PCLYMERI C MATERI ALS This invention . relates to polyneric materials and
particul arly, although not exclusively, relates to conpositions and

conposi t evomrb@riosdss whi ch conprise a polyneric materi al pCirtGB2806/@iissknown
to compound polymeric materials with fillers in order to provide conposite
mat eri al s having properties which are inproved, at |east in sone respects,
over the polyneric materials alone. For exanple, a polyaryl etherketone such
as pol yet heret herketone is conpounded with up to 30 wt % of glass fibres or
carbon fibres. Such material s hPO:LYMERICC MATERTIAZS vy avail abl e for many
years from Victrex Plc under the nanmes VI CTREX PEEK 150G.30 and 150CA30
respectively. These materials include polyetheretherketone having an W of

0.15 kNsnt 2 @ik 30 iv¥én@fi ol brpeisated | efo | tpbSyfbiitcultaddy i NCOr PALRt e
greater than 30 wt%of filler materials into a polyneric material such as
pol yet her et HeaKet @pbabb¥aus @ itfhoughl t enotonpstiusieelyo virsdatsed or to

st andar d el | equi p or t.g.difficulties in.ful
wetting 5Lt #?#ﬁégfﬁgéggia S-'H%Mp§§yyé ﬂgﬁzrf%ls Wwhi'en comprise ¥
polymeric material.

It is well known to compound polymeric materials with
fillers in order to provide composite materials having
10 properties which are'improved, at least in some respects,
over the polymeric materials alone. Foi exaﬁple, a
polyaryletherketone such- as !polyetheretherketone is
compounded with up to 30 wt% of glass fibrés or carbon
fibres.lsuch materials have been commercially available
15 fdr many .years from Victrex Plc under the names VICTREX
PEEK 150GL30 and 150CA30 respectively. These materials
include polyetherethefketone having an MV of 0.15 kNsm™

and 30 wt% of fibrous filler.

20 It is difficult to incorporate greater than 30 wt$% of
filler materials into a polymeric material sﬁch as
pplyetheretherketone because the molten composite is too
viscous for standard melt processing equipment and/or due
to difficulties in fully wetting out filler materials.

25 These problems have been addressed in the prior art as

discussed further below.

Us 4541884 (Cogswell) recognises the difficulties
associated with achieving rapid impregnation of a fibre
30 tow or roving if the viscosity of the melt of a polymer
used is too high. The problem is solved by drawing a
plurality of continuous filaments through a melt

comprising a mixture of a thermoplastic polymer and a



These probl ens have been addressed in the prior art as discussed further
bel ow. US 4541884 (Cogswell) recognises the difficulties associated with
achi evi ngvoapeedios3spr egnati on of a fibre tow or roving i PCcrleB2ecaoomssty of
the melt of a polynmer used is too high. The problemis solved by drawi ng a
plurality of continuous filanments through a nelt conprising a mxture of a
t hernopl astic polyner and arel atively high |l evel of plasticizer for the

pol ymer mhlc st abl e but which can be volatilised fromthe
conposi tion.* y@ld{‘aéﬁvcﬁ L&t RlesbiGiass ey gdigmelymes nehieht and

gives a nel tlsoftrf@ﬁquj V4 £095 { YuEOTRAERI cUh T Bet %1@%&11\@&&0%&9( Ohethe

pol ymer al one. The docunent describes, in Exanp e 1, the use m Xt ure
of polyetheﬁéﬂhéﬁ%éﬂ@me (ﬂ%@m@@fhathﬁg @lNHt@bLZEIOIﬁﬂaﬁﬁhanbs the

di ph I 30 W t and the use
ot "polver ne b dshe e Jie Dhrabr BEER A eTborps ARl RUEE Srieeeb VB ey m
2 and di phenyirgadrahbong thlthebvdlt FH dudsilnad Nghapdi ghe 8Sa b8ndt %rase

descri bed. D sadvantageously, use of the process described requires use
(and di sposéiro%’I“)"'nltar‘%‘es s Bt Brample ker thet Hséor%%cﬁle‘m}ii’%ﬂﬂm nefeased

costs of thgolyetheretherketone (70 wt$) having a MV of 110 Ns/m? and
dlphenylsulphpne (30 wt$) as plasticizer; and also 'in

Example 3, the use of polyetheretherketone (100 pérts by

10 weight (pbw) ) having a MV of 25 Ns/m?, and
diphenylsulphone (100 pbw) . Fibre ldadings as high as 69

wt?% are described. Disadvantageously, use~of;therprocess
’described'requires use (and disposal of) la;ge amounts of
plasticizer with consequential " increased costs of the

15 process.

US 5213889 (Cogswell) solves the same problem by using a

- thermoplastic polymer having a very low melt viscbsity, of
less than 30 Ns/m® and preferably in the range 1 to 10

20 Ns/m? to enable wetting of the filaments. The disglosure
envisages processing steps to increase the:‘molécular
weight of the polymer, after preparation of the composite,

to improve its properties.

25 More recently, US 5844036 (Hughes) has addressed the
problem of providing highly filled composites of
polyéryletherketones to improve their properties. The
solution involves using a polyaryletherketone matrix and
two types of fillers each said to provide unique

30 properties. The first filler is a reinforcing filler which
provides high‘étrength and stiffness. The second filler is
a non-thermbplastic immobilizing filler to immobilise the

‘amorphous portion of the partiallyv crystaliine



process. US 5213889 (Cogswell) solves the sane problem by using a
t hernopl astic polynmer having a very low nelt viscosity, of |ess than 30
Ns/ m 2 amslopn@i®sably in the range 1 to 10 Ns/m 2 to enabirsBredddonzgsof the
filaments. The discl osure envi sages processing steps to increase the
nol ecul ar wei ght of the polymer, after preparation of the conposite, to
inprove its properties. Mre recently, US 5844036 (Hughes) has addressed
t he problem of providing highly filled conposites of polyaryletherketones
to inprove pbevarplepaekrkesondhpolghuki andi prokyes uweisigtance to high -
pol yaryl et herketone matri x and  two tlﬁ)ees of fillers each said to provide

|
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i mmobi lizing filler to imobilise the anorphous portion of t parti
crystal | i newbighr ylast st KY oné PollypmeeN=mnd. pPosadwanssusoasdy ,t dudhgs
t enper at descr, bes, t-he use _of

re,absorptian.. The docunent . :
pol yet he#et‘ﬁ%rééf‘%&ee%grléldelecﬁaﬁaq Cagih t}‘? o] ?Cffs?ﬁ 8_Fr &WW%%“tan W
of 0.15 kNsp{ges bsd@dvastraghReuvshy, thbgbpechigiti prbperith eist SeRPileal.i on 't o
the use of two different ,
It is an object of the present invention to address
problems . associated with polymeric materials and
10 pafticularly, although not excluéiveiy, with filled

composite materials.

Accérding to a first aspect of the invention, there 1is
provided a method of preparing a composite material, the

15 method comprising:

- (1) selecting ‘polymerié material héving a melt
~ viscosity (MV) in the range 0.05 to 0.12 kNsm';
(ii) contacting said polymeric material having Said
20 MV in the range 0.05 to 0.12 kNsm? with a

filler means;

wherein said polymeric material is of a type which
includes: unsubstituted phenyl moieties, carbonyl moieties
25 and ether moieties in the polymeric backbone of said

polymeric material.

MV is suitably measured using capillary rheometry
operating at 400°C at a shear rate of 1000s™ using a

30 tungsten carbide die, 0.5x3.175mm.



types of fillers having two specific properties described. It is an object
of the present invention to address problens associated with polyneric

mat er i al swandoguasisecul arly, al though not exclusively, wpCh/dB2006am1288npOSi te
materials. According to a first aspect of the invention, there is provided
a met hod of preparing a conposite material, the nethod conprising: (i)

sel ecting polyneric material having a nmét viscosity (MV) in the range 0.05
to 0.12 kNspf2; (ii) contacting said polyneric material having said W in

the range. OaPghé@gR. EhekNshivért b hig fdddcaripdansm whemei noSaMt pAlseric
material is of a ?ype whi ch includes: unsubstituted phenyl nojeties,
carbonyl nohayike SuradeeranRietinataly the ol {herserodcRBoMe sSridad

pol yneric ' i i u usi api | Lapy Lkeaget ry
operating at 4 %8é8}gygg§s§ga%éga¥%g§?§1%8%2 f%ggggng gégéﬁaé?g%ggarbide
die, 0.5x3. 175mm Al t hough the invention is described in terns of MV this

may be esquah(]ad t%%prn?éii:}rlrg ela}é tloealts\{: (Tnisgﬁregrgtsegaﬁosf§ | ,g%d Ieéét .5 Kg,
‘more preferably at least 10 Kg, especially at leéét‘ZS Kg
of said polymeric material is selected. In th§fmethbd,tat
least 1 Kg, preferably at least 5 Kg, more préferably at
least 10 Kg, especially at least 25 kg of said filler

10 means is selected.

Suitébly at least 5 kg (preferably at léasﬁﬂ 10 kg,

especially at least 25 kg) of said polymeric méterial is

selected and contacted with at least 5 kg Kpreferably at
15 least 10 kg, especially at least 25 kg) of said filler

means.

'In the method -a batch of composite material may be
prepared having a weight of at least 10 kg, preferably'at
20 least 20 kg, especially at least 50 kg. '

The method may comprise forming said compbsite material
into a particulate form, for examples granules or pellets.
The particﬁlate form may comprise particles having an

25 ‘average weight of at least 0.5mg, preferably at ieast
1.0mg, more preferably at least 1.5mg. The average weight
may be less than 100mg, suitably less thaﬁ 60mg,
preferably less than 40mg. '

30 The particulate form may have an average volume in the
range 5 to 100mm®, preferably 10 to 50mm?, more preferably
15 to 35mm’.



i n EPO001879B) in accordance with figure 1 hereinafter. In the nethod at

| east 1 kg, preferably at least 5 Kg, nore preferably at |east 10 Kg,

especi al lwoavodweesst 25 Kg of said polynmeric material isprselao@doiidss t he
nmet hod, at least 1 Kg, preferably at least 5 Kg, nore preferably at | east
10 Kg, especially at |least 25 kg of said_filler neans is selected. Suitably
at least 5 kg (preferably at |east 10 kg5 especially at |east 25 kg) of
said polynmeric material is selected and contacted with at |east 5 kg

(pr ef er abl yTéIte Imass PF keomrepEes appyestaleddt Qélﬂg)?adﬁtls%lcﬁ?q | EFMneans

. In the rre S ety a y [oTg=To¥:1g v
wei ght of a eag%q@%gflgg%regggag%gkat égs? g%: %7é£peC|a Iygagggeast 50
kg. The net h@d oy canaksley f @tm ngasai d5000P0si tpreﬁéeabaly i B0 &east

particulate form_for exanmnl es ranul es or pellets cuI ate fQrm
may conpri s@3Fatqt| &2 favéra&ﬁle e f'?t'gl%f'3 aft %Sg aid

pref er ably iiutaﬂtel%ﬁﬂaltémfofmre pr eher abbyat rdagrastcohtm Tbssavetﬁaﬁ
wei ght may be less than | OOmg, suitably less than 60nyg,
1 000,000 partlcles

a Said polymeric¢ material suitébly ‘has a MV of at least 0.06
kNsm™?, preferably has a MV of at least O. 07 kNsm™2 moré
10-«preferably at least 0.08 kNsm™ ‘

' said  polymeric material may have a MV of less than 0.11
kNsm™2, preferably less than 0.10 kNsm™ '

15 Said polymeric material may have a MV in the range 0.07 to
0.12  kNsm™2, preferably in the range 0.08 to
0.11 kNsm™, more preferably in the range 0.08 to 0.10

 kNsm™

20 Said polymeric material preferably has a MV in the range
0.07 to 0.10 kNsm™2, more preferably in the range 0.08 to.
0.10 kNsm™?, especially in the range 0.085 to 0.095 kNsm™

Said polymeric material may have a tensile strength,

25 measured in accordance with ASTM D790 of at least 80 MPa.
The tensile strength is preferably in the range 80-110
MPa, more preferably in the range 80-100 MPa.

