4 polyne onsi sting

direct link, s -W

represent 1 (i.e.

essentially of units of 5 formula IV wherein E represents an oxygen atom
E' represents a direct link, Ar represents a noiety of structure (i), m
represents 0, A represents 1, B represents 0 (i.e. polyetherketone);

(xviii) i) E

e CJ )
Ry

In (xi)*, the middle phenyl may be 1,4- or 1,3-

substituted.



10 (c) a polyner consisting essentially of units of forrmula IV wherein E
represents an oxygen atom Ar represents noiety (i)*, mrepresents 0, E
representwoazdpaect |ink, A represents 1, B represents OPCTIGB»2/02525

pol yet her ket oneketone). 15 (d) a pol ynerpiconsi sting essentially of units of
formula IV wherein Ar represents noiety (i), E and E represent oxygen
atons, Grepresents a direct 1link, mrepresents 0, wrepresents 1, r

represents 20 0, s _re sents and A and B represent_1. (i.e,
pol yet her ket one?FﬁéFEgg’gﬁeke(t’ﬁ’ﬁe)l.s F@?e‘étﬁél ?%@Fﬂ GonsidTing ésseMi &1y of

units of formilagb¥Yeryhergin)Assr epliaseplSeiBhely1(6Y). . 2B-25%a80d & a
represents oxygen atons, G represents a direct link, mrepresents 0, w
represents @,7s, mpietx;apsdB (ke¥piesant s¢lepted from a 1,2-, 1,4-, 1,5-

pol yet her et her,ket oneket gne) . id polyneric material is preferably sem -
crystalline/ hg I S%e?‘ ghg e%ggﬁ?ﬁ)f crystallinity in a polynmer is
preferabky nmeasured by wide angle X-ray diffraction (also referred to as
Wde Angle X-ray WO 02/ 096974 PCT/ GB02/ 02525 13, Scattering or, WAXS), for
exanpl e as desc Flﬁedp‘é?fBFEﬁ@elq’la%%dO&bB?%Y‘(‘%Jr?/né?atﬁﬁlagSBSiof% ot

Al ternativeliye1 ey Shal! iiiiot {8y Be agseased BY 1D ffer enkdidhr3ganshnyg
Calerimetry (DSC). 5

includes moieties of formulae I and/or II. Where said

polymeric material is a homopolymer or random or block

10 copolymer as described, said homopolymer or copolymer

suitably includes a repeat unit of general formula IV.

Such a polymeric material may, in some embodiments, not

include any repeat unit of general formula V.

15 Suitable moieties Ar are moileties (i)*, (i), (ii),
(iii) and (iv) and, of these, moieties (i)*, (i) and (iv)
are preferred. Other preferred moieties Ar are moieties
(xi)*, (xii), (xi), (xiii) and (xiv) and, of these,

moieties (xi)*, (xi) and (xiv) are especially preferred.
20
An esgpecially preferred class of polymeric material are
polymers (or copolymers) which consist essentially of
phenyl moieties in conjunction with ketone and/or ether
moieties. That is, in the preferred class, the polymeric
25 material does not include repeat units which include -S-, -
S0,- or aromatic groups other than phenyl. Preferred

polymeric materials of the type described include:

(a) a polymer consgisting essentially of wunits of
30 formula IV wherein Ar represents moiety (iv), E
and E' represent oxygen atoms, m repregsents 0, w

represents 1, G represents a direct 1link, s



The |l evel of crystallinity in said polyneric material may be at |east 1%
suitably at least 3% preferably at |east 5% and nore preferably at |east
10% | n ewspacivaddry preferred enbodi nments, the crystalliniPCy/GrRIg/obR5gr eat er
10 than 30% nore preferably 40% especimd|ly 45% The glass transition
tenperature (Tg) of said polyneric material may be at |east 144C, suitably
at | east 150C, preferably at least 154C, nore preferably at |east 160C, 15

especially at l|east 164C._ln.so case he T y be_at least 170C, or
at |east 190C or greatt é’r’re‘ﬁ%’r‘f 250C of" \/i aﬂ'ﬁ%O? ESPE S5y meli ¢ heferi al

may have an inherent pgilseasidnethé@kebtdhepf at least 0.1, suitably at |east
0.3, preferably at least 0.4, nore preferably at |east 0.6, especially at
l east 0.7 (which corresponds to a reduced viscosity (RV) of least 0.8)

wherein RV Is T jured ?olgzgn%f% n%?.glﬂtlhgn abs h@&’:a??%y”SE. iﬂnfﬁ’%‘geag%rat ed

sul phuric acid o densi d-sorution ont ai nI ng
pol ymer per 100cn|3ﬁmrmmdbuuwbmﬁekvlnsEneeﬁmeednas 2bhCogpgansatohj oR' of

pol ymer in concentrated sulphurlc cid of densit cnB, said solution
Containing 0.1 of pAIFRFSE 206CH"bf 1<BFut PR St o uPeRSHY s of

both RV and IV both i tabhyc@mR! opi) 2 wi eday] ng @eggéggﬂtt_sfiow
time of approximately 2 m nutes. MD '02/ 096974 PCT/ GB02/ 02525 14 The main

peak of the melting édstresenten floresapdlyetherketone) ;

10 (c) a polymer consisting essentially of wunits of
formula IV wherein E represents an oxygen atom, Ar
represents moiety (i)*, wm represents 0, E'
represents a direct link, A represents 1, B
represents 0, (i.e. polyetherketoneketone).
15
(d) a polymer consisting essentially of units of
formula IV wherein Ar represents moiety (i), E and
E' represent oxygen atoms, G represents a direct
link, m represents 0, w represents 1, r represents
20 0, s represents 1 and A and B represent 1. (i.e.

polyetherketoneetherketoneketone) .

(e) a polymer consisting essentially of wunits of

formula IV, wherein Ar represents moiety (iv), E

25 and E' represents oxygen atoms, G represents a
direct link, m represents 0, w represents 0, s, r,

A and B represent 1 (i.e.

polyetheretherketoneketone) .

30 Said polymeric material is preferably semi -
crystalline. The level and extent of crystallinity in a
polymer 1s preferably measured by wide angle X-ray
diffraction (also referred to as Wide Angle X-ray



polymeric material (if crystalline) may be at | east 300C. 5 In preferred
enbodi nents, said polyneric material is selected from pol yetheretherketone
and pol yewberkeione. | n an especially preferred enbodi mre®CI/GRd2326! yneri c
material is polyetheretherketone. 10 Saifh solvent fornulation preferably
includes a first solvent conponent. Said first solvent conponent is
preferably not an organic solvent. Said first solvent conponent is
preferably capable of form ng hydrogen bonds. Said first solvent conponent
preferably |St¢@ltl‘}@é9§—nf%/d?¥)g 95, af ofs ex8EpPdef iass dagsridad cwrp%%@ﬁ@e
sui tably has atypsp c re of
preferably at east éﬂﬁ%eféggblgﬁ%% Ig%§$§g %g%%%§§?
95C. The bo@nya;ammunluy tﬂmyftmstass&ﬂs&dnlnmnpmﬁéateatiaﬂnDSpaBang
pressure nmay, he Iess thagﬁ%g 200C, preferably less than 150C, nore
preferably | especially less than 105C. Said first sol vent
conponent is preferably water. Said solvent fornulation suitably has a
boiling point 25 at atnpspheric pressure of at |east 25C, preferably at
| east 50C, rmreT@eefJee‘emlyoﬁt crpaseliseitysgacisaild pelymerse I%t;ernrﬁb

boi I i ng poi f..th ve or . a heri c
| ess t han 23@&0 ]%%e era éyl%ssn%h§khggg e rm%%g%?e et’at}%){/?essbe]t}ﬂgn 125C,
30 especialmﬁdstﬁﬁ%fédeQSEE §aedesabenatfa@mwkauumn preheeapeyisbtiudes

a maj or anDunt of sald first solvent conmponent. W) 02/096974
PCT/ GB02/ 02%xsfepyed embodiments, the crystallinity may be greater

Ieast

10 than 30%, more preferably 40%, especially 45%.

The glass transition temperature (Tg) of said polymeric
material may be at least 144°C, suitably at least 150°C,
preferably at least 154°C, more preferably at least 160°C,

15 especially at least 164°C. In some cases, the Tg may be at
least 170°C, or at least 190°C or greater than 250°C or

even 300°C.

Said polymeric material may have an inherent viscosity
20 (IV) of at least 0.1, suitably at least 0.3, preferably at
least 0.4, more preferably at 1least 0.6, especially at
least 0.7 (which corresponds to a reduced viscosity (RV) of
least 0.8) wherein RV is measured at 25°C on a solution of
the polymer in concentrated sulphuric acid of density
25 1.84gcm™, said solution containing 1g of polymer per
100cm™ of solution. IV is measured at 25°C on a solution
of polymer in concentrated sulphuric acid of density
1.84gcm’, said solution containing 0.1g of polymer per
100cm® of solution.
30
The measurements of both RV and IV both suitably employ
a viscometer having a solvent flow time of approximately 2

minutes.



In the context of the present specification a "major anmount” neans that at
| east 60wm % suitably at least 75w% preferably at |east 90wt % nore

pr ef er ablwoav/op@ast 5 95w % especially at | east 99wt % of PChgGBIbER2ENCEd
conponent is present. Preferably, said spivent formulation consists
essentially of said first solvent conponent. Thus, in the 10 nethod,
preferably said polyneric material is contacted wth substantially pure
water. In the nmethod, said solvent forrmulation may be at a tenperature of
greater than 150C, suitably greater than 15 200C, preferably greater than

250C, nore pref emapl yagi epbak HFANRY Shel 58§C eakbyhereat @m)t hesr 398Cdwhen
contacted with said polyneric material. Said solvent fornulation my be at
a t enper at uRelaMeardss mataTisdodit §§V§56H/1P@§smﬂ‘ia}ﬁe4%@55})?%f3é}0a°r51y | ess
than 400C, nore 20 preferably | ess than 350C when contacted with said
polyneric material. The solvent fornulation may be at a tenperature at or
above its critical peaperaedr emuosiimeortsact sak dv pblymiedicZquJIm:yireélri ts

material. Preferably, said solven for tion is b i cal

t enper at ur e SAHSH t:fﬁ §%1 t?ér'f PRE rrﬁf1 |€P YﬁFg?E GbPYe - sai d
first solventn c@p ﬂa’il@ﬁ' % Welre$red t baBbdt aeper at 4aegwhgs1 gasl-ast ed
w th said polyneric materl al . in preferred 30 embodi ment s, ” sai d

sol vent f or migteyignt alrﬁj/mlx%ﬁlﬁiﬁﬁﬁfmrk%"{ﬂ%nt conmponent is/are |iquid(s)
when contacted with said polynmeric material. WO 02/ 096974 PCT/ GB02/ 02525

10 Said solvent formulation preferably includes a first
solvent component. Said first solvent component 1is
preferably not an organic solvent. Said first solvent
component is preferably capable of forming hydrogen bonds.
Said first solvent component preferably includes hydrogen

15 atoms. Said first solvent component suitably has a
boiling point at atmospheric pressure of at least 25°C,
preferably at least 50°C, more preferably at least 75°C,
especially at least 95°C. The boiling point of the first
solvent component at atmospheric pressure may be less than

20 200°C, preferably less than 150°C, more preferably less
than 125°C, especially 1less than 105°C. Said first

solvent component is preferably water.

Said solvent formulation suitably has a boiling point
25 at atmospheric pressure of at least 25°C, preferably at
least 50°C, more preferably at least 75°C, especilally at
least 95°C. The boiling point of the solvent formulation
at atmospheric pressure may be less than 200°C, preferably
less than 150°C, more preferably 1less than 125°C,

30 especially less than 105°C.

Said solvent formulation preferably includes a major

amount of said first solvent component.



