WO 2006/106352 PCT/GB2006/001285 POLYMERIC MATERIALS This. invention relates to
polymeric materials and particularly, although not exclusively, relates to 5" compositions and

composite M A (AT comprise a polymeric material. It is well known fodé ﬁﬂﬂoﬂ)@i?/meric
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. For example, a' polyaryletherketone
such as polyetheretherketone is compounded with up to 30 wt-. of glass fibres or carbon fibres. Such
materials have been commercially availabeakhriermranwress frangsVictrex Plc under. the names
VICTREX PEEK 150GL30 and 150CA30 respectively. These materials include polyetheretherketone
having an MV of 0.15 kNsm2 and.30 wt% of fibrous filler. 20 It is difficult to incorporate greater than
30 wt% of fillerrhaterialsimteapddymerics natesial sueh-asopolystheretherketone pecause thg.
us for satﬁr%%ard melt pro essin%e uipment and/or due to difficulties in
%

molten composite isﬁtoo iiscg
fully wetting outhller Faterals 125 Thass BrofiEms ARVe beBh Gtidrdss&iin the PRdAERSs diussed

further below. US#b4E8841 (@ ogswelll recaginises the difisukies aassociatadwith ashjevingerapid
impregnation of %gﬁeggéo%ggé%\ﬁgq if the viscosity of the melt of a polymer used is too high. The
problem is solvéx rawing a T ‘

Tt is well known to corﬁpound 'polymericA materiéls with
 fillers in order to provide Compoéite materials having

. 10 properties which are'improved, at least in some respects,
over the polymeric materials alone. Foﬁ exaﬁple, a
poiyaryletherketone such- as "polyethere‘therketbne is

" compounded with up to 30 wt% of glass fibres or  carbon
'fibtes..Such materials have been commerciallylavailable 

15 fofrmany.yéars from Vict;ek Plc under the names VICTREX
PEEK 150GL30 and 150CA30 respectively. These materials
~include polyetherethgfketone having-an MV of 0.15 KkNsm™

and. 30 wt% of fibrous filler.

20 It is difficult to incorporate greater than 30 wt% of
filler materials into & polymeric  material such as
pquetheretherketone because the molten composite is too
viscous for standard melt processing equipment and/or due
to difficulties in fully wetting out fi}.ler 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



plurality of continuous filaments through a melt comprising a mixture of a thermoplastic polymer and a

wO 2006/1%@%&3&% 2006/001285 2 relatively high level of plasticizeri,i J?% lymer which is
thermally stable but Wh{?é can be volatilised. from the composition. Use of t Qé]é as%@%@lﬁ%sticizes

the polymer in the melt and gives a melt of reduced. viscosity 5 compared with the melt viscosity of
the polymer alone. The document describes, in Exampﬂe 1, the use, of a mixture of
polyetheretherketone (70 wt%) having a MV o0f.110 Ns/m2 and diphenylsulphone (30 wt%) as _
plasticizer: and &ROIERAMplEFthd 288 1ot Pl bteHEEEN < CED OSSR Lt gih(ebw)) -
having a MV of 25 ' Nisénaand, dighasiisulRhona i phwh FikreJeadingsiasshigh as §9 W% are

described. Disadvantageously,. use_of. the process described requires use (and disposal of) large.
Pan % 3

amounts of. plasitReruith WhsedliEhtiaPincréalBd "®IASbLFRZ$5 prdebes s s28388d:he