Said polymeric material may have a flexural strength,

30 measured in accordance with ASTM D790 of at least 145 MPa.
The flexural strength is preferably in the range 145-180
MPa, more preferably in the range 145-165 MPa.



preferably | ess than 40ng. The particul ate form may have an average vol une
inthe range 5 to 100mm 3, preferably 10 to 50mm8B, nore preferably 15 to
35mB . Thworeesioeds2conposite material in said particul areTiaB2mamy285 e
provided in a pack. Said pack may contain at |east 10,000 suitably at |east
50, 000, preferably at |east 250,000 particles of said conposite material in
said particulate form The pack may cont & n less than 1,000, 000 particles.
Said polyneric material suitably has a MV of at |east 0.06 kNsm"2 |,
preferably issica Molgfmentid eastteiGd kNsiyr f Raveor @ pEéesuxbly mpdudast 0..08

kNsm "2 . Said pol ric material my.hav | ess. t han Kk "2,
preferably |rqfsasqu$%£eéplchg\%§#afge Séllggp§1 rngpnét & aﬁ%na]gé.szlﬁe%‘;g]M\/ in
the range 0.¢b5 ! orie 121kNaAHT 2modpna@kernablprde rahd. y aingetRe 08ahge0315-kNsm
"2, nore preferably in the range 0.08 to 0.10 kNsm "2 . Said polyneric
material prekr ERa, HERra BALTOrapLY rimgeh®. 1n9D D: A0? khsHF2; more
preferablsy in the range 0.08 to 0.10 kNsm 2, especially in the range 0.085
to 0.095 kNsm"2 . : ) ‘

Preferably, said polymeric material has a”‘moiety of.

formula

A G

10‘(and/or a moiety of formula

wherein m,r,s and w independently represent =zero or a

15

positive integer, E and E' independently represent an
oxygen atom or a direct link, G represents an oxygen atom,
‘a direct link or a -0-Ph-O- moiety where Ph represents a
20 phenyl group and Ar is selected from one of the folloWing
moieties (i) to (vi) which is bonded via one or more of its

phenyl moieties to adjacent moieties

25



Sai d polyneric material may have a tensile strength, neasured in accordance
with ASTM D790 of at |east 80 MPa. The tensile strength is preferably in

t he rangewBQodkl@¢3Pa, nore preferably in the range 80-100TNEBR0IcBAITES
polyneric material may have a flexural strength, nmeasured in accordance
with ASTM D7 90 of at |east 145 MPa. The flexural strength is preferably in
the range 145-180 MPa, nore preferably in the range 145-165 MpPa. Sai d
polyneric material may have a flexuyral nodulus, nmeasured in accordance with
ASTM D7 90, of at Iqﬂ;t b CGPa. ex nodulus is preferably in the
range 3.5- 4.5 GPa, ' e the\range 3.5-4.1 GPa. Preferably,
said polynmeric material Tas a noiety of fornula and/or a noiety of fornula
wherein m,r,s and w i ndependently represent zero or a positive integer, E
and E ' independently represent an oxygen atomor a direct link, G
represents an oxygen atom a direct link or a -O Ph-0- noiety where Ph
represents a phenyl oup ana is selected fromone of the foll ow ng
moieties (i) to ((W@T@ﬁ’ded via one or nore of its phenyl noieties

to adj acent noietie | ess otherwi se stated in this specification, a phenyl

X

D O

| v) O (vi)

Unless otherwise stated in this specification, a phenyl
moiety has 1,4-, linkages to moieties to which it is

5 bonded.

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

10 Said polymeric material may include more than one different
type of repeat unit of formula I; and more than one
different type of repeat unit of formula II. Preferably,
however, only one type of repeat unit of formula I or II is
provided.

15
Said moieties I and II are suitably repeat units. In the

polymeric material, units I and II are suitably bonded to



noi ety has 1,4-, linkages to noieties to which it is bonded. In (i) , the

m ddl e phenyl may be 1,4- or 1 ,3-substituted. It is preferably 1

, 4- subst iwot2ea/10&s2d pol yneric material may incl ude norecrlesrooemei1mst f er ent
type of repeat unit of formula | ; and nore than one different type of
repeat unit of formula Il. Preferably, hgwever, only one type of repeat
unit of forrmula I or Is provided. Said noieties | and Il are suitably.
repeat units. In the lynmeric materjal, units | and Il are suitably bonded

I
0
t oone anot hée anRhekl =~ wrRAL nbS ot etk ROnRTRFL g7 bUPS BEI AGOHBRIEEHEt ween

units | and ddpgldhessyedrs Jieat er shRanrzero, the respective phenyl ene
noi eti es may I ndependently ‘have 1,4- or 1,3-linkages to the other nvieties

in the repeat units of_fornulag ll. Preferably, said phenylene noieties
rave L ey S (g ot Lhe L kel iR, gl o
"b" repraesenicidthiee smhey UrdepatidentQfy hereullg 4H oirn 153i-d ipMayeer it® the
material, suitably wherein each unit Il is the same. Preferably, a is in
the range 45th®¥ npBpketies in the repeat units of formulae II.
Preferably, said phenylene moieties have 1,4~ linkages.
Suitably, "a" represents the mole % of units of formula I
10 in said polymeric material, suitably wherein each unit I is
the same; and "b" represents the mole % of units of formula
IT in said polymeric material, suitably wherein each unit
II is the same. Preferably, a is in the range 45-100, more
preferably in the range 45-55, especially in the range 48-
15 52. Preferably, b 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 b is in the range 0.9 to 1.1
and, more preferably, is about 1. Suitably, the sum of a
and b is at least 90, preferably at 1least 95, more
20 preferably at least 99, especially about 100. Preferably,
said polymeric material consists essentially of moileties I

and II.

Said polymeric material may be a homopolymer having a

25 repeat unit of general formula

E%Ar@E'H@CO@G%@CO% I

or a random or block copolymer of at least two different

units of IV, wherein A and B independently represent 0 or 1



preferably in the range 45-55, especially in the range 48- 52. Preferably,
bis in the range 0-55, nore preferably in the range 45-55, especially in

t he rangewo@o&2lo63eef erably, the ratio of a to b is in Poe/GRogd2sS to 1.1
and, nore preferably, is about 1 . Suitably, the sumof a and b is at |east
90, preferably at |east 95, nore preferably at |east 99, especially about
100. Preferably, said polyneric material® consists essentially of noieties |
and Il1. Said polymeric material nmay be a honopol ymer having a repeat unit
of general &gdnm)@' PG, Ar /RN Qid b aole cepelastarield dn |lanstsiatendnt er ent
units of IV wherein A and B independently represent 0 or land E ,E -

', G Ar, mr,berehy- w are as described in any statenent herein. A's an
alternatlve to a polyneric material conprising unit(s) IV discussed above,
said polyneric material may be a honmopol ynmer having a repeat. unit . of
general forhul aanr altendabive btocka capolywesriof metdwiast townwdisisagent

G A 71 ap OTE L Ry R e BRI CRRH R SRR e ST R e B

a homopolymer having a repeat unit of general formula .
{(—f }-—CO‘{-E }G{& })—CO-E: :}]—)——(‘E Ar%E H»E'a—}—
‘ w ; . B _6 o m /A

or a random or block copolymer of at least two different
10 units of IV* wherein A and B, independently represent 0 or.
1 and E, E', G, Ar, m, r, s and w are as described in any

statement herein.

Preferably, m 1is in the range 0-3, more preferably 0-2,
15 especially 0-1. Preferably, r is in the range 0-3, more
preferably 0-2, especially 0-1. Preferably, s 1is 0 or‘1.

Preferably, w is 0 oxr 1.

Preferably, said polymeric material is a homopolymer having

20 a repeat unit of general formula IV.

‘Preferably Ar is selected from the following moieties (vii)

to (xiii):



Preferably, mis in the range 0-3, nore preferably 0-2, especially 0-1.
Preferably, r is in the range 0-3, nore preferably 0-2, especially O0-1.
Pref er ablwo 20806/®65320r 1 . Preferably, wis 0 or 1 . PrefreraiB2ygc/maisd
polymeric material is a honopol ynmer having a repeat unit of general fornula
V. Preferably Ar is selected fromthe following noieties (vii) to (xiii)
:1n (vii) , the nmddle phenyl may be 1,49 or 1,3- substituted. It is
preferably 1 ,4-substituted. Preferably, (xi) is selected froma 1, 2-,
1,3-, or a 1,5- noiefyn and (xkN) is sekected froma 1,6-, 2,3-, 2,6- or a
2, 7- noiety. it ab '(bé@—(c e eties (i) , (ii) , (iii) and (iv)
and, of these, i et -/(i) N ) and ) are preferred. Other preferred
noieties Ar are noieties (vii) , (viii) ,(ix) and (x) and, of these,
noieties (vii) , (viii) and (x) are especially preferred. An especially
preferred class of polyneric material are polymers (or copolyners) which

consi st essenhball of pheny pi eties in conjunction with ketone and/ or
et her noi eti éso' -@ pref erred cl ass, the polyneric materi al
does not include Twepéat unit ich include -S-, -
. (iX) , (x)
(xi) - (xii) | I

 (xii) <ii>

In (vii), the middle phenyl may be 1,4- or 1,3-
substituted. It is preferably 1,4-substituted.

5 Preferably, (xi) is selected from a 1,2-, 1,3-, or a 1,5-
moiety; and (xii) is selected from 'a 1,6-, 2,3-, 2,6- or a

2,7- moiety.

Suitable moieties Ar are moieties (i), (ii), (iii) and (iv)
10 and, of these, moieties (i), (ii) and (iv) are preferred.

Other preferred moieties Ar are moieties (vii), (viii),



SO2- or aromatic groups other than phenyl. Preferred polynmeric materials of
the type described include: (a) a polyner consisting essentially of units
of fornulwol2wenoessei n Ar represents nmoiety (iv) , E andPET/GB2e@vosmat
oxygen atons, mrepresents O , wrepresents 1 , Grepresents a direct link,
s represents O, and A and B represent 1 (i.e. polyetheretherketone) . (b)
a polynmer consisting essentially of uniils of formula IV wherein E
represents an oxygen atom E ' represents a direct link, Ar represents a

noi ety of siyicting (k) and,reBr esesks RoieAieepresents (Yiiil reeypr esgnts 0
(i.e. polyether ketone) ; (c)_ a polynmer consisting essentially of units of
formula |V aberefPeELa eeaffer i -oxygen atom Ar represents moiety (i) ,
mrepresents 0., E' represents a direct link, A represents 1 , B K
represents 0 , (i.e. polyether ketoneketone) . (d) a polyner consisting
essenti al | yaof dipdciadflf oprefartéd whdesisn &f pepnesedics metetryali )are E and

E 1 represent_ oxygen atons, Grepresents a.directlink, mrepresents 0., w
represgﬁ%s Ho}ymggﬁprégﬁntgopoiyﬁgrs) ﬁhlch cons1g£ .esse ‘1§Tiy of

phenyl moieties in cdnjunction‘ with ketoneg‘and/br ether
moieties. That is, in the preferred class,wthé'polymeric
material does not include repeat units which'ihclude —8-, -
S0,- or aromatic groupé other than vphenyl. Preferred

10 polymeric materials of the type described include:

(a) a polymer consisting essentially of wunits of

formula IV wherein Ar represents‘ﬁwiéty (iv), E

and E' répfesént oxygen atoms, m represents 0, w:

15 represents 1, G represents a dirécﬁ Alink, s’
represents 0, and A and B represent 1 :(i.é.

polyetheretherketone) .

(b) a polymer \consisting essentially of uhits.'of

20 formula IV wherein E represents an oxygen atom, E'
‘represents a direct 1link, Ar represents a moiety

of structure (i), m represents 0, A repreéénts 1,

B represents 0 (i.e. polyetherketone):;

25 (c) a polymer consisting essentially of unité of
formula IV wherein E represents an oxygen atom, Ar
represents moiety (1), m represents 0, E'
represents a direct 1link, A represents 1, B
represents 0, (i.e. polyetherketoneketone).
30
(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



O, s represents 1 and A and B represent 1 . (i.e

pol yet her ket oneet her ket oneketone ). (e) a polyner consisting essentially of
units of wormdmeisy, wherein Ar represents noiety (iv) PCEGB206#001285
represents oxygen atonms, Grepresents a direct link, mrepresents 0 , w
represents 0, s, r , Aand Brepresent 1 (i.e

pol yet her et her ket oneketone) . (f) a polﬁﬁer conprising units of fornula 1V,
wherein Ar represents noiety (iv) , E and E' represent oxygen atons, m
represents 1 , M/repﬂssﬁntslreprAseapse@enWsrepxeihmE@rbsentsepresenamd S

represent 0 and G represents a direct . therd|

et her - phenyl - ket one- BM 1y | LER TG &P pjol?ﬁéé‘ aﬁgt J?es ed}t'gpg le‘y
sem -crystalline. Th@dlwhe%m@t@xéeahele@éﬂék@c&éﬁémIy in a polymer is
preferably nmeasured by wi de angle X-ray diffraction (also referred to.as-

W de Angle X-ray Scatterlng or WAXS) , for exanpl e as descri bed by Bl undel

and Osbogh (POLYES! 28 st33mek?8dbnsigh naég%%afwst 8kl 1 ghtysmayebe

assessed” by D'ffe entlal anni ng er| try
formula IV, wherein Ar represents moiety (iv), E

and E' represents oxygen ‘atoms, G represents  a
direct link, m represents 0, w represents 0, s, rl‘
A and B represent 1 (i.e.