16 The solvent fornul ation may be under a pressure of at |east 10 bar,
suitably at |least 50 bar, preferably at |east 100 bar, nore preferably at
| east 130wbar/pocoespeci ally at | east 160 bar, when cont act @dTWiRoR/0sR5d 5
polymeric material. In sone cases, the pfessure may be 190 bar or greater
The pressure may be less than 300 bar, preferably |less than 260 bar, nore
preferably less than 230 bar, especially less than 210 bar. The pressure
is preferably selected to maintain the solvent formulation to and/or said
first solvent conmponent in the liquid state when in contact with said

polyneric materim .tHbecdhtbarerze hed weeasthe mllditd Reih of thejor
polynmeric material and the tenperature of the solvent 15 fornulation when
cont act ed wialPwHi'd pwapser t8apat @Fi alearly HBOWtess tsavaldoc, asui tadsy | ess

t han 80C, I a y ef I n_40
especially FggéﬁThgﬁ%g%%§&§é?gﬁﬂ?&%%?gﬁ%gmgg’ﬁﬁ%ﬁ%r%ﬁ%?gé%éggt%? %%%%tloc,
nore preber adwtgr eatepedhahllS5Cat201leapeci alowe2gr eat ercidanr@d&rehtedny be
preferred to nmaintain a difference in tenperature as described since if
the differef@@RV Yo SH#tTe5§™He pol ymeric material may swell too nuch and
restrict the flow of the solvent fornulation. 25 Said charged solvent is
preferably separated fromthe polyneric material by being caused to fl ow
away fromthe Fefandlslivat ersaldsui sebvgntn a fjumeistaridmed ¢do9ipash.

For exanpl e’estsheentciha r]%fedotsosléllegtflnxagt bs?ofyg@t:edcgr\ﬁ\g nérrlt(:).m Thus, in the
10 method, preferably said polymeric material is contacted

with substantially pure water.

In the method, said solvent formulation may be at a
temperature of greater than 150°C, suitably greater than

15 200°C, preferably greater than 250°C, more preferably
greater than 275°C, especially greater than 300°C when
contacted with said polymeric material. Said solvent
formulation may be at a temperature of less than 500°C,
suitably less than 450°C, preferably less than 400°C, more

20 preferably 1less than 350°C when contacted with said

polymeric material.

The solvent formulation may be at a temperature at or

above its critical temperature when contacted with said

25 polymeric material. Preferably, said solvent formulation
is below its critical temperature when contacted with said
polymeric material. Preferably, said first solvent
component is below its critical temperature when contacted
with said polymeric material. Thus, in preferred

30 embodiments, said solvent formulation and/or said first
solvent component ig/are liquid(s) when contacted with

gaid polymeric material.



30 the polyneric material. Preferably, in the nethod, the sol vent
formulation is arranged to flowfroma first region to a third region via
WO 02/ 0968042843802/ 02525 17 a second region in which ®ardEIRl03T8ri C
material is arranged. The flow rate of said solvent fornulation through
sai d second region in which said polynmeric material is arranged nmay be at
| east 0.05nml/mn, suitably 5 at least 0.075nl/ mn, preferably at |east

0.1mM/mn nore referably at |least,_0.125n/m n r gram of polyneric
matori al | prosentTie Lo e e ERETTBAr b3 TRE PRoNr e ok C BT Segt { flin
10nm /mn, priedesmbhy less, t Ran caplim 8t Mysst psef esap) y Jregeddrar Sat/ mn,

especially 3m/mn or less 10 pre gramof polyneric material present in
sai d second 183t onl0%hi PSE it Morsr RepkeRPby tRE t difFEtat Uk anBar,

pressure of ¢ Ment forqulati ond o he at QE,N d 45 Lenperat yre
and pressurefggggﬂ%o u?ify t%g pglyneric'naWe%?aﬁﬁ%ﬁ t eenethogpp%?og to
contact Wi tlpcskymeripol yaeertaimt erimal somp sEEEsasese phessoreenmay be

formul ation _ may. be contacted with said polyneric nateriﬂl an

t he
t enper at ur e Ghtl PREs S 9673 RE- sai 'S oPFEPEEFSN 7Ry PhRerr©S80 B@hdP 8t ed.

In the nethashr sapdegalk¥pny flarguul ahdon 2wy Her camsed JefdWbly less
substantially continuously through said second region during said nethod.

25 In the nmethwsd, 23Qi bari oaspeahslidy leesopdest €1 dar. The pressure

is preferably selected to maintain the solvent formulation
10 and/or said first solvent component in the liquid state

when in contact with said polymeric material.

The difference between the melting point of the
polymeric material and the temperature of the solvent
15 formulation when contacted with said polymeric material
may be less than 100°C, suitably 1less than 80°C,
preferably less than 60°C, more preferably less than 40°C,
egpecially less than 30°C. Said difference is preferably
greater than 10°C, more preferably greater than 15°C,
20 especially greater than 20°C. It may be preferred to
maintain a difference in temperature as described since if
the difference is too small, the polymeric material may
swell too much and restrict the flow of the solvent
formulation.
25
Said charged solvent igs preferably separated from the
polymeric material by being caused to flow away from the
polymeric material suitably in a predetermined flow path.
For example, the charged solvent may be pumped away from

30 the polymeric material.

Preferably, in the method, the solvent formulation is

arranged to flow from a first region to a third region via



agitate (e.g. stir) the polyneric material and/or said solvent
formulation. 30 In the nethod, solvent formulation my be contacted wth
sai d pol ywero9ayet eri al over a period of at |east 5 m nuPes/GRrmtsably at
| east 15 m nutes, nore preferably WO 02/ 996974 PCT/ GB02/ 02525 18 at | east
30 mnutes, especially at |least 45 mnutes. The period of contact nmay be

| ess than 12 hours. Preferably, the nethod involves arranging said 5

pol yneric materi al Uléf a receptacle i%g has an igl et and an ouytlet , for
sai d sol vent® f gttt i it3 rjé’ceff%fg@l £819r BPEYREN} Che BPEGTAAd atPanged
to withstandyPrassd €s Ofrhedr aber 888 29F bayaiPr elarkblyy gbeatehtiBan 100
bar, nore preferably greater than 150 bar. 10 The nethod nay be used to

reduce the |Bvedugt sapdri sPeonef iregigani dsalwkich sapddpopghempeic
C ol vers dr | : ! I q
materia U S S, UL Y bx?kggg% nﬁﬁgw%teeraﬂ sl%&_er &' égmi?‘%g{llgg&%gﬁalgt

becom ng nore organic in ¢ er at tenperaturées above
greater thamtanbeest pr.eyoulgminlhepralfdéfasncatbdiasesn ¢ heml fveh mbra

selected inorganic salt in_said polynmeric material before contact with
said sol verﬂrg?]g?l?ﬁ]?]é(i Gt cdfpEtedOt ZFWQTﬂéQelp%JFt&r%uﬂffiEsémﬁri‘—ﬁ sai d

met hod may %@éria@fﬂ‘%z SHOM SHh L ga 28 Qé@éﬁ&%?ééfiéﬁ.'f@ﬁé %@B&)mrﬁ%lt ma{}_‘i_Lg

preferably at |east r5ppm salt and, especially, at |east 50ppmsalt.
| evel of saikk skeéset eHanndogarindnsalpredfarablyailbsettioan #wy/hénl essrehan

50ppm  pref eggxaeb%é/ra{beff &Qgg %?Pa%msgf/emin, especially 3ml/min or less
10 pre gram of polymeric material present in said second

region.

Whilst it 1is preferred £for the temperature and
pressure of the solvent formulation to be at or near the

15 temperature and pressure used to purify the polymeric
material in the method prior to contact with said
polymeric material, in some cases, the solvent formulation

may be contacted with said polymeric material and the
temperature and pressure of the said formulation may then

20 be adjusted.

In the method, said solvent formulation may be caused
to flow substantially continuously through said second

region during said method.

25
In the method, agitation means may be operated to
agitate (e.g. stir) the polymeric material and/or said
solvent formulation.
30 In the method, solvent formulation may be contacted

with said polymeric material over a period of at least 5

minutes, preferably at least 15 minutes, more preferably



ratio of the amount of a selected inorganic salt before 25 contact with

said solvent fornmulation to the level after purification in said nethod
may be atwb@a®96914 5, preferably at |east 2, nore prefera®Cy/Grozioenast 3.
The nethod may be used to reduce the leveg of alkali 30 netal cationic

impurities in said polyneric material. The difference between the total
| evel of alkali nmetal cationic inpurities in said polynmeric materi al

before contact_with said, solvent formylation cqonmpared to the WO 02/ 096974
PCT/ GB02/ 025%5 1838t 98| MAPHERSpuLEPRCARIdY iBF d&iaF it ol MayePHe atlfeast

Sppm Me (Whes&r M ISP @S8Rk St Ak he MREGE @814 ONS)nouPs ef erably at | east

| oppm M+, nore preferably at |east 25ppm M+ and, especially, at |east
50ppm Mt. The total 5 level of M+ in said polynmeric material after said

met hod may be |l ess_th 25ppm, M+, 1s sui.tably less than 20ppm is __.
oreferabl y | ess SHEhEEanb | & For cMBFBPGr abt I EGEE { Nt ZSTRPRM and®i
especi al by |@sByidweit SpRferi 1 SoAeaCaseeptaldhe hevelh mays ben 4pprRer ahess,

3ppmor |ess or even 2ppm 10 or |ess. However, there may be at |east a
trace (e.g. &t oYtk €T ppajdotodwenh Sardupariyaeri cThet EpFaPtaghe iatio
of the anou [ j onj.c i rLl i ' e

mat eri al be%rrée)gec%#%%:th\%g%%hs% s%lng/aellrl] aIlf E%nﬁﬁgﬁé&%ﬂ% )E%E}/Lg%ée g?ter
purificati orgrentsat dclmast hodl Bar payrbfentbleagtedt &8y phefielabl paat heast 2,

o et erabl et G Do gy e copecial Ty uselul o
10

The method may be used to reduce the level of

impurities of inorganic salts in said polymeric material.

This is surprising since water is generally regarded as

becoming more organic in character at temperatures above

15 100°C and at greater than ambient pressures. The

difference between the level of a gelected inorganic salt

in said polymeric material Dbefore contact with said

solvent formulation compared to the level after

purification in said method may be at least S5ppm salt,

20 preferably at least 10ppm salt, more preferably at least

25ppm salt and, especially, at least 50ppm salt. The

level of said selected inorganic salt after said method

may be less than 50ppm, preferably less than 25ppm. The

ratio of the amount of a selected inorganic salt before

25 contact with said solvent formulation to the level after

purification in said method may be at least 1.5,

preferably at least 2, more preferably at least 3.

The method may be used to reduce the level of alkali

30 metal cationic impurities in said polymeric material. The
difference between the total 1level of alkali metal
cationic impurities in said polymeric material Dbefore

contact with said solvent formulation compared to the



20 difference between the level of Na+ in said polyneric material before
contact with said solvent fornulation conpared to the level after

puri fi catwon2iope9sai d met hod nay be at | east Sppm Na', pr@CarGy2:s | east
10ppm Na+, nore preferably at |east 25ppm Na+ and, especially, at 25 | east
50ppm Na+. The level of Na+ in said polynmeric material after said nethod
may be | ess than 25ppm Na+, is suitably less than 20ppm is preferably

| ess than 15p i s, more preferahly less than | and is especially less
t han 5ppm Is"heo%rgolneaisgjésputrﬁ ]103361 5 b3 ABp M9 s@?YB%GBF?BCm i)?a?éss or
even 2ppm orsd@ss.MThe(hdmy be" atrdpgasentd t raAagel(ie. dnettdl | eagti8ad) ppm

of Na+ in sajdzggéyneric material. The ratio of the anobunt of Na+

i npurities iBFekanaEPlol pierieasiat d0pRM P8f.or BOESNtRERL Skl S aPd sbeaBRt WO
02/ 096974 P 202 .mul-at i on, t | af.t er ification in
g%é%? ﬁ éﬂﬁéag%éég£g%} qutb?egg%|€gg§m & er Ry ﬁ?@éi

sai d net hod be at éf erably at 2, nore Tprefeéerably
at | east 53. I=udl K3fi Mpulint ises.darpolyeseit matesaidl pelfjrar i gaidatherhad,

i i1 be red) in th thod. Wh i d
b0l yner . iR (H TR (R KOS (3 U ASRE i 1o EEebet GRRRr (he
| evel of K+t dresaidh1pol ¥8BT k@afBtieds, bef onereoptatler Wil saidd sehygnt 10

formul ation conpared to the level after purification in said nethod may be
at | east Spprnon pRéf dpatsispenidldast les9pphak+ Spawre plaf ercals ycates east

matbri al af B ST hetRbaDEay B R et 3ufris 185 'Ok eh PRLYEr €
10 or less. However, there may be at least a trace (e.g. at
least 0.lppm) of M" in said polymeric material. The ratio
of the amount of alkali metal cationic impurities in said
polymeric material before contact with said solvent
formulation to the level after purification in said method

15 may be at least 1.5, preferably at least 2, mwmore

preferably at least 3.