(Cogswell) solvesthemsamé profemrylusingial thdrmaeplastiaPplynier haviddevery gwggelty
viscosity, (%%]Iessgharg gng%/ﬂ%aré% grefeiqtbl in the rar%g,e 1to 10 20 Ns/m2 to enable wetting of the
filaments. The disclosure —envisages prorcr:lgssmé%l%%g% Rerodse-the: RSIXRRF \idigheor thee

polymer, after papawatior: ofl¢heetihpesite] o Impravedtsiproperies: s25 Mpresregenihn AMS 5844036
(HugheS)hasag®f§§%%g¥%éﬁ%@%@%%HQUY@HEh@%?Wﬁg%gﬁgnﬁxﬁﬁgiﬁg;110 Ns/m? and -
diphenyisulphphe (30 wt%) as plasticizer; and alsc in
‘ Example 3, the use of polyetheretherketonef(lﬁo p&rts by
10. weight {pbw) } having a MV  of 25  Ns/m?, and
diphenylsqlphohe {100 pbw) . Fibre‘lo‘adi'ngs as _ﬁigh as Gé ,
wt% are described. Disadvantageously, use -of . ﬁhe_a- 'préceés
‘described‘reqdires use {(and disposal of} large éméﬁntsvof.
plésticizer with- consequential ' increased "cdsts of the‘

. 15  process.

US 5213889 {(Cogswell) solves the same. problem by U$iﬁg‘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'disclosure
envisages processing steps to increase thei_moiécular
weight of the polymezr, after preparation of. the ; compésite,

to improve its properties.

25 More recently, US 5844036 (Hughes) has addressed the
problem of ©providing  highly filled composites of
polyéryletherketonés to improve their properties. -The
solution involves using a polyaryletherketone matrix and
two types of fillers weach 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 partially crystaliine



polyaryletherketones 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 strength and stiffness. The second filler is a non-thermoplastic immobilizing
filler to immobilise the amorphous portion of the partially crystalline polyaryletherketone polymer and
provide resistance to high temperature absorption.,The document describes the use of
polyetheretherketone grade PEEK" 150rP from ICI Jtctrcx which has an MV of 0.15 kKN sm ™.
Disadvantageously, :Hughes is limirea in its application to the use of two different types of fillers
having two BpetHie préperties deseribed? It/issan objéct bf tHeipresentinventiondo address Problems
associated with-polymetic materials and,, particulaly, althoygh nat.exclysively, with filled composite
materials. According to a first aspect, there is provided a method of preparing a cO p sLte material, the
method compriging @)y sdlectintFpolymericinaterial haling a melt” viscosity (MVA in Yherrange 0.05 to
less than 0,10 kism':=; i) eentacting spid pelymeric material.having.said | M/5V.., . the range 0.05
to less -"far: 0.10 K[~ism with a filler means comprising a discontinuous fibrous filler or a non-fibrous
filler; whereirt €aidpolymeric matefigFis of avigwhich the wuse of two cifferent

“ 3

types of Zillers having two specific properties described.

It is an c¢cbject o©f the present inventiocn to address

problems assoclated with polymeric materials and
RSP T o ey +— = 1*‘: fovres | o Ty ot i fas 1T am
particulariy, although not exclusively, Wit filled

composite materials,

to & Tirst aspect, there 1s provided a method of

preparing a composite material, the method comprising:

{43 selecting polymeric materizl Thaving a melt
viscesity [(MV) iIn the range 0.05 to less than

i contacting said polymeric materisl having said
MV in the range 0.05 +to less than 0.10 kNsm™
with a Tiller means comprising & discontinuous

Tibrous filler or a non-fibreous filler;
wherein said polymeric materisl dis of & tTvpe which
includes: unsubstituted phenyl moleties, ketons moieties
and ether moieties in the polymeric backbone of said

J

poiymeric material, wherein said MV is suitably measured




it uoes: un.substit :tea. pheny.. moieties, xenone moieties and ether moieties in the polymeric
backbone o(ﬁ'sliﬂwp]%/ ric material, wherein said MV is suitably measured_ using cap '-.a r
rheometry operatinb a‘gaﬁooc at a shear rate of 10000 using a tungsten car‘:[ﬁaéc'% 00 {ﬂﬁi%rnyJSmm.
WO 2006/106352 PCT/GB2006/001285 4 Although the invention is described in terms of MV this
may be equated approximately to IV (measured as degcribed in EP0001879B) in accordance with
figure 1 hereinafter. 5 In the method at least 1 kg, preferably at least.5 Kg, more preferably at least 10