10 polyetheretherketoneketone) .

(£) a polymer comprising units of formula 1V, wheréiﬁ

Ar represents moiety (iv), E and E’ répresent

oxygen atoms, m represents 1, w represents 1, A

f15‘ | represents 1, B represents 1, r and s represent 0
and G represents a direct link (i.e. polyether-

diphenyl-ether-phenyl~ketone-phenyl-).

Said polymeric material ié preferably semi-crystalline.
204 The level and extent of crystallinity in a polymer is

preferably measured by wide angle X-ray diffraction (also

referred to as Wide Angle X-ray Scattering or WAXS), for

eiample as described by Blundell and Osborn (Polymer 24,

953, 1983). Alternatively, crystallinity may be assessed
25 by Differential Scanning Calerimetry (DSC).

The level of crystallinity in said polymeric material may
be at least 1%, suitably at least 3%, preferably at least
5% and more preferably at least 10%. In especially

30 preferred embodiments, the crystallinity may be greater
than 30%, more preferably greater than 40%, especially
greater than 45%.



The |l evel of crystallinity in said polyneric material nmay be at |east 1%
suitably at least 3% preferably at |east 5% and nore preferably at |east
10% | n espeoicalobys2pr ef erred enbodi nents, the crystalli RCTYGBraYs/doe28gr eat er
than 30% nore preferably greater than 40% especially greater than 45% The
glass transition tenperature (T ) of said polynmeric material may be at

| east 14Q0C , suitably at |east 1440C . 1Bn sone cases it may be greater

t han 1540C , 16Q0C, 1640C, 170 0C, 190 0C or greater than -2500C or even
3000C . I n.an@refiedd£deahediment , tdie@ltage t (BS| bifonséeapeselwieriics i n
the range 140C to 145 O0C . The main peak of the neltjng endot he(gm (Tm for
sai d polynemaéeﬁ%@brmﬁy befakrirast |34 napibabhy 2kabteasbolHEC. sdiny
polymeric MBLRL! Aaddy G8NSay %eseg&bauax o186l (56dR) {96440,

defi ned above ernatively, sald polyneric material nay corrprl se a

copol yner conpfcsi rl@OétC Ieasgremeumttr@nselwf’tcedotremepa)3Q(bC(f) def ianed

b Pr ef d i ncl |
oy Comh i SBEGEPFEoR AR ERAL T | Gy S FRBE R 68 (aroera R Y ¢
pol ymeri ¢ nphethal rphgberapty €oONMUIRES, nore

The main peak of the melting endotherm (Tm) for -said

polymeric material (if crystalline) may be at least 300°C.

~10
Saidrﬁolymeric material may‘cénsist essentially. of one df
‘units (a) to (f) defined above. Alternatively, ‘said‘
polymeric matéerial may comprise a copolymer comprisiﬁg at
least two units selected from (a) to (f) defined above.
15 Preferred cbpoiymers include units (a). For examplef a

copolymer may comprise units (a) and (£f); or méy comprise

units’(a) and (e).

Said polymeric material preferably comprises, more
20 preferably consists essentially of, a repeat unit of

formula

~ OO0t

25 where -t and v independently represent 0 or 1. Preferred
polymeric materials have a said repeat unit wherein either
t=1 or v=0; t=0 and v=0; or t=0 and v=1. More preferred
have t=1 and v=0; or t=0 and v=0. The most preferred has
t=1 and v=0.

30



preferably consists essentially of, a repeat unit of formula where t and v
I ndependently represent 0 or 1 . Preferred polyneric materials have a said
repeat urwo 2edveroeisa either t=I or v=0; t=0 and v=0; or tred/GBoNm®lI285 NDOIre
preferred have t=I and v=0; or t=0 and v=0. The nost preferred has t=l and
v=0.In preferred enbodi nents, said polyneric material is selected from

pol yet her et her ket one, pol yet her ket one ard pol yet her ket oneketone . In a nore
preferred enbodi nent, said polyneric material is selected from

pol yet her ketftane pard adedet rabatdiardogtsone salin apodypeaiial | yngresfiak edis
nbodi nent, said i ial i t her et her ket .. Said fill
Toans oy | ACLEGESR | REPBuSEPLIFEREr ek F PR ouP Ty Tehe Tk e 7g ©
means may i gghyde Heotde tdrfeikdereme .fi | ler anghorenopréibeous fédbodiménspi d

fibrous filler may be continuous or discontinuous. In preferred enbodi ments
a said fibreasddfipekymerie Bagariplkods Fekarkedi Broms Belyekhepkepene

gf'ggﬁit gdsf " oMy N PR & QU JBLEE T al By ngR- Meldag And, hi ghs FRLELRY
embodiment, . said polymeric material is

polyetheretherketone.

Said filler means may include a fibrous filler or a non-
10 fibrous filler. Said filler means may include both a

fibrous filler and a non-fibrous filler.

A said fibrous filler may be continuous or discontinuous.
In preferred embodiments a said fibrous filler is

15 discontinuous.

A said fibrous filler may be selected from inorganic
fibrous materials, non-melting and high-melting organic
fibrous materials, such as aramid fibres, and carbon

20 fibre.

A said fibrous filler may be selected from glass £fiber,
carbon fibre, asbestos fiber, silica fiber, alumina fiber,
zirconia fiber, boron nitride fiber, silicon nitride
25 fiber, boron fiber, fluorocarbon resin fibre and potassium
titanate fiber. Preferred fibrous fillers are glass fibre

and carbon fibre.

A fibrous filler may comprise nanofibres.

30
A said non-fibrous filler may be selected from mica,
silica, talc, alumina, kaolin, calcium sulfate, calcium

carbonate, titanium oxide, ferrite, clay, glass powder,



fibrous materials, such as aramd fibres, and carbon fibre. A said fibrous
filler may be selected fromglass fiber, carbon fibre, asbestos fiber,
silica fiwenpocoswssena fiber, zirconia fiber, boron nitripde/dB20@001235! i con
nitride fiber, boron fiber, fluorocarbon resin fibre and potassiumtitanate
fiber. Preferred fibrous fillers are glass fibre and carbon fibre. A
fibrous filler may conprise nanofibres. 1& said non-fibrous filler may be
selected frommca, silica, talc, alumna, kaolin, calciumsulfate, calcium

carbonate, pihanidimd@y) daickelrickebonkbay, GlRSS SVEES . Zuletexigi.ddy ckel
carbonate, iron oxide, quartz powder, magnesi um carbonate, fl uorocarbon
resin, grapBRgBeSEaThoTRIRARRSS, nhhieRipearker] basinm syepldide, THearbon

non-fi brous_fj rs Latr ced. kn.the. f of p@M%er ]agy
particles. %é#éggénpggg?ggﬁggefﬁgf g%ﬁﬁg,bgﬁﬁﬁééggkﬁj as egg%?B%i N
PCT/ GB2003/ 8018825 treey coat éntsodficelii ¢h arhe ifmor pof apeddeer &im fiyaky
reference. Preferably, in the nmethod, said polyneric material and said
filler meanB2% écﬁ@fgd at an el evated tenperature, suitably at a

tenperature at or

 said composite material could be prepared as described in
PCT/GB2003/001872, the contents of which are incorporated
he;ein by reference. Preferably, in the method, said‘
10 polymeric material and said filler means are mixed at an
elevated temperature, suitably ‘at a temperature at or
~above the meltihg temperature efveaid polymeric material;-
‘Thus; suitably, said polymeric material and filler means
are mixed whilst the polymeric material is molten. Said
‘15 elevated temperature is suitably below the decompesition
temperature of the polymeric material. Said elevated
‘temperature is preferably at or above the main peak of the
melting endotherm(Tm) £for said polymeric material. Said
elevated temperature is preferably at least 300°C and more
20 'preferably is at least 350°C. Advantageously, the molten
| polymeric material can readily wet the filler and/or
penetrate consolidated fillers, such as fibrous mats or
woven fabrics, so the eomposite material prepared
comprises the polymeric material and filler means which is
25 substantially uniformly dispersed throughout the polymeric

material.

The composite material may be prepared in a substantially

' continuous process. In this case polymeric material and
30. filler means may be constantly fed to a location wherein
they are mixed and heated. An example of such a continuous
process 1s extrusion. Another example (which may be

particularly relevant wherein the filler means comprises a



above the nelting tenperature of said polymeric material. Thus, suitably,
said polyneric material and filler neans are m xed whilst the polyneric
mat eri al we 20w/ess2 Sai d el evated tenperature is suitablpgTieH2086/M0028s
deconposition tenperature of the polyneric material. Said el evated
tenperature is preferably at or above the main peak of the nelting

endot herm(Tn) for said polyneric materidle. Said el evated tenperature is
preferably at |east 300 OC and nore preferably is at |east 350 0C

Advant ageougl ¥rotBe f0Ita) PUHYIBFdS FRISIAR! aCaBniteadiohy weltididddd er
and/ or penetrate consolidated fillers, such as fibrous mats or woven
fabrics, somahe coapdiive FRrevgdl Pr&sditedceBRpiring teRigolnmBmeric
material and_filler Meg| ' i u l.al i for li sper:sed

t hr oughout ?ﬁgeﬁésgﬁerlégna %??%PSP%hgiégﬁ%égPP§ #§¥%ﬁr§%¥ng§§@gl%%eﬁhred

i n a subst agbhak hyotentliemgabs gff ddéssusl Fitlhies ©ase rpaley merd feratler,i al  and
filler means_may_be constantly fed to a lLocation wherein they are m xed and

heated. 2n BXHABLALF sPEh £IOTAUNNSUs ptbRBIRES s MPLGRsi oR2VRnothRED |

exanpl e (\Ahgt;ggsgﬂdfg%e}aar bircubapky rebevasthe Wnekedhy t herfd | | &nBasus

conprises afibrous filler) involves causing a continuous filanentous

fibrous mass may comprise a tow, roving, ‘braid, woven
fabric or unwoven fabric. The filaments which make hp the
fibrous mass may be arranged substantially'uniformly or

10 - randomly within the mass.

' Altefnatively, the composite material may be prepared in a
discontinuous process. In this case, a .prédetermined‘,
amount of said pdlymeric material and a 'predetermiﬁed

15 amount of said filler means may be selected and:contadted
and a composite material prepared by causing the'polyﬁeric
material'to melt and causing the polymeric‘material and
filler means to mix to form a substantially uniform

composite material.

20
The composite‘material may be formed into a partiéulate
form for example into pellets or granules. Pellets or
granules may have a maximum dimension of less than 10mm,
preferably less than 75mm, more preferably less than 50mm.
25

Preferably, said filler means comprises one or more
fillers selected from glass fibre, carbon fibre, carbon
black and a fluorocarbon resin. More preferably, said
filler means comprises glass fibre or carbon, especially
30 discontinuous, for example chopped, glass fibre or carbon
fibre. Preferred discontinuous fibres have an average
length before contact with the polymeric material, of less

-than 10mm, preferably less than 7mm. The average length



mass to nove through a nelt conprising said polynmeric material. The
continuous filanmentous nmass nay conprise a continuous |ength of fibrous
filler orwormeeiopssef erably, a plurality of continuous fiPcaraBe/omMissh have
been consolidated at |east to some extent. The continuous fibrous nmass nmay
conprise a tow, roving, braid, woven fabric or unwoven fabric. The
filaments which nmake up the fibrous nas§7nay be arranged substantially
uniformy or randomy within the nass. Alternatively, the conposite

mat eri al nmayalye pbeepgreaitén dhdinscommni numstqnalviess greatehi stbase, 2ram.

pr edet er m ned unt. of sai.d pol ri.c_material_ and redet erm ped apount
of said fil ﬁ:&e%zfr?swrfaf ?e;dns‘&“éﬁ{?é&]a%d M SR o STHOL 5 Bt er | al
prepar ed by f@SisNhd¥iehd ok yIEh§Eh fBberbak tonfebt andhcaitss Ngolfweric

pol ymeric material and filler nmeans to mx to forma substantially uniform
conposi t e n#adErdRl TIRE d&ffodited 8- al nmy be fornmed into a particul ate
formforcexanple into pellets or granules. Pellets or granules may have a

naxinunlainensionfof | ess than 10nm preferably |l ess than 75mm nore
preferably ISessi tdvampdElhm material may comprise one or more different

polymeric materials of a type described above with MV as
described. Preferably, said éompoéite material comprises
only .a single type of polymeric material. Said single

10 type is preferably polyetheretherketone.