The method may be especially useful for reducing the

level of Na* impurities in said polymeric material. The

20 difference between the 1level of Na" in said polymeric
material Dbefore contact with said solvent formulation
compared to the level after purification in said method

may be at least 5ppm Na*, preferably at least 10ppm Na*,
more preferably at least 25ppm Na* and, especially, at

25 least 50ppm Na*. The level of Na* in said polymeric
material after said method may be less than 25ppm Na*, is
suitably less than 20ppm, is preferably less than 15ppm,

is more preferably less than 10ppm and is especially less
than 5ppm. In some cases, the level may be 4ppm or less,

30 3ppm or less or even 2ppm or less. There may be at least
a trace (e.g. at least 0.1 ppm) of Na' in said polymeric
material. The ratio of the amount of Na* impurities in

said polymeric material before contact with said solvent



15 suitably | ess than 20ppm preferably |ess than 15ppm nore preferably

| ess than 10ppm especially less than 5ppm nore preferably | ess than
10ppm eswoaraddIy4 | ess than 5Sppm I n sone cases, the |eveCTmaBo2ioes28ppm or
| ess, 3ppm or less or 2ppmor less. If Jg inpurities are present in 20
said polynmeric material before treatnent a trace (e.g. at least O.|lppm of
K+ may be present in said polyneric material after treatnent. The |evel of
Al3+ in said polyneric material_ after 25 treatnent js preferably less than

25ppm Al +3, IQFmuE/stion d i Stp Rt e rRitabf icateken t Hansaspphrthede

preferably than pp pegially Sppm speci
preferred elnm%z/;i r?ﬂl;érallt sah?heﬂ%%%gl gf §A13E!ri%§% ggg? t%z%n 3lpé&n%tel gég's t Jz)i%el ppm
and, prefergheferaidyt eelldasst 30 Copm |If F- inpurities are present in
said polymeric material, then the |l evel of such inpurities may be reduced
WO 02/ 096974 PCT/ GB02/ 02525 21 in the nmethod. It should be noted that, in

some enbodi nentrg, s@&i d P@lWEIids MBaALs | abrBB¥ntNClivde Jd 101 i pe1yRadi gr oups
and that such groups are not to be regarded as inpurities in the context
descri bed. WeéeEigdi d bRy e cl et i ich nERigest Fos i hairbe | Badueaeé

di fference Qefwaen eve Fe s 'g,r;@_l-y:pq{;' ri r e
contact w t(la1 said Ig%%%%i fgqp%ﬁatﬁa&nra ?gdl ared to %\j}’:}% ege;qu#tzgég X

puri fi cati odmpurdaiicsyetticd diffderate |lssistedpprind- level ebEr bl in ataidast

10ppm especi 3|y at, | east 1oppm, The Lo Level of £ 0 sald polyferic
10 formulation compared to the level after purification in
said method may be at least S5ppm K', preferably at least
10ppm K*, more preferably at least 15ppm K*, especially at
least 25ppm K'. The level of K in said polymeric
material after said method may be less than 25ppm K',

15 suitably less than 20ppm, preferably less than 15ppm, more
preferably less than 10ppm, especially 1less than 5ppm,
more preferably less than 10ppm, especially less than
S5ppm. In some cases, the level may be 4ppm or less, 3ppm

or less or 2ppm or less. If K' impurities are present in

20 said polymeric material before treatment a trace (e.g. at
least O0.1lppm) of K may be present in said polymeric

material after treatment.

The level of Al** in said polymeric material after
25 treatment is preferably less than 25ppm Al*, suitably
less than 20ppm, preferably less than 15ppm, more
preferably less than 10ppm, especially less than 5ppm. In
especially preferred embodiments the level of Al** is less
than 3ppm, less than 1lppm and, preferably, the level is

30 Oppm.

If F  impurities are present in said polymeric

material, then the level of such impurities may be reduced



treatment may be | ess than 25ppm F-, suitably less than 20ppm preferably
| ess than 15ppm nore preferably I ess than 10ppm especially less than
5ppm 15 Wwoakes@bl y, the nol ecul ar wei ght of the pol ynmeri @CTram02RE S
unchanged by purification thereof in thezinethod. Preferably, in the nethod
no coval ent bonds wthin the polyneric material are broken. End atons or
groups of the polymeric material, for exanple fluorine end 20 groups which
may be produced in cert

| yKet t b
2T ected by e ProcdeiiilLe The 1e0Ba i a A8rell FiEha oPBuptBYg. o

fluorine enrgi@awIntd), tHei@obYMRhkei BB abenRre e @dd efluorine
purification in the method are su stantially identical. 25 If O -

i npurities &l [FRSEN @@ﬁs@hﬂtpéP?heBF@uPﬁaﬁéﬁlQOttQRNbQF%£$%W@¢do@Ssuch

mpur i i es Mo dietlced i Lhe I hedohere. saulpol yapi Gompherkal

I ncl udes d npurl I es, st vieen the Teve
pol yneri s nnmiﬂenﬂalbeﬁnbéudestaEt winphriaidssol tient diffdiendnate obetwapar ed

to the level after ur| ication in_ said nmethod b t Least 5ppm d -
bref or abl y 8 otel| Bbpls 8pSERsl P T A L Tt Ses e oBraEt.

WO 02/ 096974,iRGT/{B02/ 88Péént 2%o§ﬁ\hQaEQbﬁ”%bh\‘F>a%’derﬂcﬁ|tl?é t e&vSAl Gfter
treatment may be less than 25ppm O -, suitab | ess than 20ppm preferably

| ess than IBpprfiaasrieonr déher gBiLd Ifé%tshf@@armé!lmpm aSpeteasty Somss Bt han
Sppm 5 preferably at least 10ppm, especially at least 15ppm. The
10 level of F in said polymeric material after said
treatment may be legs than 25ppm F°, suitably less than
20ppm, preferably less than 15ppm, more preferably less

than 10ppm, especially less than S5ppm.

15 Preferably, the molecular weight of the polymeric
material 1s unchanged by purification thereof in the
method. Preferably, in the method no covalent bonds
within the polymeric material are broken. End atoms or
groups of the polymeric material, for example fluorine end

20 groups which may be produced in certain processes for
preparing polyketones, may not be affected by the process.
Thus, the levels of a selected end group (e.g. a fluorine
end group) in the polymeric material before and after
purification in the method are substantially identical.

25

If Cl1° dimpurities are present in said polymeric
material, then the level of such impurities may be reduced
in the method. Where sgaid polymeric material includes C1°
impurities, the difference between the level of Cl° in

30 said polymeric material before contact with said solvent
formulation compared to the level after purification in
said method may be at least 5ppm Cl°, preferably at least
10ppm, especially at least 15ppm. The level of C1° in



If COB82- inpurities are present in said polyneric material, then the |evel
of such inpurities may be reduced in the nethod. \Were said polyneric

mat eri al wookoe®z4 CO32- inpurities, the difference betweeaTidBo2lozieel of
C032 10 in- said polynmeric material befoze contact with said solvent

formul ation conpared to the level after purification in said nethod may be
at | east 5ppm C032, preferably at |east 10ppm especially at |east 15ppm

The level of .CO32-.in said | yneric terial .after said 15 treatnent may
be | ess thaﬁ%é%i%ﬁ%ﬁ%%?lgupggﬁﬁﬁaﬂes QEuﬁaE%pEﬁ?aﬁpgp rgﬁ%/q%sgg?ﬁan
15ppm nore taf ezsby Cess stheablPppeksespesi aldppm essréheraSppnmedhe

met hod may be used to reduce the | evel of _ 20 phosphorus-contai ning
i mpurities ithadhi §5BBMynElRe RueEprabPlyTHeH f FBprBndOmst wetAPEREL Vel of

phosphor us- cant iy ngs.ipurities in said polyneric material before
contact with salzisgpvéﬂgyfornulation conpared to the |level after

purification may be at |east 5ppm phosphorus, 25 preferably at |east 25ppm

phosphorus, nor ref epablyy at . |l.east 50ppm phosphorus, especially at |east
o phosphor 0 BB s otiP iRt 23R0oBHEREeE nibal 851 H0l bitbreric

material af tefcesaid Mminod Ry beydessr thaeh BAPRAL PLesPhgyUBe pEghEEably
| ess t han 7Qppn1ghosphorus. 30 In preferred enbodi nent, the |evel may be

| ess than 500 phef erelhgd| essiieem 3@ idnopelprefieabiarertiadr Lesdudeyhi | st
brof er abl y (KB OB S Fr ook (Eob  UaF N B ts oSS A ST oD ok e o3
10 in - said polymeric material before contact with said
solvent formulation compared to the level after
purification in said method may be at least 5ppm CO;%,
preferably at least 10ppm, especially at least 15ppm. The
level of COs;* in said polymeric material after said
15 treatment may be less than 25ppm CO;*", suitably less than
20ppm, preferably less than 15ppm, more preferably less
than 10ppm, especially less than S5ppm.

The method may be used to reduce the Ilevel of

20 phosphorus-containing impurities in said polymeric
material. The difference between the level of phosphorus-
containing impurities in sgaid polymeric material before
contact with said solvent formulation compared to the
level after purification may be at least 5ppm phosphorus,

25 preferably at least 25ppm phosphorus, more preferably at
least 50ppm phosphorus, especially at least 75ppm
phosphorus. The total 1level of phosphorus i1in sgaid
polymeric material after said method may be less than
80ppm phosphorus, preferably less than 70ppm phosphorus.

30 In preferred embodiment, the level may be less than 50,
preferably less than 30, more preferably 10 or less.
Whilst the level of phosphorus may be relatively low, the

polymeric material preferably includes a trace (e.g. at



| east 0.l ppm or at |least |ppm of phosphorus. The ratio of the anount of
phosphorus before contact with said solvent formulation to the | evel after
puri fi catworioss97sai d nmet hod nmay be at | east 1.5, preferalpCy/Gaozioerast 2, 5
nore preferably at |east 3. The nethod nemy be used to reduce the |evel of
sul phur containing inpurities in said polyneric material. The difference
between the | evel of sul phur-containing 10 inpurities in said polyneric

Tovel af tor T 11 CH b Why*Bo HPSPedBE pih FARSEACPHE 1 vEle bEF br &

| evel after puri-T fic

purificationd sthel t kablyithi gh, piwsshdies eneesdiet weomtkhe Weval sshefore
and after purification may be at | east 2p?n1 15 preferably at |east 3ppm
and, nore prafiérat y foamulagdrn 4pmththeleBedl 3R pRISHisRELCRf t BR said
met hod may : n e |y, Ies e l,.al by

| ess than 7%%%& \?\[ﬁ;é?ltsl(tg]&t é@?g:\;/@el Q%f ﬁgéggh)&r'?s%%%?%?a%??maltovs&, t Ihtg é’

pol ynmeri 6 natcerd graferalbigh wde Jedstace (at | east 20 0.1 ppmor at | east

| ppm of sul phur. The ratio of the anount of sul phur before contact with
said solvent forrmulation to the level after purification in said method

nmay be at |east the?, mddid®rady ybat ukeastol requeeradicdl1sire Btof €381 pukS. 25
The level s of ions and/or atons described herein may be assessed using

| CPAES (| ndwstibpelndgigp| ilmpumidsies Aloni €aiBni pelpnespect masespy) . 30hén the
t”ﬁtehggi yirrér:dzi%aeﬁgerxfc;?r ir%;?[ll_glgte% nof et haledie  Level s0f 162l duatasoiygnt 10
10 impurities in said polymeric material before contact with
said solvent formulation compared to the level after
purification may be at least 1lppm. Where the level before
purification is initially high, the difference between the
levels before and after purification may be at least 2ppm,
15 preferably at least 3ppm and, more preferably, at least
4ppm. The total level of sulphur after said method may be
less than 20ppm, preferably less than 10ppm, especially
less than 7ppm. Whilst the level of sulphur is preferably
low, the polymeric material may include a trace (at least
20 O0.lppm or at least 1ppm) of sulphur. The ratio of the
amount of sulphur Dbefore contact with said solvent
formulation to the level after purification in said method
may be at least 1.2, preferably at least 1.5, especially
at least 1.75.