Kg, especially ati4gasigh Kenef sgicypalymeric matesial isselacted. |n, the-method, fvieast;i;Ka,
preferably at least 5 Kg, more preferably at least. 10 Kg, especially at least 25 kg of said . filler 10
means is seledtéd, aMFA kel §?<§‘YBF@@|%WHL%€%\SEYO.K&eé%’éﬁﬂya&? 1688625 g 8 said

polymeric material ispSoleteEroa)d ¢entaciedrwith atleasth kg {preferablyat 15 jeast 49 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 camprisedfonmingsaid sempesitecmatens}, inteeeFartisylate farm, feraxampleggranules
or pellets. The particulate form may comprise particles having an 25 average weight of at least 0.5mg,
[Nekwwﬂyat@éé e pregeraglf/é%‘&eag% &% %g, e pecla%lyla§ ;e§st 25 Kg o
- of said polymeric material is selected. In the method, at'
least 1 Kg, preferably at least 5 Kg, more.préfexably at
least 10 Kg, especially at least 25 kg of said . filler

10 -~ means is selected.

'Suit‘a.bly at least 5 kg (preferably at least, iO ,kg;"

especially at least 25 kg) of said polymericﬂméi_:eri-al iS‘.:i

selected and contacted with at least 5 kg"f'pré‘f'er'ably at. |
15  least 10 kg, 'especially‘ at least 25 ké) of said filler

means.

'In the method -a batch. of composite material ma'y be’
prepared having a weight of at least 10 kg, préferably' at
20 least 20 kg, especially at least - 50 kg. S |

The method may comprise forming said compb‘site'rhaterial'
into a particulate form, for examples granules‘ or pellets.‘
The particu'late form may comprise particles having an

25 ‘average weight of at 1least 0.5mg, preferabljat ieast
1.0mg, more preferably at least 1.5mg. The évei:agé weight
may be less than 100mg, suitably less tlhar-l 60mg,
preferably less than 40mg. '

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



1.0mg, more preferably at least 1.5mg. The average weight may be less than 100mg, suitably less
than 60mg, preferably less than 40mg. 30 The particulate form may have an average volume in the
range 5 to YBrAN3I96&%erably 10 to 50mm3, more preferably 15 to 35mmBCWEB 2056136352
PCT/GB2006/001285 5 The mass of composite material in said particulate form may be provided in a
pack. Said pack may contain at least 10,000 suitably, @t least 50,000, preferably at least 250,000
particles of said composite material in said 5 particulate form. The pack may contain less than

1,000,000 partigles. Haid polymeishiaieialsukaity baga I\/h\hofaéieﬂstp%%ﬂ&\ts_ra%epr@aably has
a MV of at least 0.07 kNsm 2, ?fgre 10 preferably at Ieast 0.08'kNsm 2. Said' polymeric' material may

have a MV of IB€5'th3F 0P RRERE, brefBradffbss ti 0RBKNIPAL. TERGR Boldhneri€ Aidterial
may have a M\ in therange Db oy 0. 52 KNseuGE; prefB,rahﬂy: n tfzerraﬂ@eélﬂ%zto A1l kNser2, more
preferably in thgsli@n .08 to %10 lstm 2.. 20 Sa %né?nc mate refera ly has a MV, ip the
range 0.07 to ‘KNS meoré"%reeferatﬁy in ﬁwaelrang% Sto- -6 pe%fallyﬁ’r‘:f1 range
0.085 t0-0.995 stz uSait golyfieeric. matermhmaypama tersile strengﬁm.ﬁS nmesassiredcinan

accordance WIT{] %%'BM(B%QO of %t I%aLst 80 MPa.

‘H‘Said‘polymeric material suitably ‘has a MV of at least 0;06-
 stm*, preferably has a MV of at least 0. 07 kNsm ™ mora
10f:preferably at least 0.08 kism™ ' .