' Said’composite material ‘suitably includes 70wt% or less,
‘Suitably 65 wt% or less, preferably 55 wt% or less, more‘
'preferably‘45 wt% or less, especially 35 wt% or less of

15 said polymeric material (especially polyetheretherketone).
Said composite material suitably includes at least 35 wt%,
preferably at least 45 wt%, more preferably at least 55
wt%, especially at least 65 wt% of filler means which may
include different types of fillers (in which case the wt%

20 refers to the sum of the wt% of each filler present), but

preferably comprises the same type of filler.

Séid coﬁposite material suitably includes 20 to 60wt% of
polymeric material having a MV as -described, (which is
25 preferably a single type of polymeric material, especially
polyetheretherketone) and 40( to 60wt% of £filler means.
Pfeferably, said composite material comprises 20 to 50wt$
of polymeric material and 50 to 80wt% of filler means.
More preferably, said composite material comprises 20 to
30 45wt% of polymeric material and 55 to 80wt% of filler

means.



Preferably, said filler nmeans conprises one or nore fillers selected from
glass fibre, carbon fibre, carbon black and a fluorocarbon resin. Mre

pr ef er ablwo 28@/e3se| | er means conprises glass fibre or earmBoe®pmsi al |y
di sconti nuous, for exanple chopped, glass fibre or carbon fibre. Preferred
di sconti nuous fibres have an average |ength before contact with the

pol ynmeric material, of |less than 10nm pBeferably |ess than 7mm The
average | engthnmay be greater than 1mm preferably greater than 2mm

Preferably, Thef irhrdus 6f | tiee weansrcensicstsoBasantd ahhyeoialli Bers g ng a
| engt h, before contact with the polyrrerlc material, of less than 10mm Said
conmposi te ndY ePPaldSREF iRsmhrietbhe"sr Rér élélﬁfrern@ﬂnﬁadp?/ﬂepﬁc iattdis al s

of a type degggibed @b@aew‘athpwf@%asﬁ ciyl, %%d tcfrff@ra%éf %% gcqﬁpeos' te

mat erial conprises only a single type of polyneric material single
type is preftataol pipshpentidr oftheelict pod ynsaid verpadiatile hzm:e'rg a Mwuidsably

I ncl ude % 0t, |l ess ui tab | es referably 55 w % or |ess,
nore pre er%??rﬁge\%\n ISor | 8§sp¥8§ﬁ§%£ﬁ §7e§§ @?‘oi'l ess of saird polyneric
material (especially polyetheretherketone) . Said conposite material '

suitably includes at |east 35 w% . o .
A mixture, prepared after contacting said polymeric

materials and said filler means suitably includes less
than 1 wt%, preferably less than 0.9 wt$, more prefefably
10 less than 0.7 wt%, especially less than 0.5 'wt% of ‘a
plasticizer for‘thé polymeric material (e.g. a nmterlal
which will enable a melt to be obtalned from a sald“
polymeric material having a lower melt viscosity than that
of the polymeric material alone measured under the same'
15 conditions), for examplerdlphenylsulphone.'Preferably, inr
the method, substantially no plasticizer, for éxémple
diphenylsulphone, ié added to either the polymeric

material or a mixture comprising said polymeric material.

20 A mixture, 'prepared after contacting said- polymeric
material‘ and said filler means, suitably includes less
than 0.005 parts by weight (pbw) of an alkaline salt of a
Group I or Group 'II metal per 100 pbw of said polymeric
material. Said mixture preferably does not . include any

25 salt present at concentrations of greater than 0.00S pbw
pér 100 pbw of said polymeric material. Preferably, said
mixture includes less than 0.004 pbw, more preferably less
than 0.003 pbw, especially less than 0.001 pbw.
Preferably, no salt, for example an alkaline salt of a

30 Group I or Group II metal, is added to the mixture or any
component thereof used to make the composite material in
the method.



preferably at |least 45 wt% nore preferably at |east 55 wt% especially at
| east 65 wt% of filler means which may include different types of fillers
(i n whi chwoase/tbss2wt % refers to the sumof the w % of eatlcH220édm@iI289r esent )
, but preferably conprises the same type of filler. Said conposite materi al
suitably includes 20 to 60w % of polyneric material having a M/ as
described, (which is preferably a single%ype of polyneric material,
especi al | y pol yet her et herketone) and 40 to 60w % of filler neans. A

Pref erably, T9a dmeampdsi bé neher ifElroomasipees 20redeb8nfly oprpdhyesrie.

material and 50 to 80wt % of , fjller ans. Nbre preferabl sai d, conposi t.e
material cofMROSs R PR oBLG A%?%ﬁﬁﬁﬁ&#?ggﬁatagrlr%"l’ gﬁﬁg%S,o?og%‘fﬁﬁ o Of
filler meang,yThe 4@ i 01 Ohethe WoAGOT $Ali¢ RYMBYIE MRies 21 hawipgpayW as

described to the w%of filler neans may be in the range 0.6 to 1.6,
preferably G.ngg.udesl B:sPridfasy aflQ0 thmnsr yeferdblhelew o Bihasab@0 pbPyreri c

material shaylng, ap%;@aﬂﬁﬁ”i%eﬁ hah ’1&? %‘H eE)@blaYn* e%ﬁl&a‘l@?‘ fhe af.
m xture, “préeparedTarter contacting said polyneric material's and sal iller

means suit alJakiioic! pelep. [es's tharoAd Kh)%in prigf evaid yopresise i hgnb8s8dwos
nore preferably - . ) . . L .
the amount of said polymeric material in said composite.
said composite material suitably includes less than 1000
ppm, preferably less than 500 ppm, more preferably.less
2+,
)

10 than 150 ppm of any Group II metal cation (e.g.. Ca in

it, said ppm being based on the amount of said polymeric
material in said composite. Preferably, the sum\of the ppm

- of all Group I and Group II metal cations. in said
composite material is less than 2000 ppm, preferébly‘léss

15 - than 1000 ppm, more preferably less than 500 ppm,"

especially less than 2501ppm.

The levels of ions in ppm described may be assessed using
ICPAES (Inductive Coupling Plasma Atomic Emission

20 Spectroscopy).

According to a second aspect of the invention, there is
provided a composite material prepared or preparable as

described according to the first aspect per se.

25
A said composite material preferably comprises:
(1) a polymeric material having a melt viscosity
(MV) in the range of 0.05 to 0.12 kNsm™2; and

30 (ii) a filler means;

wherein said polymeric material is of a type which

includes unsubstituted phenyl moieties, carbonyl moieties



|l ess than 0.7 Wt % especially less than 0.5 w% of a plasticizer for the
polynmeric material (e.g. a material which will enable a nelt to be obtained
froma savo2p@/essei ¢ material having a | ower nmelt vi scesirigB2odvzooiishat of
the polyneric nmaterial al one neasured under the sane conditions), for
exanpl e di phenyl sul phone. Preferably, in the nethod, substantially no

pl asticizer, for exanple diphenylsulphoﬁ@, is added to either the polyneric
material or a mxture conprising said polyneric material. A m xture,

prepar ed af eed cemtha&dt i mgishidspolyndihe peillomeslicandaskbdnki | bEr sabds,
suitably inclydes Il.ess tthan . 005 parts by weight (pbw) of an alkaline salt
of a Group F“%#ﬁqﬁr 14 " per 100 pbw of said polymeric material. Said
m xture preferably does not include any salt present at concentrations of
greater than 0.005 pbw per 100 pbw of said polyneric material. Preferably,
sai d m xt ur &hencFerRes e sMehaALal 004 R IRFEDrafRabl PaYed®R¥hadP. 003
pbw, especi & 5%%% rref.erabl I f npl e an

al kal i ne%saﬁe%fd%sé%ﬁ%{él %or s(()lﬁé[l)& I“igt%ert%aalg, Oixfs tgl de IEsott epé\nt%(tit ure or
any conponent thereof used to nake the conposite material in

A preferred composite material comprises:

(i) a polymeric material having a MV in the range
10 - 0.06 to 0.11 kNsm™?, preferably a material
selected from polyetheretherketone,

polyetherketone and polyetherketoneketone;
(ii) . at least 45 wt%, preferably at least 55 wt%, of
a filler means, preferably a fibrous filler
15 means, more preferably a discontinuous fibrous

filler means;

wherein the composite material includes less than 1000 ppm
of any Group I metal cation; and less than 1000 ppm of any

20' Group II metal cation.

The composite material may advantageously be wused in
injection moulding or extrusion to manufacture components.
Thus, according to a third aspect of the invention, there
25 1s provided a method of making a component, the method
comprising extruding or injection moulding a composite
material as described according to the first and/or second

aspects.

30 Said composite material may have any feature of said
composite material described according to any of the above

aspects.



t he net hod. The nethod of the first aspect preferably produces a conposite
mat erial which includes a low level of Goup | or Goup Il netal ions. Said
conposi t evomb@rioeds2sui t ably i ncl udes | ess than 1000 ppmpcpraaf2escaiohass] ess

t han 500 ppm nore preferably | ess than 150 ppm of any alkali netal cation
(e.g. Na+, L i+ or K+) in it said ppmbeing based on the anount of said
polymeric material in said conposite. S&ld conposite material suitably

i ncludes | ess than 1000 ppm preferably | ess than 500 ppm nore preferably
| ess than 1BQigpmmethady fresprhblyet dhvehtéon delactiGap+)ai rpidqussid ppm

bei ng based on the _anpunt of said polyneric material in sajd conposite.
Pref er abl y, mekerigm of '¢Me "Hielof tal MadSouph$ é:r?H‘p@"@ﬁlB: Iwhﬁﬁteép‘csﬁli‘gns_ in

sal d conposLig MBenl fatiet 11a85<, s220Q RAMd RiAfRIsAley dssr14mrad@O0
ppm nore preferably less than 500 ppm especially Iess than 250 ppm The
| evel s of | enpiectipm déscpidsethnsmr betessedsd® @sitfPaCrRARs € | Riurelve

O "5 ERTEAGSE AR TP e Yo T B Be B
preparabl e @xtrusion or injection moulding apparatus. - Suitably, said
precursor material is heated to a temperature of greater
than 300°C, preferably greater than 340°C. It is suitably
heated té a temperature not exceeding 450°C..
10
Said precursor material may consist essentially of a said

composite material described herein.

Suitably, in the method, at least 0.5g, preferably at
15 least lg, more preferably at least 5g, especially at least’

'12g is selected in order to make the component.

Preferably, the component made comprises at least 25g,
more preferably at least 50g of said composite material.

20
The method may be ﬁsed to make components having
relatively thin walls. Thus, the invention, in a fourth
aspect relates to a method of making a component which has
a wall which includes a region having a thickness of 3mm

25 or less, the method comprising:

(A) selecting a precursor material as described according

to the third aspect.
30 AND

(B) treating said precursor material, thereby to form said

. component.



described according to the first aspect per se. A said conposite material
preferably conprises: (i) a polyneric material having a nelt viscosity (W)
in the rawgeo@i1068585 to 0.12 kNsm'2; and (ii) a filler mearcs2oadeimsn said
polynmeric material is of a type which includes unsubstituted phenyl

noi eties, carbonyl noietiesand ether noieties in the polyneric backbone of
said polyneric material. The conposite rd&erial of the second aspect may
have any feature of the conposite material of the first aspect. A preferred
conposite material conprises: (i) a polymeric material having a MV in the

range 0.06 to Q.11 kNspf preferably a naterial selected from_.
poIyetheretﬁ%ﬁﬁ%ﬁﬁﬂgﬁ”pol h&PW@PBﬁétanan5$P98§he?kef%ﬂéﬂatoﬁéyl?gi)aat

| east 45 wt Y%y ;Riefeasably dm l@aste 25 Widke Prexdrddigr mpanss maferably a
fibrous filler neans, nore preferably a discontinuous fibrous filler neans;

wherein the conposite material includes |ess than 1000 ppm of any G oup |

et al CagiO%Qi%Pdtkggﬁméﬂénd%QQQiBBE‘%ﬂlaﬂy) preferably involves melt

processing said precursor material. Melt processing is

preferably carried out by extrusion or injection moulding.