25
The levels of ions and/or atoms described herein may
be assessed using ICPAES (Inductive Coupling Plasma Atomic
Emission Spectroscopy) .
30 In the method, it is also suprising to note that the

level of residual solvent in the polymeric material may be
reduced. In this regard, in the polymerisation process

for preparation of said polymerié material, a sulphur-



reduced. In this regard, in the polynerisation process for preparation of
said polyneric material, a sul phur WO 02/ 096974 PCT/ GB02/ 02525 24 based
sol vent ewgQ.02a9®m phone such as di phenyl sul phone or a st PomgBRICO2E2SUCh as
an al kane sul phonic acid may be wused. S vents used may have boiling
points or sublimation tenperatures of at |east 150C, suitably at 5 | east
190C. The boiling/sublimtion tenperatures may be |ess than 500C,
preferably | ess than 400C. Residual _ solvent can often be detected in the

pol yneri ¢’ mie&SdalSOL¥Reverg - t ReSHEPREBCOFUCKe 3F et BRPRANSEYT be
used to re%ucgtwﬁgl ‘%lvé?ﬂd of Eﬁs'agé’ahn.soil‘ﬂ@él{e Lhe @1%#3‘.% of Lge Q lgyel of
SO e iR the net ho

a sel ected residua vent ore purification to"the | eve
after purifiussd.on | nSyentst hodsedy meyat Haast beoipisfer gldintat | enst

10, nore referably at | east 25, especi al at |l ea . In.so cases,
RISl ISR - LS o AR SRl S PRV BV
solid fosm 1ehen condact edThkt bosaiidgyelivenmakeomulinataidl mo) yYperi ¢

material is preferably not in the formof "toffee" - that is, a material
whi ch is higifisg viBaBuss M°C20raeferpbiyt ukesHf thenC 48P €abl yRepeddat han

100% Prf Rl osag! Bapsfuls qdmLs oLy S LoRmding il iz,
di phenyl 25 mepteane, ths asshodabdd tiid hpsasehipoliyrentdonmateni de used
| medi atel'y é%r iroerdlfcoe Ct net Cetve | tc?f sraeisdici?allilesncgléeorrn‘[ryl a’%’li'lgnratio of the
10 level of a selected residual solvent before purification
in the method to the level after purification in the
method may be at least 5, preferably at least 10, more
preferably at least 25, especially at least 50. In some

cases, said ratio may be at least 100.

i5

Said polymeric material is preferably in solid form
when contacted with said solvent formulation. Said
polymeric material is preferably not in the form of

“toffee” - that is, a material which is highly viscous at

20 a temperature of 150°C.

Suitably, less than 10wt%, preferably less than 5wt%,
more preferably less than 1wt%, especially 1less than
0.5wt% of polycondensation solvent, for example diphenyl

25 sulphone, is associated with said polymeric material
immediately prior to contact with said solvent formulation

in the method.

The method may also be used to reduce the level of any

30 other residual reactants used in the preparation of the
polymeric material. Such residual reactants may be for
example monomers or may be other reactants such as end-

cappers or chain terminators. The residual reactants are



in the nethod. The nmethod may al so be used to reduce the |evel of any 30
ot her residual reactants used in the preparation of the polyneric

mat er i al .wBuwehdesi dual reactants may be for exanpl e non®@cErGBo23Tay be
ot her reactants such as end- cappers or ghain term nators. The residual
reactants are WO 02/ 096974 PCT/ GB02/ 02525 25 suitably organi c conpounds.
In sonme enbodi nent, they may be aromatic conpounds and/or ethers such as

optionally- al kyl.ated benzene conpounds, koxy benzenes or
dehenyIetheﬁ%%gﬁgk%eoﬁ%?ﬂéﬁ ﬁ&?gg n@ﬁrriggl ’n%neEBPSHmﬁBFynEP?X may
material in ey physiccd tonpduh@s exarphe LonEes, spehl eds oprighanukes. It
may be particul arly advantageously applied to a said polégerlc mat eri al
whi ch is ni @bpokade’d 10PERZEBRe eMsEIONESSs, t Hel¥Rhod Rapzeeessedoro
purify a suygf éh$f@%ﬂ@r§f said polymeric material so that the bul k of

a

the polyneric includes a greater level of inpurities conpared to
a surfaceé region thereof. 15 Said polyneric material may be in the form of

a shaped article. For exanple, said polynperic nateri al y. be in the form
of a noul ded or r %‘ t ", %leat ﬁ@ﬂ%ﬁ‘én ‘?W_" e fsé’mdof PQELVS‘WHC
nat eri al (eqﬂat@ﬂmﬂﬁrinpghyepﬁysicagreayhﬁsforsékgmﬁmapggwaﬁkuCb@lgaxsbe

for use in the 20 electronics Industry, for exanple it iy be a wafer
carrier; or 9% rEgameledr uselbn WAE nkdi cRRrEhduderyy f edvaakagpbesby

being a partaﬁglfb&m%gcgjsgfaiﬁSlQ&eggge&aterial which is microporous.

10 In some embodiments, the method may be used to purify a
surface region of said polymeric material so that the bulk
of the polymeric material includes a greater 1level of

impurities compared to a surface region thereof.

15 Said polymeric material may be in the form of a shaped
article. For example, said polymeric material may be in
the form of a moulded or extruded article, rather than in
the form of a raw material (e.g. powder, pellets or
granules) . Said shaped article may be for use in the

20 electronics industry, for example it may be a wafer
carrier; or it may be for use in the medical industry, for
example by being a part of a wmedical device or other
component arranged to contact body tissues or £fluids of
living persons or animals. By subjecting such a shaped

25 article to said method, a shaped article of greater purity
may be formed and such an article may be particularly
advantageously wused in the electronics or medical
industries. In some cases, a shaped article may be
subjected to the method to purify a surface region thereof

30 as described above. It should Dbe appreciated that
removing impurities from the surface region may be

extremely advantageous for certain applications.



conponent arranged to contact body tissues or fluids of 1living persons or
ani mal s. By subjecting such a shaped 25 article to said nethod, a shaped
article ovogrestetr purity nay be formed and such an arti @Ce/Grg/obes
particularly advantageously used in thexegl ectronics or nedical

industries. In sone cases, a shaped article may be subjected to the nethod
to purify a surface region thereof 30 as described above. It should be

appreci ated that_ . renmovin urities fromth ace region be
extrenely advant‘%%ea&b%ag%&%ﬁt a nsja?)%i? c%‘ﬁ%ﬁ%ca%\i?’éﬁéggﬁﬂyngg used
PCT/ GB02/ 02525 pd€ifgvaialepysiterdc Smagkeipyr.i f i eat itdn sSteyamy, benesed
to purify said polynerlc material. In this regard, the polynerlc mat eri al

may be arrarReYNerEC r 8@Esiridile Bad bsubjetiededo ishi d twefrRt@aUie gRéat er
than 100C a{%ﬂ?ﬁé%e’sd PL&SBYE ] %Qﬁ%%r%%&%”ggr%ra%%ﬁcurﬁ'ﬁ%@rlﬁo5(5”5&1&' SQ!Ldt' rre

to purify ynerirc materia esi red amount In said si
step, the t@mﬁﬂsum&eabayeremhuemﬂﬂpﬂesﬂuféIﬁorcamﬁuﬁﬁldxem; tim@ayovary

by +/-200C or ) ressu in supstantially constant

(o o Pt S 5EBy ool YaaPher ToECraay) = MR 4TP St SREG: moit s,
two purificajdon §£I@§§e r@ve;ge @ﬁ@dte&@eﬁaéwétméye@emwﬁ shBIPShARLHE &y and
pressure used may remai n substantially constant™ (as descri bed above) and

subsequent | yconsieant ndg - Ibe it s@@bnd’agWepbY\thhfZlOé’Csmrrl aeseo tahel fEhet
Sut Lably TR BT Aernerart t%ﬁ%‘%&sw S R SR an Brosd WBRE &

the firstbo stepry by +/-20 bar or less) However, in some embodiments,

two purification steps may be used. In a first step, the

temperature and pressure used may remain substantially

constant (as described above) and, subsequently, there may

be a second step which is similar to the first step except

15 that a different temperature and/or pressure may be used.

Suitably the different temperature/pressure is higher than

those used in the first step.

According to a second aspect of the invention, there

20 is provided a polymeric material which includes:

(A) phenyl moieties;
(B) carbonyl and/or sulphone moieties; and
(C) ether and/or thioether moieties
25
wherein said polymeric material has been purified in a

method according to said first aspect.

According to a third aspect of the invention, there is

30 provided a polymeric material which includes:

(A) phenyl moieties;

(B) carbonyl and/or sulphone moieties; and



According to a second aspect of the invention, there 20 is provided a
polynmeric material which includes: (A) phenyl noieties; (B) carbonyl and/or
sul phone woicewd®34 and (C) ether and/or thioether noieti ®ETABRRT28I N sai d
polyneric material has been purified in # nmethod according to said first
aspect. According to a third aspect of the invention, there is 30 provided
a polymeric material which includes: (A) phenyl noieties; (B) carbonyl
and/ or sul phone et| and_ WO 02/,096974 PCI]GB02/02525 27 (C) ether
and/ or thi oet her t’ﬁ’ﬁ’sr RS HIRPERRY Maiet iRi eri al i ncl udes | ess
t han 25ppm of aIkaI| metal cations. 5 Said polyneric material may include
at least a trace of alkali netal cations. According to a fourth aspect of
t he invenﬂtﬂhen&knesaid mglwm@vﬁ@emﬁiqnﬂ%&mﬁncludeerﬂ&BaMﬁhﬁniEEPDMes
and/ or sul phone noieties; and (C) ether

(A) phenyl noi etle . (B
and/ or thi o6t é? tl%%gﬁ. %&é&Qﬁl1 said polyneric naterlal i ncl udes | ess

than 25ppm of Na' |ons. Said polyneric material may include at |east a
trace
Said polymeric material may include at least a trace

of alkali metal cations.

According to a fourth aspect of the invention, there

10 1is provided a polymeric material which includes:

(A) phenyl moieties;
(B) carbonyl and/or sulphone moieties; and
(C) ether and/or thioether moieties
15
wherein said polymeric material includes less than 25ppm

of Na* ions.

Said polymeric material may include at least a trace

20 of Na' ioms.