.Suitably, sald component -includes a region having an area
10 of at least 0.5cm?, preferably at least 1 cm?, . more
preferably at least 5cm? having a thickness as described.
Thus, in one embodiment, said Component may include a
region of at least 0.5cm* which has a thickness of 3mm,
preferably of 2mm or less.
15
A said polymeric material as described herein may be made
by any suitable method. An electrophilic process may be
used as described in US6566484B2; or a nucleophilic process

may be used as described in EP00001879B or PCT/GB99/02833.

20 A nucleophilic process is preferred.
MV may be controlled as described in EP 0001879B.

Any feature of any aspect of any invention or embodiment
25 described herein may be combined with any feature of any
aspect of any other invention or embodiment described

herein mutatis mutandis.

Specific embodiments of the invention will now be described
30 by way of example, with reference to the accompanying
figure which 1is a plot illustrating the relationship

between MV and IV.



Goup Il netal cation. The conposite material may advant ageously be used in
I njection nmoul ding or extrusion to manufacture conponents. Thus, according
to a thi rMoaspeot3sef the invention, there is provided aprogidRrdoczo1zsaki ng a
conponent, the nmethod conprising extruding or injection noulding a
conposite material as described according to the first and/or second
aspects. Said conposite material may haw8 any feature of said conposite

mat eri al described according to any of the above aspects .Said nethod
preferably ingoRvgs psekecboRg (Brp8ECMESBRY, NALEtiadt FREHN 1$0GIBA o THdds t he
conponent wherein said precursor nmaterial. conprises a said cqu osite

mat eri al an¥askbj eefi écﬁﬁéxppggﬁr%59C%%Qem@$1b?cPQF%%M%%r%%QWe RS t

pol ymeric nmgtearigk in said conposite material in an extrusion or i nj ection
nmoul di ng apparétus Suitably, said precursor material is heated to a
tenperature of greater than 300 0C, preferably greater than 340 0C . It is

tably_h t t di 450 0C Sai d
oat o1 a5 tagLLof %g@caiseﬁ%?sﬁ%%dgﬁo SRRSO CORpoS T e rew e TAr tedcrT Bl
her ei n. Sigma—-Aldrich Chemical Company, Dorset, UK,  unless

otherwise stated.

Example 1 - Preparation of polyetheretherketone

10

A 250ml flanged flask fitted with a ground glass Quickfit
lid, stirrer/stirrer guide, nitrogen inlet and outlet was
charged with 4,4’'-difluorobenzophenone (22.48g, 0.103
mole), hydroquinone (11.01q, 0.1 = mole) and
15 diphenylsulphone (49g) and purged with nitrogen fbf‘over 1
hour. The contents were then heated under a nitrogen
blanket to between 140 and 150°C to form an almost
colourless solution. While maintaining a nitrogen
blanket, dried sodium carbonate (10.61lg, 0.1 mole) and
20 potassium carbonate (0.278g, 0.002 mole) was added. ‘The
temperature was raised to 200°C and held for 1 hour;
raised to 250°C and held for 1 hour; raised to 315°C and

maintained for 2 hour.

25 The reaction mixture was allowed to cool, milled and
washed with acetone and water. The resulting polymer was
dried in an air oven at 120°C producing a powder. The
polymer had a melt viscosity at 400°C, 1000sec™ of 0.089
kNsm™ |

30
The polymer was compression moulded at 400°C in a press

~(20tonnes, 5 minutes) into a thin film approximately 0.2mm

thick and cooled from 400°C to 120°C in- 30 minutes to



Suitably, in the nethod, at |east 0.5g, preferably at least Ig, nore
preferably at |east 5g, especially at least 12g is selected in order to
make t he worrp@mends2 Preferably, the. conmponent nade conprrsERo@loolmast 25g,
nore preferably at | east 50y of said conposite material. The nmethod nay be
used to nmake conponents having rel ativel 4thi n walls. Thus, the invention,
in a fourth aspect relates to a nethod of® maki ng a conponent which has a
wal | which includes a region having a thickness of 3nmor |ess, the nethod
conpri si ng: ¥Mucs| EEMPAGLE &ré@thagdrlsﬁﬁt‘-@ﬁ @ndgstiyen c pliewesc cer draglt o
the third a N%;ﬁ ing said precursor material, thereby t o
formsaid céﬁgﬁﬁﬁﬁ@'“ r%%%%%. y, the conponent includes a region having a
t hi ckness of 2mm or |less, nore preferably Immor |ess. Said treatnent

described in_(B) ef erably i nval ves |t processin ai d precuysor ,
materi al . N&”ie'p?g%&s%’fﬁg i %Xﬂf@%@%ﬁh g@@ut@%&y@'o +Bping
injection mudhgh Se0t@bl yrhsai grée@asn@ag irepleddas & reghodn JaMi Rgean
area of at |east 0.5cn2, preferably at least 1 cnR, nore

film survived) without Dbreaking and was therefore

considered to be tough.

Example 2a-d - Preparation of samples of

10 polyetheretherketone with different melt viscosities

The procedure described in Ekample 1 was repeated except
the. polymerisation time was varied to produce
polyetheretherketone with different melt viscosities. The

15 details are given in Table 1 below.

Table 1
Example Reaction Melt Toughness
Time Viscosity Test
(mins)  (kNsm™2)
1 120 0.089 Tough
2a 180 0.150 Tough
2b - 160 0.117 ~ Tough
2c 90 0.075 Brittle
2d 60 0.06 Brittle




preferably at |east 5cnR2 having a thickness as described. Thus, in one
enbodi nent, said conponent may include a region of at |east 0.5cm 2 which
has a thiwbnessioefs23mm preferably of 2mm or | ess. A saPAT@HB2906810i185

mat eri al as described herein my be made by any suitable nethod. An

el ectrophilic process may be used as described in US6566484B2; or a

nucl eophilic process may be used as desébi bed in EPOC001879B or

PCT/ GB99/ 02833. A nucl eophilic process is preferred. W may be controll ed
as descri beglkih,ER 80018498 AayltegiyifcelioanyrappegetbraryerRe€nhcon or
enbodi ment described herern may be conbined wth any feature of any aspect
of any other invention or enbodi nent described herein nmutatis nutandis .
Specific e i hg .l ;0N W b rigggg of
exanple, wT Qr %‘genég%rét oafﬁg%g%grrpqa{lny#lﬁaﬁgiﬂ%u?ed‘svﬁlgch (S %yep ofxn @

il lustratingatyerr edcatliconshi proétoveesuiianentV ndtEEREL PEEKcEB@R (crade

Mark) , Victrex PEEK 150G.30 rade_Mark) and Victrex PEEK 150CA30 may be

obt ai ned? f rBREVPREFEL Pfif?‘,a UR.Q—-EI I %&ﬁé’m )'c'glséclrngf'er FédS o%?etrcg'l%? V\é?eer%sed

as received,ib@ted, Examples 3a-e, with Melt Viscosities measured at
400°C and 1000s™* of 0.144, 0.110 0.089, 0.076 and

0.059kNsm™ respectively.

10 Example 4a-d - Melt Flow Index of polyetheretherketones

The Melt Flow Index of the polyetheretherketone samples
frorﬁ Examples 3c,3e, a sample of Victrex PEEK 150P and
blends of Examples 3d and 3a in a weight ratio of 77 : 23
15 and Examples 3e and 3a in a weight ratio of 64 : 36 were
measured on a CEAST Melt Flow Tester 6941.000. The polymer
was placed in the barrel of the Melt Flow Tester apparatus
and heated to 400°C. The polymer was then extruded under a
constant shear stress by inserting a weighted piston
20 (2.16kg) into the barrel and extruding through a tungsten
carbide die, 2.095mmbore x 8.000mm. The MFI (Melt Flow
Index) is the average maés of polymer (in g) extruded in

10 min. The results are detailed in Table 2 below.



Si gma- Al drich Chem cal Conpany, Dorset, UK, unless otherw se stated.
Exanple 1 - Preparation of polyetheretherketone A 250m fl anged fl ask
fitted wwb 2a06gwessad gl ass Quickfit |id, stirrer/stirrePCyuwBies/miissogen
inlet and .outlet was charged with 4 ,4 '-difluorobenzophenone (22.48g,
0.103 nol e), hydroquinone (I1.d g, 0.1 nole) and di phenyl sul phone (49g) and
purged with nitrogen for over 1 hour. Th&b contents were then heated under a
nitrogen bl anket to between 140 and 1500C to form an al nost col ourl ess
solution. Wiile nmaintaining a nitrogen bl anket, dried sodium carbonate (IO
blg, 0.1 nole) and potassium carbonate (0.278g, 0.002 nole) was added. The
tenperature was raised to 2000C and helLg;£op 1 hour; raised to 250 0C and
held for 1 hour; raised to 315 OC and nmaintained for 2 hour. The reaction
m xture was allowed to cool, mlled and washed with acetone and water. The
resul ting pol yrrer was dried in an air oven at 1200C produ0| ng a powder. The

polymer hag-a et S e Py cthet BB S et SRESP ™ et O OF S N Fom

Sample VlSCOSlty Index
(kNsm™2) "(g/10mins)
4a Example 3c 0.089 87
4b Example 3e 0.059 117
4c Example 3d (77wt%) '0.09 83
+

Example 3a (23wt%)
4d Example 3e (64wt%) 0.09 ' 78
+

Example 3a (36wt%)
de Victrex PEEK 150P 0.150 41

5 Example 5 - Spiral Flow of Low viscosity

polyetheretherketones

Spiral flow measurements were made on a spiral flow mould
at a melt temperature of 370 and 390°C and 1 and 2mm mould
10 depth at a mould temperature of 185°C with an injection
pressure of 140Bar and the flow length determined. The

results are detailed in Table 3 below.



The pol yner was conpression noul ded at 4000C in a press (20tonnes, 5
mnutes) into a thin filmapproximately 0.2mm thick and cool ed from 4000C
to 1200C wo 28@/mw3%at es t oi nduce conpl ete crystalli sati orcamaB20évenimsl owed
to .cool to roomtenperature. The fil mwas then hinged through 180 foll owed
by hinging through 360 OC . This process was repeated 5 tines and the film
survived wi thout ' breaking and was thevefore considered to be tough.
Exanpl e 2a-d Preparation of sanpl es of polyetheretherketone with different
melt viscosities The procedure described in Exanple 1 was repeated except
the. polynerisation tinme was varied to produce pol yetheretherketone with
different nelt viscosities. The detaijigar£ given in Table 1 below. Table
1Exanpl e 3 - Large Scal e producti on of polyetheretherketone The procedure
described in Exanple 1 was repeated on a | arger scale to produce sufficient
material to carry out nmechanical and nelt flow testing. Five batches wer e

10001 BF 8P 144, | GOLIB 0o580 0 66 A 0 "DRdenem 1o Veehact | veryo"
Sample , Temperature Depth Length
A (°C) (mm)
5a Ex3e (64wt%) + 370 lmm 302
Ex3a (36wt%) o
5b Victrex PEEK 150P 370 Tmm T 239
5¢ Ex3e{64wt%) + 370 2mm 834
Ex3a (36wt$) - |
5d : Vicfrex PEEK 150P. 370 2mm 514
Se Ex3e (64wts) + 350 Tmm 315
Ex3a (36wt%)
BE Victrex PEEK 150 350 Tmm 263
5g Ex3e(64wts) + 390 2mm >1000
. Ex3a(36wts)
5h Victrex PEEK 150P 390 2mm 727
5 Examples 6a-e - Mechanical Properties of Low Viscosity

polyetheretherketones

Samples of polyetheretherketone from Examples 3c, 3d, 3e,
Victrex PEEK 150P, the 60:40wt% blend of Example 3d and 3b
10 the‘30:30:30:10wt% blend of Examples 3b, 3c, 3d and 3e,
the 77:23wt?% blend of Example 3d and 3a and the 64:36wt%
blend of Example 3e and 3a were injection moulded using a
barrel temperature of 350-360°C, nozzle temperature 365°C,
mould temperature 145-155°C, holding pressure 30Bar,

15 1injection pressure of 140Bar and a screw speed of 45rpm to



Exanpl e 4a-d - Melt Flow I ndex of polyetheretherketones The Melt Fl ow I ndex
of the pol yetheretherketone sanples from Exanples 3c, 3e, a sanple of

Vi ctrex REBKOAHO3sand bl ends of Exanpl es 3d and 3a i n apreeigimoamiiss of 77
: 23 and Exanples 3e and 3a in a weight ratio of 64 : 36 were nmeasured on a
CEAST Melt Fl ow Tester 6941.000. The pog%ner was placed in the barrel of
the Melt Flow Tester apparatus and heat to 4000C . The pol yner was then
extruded under a constant shear stress by inserting a weighted piston
(2.16kg) i ntsodneeshartandatd exiavidi Mjadesoudivra MawEcahr P EePerey

2. 095mbore x 8. I I I ) :LS aver ss of

pol ymer (i neéfaﬁq%%g?@deﬁ%nwl:eﬁu@% %fjr%e(&\ré{gsagﬁgé al?leT(Li‘g?zg Iﬁ&aﬁ%ﬁoﬁbl e 2.
bel ow. Tabl e 2 Exanple Spiral Flow of Low viscosity pol yether ether ketone s
Spiral flow measurements were nade on a spiral flow nmould at a nelt
tenperature of 370 and 3900C and 1 ang %gﬂ]ﬁDu|d depth at a nould
tenperature of 185C with an injection-f §sfire of 140Bar and the flow

| ength determ ned. The results are detailed in Table 3 bel ow Table 3

Exanpl es®6a-e - Mechanical Properties of Low Viscosity

Example | Polyetheretherketone Melt Tensile Fléxﬁral Flexural
Sample Viscosity | Strength Strength Modulus
(kNsm™2) | (Mpa) @ | (Mpa) ® | (GPa)®
6a Example 3c 0.089 90.0 157.9 4.0
6b Example 3d 0.076 98.1 149.8 3.7
6c Example 3b (40wt%)
+ 0.09 ‘ 154.6 4.1
Example 3d (60wt$) ’
6d Example 3e 0.059 100.6 149.2 3.7
6e Ex3b (30wt%)+
Ex3c (30wt%)+ .
Exéd (30wts)+ 0.092 107.6 154f6 4.0
Ex3e (10wt%)+
6f Example 3d (77wt%) 0.09 98.3 147.7 3.7
R .
Example 3a (23wt%)
6g Example 3e (64wt%) 0.09 97.8 149.0 3.7
+
Example 3a (36wt%d)
6h Victrex PEEK 150P 0.150 98.5 149.1 3.9

(a) ASTM D638
(b) ASTM D790

Example 7a — d - Melt Flow Index and Mechanical Properties

10 of filled, low viscosity polyetheretherketones

The polyetheretherketone from the 64:36wt% blend of
Example 3e and 3a was compounded separately with 30wt$

-glass fibre (Owens Corning OCP CS D165-11C)and 30wt$%



pol yet her et her ketones Sanpl es of pol yet heret herketone from Exanpl es 3c,
3d, 3e, Victrex PEEK 150P, the 60:40wm % bl end of Exanple 3d and 3b the

30: 30: 30:wowe@iobmad of Exanpl es 3b, 3c, 3d and 3e, thePC¢T/iGARucodssend of
Exanpl e 3d and 3a and the 64: 36wt % bl end of Exanple 3e and 3a were

I njection noul ded using a barrel tenperature of 350-360 0C , nozzle
tenperature 3650C , nould tenperature 145- 155 0C , hol di ng pressure 30Bar

i njection pressure of 140Bar and a screw speed of 45rpm toproduce standard
test pi eceschobomechibical S@kopégrgfalalast iS®R6 FRS)r e’y| Bs Zoke et ed in

Tabl e 4 bel gw, Taple 4 ASTM D638 (b TM_ D/ Ja ¢..d - | t
Fl ow | ndex gﬂﬂn SHan c%i@%gcféﬁért B e)sfi I eadl!% ?gcwi,é,gsgc%cgﬂﬁely{ ThE
pol yet her et lenketones Theaerobyetirs ether kehpoendsomtt D ®E: v 92 bl ékd of
Exanpl e 3e-and 3a was conpounded separately with 30vvt%§l ass fibre %O/vens

Cor ni ng OCPves Mi®LerRENadd 230w SRR HARM f EBr &/ 3CSae*Si BFEKi 11 385HhosnAps)
on a ZSK: 25 i n Scr.gw &xtrudel,. Exanpl §gnied 7¢ respgsti vel yoeThe
Nblt'FIE% I%§§§%§@trmatmo conpoundgaat 4000C and 2. 16kg gas determ ned and
conpared- t op¥ilgerthe REHCrIGIER) amhtaining 30wt% glass fibre and

A carbon fibre respectively. The results are detailed .in

Table 5 below.

10 Coﬁpounds Example 7a and 7d were injection moulded using a
barrel temperature of 370-380°C, nozzle temperature 380°C,
mould temperature 180-200°C, holding pressure 30Bar,
injeétion pressure 140Bar and a screw speed of 45rpm into
standard test pieces and their mechanical properties

15 determined and compared ' to those of to Victrex PEEK
150GL30 and 150CA30. The results are detailed in Table 5

_below.

Table 5

Example | Polyetheretherketone | Melt Flow | Tensile | Flexural | Flexural

Sample Index Strength | Strength | Modulus
(g/10min) | (Mpa) ® | (Mpa)® | (GPa) ®

Ta Blend [3e (64wt3) 30 155.8 242.1 | - 10.2
+3a (36wt%) ] (70wWts) + V
Glass Fibre (30wt$%)
7b Victrex PEEK 150GL30 14 163.5 252.5 10.0
7 Blend [3e(64wt%) 30 202.4 304.5 16.9
¥3a(36wt%)] (70wts) +
Carbon Fibre (30wt$%)
7d Victrex PEEK 150CA30 12 208.6 312.7 18.7

20 (a) ASTM D638
(b) ASTM D790




150CA30 which are commercial grades of polyetheretherketone containing
30wt % gl ass fibre and carbon fibre respectively. The results are detail ed

i n Tabl e wohkedsomes3sConpounds Exanpl e 7a and 7d were inj eeCr@B2owsuodsd usi ng
a barrel tenperature of 370-380 0C, nozzle tenperature 3800C , nould
tenperature 180-200 0C , holding pressure 30Bar, injection pressure 140Bar
and a screw speed of 45rpminto standar@0test pieces and their nechani cal
properties determ ned and conpared .to those of to Victrex PEEK 1503.30 and
150CA30. The.pgstkt $aalke gdet gidied Ell'@)wTGIbﬂd‘éx5 el oMichEal 15 K)pAFHRM D638
(b) ASTM D790EXanpt e Ha - g - Vel't H ow | noFx and Mechani cal Properties of
highly filled. higWlyi $dddie N ISCOSHE 3 gEhes W&Fet her ket one
fromthe 64: 36m¢@6b|end of Exanple 3e and 3a was conpounded separately with
40Wt % 50wt %eGO\ptd’Zo}m’ﬁileml%@%’lefl bfeor{ Onelne  CBA 1B AYtBCF kBB |¢%) and

dout % 50wt 36 and, G0 26 cabof) 8L e diBouRollof ddpdhh PO ARE Al 75K 25
5 50wto, 60wt% and 70wt% glass fibre - (Owens Corning OCF
D165A-11C)and 40wt%, 50wt3 and 60wt carbon fibre (SGL
Sigrafil C25 S006 APS) on a 28K 25 WLE Twin Screw

Extruder, Examples 8a - 8g respectively. The Melt Flow

Index of the compounds at 400°C and 2.16kg was determined
10 and compared to Victrex PEEK™ 150GL30 and 150CA30 which
are commercial grades of polyetherketone containing 30wt$
glass‘ fibre and carbon fibre respectively. The results are

detailed in Tables 6a and 6b below.

15 Compounds Example 8a - 8g were injection moulded using a
barrel temperature of 370-380°C,

mould temperature 180-200°C,

nozzle temperature 380°C,
holding pressure 30Bar and a
screw speed of 45rpm into standard test pieces and their
mechanical properties determined and compared to those of
Victrex PEEK 150GL30 and 150CA30.
in Table 6a and 6b below.

20 The results are detailed

Table 6a

Example

Polyetheretherketone
Sample
(%w®

Glass
Fibre
(wt%)

Melt

Flow

Index
(g/10min)

Tensile
Strength
MPa)®

Flexural
Strength
(MPa)®©

Flexural
Modulus
(GPa)®

Notched
4 Izod
&V/m)®

8a

60

40

. 26.9

211

314

13.

12.6

8b

50

50

17.9

228

327

17.

13.4

8c

40

60

11.9

227

342

21.

12.5

8d

30

70

7.8

198

320

26.

8.9

Victrex PEEK 150GL30

14

163.5

252.5

O Of o b 2

10.

8.8




Extruder, Exanples 8a - 8g respectively. The Melt Flow I ndex of the
conpounds at 4000C and 2.1 bkg was determ ned and conpared to Victrex
PEEK(t m) wbQ@s306mnd 150CA30 which are comerci al grade®cofGRodcymilissr ket one
containing 30wt % gl ass fibre and carbon fibre respectively. The results are
detailed in Tables 6a and 6b bel ow. Cbngﬁunds Exanple 8a - 8g were

I njection noul ded using a barrel tenperature of 370-380 0C, nozzle
tenmperature 3800C , nould tenperature 180-200 0C , holding pressure 30Bar
and a screw spead ofPodgepheratbeskandaedsamplepBéerd and their mechani cal
properties determi R d,to those of Victrex PEEK 150G.30 and
150CA30. The resgkﬂgq§§€q6§¥g333§°ﬂn Tabl e 6a and 6b bel ow. Tabl e 6a(a)

Pol yet her et her kgt ongseasplie Bl end 3e(64wm %9 +3a(3 bwt % (b) 1SO 527 (c) 1SO
178-1993(E) (d) 1S0O_180 T%blg gb Sa) Pol yet her et her ket one sanpl e Bl end

3e( 64wt % +3a( 36wk o9 150 178-1593(E

5 (d) ISO 180
Table 6b
Example | Polyetheretherketone | Carbon | Melt Tensile | Flexural Flexural‘ Notched
“Sample Fibre Flow Strength | Strength | Modulus Izod
Yow)® wi%) | Index | (MP2)® | MPa)® | (GPa)® | (m)@
(g/10min) '
Be 60 10 17 229 | 338 | 25.1 | 7.8
8f } 50 50 6.5 ‘ 229 354 31.3 6.8
8g 40 60 4.8 221 357 36.8 | 6.3
Victrex PEEK 150CA30 12 208.6 | 312.7 18.7 7.9
(a) Polyetheretherketone sample Blend
10 ' 3e(64wt%) +3a (36wtd)
(b) ISO 527
(c) ISO 178-1993(E)
(d) ISO 180

15- Example 9%9a - b - Melt Flow Index and Mechanical Properties

of mica filled, low viscosity polyetheretherketones

The polyetheretherketones from the 64:36wt% blend of
Examples 3e and 3a, and Victrex 150P were compounded with
30wt% mica (CAMP, microns mica 325 mesh) on a ZSK 25 WLE
20 Twin Screw Extruder, - Examples 9a - 9b respectively. The
Melt Flow Index of the compounds at 400°C and 2.16kg was

determined. The results are detailed in Table 7 below.