As described above, in some circumstances, a polymeric
material of the type described may be treated so as to
purify a surface region thereof predominantly. Thus, in a

25 fifth aspect or the invention, there 1is provided a

polymeric material which includes:

(A) phenyl moieties;
(B) carbonyl and/or sulphone moieties; and

30 (C) ether and/or thioether moieties

wherein a surface region of the polymeric material

includes a lower concentration of alkali metal cations



20 of Na+ ions. As described above, in sone circunstances, a polyneric
material of the type described may be treated so as to purify a surface
regi on t woaehdqredom nantly. Thus, in a 25 fifth aspect @cCTtdB92i028268nt i on,
there is provided a polyneric material shich includes: (A) phenyl

noi eties; (B) carbonyl and/or sul phone noieties; and 30 (C) ether and/or
t hi oether noieties wherein a surface region of the polyneric materi al
includes a | ower congentration of alkali metal cations WO 02/096974

PCT/ GB02/ 0255 9 28N d. gcoR@aa¥e@ ofpartdtf t 6ORARNEBABLARr £ onllstlil vafelnet al

cations (e. e | r egi-on al y I C mterd [ sai d
surface regigboanﬂ.%‘:‘;f)SThge g%hglg%?r aﬁlo% :'): gglg alhéiEIEr nsgailar? Ig{% o%gig(‘“éﬁéeélr\lgé} in
sai d surfacenvegiden amysdial |sesfadmnrebippm suitably |ess than 20ppm
preferably | ess than 15ppm nore preferably |less than 10ppm especially

| ess than 5pm There may be at |least a trace of alkali netal cations 10

(e.g. Nas) in sait sgohaspt+&ULON. ofhealieyel abtahkaldtidmd alecgti ais)(e. g.
Na') in said region inwards of said surface region may be at |east 5Sppm
greater thart nS8a¢d SUSiFRCEc ereFERDNMAYS bSai Hepd| FReR TRR™er i gnibpbile

to a s xth aSist Sr T he LEbRit| S IR o ToPBvi GO a notHal of "SER ng 3
shaped arti gdreeforgisliysi Agss than 10ppm, especially less than 5pm.
There may be at least a trace of alkali metal cations
10 (e.g. Na*) in said surface region. The level of alkali
metal cations (e.g. Na*) in said region inwards of said

surface region may be at least 5ppm greater than in said

surface region.

15 Sald polymeric material of the £fifth aspect 1is

preferably a shaped article as described herein.

According to a sixth aspect of the invention, there is
provided a method of making a shaped article comprising:

20 fofming, for example by moulding, especially injection

moulding, a shaped article from a polymeric material which

includes:

(a) phenyl moieties;
25 (B) carbonyl and/or sulphone moieties; and

(¢) ether and/or thioether moieties; and

contacting said shaped article with a solvent formulation
which is at a temperature of greater than 100°C and at a
30 pressure above ambient pressure thereby to charge the
solvent formulation with impurities derived from said

shaped article (e.g. from a surface region of said shaped



20 form ng, for exanple by noulding, especially injection noulding, a
shaped article froma polyneric material which includes: (A phenyl

noi et i es; wRI208Bp7€ar bonyl and/ or sul phone noieties; and @ECIr/Gaob®ee528nd/ or
t hi oether npieties; and contacting said shaped article with a sol vent
formulation which is at a tenperature of greater than 100C and at a 30
pressure above anbi ent pressure thereby to charge the solvent formnul ation

Wi th inpuritj.es. ive sai shaped artic e surface
regi on of sa‘—%rgt chfé é@%i 41%/ 2 ?oe §%ALF"te|nc %rgnd ehe
separating téﬁap&&uaxxhéméyent fromthe shaped article. According to a

sevent h aspect of the invention, there 5 is provided a shaped article as
described in any statement herein. According to a eighth aspect of the

| nventi on, ther%déustcﬂ{ﬁa“ gsdaa g%%?‘i%glev ecdxapl @& fdeyboe; bor Eﬁ%rle” the

10 electronlcs in ry or a ne ica e, the device I ncludihg

puri fi ed spol ysrepravidt@ra athagedesctibeéd ahedesqubedondlagytetatamenh
aspect of the invention there is 15 provided the use of a purified

pol yneric neterTHt- as described herein in the el ectronics or medica
industries. Polyneric materials described herein may be prepared by

el ectrophilic or nucleophilic processes. They are 20 preferably prepared
as described i n IR 7Yoamd eighth aspect of the invention, there

is provided a device, for example a device for use in the
10 electronics industry or a medical device, the device
including a purified polymeric material as described

herein.

According to a ninth aspect of the invention there is
15 provided the use of a purified polymeric material as

described herein in the electronics or medical industries.

Polymeric materials described herein may be prepared

by electrophilic or nucleophilic processes. They are

20 preferably prepared as described in EP 0 001879 and
WO00/15691.

Polymers having units I, II, III, IV, IV*, V and/or V¥
may be prepared by:
25

(a) polycondensing a compound of general formula

m



W00/ 15691. Pol ymers having units I, I, I'll, IV, I'V*, Vand/or V my be
prepared by: 25 (a) pol ycondensi ng a conpound of general formula Y 4Ar O
y2 VI m Woo020996074 PCT/ GB02/ 02525 30 with itself wherePeT/GBROPRESENtS A
hal ogen atomor a group -EH and Y2 reprgsents a hal ogen atomor, if Yl
represents a hal ogen atom Y2 represents a group EH, or 5 (b)

pol ycondensi ng a conpound of general fornmula YI4Ar Oy2 VI m 10 with a
conmpound of formula x,0 co. 0 GO (04, 0x2 VIl Ws _and/or with a conpound
of Tormila x' o8 GEFD WP Yy FERTaEeRifir 8i HAPOIREDASINIRE o

hal ogen at ogRfu? 9EEUPan&H YOI repkekehtsappr Qﬁ'l'oﬁ%%) afRdmXloF eprigserts the
ot her one of a "halogen atomor group -EH (or -EHif appropriate) and Y2
represents &9RHISEEETSafomRdeIgNgREAD - B Hrenitksenteir egewis E 'Hhe ot her one
of a halogen atomor a group -E'H (or -EH if 20 appropriate).

5 (b) polycondensing a compound of general formula

O

vy Ar] ( O )m Yo

10 with a compound of formula

x@—co@)w G K@>r CcO X2 v

and/or with a compound of formula

A=Akl

15 wherein Y' represents a halogen atom or a group -EH (or

-E'H if appropriate) and X' represents the other one of a
halogen atom or group -EH (or -E'H if appropriate) and Y2
represents a halogen atom or a group -E'H and X* represents
the other one of a halogen atom or a group -E'H (or -EH if

20 appropriate).



WO 02/ 096974 PCT/ GB02/ 02525 31 (c) optionally copol ynerizing a product of

a process as

descri bedwpr2pemagr aph (b); 5 wherein the phenyl noieti esPofi/aGBwROSS2YI ,
and/or VIII are optionally substituted;zzand Ar, m w, r, s, z, t, v,
and E are as described above except that E and E do not represent a
direct link; 10 the process also optionally conprising cross-linking a

product of the reaction described in paragraphs (a), (b)_ and/or (c) to
prepare said poI%ﬁeFPtPP€P§ﬁ§bF?PO@M@FEl?g?gY?,pﬁﬁéﬁﬁﬁleﬁ XoPFepFesehf

descri bed in paragraph (a) with a product of a process as

VI |
G E

a

15 hal ogen, RepaGHR ¥ird phHebidith fAPMyi8R BCHRYALLRY B WPproéspechal Iy a

car bonyl

or sul phone group, IS arranged ortho- "or para- to the hal ogen
atom Pref erdesgridlesgen pegwgrapk fbueri ne and chl orine

20 atons, wth

fluorine atons being especially preferred. Preferably, hal ogen atons are
arranged neta- or para- to activating groups, especially carbonyl groups.
Wher ei n she proegssedescthdeghanyparmsiapied apfi unidss canri e OUbnd/or
preferably one of Y and Y2 represents a fluorine atomand the other

represents ai Hy 6 PRIFERL LSS ECEH| Pioh Athi Slcdbe, T1Sr epreSent s a
fluorine atqm @and; Y2, &pr eéfﬁt%%?c@egé@g%ﬂ %&#'ef@é@@t@ﬂgguﬁl ¥nalhe

process descr'i bed 1 n paragrap
nmoi ety of stdactalr ecpresamt @ dépeesehiski. When a process described in

my De use

paragraph (b) is carried out, preferably, Yl and Y2 each represent an
hydr oxy group.

i0

15

20

25

30

the process also optionally comprising cross-linking a
product of the reaction described in paragraphs (a), (b)

and/or (c¢) to prepare said polymer.

Preferably, where Y%, Y?, X' and/or X*® represent a
halogen, especially a fluorine, atom, an activating group,
especially a carbonyl or sulphone group, is arranged ortho-

or para- to the halogen atom.

Preferred halogen atoms are fluorine and chlorine
atoms, with fluorine atoms being especially preferred.
Preferably, halogen atoms are arranged meta- or para- to

activating groups, especially carbonyl groups.

Wherein the process described in paragraph (a) 1is
carried out, preferably one of Y' and Y? represents a
fluorine atom and the other represents an hydroxy group.
More preferably in this case, Y' represents a fluorine atom
and Y* represents an hydroxy group. Advantageously, the
process described in paragraph (a) may be used when Ar

represents a moiety of structure (i) and m represents 1.

When a process described in paragraph (b) is carried

out, preferably, Y' and Y? each represent an hydroxy group.

en Ar- 30 represents a



WO 02/ 096974 PCT/ GB02/ 02525 32 Preferably, X1 and X2 each represent a

hal ogen atom suitably the sane hal ogen atom Conpounds of general formula
VI, VII awooxdds7eare 5 commrercially avail able (eg from APdmiGae2i23¢y and/ or
may be prepared by standard techni ques,s;generally involving

Friedel -Crafts reactions, followed by appropriate derivatisation of
functional groups. The preparations of sonme of the nononers descri bed
herein are described in P_M 10 Hergenrother, B J Jensen and S J Havens,

Pol yner 29, E¥sgereddaB), ¥H RERE chel At af@ryeBentus @ Miglogs ecabes, 22,

517 (1989) gy | S Chem Belg., 98 (9-10), 667
(1989). 15 ftgf%g eparatiﬁg% ggilggieg %g rf/lr'ner, it is preferably isolated

and sol vent(s) used in the polycondensation renoved so that the |evel of
such solvents is, |ess than wt % eferably less th | wt % of __t he | evel
thereof during tHEPBYCol engﬁ?%f)%{ zfg’rlf’?%@ergid pgfgne?ri“{ _ggtlgri ars for
use in the rRfRE-ciania praferaiie prepares | AL @R Yeondeasarbenmagapki on

involving at |east one bisphenol (e.g. hydroquinone), at__|east one.
aromatic di MASRAECCe. gbY 4, Ftapelagis | tndBEtsfhenoaeleralitie preséHéBJof an

Ui tably ae e e A 0B o PR T T PopReRatEY
preferably weshiedtbrdagricdro efSefunctitwalreghodps. The preparations of
some of the monomers described herein are described in P M
10 Hergenrother, B J Jensen and S J Havens, Polymer 29, 358
(1988), H R Kricheldorf and U Delius, Macromolecules 22,
517 (1989) and P A Staniland, Bull, Soc, Chem, Belg., 98
(9-10), 667 (1989).

15 After preparation of said polymer, it is preferably
isolated and solvent(s) wused in the polycondensation
removed so that the level of such solvents is less than 5
wt%, preferably less than 1lwt% of the level thereof during
the polycondensation.

20

Preferred polymeric materials for use in the method
are preferably prepared in a polycondensation reaction
involving at least one bisphenol (e.g. hydroquinone), at
least one aromatic dihalide (e.g. 4,47 -

25 difluorobenzophenone) in the presence of an alkali metal
carbonate or bicarbonate and in the presence of a solvent,
suitably as described in EP 0001879. The polymeric
material prepared is preferably washed prior to use in
the method.