Compounds Example 9a - 9b were injection moulded using a

25 barrel temperature of 370-380°C, nozzle temperature 380°C,



"(b) 150 527 (c) 150 178-1993(E) (d) 1SO 180 Exanple 9a ~160B 2086 ¢ & 0&23 5
1 ndex and Mechanical Properties of mca filled, |ow viscosity

pol yet herwoheodkwtisres The pol yet her et her ket ones -from t heCeAR66 135end of

- Exanpl es 3e and 3a, and Victrex 150P were conpounded with 30wt % nmi ca (CAWP,
m crons mca 325 nmesh) on a ZSK 25 WE TW| n Screw Extruder, Exanples 9a -
9b respectively. The Melt Flow I ndex of3%t he conpounds at 4000C and 2. 16kg
was determ ned. The results are detailed in Table 7 bel ow. Conpounds

Exanpl e 9amoudl wieempdrstoote ohB(Bmwmf@d Usildirey baressutenpdBatcuramddfa
370-380 0C_, nozzle t ure 38 mou| d erature 180- 200 .0C

hol di ng pr &85&GFe chngﬁdagr%‘r é\ﬁ rBJfa ng 1fnPﬂ) SEEnERY TR]YT pi eces
and their peehanicall AORRIH RS C@é@émﬂ%h Tige r ee8lil 8 sale-dedaid £ded N

Table 7 . Table 7 (a) Pol yetheretherketone sanple Bl end 3e(64wt % +3a(3
bwt % (b) ¥ncfABXEPEEK 150P (c¢) | SO 527
5 Table 7
Example | Polyetheretherketone | Mica Melt Tensile | Flexural | Flexural | Notched
Sample (wt%) | Flow | Strength | Strength | Modulus | Izod
(Y%owt)  Index | (MPa)? | (MPa)® | (GP)? | (kI/m?)®
(g/10min)
9a 70 30 61.2 84 139 7.5 2.9
9b 70% 30 25.1 85 152 7.3 3.2
(a) Polyetheretherketone sample Blend
3e(64wt%) +3a(36wts)
(b) Victrex PEEK 150P
{c) ISO 527
10 (d) ISO 178-1993(E)
(e) ISO 180
Example 10a - 10b- Melt Flow Index and Mechanical
Properties of highly filled, low viscosity
15 polyetheretherketones
The polyetheretherketones from the 64:36wt% Dblend of
Example 3e and 3a, and Victrex 150P were compounded with
15wt% carbon fibre (SGL Sigrafil €25 S006), 15wt%
polytetrafluoroethylene (PTFE) (Asahi Glass Fluoropolymers
20 Fluon FL 1650) and 21wt% polyethersulphone (PES) (BASF

Ultrason E3010) on a ZSK 25 WLE Twin Screw Extruder,
The Melt Flow Index of

and 10kg was The

Examples 10a -
the

10b respectively.
at 400°C

results are detailed in Table 8a.

compounds determined.



0 (d) 1'SO 178-1993(E) (e) 1SO 180 Exanple 1Qa - Q- MIlt Flow Index and
Mechani cal Properties of highly filled, |low viscosity 5 polyetherether
ket ones TWeo 2paletsher et her ket ones fromthe 64:3 bwt % bl ent/GH20aMs5e 3e
and 3a, and Victrex 150P were conpounded with 15wm % carbon fibre (SG
Sigrafil C25 S006) , 15wt % pol ytetrafl uoroethyl ene (PTFE) (Asahi d ass
Fl uoropol yners 0 Fluon FL 1650) and 23%& % pol yet her sul phone (PES) (BASF
U trason E3010) on a ZSK 25 WLE Twi n Screw Extruder, Exanples 10a - 10b

respectively. The Melt Flow I ndex ghptibeggonpounds at 4000C and 10kg was
determined_The results are detailed in Table 83.Table 8a (a)

Pol yet hef Bxaraplkel Brircthentbedkerme nd PES( dawCaban( 3 bwPTAE(b)| Wikt Flow PEEK
150P (c)| I SO 527 (d) |S§§gga78- 199;3(§@A)(e) bR 180 Cogposnds| Exgppie 1Pa -

10b were| injectijon nou usi ng
(%owt) (wt) , (g/10min)
10a 491a ‘ 21 15 15 125.3
10b 49® 21 15 15 ~ 58.5

" (a) Polyetheretherketone sample Blend
. 3e(64wtd)+3a(36wtd)
(5) Victrex PEEK 150P
5 (c) ISO 527
(d) ISO 178-1993(E)
. {e) ISO 180

Compounds Example 10a - 10b were injection moulded using a

10 barrel temperature of 370-380°C, nozzle temperature 380°C,
mould temperature 180-200°C, holding pressure 30Bar and a

- screw speed of 45rpm into standard test pieces and their

mechanical propeities determined. The results are detailed

in Table 8b.
15 ‘Table 8b
Example | Polyetheretherketone | PES | Carbon | PTFE | Tensile | Flexural | Flexural { Notched
Sample (wt%) | Fibre | (wi%) | Strength | Strength | Modulus | Izod
(%wt) (wi) MP2)® | MP2)? | (GPa)? | (kI/m»)©
10a 49 21 15 15 152 217 9.8 4.4
10b 49 21 15 15 158 239 11.0 5.5

(a) Polyetheretherketone sample Blend
3e{64wt%) +3a (36wWt%)
(b) Victrex PEEK 150P
(c) ISO 527
20 (d) ISO 178-1993(E)
(e) ISO 180



barrel tenperature of 370-3800C , nozzle tenperature 3800C , nould
tenperature 180-2000C , hol ding pressure 30Bar and a screw speed of 45rpm
i nto stamwlardodwsis2pi eces and their mechani cal properti esTam2e0amonsd. The
results are detailed in Table 8b. Table 8b (a) Pol yet heretherketone sanple
Bl end 3e( 64w % +3a(36Wwt % (b) Victrex PEEK 150P (c) 1SO 527 (d) 1SO
178-1993(E) (e) 1SO 180Exanple 11 - Prepération of polyetherketo ne A 250m
flanged flask fitted with a ground glass Quickfit lid, stirrer/stirrer
guide, nitrogen inlet and outlet was charged with 4 , 4 '-dif

| uor obenzophenone (33.49g, 0.153 nole), 4 ,4'-dihydroxybenzophenone
(32.13g, 0. t2Ampole)llard Pdiephenylisnl pliopelféherBgroard purged with
nitrogen for over 1 hour. The contents were then heated under a nitrogen

bl anket to.160 OC to form an al nost col ourl ess solution. Wile maintaining
a nitrogen bl anket, dried sodiumcarbonate (| b.59g, 0.156 nole) was added.

The A 250ml flanged flask fitted with a ground glass Quickfit

.5 1id, stirrer/stirrer guide, nitrogen inlet and outlet was
| charged with 4,4’-difluorobenzophenone (33.49g,  0.153
mole), 4,4’-dihydroxybenzophenone (32.13g, 0.150 mole) and
diphenylsulphone (124.5g) and purged with nitrogen for
over 1 hour. The contents were then heated under a

10 nitrogen blanket to 160°C to form an almost - colourless
solution. While maintaining a nitrogen blanket, dried
sodium carbonate (16.59g, 0.156 mole) was added. The

temperature was raised to 340°C at 1°C/min and held for 2

hour.
15
| The reaction mixture was allowed to cool, milled and
washed with acetone and water. The resulting polymer was
dried in an air oven at 120°C producing a powder} The
polymer had a melt viscosity at 400°C, 1000sec™ of 0.12
20 kNsm™.

Example 12a-12d -  Large Scale production of

polyetherketone

25 The procedure described in Example 11 was repeated on a
larger scale to produce sufficient material to carry out
mechanical and melt flow testing; Four batches were
produced, Examples 12a-d, with Melt Viscosities measured
at 400°C and 1000s™ of 0.12, 0.10 0.09 and 0.08kNsm™

30 respectively.



tenperature was raised to 340 0C at |G mn and held for 2 hour. The
reaction m xture was allowed to cool, mlled and washed wth acetone and
wat er. Thwonesudosisng pol ymer was dried in an air oven arCIZB206/imduci ng a
powder. The polyner had a nelt viscosity at 400 0OC, | O0Csec "1 of 0.12
kKNsrrf2 . Exanple 12a-12d - Large Scal e production of polyetherketone The
procedure described in Exanple 11 was répeated on a | arger scale to produce
sufficient material to carry out nmechanical and nelt flow'testing. Four

bat ches wer gxprgducada-saMeas F2awdinvekholebblyeshesikkitenemeasured at -
400 OC and T000S 1 of U.1Z, U0.10 U.09 and 0. 08kNsm 2 respectively. Exanpl e
13a-13b Mel &.Rgl owd ndexppbyypokygther kgt ongmofre Mild Fhowskgdexoat 4GQOC and
2.16kg for the polyetherketone sanple from Exanple 12c and a sanple of

Vi ct rex PEKpP22etwdies kedangr eshrnire foonl tExampd edeld¢| éad 2 TaBrele el ow.

Table 9 Exa%L:%%e]x4%’_E]E(4ePZ'2 I\v/v%crhea?r{eca%lur%rdqp%rﬂei %sqlésovéir\és&é)éé-f]yed in
5 Table 9 below.

Table 9
Example Polyetherketone Melt Melt Flow
" Sample Viscosity Indéx
(kNsm™?) (g/10mins)
13a Example 12c¢ 0.09 ‘ 140
13b Victrex PEK P22 0.21 : - 30

Examples l4a-l4e - Mechanical Properties of TLow Viscosity

polyetherketones

10

' Samples of polyetherketones from Examples 12a, 12b, 1l2c¢,
12d and Victrex PEK 22P were injection moulded using a
barrel temperature of 380-390°C, nozzle temperature 385°c,
mould temperature 155-165°C, holding pressure 30Bar,

15 1injection pressure of 140Bar and a screw speed of 45rpm to
produce standard test pieces for mechanical property

evaluation. The results are detailed in Table 10 below.



pol yet her ketones Sanpl es of pol yetherketones from Exanpl es 12a, 12b, 12c
12d and Victrex PEK 22P were injection noulded using a barrel tenperature
of 380- 3990QWe/106852z| e t enperature 3850C , noul d tenper acuraB20&H01BS 0C
hol di ng pressure 30Bar, injection pressure of 140Bar and a screw speed of
45rpm to produce standard test pieces for mechanical property eval uation.
The results are detailed in Table 10 bel¥w. Table 10 (a) ASTM D638 (b) ASTM
D7 90 Exanple 15a - 15b - Melt Flow I ndex and Mechani cal Properties of
filled, low viscosity polyetherketones The pol yet herketone from Exanple 12c
and Victrex PEK P22 were conpounded with 30wt % gl ass fibre (Onens Corning
OCF CS D165A-11C) on a ZSK 25 WLE TwiTalSey ew Extruder, Exanples 15a - 15b
respectively. The Melt Flow Index of the conpounds at 4000C and 2.16kg was

det er m ned [ERRRpLEJHAeBhEr KEIcAel [€d u@1d abl eTéﬂsiIEé qVFleQQ&FBQUIﬁ%xEXQ l e
15a - 15b vere IﬂjECtIOﬂ noul ded uUsing a barrel ar at ur e of -41010C ,
nozzl e t enper at ur e 3900CGaMPFul d t Yﬁpié:roét‘-ﬁk’e rrg reﬁ‘glg nao ?@%%lee
30Bar and a (kNsm™2) (MPa)m> (Mpa)m) (GPa) ®

l4a Example 12a 0.12 110 184 4.6

14b Example 12b 0.10 . 111 183 | 4.6

l4c Example 12c 0.09 114 186 4.6

1l4d Example 12d 0.08 112 184 4.5

l4e Victrex PEK 22P 0.21 104 175 4.2

(a) ASTM D638

(b) ASTM D790

5
Example 15a - 15b =~ Melt Flow Index and Mechanical

Properties‘of filled, low viscosity polyetherketones

The polyetherketone from Example 1l2c and Victrex PEK P22
-were compounded with 30wt% glass fibre (Owens Corning OCF
10 CS Dl1l65A-11C) on a ZSK 25 WLE Twin Screw Extruder,
Examples 15a - 15b respectively. The Melt Flow Index of
the compounds at 400°C and 2.l16kg was determined. The

results are detailed in Table 11 below.

15 Compounds Example 15a - 15b were injection moulded using a
barrel temperature of 375-410°C, nozzle temperature 390°C,
mould temperature 180-200°C, holding pressure 30Bar and a
screw speed of 45rpm into standard test pieces and their
mechanical properties determined. The results are detailed

20 in Table 11 below.



screw speed of 45rpminto standard test pieces and their
properties determ ned. The results are detailed in Table 11 bel ow Table 11
(a) Pol yewbeanésetoesse Exanpl e 12c (b) Victrex PEK P22 (c¢) PCB@H2R06/00aD851 SO

178-1993(E) (e)
Properties of highly filled,

addi ti onal

conpoundi n
t orque and
with Victr

10

15

20

25

| SO 180 Exanpl e 16a - 16i

mechani cal

- Viscosity and Mechani cal

| ow vi scosity pol yet heret herketones The
pol yet her et herketone fromthe 64: 36wt % Bl7end of Exanple 3e and 3a was
conmpounded with 0 3 , 6 ,
pol ymer (Ticona T130, nelt point 370 OC ,
glass fibre (Omens Corning D165-11C) to obtain total
content 60% on a ZSK 25 WLE Twi n Screwiextruder,
respectlvely The LCP polyner was predrled 16 hours at 150C before

9 and 12% of a liquid crystal

pol yrer

gl ass content 30% ,

Exanpl es 16a -

(LCP)

gl ass
16e

and with

’ gﬁgﬁ%a9&2&¥&%;§£Mg§rghigﬂ%%gﬁgrgggyg tF%aIs mgggﬁgg ?ﬁg &;Hgder
by 150P Sample Fibre Index Strength | Strength | Modulus Izod
| (%wt) (wi%) | (¢/10min) | MP2)® | (MP2)? | (GPa)? | (kI/mA)®
8a 708 30 42 187 261 11.0 8.9
8b 70" 30 12 - 175 278 10.0 10.4
(a) Polyetherketone Example 12c
(b) Victrex PEK P22
(c) ISO 527
(d) ISO 178-1993(E)
(e) ISO 180
Example ‘16a -16i - Viscosity and Mechanical Properties of
highly filled, low viscosity polyetheretherketones
The polyetheretherketone from the 64:36wt$% blend of
Example 3e and 3a was compounded with 0, 3, 6, 9 and 12%
of a liquid crystal polymer (LCP) polymer (Ticona T130,

melt point 370°C,
(Owens Corning D165-11C)
on a ZSK 25 WLE Twin Screw Extruder,

glass fibre

content 60%,

lea -

glass content 30%),

l6e respectively.

and with additional .

to obtain total glass

Examples

The LCP polymer was predried 16

hours at 150°C before compounding.

The addition of LCP T130 was observed to decrease the

extruder torque and to improve fibre wet out.

Comparative

trials

polyketone compounded with O,

S,

10 and 15%

were carried out with Victrex 150P

of LCP T130

and with additional glass fibre to make the total glass

content 30%;

Examples 16f-16i respectively.



pol yket one conpounded with 0, 5,
additional glass fibre to nake the total glass content 30% Exanples

16f - 16i rwepeaviogasky. The Melt Viscosity of the conpound®CraB2d@@i1285ned at
380 0C and 1000 s 1, and the Melt Flow Index at -3800C and 2.16kg. 5
Compounds Exanpl e 16a I were injection rmul ded using a barrel tenperature
of 350-360 0C , nozzle tenperature 365C,38moul d t enperature 145-155 0C ,

hol di ng pressure 30Bar and a screw speed of 45rpminto standard test pleces
and their nEbteanMeat piiopeosits ddt ethenezhmpihmds=esuhiss detedmiaetdedatlO in
Tabl es 12a -L2b_ bel Tabie 12 K | e.Bl.end

3e(64wt%+3§?§63& o/%n‘fbw%ctrefx K(C%OIBE% o IAEK T 1340 382G g3l (
(O 1SO 1802Thekigwention is not restricted to the details of the foregoing
enbodi nent (s) The invention extends to any novel one, or any novel

conbi nation, of the features disclosed in this specification (including any

acconpanyi ng. Gl ik aBILEAEL 216h O AWeBdS)injeciod O Wided using a

barrel temperature of 350-360°C, nozzle temperature 365°C,

10 and 15% of LCP T130 and with

mould temperature 145-155°C, holding pressure 30Bar and a
screw speed of 45rpm into standard test pieces and their

mechanical properties determined. The results are detailed

10 in Tables 12a and 12b below.
Table 1l2a
Example | PEEK LCP |Glass| LCP in | ZS8K 25 | Melt Flow Melt
(wt%) T130 | Fibre | recipe, | torque Index, Viscosity

(Wwt%) | (wt%) pphr % 380°C 380°C

V (g/10min) | (kNsm™2)

16a 40 0 60 0 74 7.8 0.51
16b 37.9%@ 3 59.1 5.25 57 7.4 0.29
16c | 35.8" 6 58.2 10.5 50 5.5 0.26
16d 33.7'@ 9 57.3 | 15.75 50 5.3 0.23
16e 31.6% | 12 56.4 21 50 5.1 0.21
16f 70 0 30 0 65 8.5 0.33
16g |66.5%™ 5 28.5 5 45 9.5 0.30
16h 63 % 10 27 10 39 9.6 0.20
161 59.5® | 15 25.5 15 34 9.1 0.19

(a)
(b)

PEEK sample Blend 3e(64wt%)+3a(36wt%)
Victrex PEEK 150P




novel one, or any novel conbination, of the steps of any nethod or process
so disclosed. CLAIM5S 1 . A nethod of preparing a conposite material, the
met hod cowprn@i/roess2(iii) selecting polynmeric material hagirmgp2aoameiiiss
viscosity (MV) in the range 0.05 to 0.12 kNspf2; (iv) contacting said
polymeric material having said W in the range 0.05 to 0.12 kNspf2 with a
filler means; wherein said polyneric mat¥rial is of a type whi ch incl udes:
unsubstituted phenyl noieties, ketone noieties and ether noieties in the
pol ymeri c backbone of said polyneric material. 2 . A nethod according to
claiml1 , wherein a batch of conposite material is prepared having a weight
of at least 10 Kg 3 . A nethod accor@ahgetd2lblaim 1l or claim2 , which
conprises formng said conposite material into a particulate form-4 . A

met hod accomding e | angnpieeedirig:aled M| Mexeral slaldtpakyneunmotaited al
has a W ih the rambeStor'eOn8gtthO OS't'ELrlength Modulus Izod Izod
(MPa) & (MPa) (Gpa) ® | kJ/m?® kJ/m?e

16a 230 342 ~ 20.6 10.5 50.1
16b 234 349 21.2 14.0 52.9
16¢c 235 340 21.3 12.8 48.9
16d 212 323 21.3" ~12.5 45.6
6o 216 325 21.2 12.2 5.8
16¢ 174 265 9.8 9.1 60.4
169 168 332 10.1 8.6 43.3
16h 163 231 10.4 7.3 38.6
161 156 221 10.6 7.5 40.0

(a) ISO 527
(b) ISO 178-1993(E)
5 (c) IS0 180

The invention is not restricted to the details of the
foregoing embodiment(s). The invention extends to any.
novel one, or any novel combination, of the features
10 disclosed in this specification (including any
accompanying claims, abstract and drawings), or. to any
novel one, or any novel combination, of the steps of any

method or process so disclosed.

15



kNspf2 . 5 . A nmethod according to any preceding claim wherein said
polyneric material has a MW in the range 0.085 to 0.095 kNsrtf2 .6 . A
met hod acwonrdiangeise any preceding claim wherein said pecyres2oa/mveissr i al
conprises a repeat unit of formula wherein t and v independently represent
Oor 1. 7. Anethod according to any preceding claim wherein said

pol ymeric material is polyetheretherketéhe. 8 . A nethod according to any
preceding claim wherein said filler means includes a fibrous filler or a

nonfi brous didiMs. 9 . A nethod according to any preceding claim which
i ncl udes adisconti nuous fibrous filler or a non-fibrous filler. 10. A

met hod according to claim9 , wherein discontinuous fibres have an average

I ength befoye %q@%e%%g %Jfﬂ %f%%gi%&%ieoﬂpégﬂ:@!mé){ekf&ﬁ,thﬁe-ih@&ﬁbdll- A

met hod accordi ng to 10,  wherein said fibrous filler is
sel ected fraompmnosiagt c fibrous materials, non-nelting and high-nelting
organicsfibrous materials and carbon fibre.
(iii) selecting polymeric ‘material having a melt
viscosity (MV) in the range 0.05 to 0.12 kNsm™?;
(iv) contacting said polymeric material haVing‘said
MV in the range 0.05 to 0.12 kNsm? with a

10 filler means;

wherein sald polymeric material is of a type which
includes: unsubstituted phenyl moieties, ketone moieties
and ether moieties in the polymeric backbone of said

15 polymeric material.

2. A meﬁhod ‘according to claim 1, wherein a batch of
composite material is piepared having a weight of at least
10 Kg

3. A method according to claim 1 or claim 2, which
comprises forming said composite material into a

particulate form.

25 4. A method according to any preceding claim, wherein
said polymeric material has a MV in the range 0.08 to 0.11

kNsm™2.

5. A method according to any preceding claim, wherein
30 said polymeric material has a MV in the range 0.085 to
0.095 kNsm™2.



12. A nmethod according to any preceding claim wherein said filler neans
conprises one or nore fillers selected from discontinuous gl ass fi ber,

di scont i nmousocc@msizen fi bre, carbon black and a fluoro cach@B@xionsi3 . A
met hod according to any preceding claim wherein said conposite material is
prepared in a process which conprises extruding a m xture conprising

pol yneric materials and filler nmeans. 14! A nethod according to any
preceding claim wherein said conposite material includes 65wt % or | ess of
sai d pol ynerd.c dateethbdarmtairdigast t85wing ofprieidelddmoneahaim}5 whéredh hod

20 o 60 S0 L A A HE A IRy ISE P 70 % 6 SBORG DY 1] OB 16,

said polyneric materi al
according to any pr¢gced
pol yneri c materd.a
mat eri al prepared 0O
claim

5
' wherein t and v independently represent 0 or 1.
7. A method according to any preceding <claim, wherein
said polymeric material is polyetheretherketone:
10 '

8. A method according to ‘any preceding claim, wherein
said filler means includes a fibrous filler or a non-

fibrous filler.

15 9. A method according to any .preceding claim, which
" includes a discontinuous fibrous filler or a non-fibrous

filler.

10. A method according to claim 9, wherein discontinuous
20 fibres have an average length before contact with the

polymeric material of less than 10mm.

11. A method according to any of claims 8 to 10, wherein
said fibrous filler is selected from inorganic fibrous
25 materials, non-melting and high-melting organic fibrous

materials and carbon fibre.

12. A method according to any preceding claim, wherein
said filler means comprises one or more fillers selected
30 from discontinuous glass fiber, discontinuous carbon

fibre, carbon black and a fluoro carbon resin.



19. A conposite material conprising a polyneric material and filler neans,
wherein said polyneric material has an W in the range of 0.06 to 0.11
kKNsrrf2 awo 208s/®edsect ed from pol yet her et her ket one, pol yethayseedsnne2sand

pol yet her ket oneket one and said conposite material conprises at |east 45wt %
of filler nmeans selected froma discontinuous fibrous filler nmeans and a
non-fibrous filler nmeans.20. A . conposége material according to claim18
or claim 19, wherein said polyneric nmaterial conprises polyetheretherketone
having a MW in the range 0.085 to 0.095 kNsirf2 and a di scontinuous fibrous
filler means. 21. A nethod of naking a conponent which conprises extruding
or inj ect i oh3 rmi‘all dieighed céﬁﬁ@§idtl§9na‘€‘ér 2y aBEBFBARRIt cF]thV“ whehedd 18 to

20. . ongnt as;a yal gh lydes a
region haV| ng a t%m%{mess o Fn%?(%? r%és]sp%hggﬁgt hod co J?elg\gléng V?ﬁ)
sel ecti ng acemppisete mnaterudings descmikedren mgﬁl&irayrrspmmmﬁg and

5 materials and filler means.

14. A method according to any preceding claim, wherein
said composite material includes 65wt% or less of said
polymeric material and at least 35wt% of filler means.

10 ‘
15. A method accdrding to any preceding claim, wherein |,
said composite material includes 20 to 60wt% .of said

polymeric material and 40 to 60wt% of filler means.

15 16. A method according to any preceding claim, which
includes 20 to 50wt% of said polymeric material and 50 to

80wt% of filler means.

17. A method according to any preceding claim, wherein the
20 ratio of the wt% of said polymeric material to said filler

means is less than 1.

18. A composite material prepared or preparable in a

method according to any preceding claim.

25
19. A composite material comprising a polymeric material
and filler means, wherein said polymeric material has an
MV in the range of 0.06 to 0.11 kNsm™? and is selected
from polyetheretherketone, polyetherketone- and
30 polyetherketoneketone and said composite material

comprises at least 45wt% of filler means selected from a
discontinuous fibrous filler means and a non-fibrous

- filler means.



(b) treating said conposite material thereby to form said conponent

nmet hod according to claim 22, wherein said treatnent

i nvol ves wel2nognessessi ng sai d precursor nmaterial . PCT/GB2006/001285

10

15

20

43

20. A composite material according to claim 18 or claim
19, wherein  said polymeric  material comprises
polyetheretherketone having a MV in the range 0.085 to

0.095 kNsm™? and a discontinuous fibrous filler means.

21. A method of making a component which comprises
extruding or injection moulding a composife material

according to any of claims 18 to 20.

22. A method of making a component which has a wall which

includes a region having a thickness of 3mm or less, the

‘method comprising:

(a) selecting a composite material as described in any of
claims 18 to 20;

and

(b) treating said compoéite material thereby to form said

component.

23. A method according to claim 22, wherein said treatment
referred to in (b) involves melt processing said precursor

material.

23. A

referred to in (b)