30

Any feature of any aspect of any invention or

embodiment described herein may be combined with any



30 Any feature of any aspect of any invention or enbodi nent descri bed
herein may be conbined with any WO 02/ 096974 PCT/ GB02/ 02525 33 feature of
any aspecwoOoR/ogdy4 ot her invention or enbodi nent descri bedChaBoR236t ati s
mut andi s. Specific enbodi nents of the inygntion will now be 5 descri bed,
by way of exanple, with reference to figure 1 which is a schematic
representation of a purification apparatus. The purification apparatus
shown in figure 1 |nc%udes 10 a pressure vessel 2 whi.ch has PSated and

thermally i W T aKEt2ACCpstt A of LPRE VBYSBFIPE Gruh TRERpI y

line 6 for deldverhdd pEeSsHrhees WatRicdiipsthe vessel 2. Water enters
the supply line 6 at inlet 8 and is punped to the vessel 2 by a water

punp/ conpressor 10. 15 Downstream of the vessel 2 there is a water drain 12
for renoving er 1 mast n s sanpl e of ket on | aced in
the vessel 2 artPite ﬁhl atoﬁlgﬁﬁ%re¥§ﬁ$ %:% téﬁﬂ' Eure8 20 is
caused tg fladwgdiuiesh byewws&ﬁj aveanshy, reishi velferepuee ol Fkpionercan
be prepared. Unless otherwi se stated in the fol| owi ng exanples, the |levels
of conponent®iF pprfi wer eSEREBRRE Aed TRTHFLLEB1eRIuAS vél yPeBLEL€at PPRs M
At om ¢ Em ssi éﬂﬁa§§@ﬁér0500py (I CPAES). The technique is a nmulti-el enment
[

anal ysi s que that uses an inductively coupled plasma source to
dissociate the sanple into its constituent atonms and

The purification apparatus shown in figure 1 includes

10 a pressure vessel 2 which has a heated and thermally
insulated jacket 4. Upstream of the vessel 1is a water
supply line 6 for delivering pressurised water into the
vessel 2. Water enters the supply line 6 at inlet 8 and

is pumped to the vessel 2 by a water pump/compressor 10.

15 Downstream of the vessel 2 there is a water drain 12 for

removing water to waste.

In use, a sample of polyketone is placed in the vessel
2 and then liquid water at high pressure and temperature
20 is caused to £flow through the vessel whereby relatively

pure polyketone can be prepared.

Unless otherwise stated in the following examplesg, the

levels of components in ppm were determined using

25 Inductively Coupled Plasma Atomic Emission Spectroscopy
(ICPAES) . The technique is a multi-element analysis
technique that uses an inductively coupled plasma source

to disgsociate the sample into its constituent atoms and
ions, exciting them to a level where they emit light of a

30 characteristic wavelength. A detector measures the
intensity of the emitted 1light, and calculates the

concentration of that particular element in the sample.

At the temperatures involved (10000°C) even the most



ions, exciting themto a |level where they emt light of a 30 characteristic
wavel ength. A detector neasures the intensity of the emtted lIight, and
cal cul at ewotop@Issconcentrati on of that particul ar el enent POTIGBRO29232pl €. At
the tenperatures involved (10000C) even ihe nost WO 02/ 096974

PCT/ GB02/ 02525 34 refractory elenents are atom sed with high efficiency.
|CP -AES therefore has a detection Iin1t which is typically 1- 10 ppb.

Thus, the tec e neasures the | evel nts,irrespective of e
T e S S e S bl e G T Bighras et e mithod, a
sanpl e to begxsassebfSrSMid 4 MO INOLRNOILiRNS @@ﬂchpigceyl&awapi@tinum
cruci bles. These platinumcrucibles are placed in a nuffle furnace at

575C, al ong M t PR  f dUser &Rty EECANLAUM cMaerpires ashbl ahR¥elThet

sanpl es 10 g n?e?hﬁd t r d IS ed 7 nifric
acid (doubly gestl egl ﬁgﬁ%ﬁgeﬁ?ﬁal rrpu];é\rIﬁl fﬁ)(g étQsagr')rop/ es Jgtlr;e

t hen anabysetbuai ehtfly c&tomded atoPestkier ElatemsQPut | maId 3001 mERHAES nachi ne
and the results _ adjusted to accoun t forﬁége bl ank sanples. 15 In a series

of specific S¥ENST e$O 2P8g %%ﬁﬁﬁ’%% of-S p8PyétnhetBtPer oiﬁ’@rﬁ&\%@r LPEEKTM

450P obt ai ned fdQm i M Gre Rle efudhpiagon %Ré@éeﬂaﬁ@uﬁﬂshc@%ﬁ)@é nt
343C) havi ng about 125ppm of Na+ were placed in vesSel 2 20 and were

cont act ed widrde | ptlacddwatrera atmuB20€ duwdn2@@ bair . 57The, walehgwasitdl ranged to
flow through the vessel at a flowrate of 1- 3ml/ inute and the total
extraction tivther empty platinum crucibles as blanks. The samples
10 are ashed overnight and the residues dissolved in 70%
nitric acid (doubly distilled, Aldrich Chemical Company,
UK) . The samples are then analysed in duplicate in a
Perkin Elmer Optima 4300DV ICP-AES machine and the results
adjusted to account for the blank samples.
15
In a series of specific examples, 2-8g samples of
polyetheretherketone powder (PEEK™ 450P obtained from
Victrex Plc of Thornton Cleveleys, UK; melting point
343°C) having about 125ppm of Na* were placed in vessel 2
20 and were contacted with liquid water at 320°C and 200 bar.
The water was arranged to flow through the wvessel at a
flow rate of 1-3ml/minute and the total extraction time
(ie. the time for which the powder is contacted with
water) was 60 minutes. The polymer was dried at 140°C

25 under vacuum. It was found that the sodium content of the

polyetheretherketone was reduced to 3ppm or lower.

Example 2

30 A sample of milled extruded rods of
polyetheretherketone polymer (7.5g) (melting point 343°C)
having approximately 220,000ppm of Na* was placed in

vegsel 2 and was contacted with liquid water at 320°C and



(ie. the time for which the powder is contacted with water) was 60

m nutes. The polyner was dried at 140C 25 under vacuum It was found that
t he sodi wooent@m of the pol yet heretherketone was reduc®dTiGB02opizsor

| ower. Exanple 2 30 A sanple of mlled extruded rods of

pol yet her et her ket one pol yner (7.5g) (nelting point 343C) having

approxi matel y 220, 000ppm of Na+ was placed in vessel 2 and was contacted

WD T et S0, 80 WL OLEBES LY ER0E 0, 90 200EBE . T

1-3ml/ m nut eaand tHew ot@te ewEr actindy mitdute (48d the tideal oexvwhhebibhe
powder is contacted wth water) was_ 120 m_nutes._ The, pol ynmer was dried at
140C 5 under V&%u&h‘? |Fh@va§lm6uﬁ@rt H’é%lctl’het%cH%%n%%nFOBFa?ﬁ%d with

POl yet her ot her ket pgauas e D8R0 ga0URs B ddegggbpact ed

pol ymer were by 13C Nuc ear Nhgn I C Resonance Spectroscopy whic
showed t Bat uinder |exehurof fIUowaaefeum@dthaalhhehaddmnm chahgetd af &heesult

10 of the ext ctlon -6_The proc re f Example 2 S repeated
For “Exanpl e et Beee BEMErens Hog FREBERE (oo anmmr (TES r 8341 PRRUDS

anal ysis of of h%h@r odietaateds ysampprhsed we&eTaahala}sEal oy i 1 3eddivtib0BakO
the level of elements present in the polyetheretherketone prior to

extraction. Masheeier INTSS n SRS trgfconkand i choshgaes nichad" . the

level of fluorine ended chains had not changed as a result

10 of the extraction.

Examples 3-6

The procedure of Example 2 was repeated for Examples 3-6.

15 The variations in conditions and the resultant analysis of
the product are summarised in Table 1 below in addition to
the level of elements present in the polyetheretherketone
prior to extraction. The reference N/D in the table means
“not determined”.

20



WO 02/ 096974 PCT/ GB02/ 02525 36 Table 1 Exanple Untreated 3 4 5 6

pol yet her- et herketone Sanple Weight(g) - 7.5 7.5 7.5 7.5 Tenperature (O
- 300 200WDMQ/02034 Pressure (bar) - 200 200 200 60 Fl ow RawraRi02IzEN) -
2.5 1.51.5 1.5 Extraction Time - 127 199 720 840 (m n) Residual Na(ppm
110 2 17 4.3 0.2 Residual A (ppm 2.7 ND ND 0.3 0.3 Residual Ca(ppm 20
ND ND 10.6 5.8 5 Residual Fe(ppm 1.8 NND ND 1.65 0.8 Residual P(ppm
85 NDND 7.9 1.4 Residual S(ppm 4.3 ND ND 3.15 2.0 Residual Sr(ppm
0.38 ND NND 0.20 0.06 5 Exanple 7 A sanple of powdered

pol yet her et hepkgt opne pol ynmer  (800g) (nel ting point 343C) having
approximately 110ppm of Na' was placed in vessel 2 and was contacted with
liquid 10 vvater at 275C and 60bar. The vvater was arranged.- to flow through

t he vessel H-ow+ate—of—6-254hr—andthe total—extyraction—ti (ie.
the tine forEWipc}ﬁ the powder |s OBKEREEES with3watef) has 4 lhofrs.| The
polymer was dried at 140C undef vgsipmnhdt-was found that the sodiym
etherketone
Sample Weight (g) - 7.517.5] 7.5 7.5
Temperature (°C) - 300 | 200 | 200 275
Pressure (bar) - 200 | 200 | 200 60
Flow Rate (ml/min) - 2.511.5| 1.5 1.5
Extraction Time - 127 ] 199 720 840
(min)
Residual Na (ppm) 110 2 17 4.3 0.2
Residual Al (ppm) 2.7 N/D|N/D| 0.3 | 0.3
Residual Ca (ppm) 20 N/D | N/D | 10.6 | 5.8
5
Residual Fe (ppm) 1.8 N/D|N/D|1.65| 0.8
Regidual P (ppm) 85 N/D[N/D| 7.9 1.4
Residual S (ppm) 4.3 N/D|N/D|3.15| 2.0
Residual Sr (ppm) 0.38 N/D|N/D| 0.20 | 0.06

5 Example 7

A sample of powdered  polyetheretherketone polymer
(800g) (melting point 343°C) having approximately 110ppm of
Na* was placed in vessel 2 and was contacted with liquid
10 water at 275°C and 60bar. The water was arranged to flow
through the wvessel at a flow rate of 6.251/hr and the
total extraction time (ie. the time for which the powder
is contacted with water) was 4 hours. The polymer was
dried at 140°C under vacuum. It was found that the sodium
15 content of the polyetheretherketone was reduced to 0.7ppm.

This was accompanied by a reduction in the level of Al



15 content of the pol yetheretherketone was reduced to 0. 7ppm This was
acconpani ed by a reduction in the level of Al WD 02/ 096974 PCT/ GB02/ 02525
37 from 2n0pptvdsds <O0. O5ppm Ca from 20ppmto 1.45ppm Fe PCOGB2/0S2PM t O
0. 72ppm P from 85ppmto 1.45ppm S frons4.3ppm to 2.5ppmand Sr from
0.38ppmto O.lI ppm 5 Exanples 8 and 9 The procedure of Exanple 7 was
repeated for Exanples 8 and 9. The variations in conditions and the

resul t ant al vsis,of the oduct s e summarjised in JabLe 2 below. 10 The
evel 5 of ertmahet TG B TR0 PR Aurel. bReT “BrPef. (Bt FeaPent
are stated in ghentedl e.73pbhe 2 Exemplespdit eatedi o, Pol yedhenethpn

ket one Sanple Weight(g) - 800g 800 Tenperature (C) - 275 275 Pressure
(bar) - 60 68° H ‘Raﬁ‘%d(%lih’%om @:37%?@8?0 EdFer®ion Tine (hr) - 4 4
Resi dual Na(ppm) 110 0.25 2.0 Residual Al (ppm) 2.7 <0.05 <0.2 Residual

Ca(ppm) 20 1.55 3.20 Residual Fe(ppm 1.8 1.02 0.37 Residual P(ppm 85
<0.2 <4. %5 HRowipled H(Ppd)94.3 2.2 3.0 Residual Sr(ppm 0.38 0.08 0.22

The procedure of Example 7 was repeated for Examples 8
and 9. The variations in conditions and the resultant
analysis of the products are summarised in Table 2 below.

10 The levels of elements present in the polyetheretherketone

prior to treatment are stated in the table.

Table 2
Example Untreated 8 9
Polyetherether
ketone
Sample Weight (g) - 800g 800g
Temperature (°C) - 275 275
Pressure (bar) - 60 60
Flow Rate (1/hr) - 5.75 1.87
Extraction Time (hr) - 4 4
Residual Na (ppm) 110 0.25 2.0
Residual Al (ppm) 2.7 <0.05 <0.2
Residual Ca (ppm) 20 1.55 3.20
Residual Fe (ppm) 1.8 1.02 0.37
Regidual P (ppm) 85 <0.2 <4.75
Residual S(ppm) 4.3 2.2 3.0
Residual Sr(ppm) 0.38 0.08 0.22

15



15 WO 02/ 096974 PCT/ GB02/ 02525 38 Exanple 10 A sanple of purified

pol yet her et her eketone polynmer 5 (7.5g) (nelting point 343C) having

appr oxi mewelog/ode®ppm of Na' was placed in vessel 2 and waPCr@mroao2®d Wt h
liquid water (45ml) at 275C and 60bar. JIhe polyner was allowed to soak in
the water for 4 hours and then cooled and washed once by imersion in
ultra pure water (obtained 10 using on Elga Purelab E5/E10 water
purification system which enploys both ion-exchange and reverse osnosis to
produce water with 15-16 MS2cnil resitivity) followed by draining with

ul trapure wa:eimdi4bnmig . The pol ymer was dried at 140C under vacuum The
difference in the level 15 of residual ionics before and after extraction
is shown in Table 3. Table 3 Exanple Polyethere 10 therketone prior to
treatnment Sanple g e Ss r)y -
60 Flow Rate (f?h\é%‘”qﬂré be,, puadeiemp ?gw%ﬁh%gitﬁegéget hE) ﬁé%}?‘(ﬁ‘%? 12
1.02 Resi dudl. 5§X@m&@trﬂglp6ﬂn68343°C) having approximately 12ppm of

Na* was placed in vessel 2 and was contacted with liquid
water (45ml) at 275°C and 60bar. The polymer was allowed
to soak in the water for 4 hours and then cooled and
washed once by immersion in ultra pure water (obtained
10 wusing on Elga Purelab E5/E10 water purification system

which employs both ion-exchange and reverse osmosis to
followed by

produce water with 15-16 MQcm™* resitivity)

draining with ultrapure water (45ml). The polymer was

dried at 140°C under wvacuum. The difference in the level

15 of residual ionics before and after extraction is shown in

Table 3.
Table 3
Example Polyethere 10
therketone
prior to
treatment
Sample Weight (g) - 7.59
Temperature (°C) - 275
Pressure (bar) - 60
Flow Rate (1/hr) - N/A
Extraction Time (hr) - 4
Residual Na (ppm) 12 1.02
Residual Al (ppm) <0.1 <0.08
Residual Ca (ppm) 2.9 <0.004
Residual Fe (ppm) 0.15 0.03




Resi dual Ca(ppm 2.9 <0.004 Residual Fe(ppm 0.15 0.03 WO 02/096974

PCT/ (B02/ 02525 39 Exanpl e Pol yethere 10 therketone prior to treatnent
Resi dual WOppiP69z40 0.2 Residual S(ppm) 12.5 6.7 Resi dualPCSGRIPM}526. 27
<0.09 Exanple 11 5 A sanple of comrercigd |y avail abl e Gharda ( GATONE)
5300G pol yet her et her ket one was obtai ned and was found to contain 190ppm of
sodium A 5g portion of mlled granules of the sanple was washed with 6
litres of hot depneralised water h\l pl ac Ag H—i-n—a—alass-t eachi ng 10
colum with a gl asEXRMRLEr and passi ng 6 H3kieedsste | demiter al i sed water at
70-80C though it.|[ The sanple was dried |ighdkdidnLVen overnight and when
anal ysed was found to contain 165ppm off sodium 15 A furthgr 5g of the
mlled granul es were extracted using appawitass tsinmlar to tihat show in
figure 1, using (superheated water at 27 Sg an]c:i 60 _bar for 4 |hours at a
flowrate of 5.751/h. The sanple was then"aR&FJSBE by 1 CP-AES and conpared
wth the results [fregighig1op Bﬂﬂal 20 sgnpl e.1dhe detapl s of] the anal ysis
are shown in Table_4 WD 02/096974 PCT/ G802/ 02525 4

Residual S (ppm) 12.5 6.7
Residual Sr (ppm) 0.27 <0.09
Example 11
5 A sample of commercially available Gharda (GATONE)

5300G polyetheretherketone was obtained and was found to
contain 190ppm of sodium. A 5g portion of milled granules
of the sample was washed with 6 1litres of hot
demineralised water by placing it in a glass teaching
10 column with a glass sinter and passing 6 litres of
demineralised water at 70-80°C though it. The sample was
dried in an air oven overnight and when analysed was found

to contain 165ppm of sodium.

15 A further 5g of the milled granules were extracted
using apparatus similar to that show in figure 1, wusing
superheated water at 275°C and 60 bar for 4 hours at a
flow rate of 5.751/h. The sample was then analysed by
ICP-AES and compared with the results from the original

20 sample. The details of the analysis are shown in Table 4



Tabl e 4 Exanpl e Untreated Superheated Polyether- Water Extracted

et her ket one pol yet heret her G anul es ketone G anul es Sanple Wight(g) -
5.0 Tenweoroawumes (C) - 275 Pressure (bar) - 60 Fl ow Rat @CtidBwe)25255. 75
Extraction Tine (hr) - 4 Residual Na(ppgd 190 87 Residual Al (ppm 5.75
5.0 Residual Ca(ppm 17 12 Residual My (ppm 5.2 3.3 Residual Fe(ppm
8.6 5.5 Residual P(ppm) 165 62 Residual S(ppnm) 12.5 <2 5 Fromthese
results it would appear that whilst superheated water extraction of mlled
granules is not as effective as a simlar extraction on a m croporous
powder, it S Rovide a significant reduction in the level of ionic
I mpurities, both fromthe surface and fromthe bulk. 10 In the exanple,
sodi um and phosphorous | evel s were reduced by >50% Thus, the process

al lows the renova oht-es—Frempolypers tﬂ—nhfﬂ'n evel-s—of +esidugl
i oni cs which woul %X %Prﬁe possi bl e by |t r adPEFBAGF mashlnﬁuP%E%ﬁ?E%%s. 15
WO 02/ 096974 PCT/|GB02/ 02525 41 Polyether- Water Extracted
etherketone polyetherether-
Granules ketone Granules
Sample Weight (g) - 5.0g
Temperature (°C) - 275
Pressure (bar) - 60
Flow Rate (1/hr) - 5.75
Extraction Time (hr) - 4
Residual Na (ppm) 190 87
Residual Al (ppm) 5.75 5.0
Residual Ca (ppm) 17 12
Residual Mg (ppm) 5.2 3.3
Residual Fe (ppm) 8.6 5.5
Residual P (ppm) 165 62
Residual S (ppm) 12.5 <2
5 From these results it would appear that whilst

superheated water extraction of milled granules is not as
effective as a similar extraction on a microporous powder,
it does provide a significant reduction in the level of
ionic impurities, both from the surface and from the bulk.
10 In the example, sodium and phosphorous levels were reduced
by >50%. Thus, the process allows the removal of ionics
from polymers to obtain levels of residual ionics which

would not be possible by traditional washing techniques.

15



Exanpl e 12 Di phenyl sul phone (DPS) is a solvent used in the preparation of
pol yket ones according to the nethod 5 described in EPO001879 (I nperi al
Chem cal wodestares). The | evel of extractable DPS in pol yerteBoenisket one
powder prepared as described in EPO00187% was determi ned by extracting the
powder with acetone at anmbient tenperature and assessing the |evel by Gas
Chr omat ogr aphy. 10 0. 053%w DPS was detected in the polyner. The purified
pol yet her et her ket.one, pol yner of Exanple 6 was assessed in a simlar nmanner
but it was nwe to detect any DPS in the polymer. The purified

pol yet her et her ket one pol yner was al so anal ysed by thermal desorption gas
chromat ography 15 gas spectronetry (TDGCMS) at 360C and DPS was det ect ed.
However, it was Dml’ailyhatshtlﬁéldr@/el(D@S)ressdu@I P ews usted edst the
orders of manlt Jovver han |nt ol yet her therkton ol yne fore
purificatio el?réade ac%l[ r?Dsl S ?%E‘?:é%gt o] ekb}geper ?eé]ﬁ g
docunent s \Amé&blai]@edl | ied mmwm I W Tviiplelt i@, pr:ﬁé'tn@ualtomahsarles)
specification in connection with this application and which are open to
public .nspﬂ¢ ontieh tPFs exbERFERRLE | OHPS anét hBOLBREBRESLBETEPFOBACh
papers and gﬁaﬁér@ae ANCHEROF A &I DA @y@o@isrﬁ &hEHCEet bhifbat he
features dlsclosed his specification (i1ncluding any acconpanyi ng

cl ai ns, abstlnact eandaccuaalwl ngsf)e apdivderal Iwm‘hthacsteps ofatanyambtbod or
30 process SO di scl osed i na

d
conbl et e n e A ST T e e t L PEY B9 BB Eh Bra s SR Rhy

mut ual | yoexa Us33evt DPS was detected in the polymer. The purified

polyetheretherketone polymer of Example 6 was assessed in
a similar manner but it was not possible to detect any DPS
in the polymer. The purified polyetheretherketone polymer
was also analysed by thermal desorption gas chromatography
15 gas spectrometry (TDGCMS) at 360°C and DPS was detected.
However, it was noted that the level of residual DPS was
at least two orders of magnitude lower than in the

polyetheretherketone polymer before purification.

20 The reader’s attention is directed to all papers and
documents which are filed concurrently with or previous to
this specification in connection with this application and
which are open to public inspection with this
specification, and the contents of all such papers and

25 documents are incorporated herein by reference.

All of the features disclosed in this specification
(including any accompanying claims, abstract and
drawings), and/or all of the steps of any method or

30 process so disclosed, may be combined in any combination,
except combinations where at least some of such features

and/or steps are mutually exclusive.



WO 02/ 096974 PCT/ GB02/ 02525 42 Each feature disclosed in this
specification (including any acconpanyi ng cl ai ns, abstract and draw ngs),
may be rewpbDaceokny alternative features serving the sanepCagiBoab®st or
simlar purpose, unless expressly 5 statgg ot herw se. Thus, unless
expressly stated otherwi se, each feature disclosed is one exanple only of
a generic series of equivalent or simlar features. The invention is not

restricted to t etails of the ore 0| n enbodi ment ... Ihe 'nventi on
extend to any n(r)lrvefeq% né: 2t any qfo%%[ i ontlbF th%p%‘ééngét

di scl osed ipddugasheci fapati Oélc&érﬁﬁéwﬂiﬁ@ analétf@@rmanabggrabal MBand
abstract and drawi ngs), or to any novel one, or any novel combination, of

the steps ofdZAWLREShod®Y e ceerbaeed 4y alsersapive \Wrapnpeg9garving
PCT/ GB02/ 02 h f ri al of
a type whic mc%m%l ghgﬁz,%} ﬁﬁg‘r(?;t'/rl %%Dwﬂétal&gél{]%%%'arlglg%§$§an§?grgg§% phone

noi etiess amtat«d) etlerwane/ orhid) oethess nekpteesliOstheededhbdrivhebydi ng
wth a sol vent. for Iatlon which is at a

contacting the po ric terial
t enper at ur e G° o %égFEF €t %danjcﬁa Bﬁeﬁ’iﬁf‘&’]e?oo‘agyfénﬁ e GPBELHFe
thereby to céwjg@s the sphmpitedOrdm ShOn W tdhdug | ti es

The invention is not restricted to the details of the

10 foregoing embodiment (s). The invention extend to any novel
one, or any novel combination, of the features disclosed

in this specification (including any accompanying claimg,
abstract and drawings), or to any novel one, or any novel
combination, of the steps of any method or process so

15 disclosed.



derived fromsaid polyneric material, and separating the 15 charged
solvent fromthe polyneric material. 2. A nethod according to claiml,

wher ei n sWDd25997£nt

| ess than 200C. 3. A nethod according to claim?2, wherein said first
sol vent conponent is water. 25 4. A nethod according to any preceding
claim mhereEE ,said solvent fornulation consists essentially of water

A nmet hod ac
fornmul ati on
at | east 10

to any preceding claim wherein said solvent

is at a tenperature of greater 30 than 150C and a pressure of

bar when contacted with said polyneric material WO 02/ 096

formul ation includes a first sol ventPCr@mpsenes whi ch
is not an organic solvent and has a boiking point of at |east 20 95C and

. 5.

974

PCT/ GB02/ 02525 A4methadmrefhadiidound iy polymerprevedionadl afn awhwrei n

sai d sol vent
pressure of
7. A net kod

fo j S at a tenperature of greater than 250C and
4 l%%;iﬁgéﬁﬁ%%f when contacted with said polyneric mater

according to any preceding claim wherein in the nethod,

solvent formulation is arranged to flow froma first region to a thir
region via a sectd riRFOnl Tl &hie$ sai d pol ymeric material is arrang

wherein the
region is at

10 TLow rad8ty1 sihdl/ 0! dendd b ALi 005 haguoh sal d sec

|l east 0.05m /mn p gram of polyneric naterial present

a
al .
t he
d
ed
ond
in

said second regi 0 anetlar cand venthidormet anobetigscontacted with said
pol ymeric material over

10

15

20

25

30

the method including contacting the polymeric material
with a solvent formulation which is at a temperature of
greater than 100°C and a pressure above ambient pressure
thereby to charge the solvent formulation with impurities
derived from said polymeric material, and separating the

charged solvent from the polymeric material.

2. A method according to claim 1, wherein said solvent
formulation includes a first solvent component which is
not an organic solvent and has a boiling point of at least

95°C and less than 200°C.

3. A method according to claim 2, wherein said first

solvent component is water.

4. A method according to any preceding claim, wherein

said solvent formulation consists essentially of water.

5. A method according to any preceding claim, wherein
said solvent formulation is at a temperature of greater
than 150°C and a pressure of at least 10 bar when

contacted with said polymeric material

5



a period of at least 5 mnutes. 15 8. A nethod according to any preceding
claim wherein the difference between the |evel of a selected inorganic
salt in weaindopoiynmeric material before contact w th sai dPCTaiBo02525
fornmul ation conpared to the level after 20 purification in said nethod is
at least 5ppmsalt and the ratio of the amobunt of said selected inorganic
salt in said polyneric material before contact wth said sol vent
fornmulation to the level after purification in said nethod is at |east

1.5. 25 9. A nethode4E06t dRAGOFEIBAY Tt c@BY n@r%%qihalgméraémh tWgerein
di fference b&%egowsp&be ro BV 5 9 @gkad' et gkngogateth%' Cot ngyéafcegs in

said polyneric materia ore contact MAt nt for atron
conpared to then 3RIE@| aid era purdssnatd orvfi nasai dermetthod0i sbatr | eash Sppm

M+ wherein M re{_gél_teérs%nts al kal al cations and.the ratio of the anobunt

of alkali mettt nfEeh n?)?ljrc?t?% YR LSdfY-potheric material before
contact with said solvent WO 02/ 096974 PCT/ GB02/ 02525 45 fornulation to
the level after purification in said method is at least 1.5. 10. A method
accordi ng to/ any* rfﬁ%‘é]é@l@n@%%iiﬁr}’lgmﬁ@r iy tHecslidig fetabiee Weeveen the

L§¥ﬁh|gziyﬁ égnggkg ?Lyt e %8 g?h§¥F%%“§ﬁT| |cat?%ﬁ%Ergkéggsné?hgggvent
| east S5ppm Nadomanal fhestategioh the aaraiintd dfedison via a second region

in which said polymeric material is arranged wherein the

10 flow rate of said solvent formulation through said second
region is at least 0.05ml/min per gram of polymeric
material present in said second region and said solvent
formulation is contacted with said polymeric material over
a period of at least 5 minutes.

15
8. A method according to any preceding claim, wherein the
difference between the level of a selected inorganic salt
in sald polymeric material before contact with said
solvent formulation compared to the level after

20 purification in said method is at least 5ppm salt and the
ratio of the amount of said selected inorganic salt in
said polymeric material before contact with said solvent
formulation to the level after purification in said method
is at least 1.5.

25
9. A method according to any preceding claim, wherein the
difference between the total 1level of alkali metal
cationic impurities in said polymeric material before
contact with said solvent formulation compared to the

30 level after purification in said method is at least 5ppm
M* wherein M*' represents alkali metal cations and the
ratio of the amount of alkali metal cationic impurities in

said polymeric material before contact with said solvent



inmpurities in said polyneric material before contact with 10 said sol vent
formulation to the level after purification in said nethod is at |east

1.5. 11. wormeniod accordi ng to any precedi ng claim whereiPaTtdBo2/0225ecul ar
wei ght of the polyneric material is unchgnged by 15 purification thereof
in the nethod. 12. A nethod according to any preceding claim wherein the
ratio of the |evel of a selected residual solvent which is a solvent used
in the polynerisation to formsaid 20 polyneric material, before

purificati orf S HRF 1R H & Yo e%gﬁe%fﬁﬁlﬁﬂcﬁ@tﬂ%t 1BnS#Ed tRetRethod
is at least & sdl3.efiet hpd according to any preceding claim wherein the
di fference between the | evel of phosphorus containing 25 inpurities in said
polymeric material before contact with said solvent formrulation conpared
to the level after urification is at_|east 5ppm phosphorus, and.the ratio
of the amodl" df TBHOKPhGITROTEIT B GH e SPEN 4l L &Bh v oRES- FHPnbPGt i on
to the | evelgifficaferiid | Hetalde@dN tReSal&vePt o N30 iim akali@aspolymerid. A
met hod according to any preceding claim wherein the_ difference between
the | evel ofME&RALHHRY Hihi FETRO G2/ WoEY74spEY GBodreRs2sfousul apleRt | es

in said poly i tes igle belore cond £ id lyeny fQ at Lon
conpared to C{Eﬁ{edﬁ%eé\;%l%fteer purlffl cata?g‘é]u]}l\is ata?%st%p%% anrg %ﬁgara%i o of
t he anmount adf Qahs!uu_rsppr_horm+com@ctthmi thas_e'nbd sl \vévet fwoonotateoOnNed 5
the level an%%héggigécfﬁlggianp%?§%eg§%h%%€é§f§ilﬁ%?%re]éé%tact with

10 said solvent formulation to the level after purification

in said method is at least 1.5.

11. A method according to any preceding claim, wherein the
molecular weight of the polymeric material is unchanged by

15 purification thereof in the method.

12. A method according to any preceding claim, wherein the
ratio of the level of a selected residual solvent which is
a solvent wused in the polymerisation to form said
20 polymeric material, before purification in the method to

the level after purification in the method is at least 5.

13. A method according to any preceding claim, wherein the
difference between the 1level of phosphorus containing
25 impurities in said polymeric material before contact with
said solvent formulation compared to the level after
purification is at least S5ppm phosphorus and the ratio of
the amount of phosphorus before contact with said solvent
formulation to the level after purification in said method

30 i1s at least 1.5.

14. A method according to any preceding claim, wherein the

difference Dbetween the level of sulphur containing



15. A nethod according to any preceding claim which is carried out on
powder, pellets or granules of said 10 polyneric material. 16. A method
accor di ngwoe2amp7pr ecedi ng claim wherein said pol yneri c PERIGBI@R525 S

sel ected from polyetheretherketone, polyetherketone, 15

pol yet her ket oneket one, pol yet her ket oneet her ket oneket one and

pol yet her et her ket oneketone. 17. A nethod according to any preceding claim

wherein said polyneric, material i s polyetherketqgne. 20 18. A polynerijc
nat eri al V\hijﬂ’&f]?%q]fo%s?n EAy dpRetyFeidie fdET )Q‘&%ﬁ%y?oﬁﬁg‘/’*%rwéﬁhphone

noi eties; anghi®5 ddveaatthers A1t 1dH oldpyardd eties tWaer ekleiai dfter
polymeric material has been purified in a "nmethod according to any of
clains 1 to BEiBgramion p9| ghelpeshailepmalenghitdle iraticlest the) aphunyl

noi eties; ( C e jeties; d 20096974
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pol yneri ¢ netles i dévebclaftes |essifheat 25ppin ofaial kakthoet dls cat i 08gst5 20
A polyneric material according to claim19, wherein said polyneric

material inctiuites |ess than 25ppm Na+ ions. 21. A polyneric material
according to claim19 or claim

15. A method according to any preceding claim, which is
carried out on powder, pellets or granules of said

10 polymeric material.

16. A method according to any preceding claim, wherein

said polymeric material is selected from
polyetheretherketone, polyetherketone,
15 polyetherketoneketone, polyetherketoneetherketoneketone

and polyetheretherketoneketone.

17. A method according to any preceding claim, wherein

said polymeric material is polyetherketone.

20
18. A polymeric material which includes:
(A) phenyl moieties;
(B) carbonyl and/or sulphone moieties; and
25 (C) ether and/or thiocether moietiesg

wherein said polymeric material has been purified in a

method according to any of claims 1 to 17.

30 19. A polymeric material which includes:

(A) phenyl moieties;

(B) carbonyl and/or sulphone moieties; and



10 20 wherein said polyneric material includes a trace of Na+ ions. 22. A
polyneric material according to any of clains 19 to 21, which includes

| ess t harwO@ppmIphosphorus. 15 23. A polyneric materi al aecorGBmg2126 any
claims 19 to 22, which includes at |eas47a trace of phosphorus. 24. A
polyneric material according to any of clains 19 20 to 23, which includes
| ess than 20ppm of sul phur. 25. A polyneric mat eri al according to any of
claims 19 to 24 whi i t o AdAage of sul phur. 25 26. A

pol ymeric materi aq) acegé(}%e éfjom%;l% rP%onlegt T 25 which conpri ses
pol yet her et her ket one and Iess t han 20 ppn1of sodi um and | ess than 10 ppm
of phosphorus. 27. A polyneric nmateri al accordlnggto any of clains 19 30

to 26 whi ch WhRA%idsSPeds PATAFeT 15 Ml 1k ahBCl8d8st HAFS 10hapne Sppm
phosphor us. 0 052/ 00694 PCTLLHBO2AH2525 48 28. A polymeric material which

includes: (D) phenyl noieties; 5 (E) carbonyl and/or sul phone noieti es;
and (F) 5ether and/or thioether noi eti es wherein a surface regi on of the
pol ymeric |aI ncl udes a | ower concen&ratl aIkaI cations

IR ARG LA SEEIR T Sttt e e L IR S S E W8S
Na') in a r%llcm 1&&1 b6k POheriLl Ml ETudds 1eWareisanf2sebd war fiagss .

region. 29. A deV|ce for use in the electronics industry or a
21. A polymeric material according to claim 19 or claim
10 20 wherein said polymeric material includes a trace of Na*

ions.

22. A polymeric material according to any of claims 19
to 21, which includes less than 90ppm phosphorus.

15
23. A polymeric material according to any claims 19 to

22, which includes at least a trace of phosphorus.

24. A polymeric material according to any of claims 19

20 to 23, which includes less than 20ppm of sulphur.

25. A polymeric material according to any of claims 19

to 24, which includes at least a trace of sulphur.

25 26. A polymeric material according to any of claims 19
to 25 which comprises polyetheretherketone and less than

20 ppm of sodium and less than 10 ppm of phosphorus.

27. A polymeric material according to any of claims 19
30 to 26 which includes less than 5 ppm sodium and less than

10 ppm phosphorus.



15 medi cal

device, the device including a purified polymeric material

according to any of clains 19 to 27.
WO 02/096974 PCT/GB02/02525
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28. A polymeric material which includes:

(D) phenyl moieties;
(E) carbonyl and/or sulphone moieties; and

(F) ether and/or thioether moieties

wherein a surface region of the polymeric material
includes a lower concentration of alkali metal cations
(e.g. Na') compared to the concentration of alkali metal
cations (e.g. Na*') in a region of said polymeric material

inwards of said surface region.

29. A device for use in the electronics industry or a
medical device, the device including a purified polymeric

material according to any of claims 19 to 27.