) Sald polymeric: material may have a MV of less than 0. 11 ‘
 kNsm™?, preferably less than 0.10 stm '

'157 ﬁai& polymeric material may‘have a MV in the range 0.07 to
012 kNsm™®,  preéferably in - the range 0.08 to
0.11 kNsm™®, more preferably in the range 0.08 to 0.10
" KNsm™, | ' ' ) |

"20' Said peolymeric material preferably has a MV in the range

0.07 to 0.10 kN&mﬁ,_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. streng’th. 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 1s preferably in the range 145-180 -
MPa, more praferaﬁly in the range 145-165 MPa.



The tensile strength is preferably in the range 80-110 MPa, more preferably in the range 80-100 MPa.
Said polymei jal may have a flexural strength, 30 measured 'in accordance with ASTM D790
of at least 1 Wa%g {b%%?azﬂexural strength is preferably in the range 145-180 ﬂ%?%ogfg%%%?erably in
the range 145-165 MPa'. WO 2006/106352 PCT/G112006/001255 6 Said polymeric material may
have a flexural modulus,. measured in accordance witfeASTM D790, of, at least 3.5 GPa, The
flexural modulus is preferably in the range 3.5- 4.5 GPa, more preferably inthe range 3.5-4.1 GPa. 5
Preferably, said paiyineneiaterial hasmmroietp bf foagulaiefea mE  \\landierla nMyloisﬁormu]a
CO G CO4s W45 whereln s andaudadenendently repsesenbaeo or 3Pogiive inieger. £ and E
independently représent:an oxygen atom or a direct link, G represents an oxygen atom, a direct link
or a -O-Ph-O- meksty whiee Phesproséntseri2d pheryt grovpfamtil is setectdisfromone of te
following moietigs &) &3(vi) Which i hardsed inPne 0nmore ahils. '3.5-4.1 ra. :

5 ' ' _ . _

Preferably, said polymeric material has. afjmbiety of.

| formula“

‘-E—E%Arg'._}_ o

10° and/or a molety of formula

15
‘wherein m,r,s and w independently represent zero or a
positive iﬁteger, E and E' independently represén_t an
~oxygen atom or a direct link, G represents an oxygen atom,
a direct link or a -0-Ph-O- moliety where Ph represents a
20 phenyl group and Ar is selected from one of the folloﬁing
moieties (i) to (vi} which is bonded via one or more of its

phenyl moieties to adjacent moieties

25



phenyl moieties to adjacent moieties 25 WO 2006/106352 PCT/GB2006/001285 7 (I) & Cp\COO0.
Iy CO (Il)) ©\/ O U/ (iv) (V) NO Unless otherwise stated in this specification,. a phenyl' moiety has
1,4-, linkage¥R#eEG&E to which it is 5 bonded. In (i), the middle phenyl meg HEB2406501285
1,3-substituted.. Itis preferably 1,4-substituted. 10 Said polymeric material may include more than
one different type of, repeat unit of formula I; and mote than one different type of repeat unit of
formula Il. Preferably, however, only one type of repeat unit of formula | or Il is provided. 15 Said

moieties | and Il are suita-bg repeat units. In re~polymer;} terial, units | and Il are suitably bonded
to WO 2006/106352 PCT/GB QOG/ 26 @ th@t is, with no other atoms or groups
being bonded between units'l ane’ll. Where W5 greater zero, the respective phenylene 5

moieties may independently have 1,4- or 1,3-linkages to the other moieties in the repeat units of

formulae 1. ‘
0 OO
Unless othe;:wi.sé stated in this specification, a phenyl
moiety has 1,4-, linkages to moieties to which it is
5 bonded.

Iin (i), the middle phenyl may be 1,4~ or l,é;substituted;.
It is preferably 1,4-substituted. |

10 Said polymeric material may include more than one different
type of J:epeat- 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 .l 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



Preferably, said phenylene moieties have 1,4- linkages. Suitably, "a" represents the mole % of units of
formula | 10 in said Polymeric material, suitably wherein each unit | is the same; and "b" represents
the mole % SfUANYL AP Mula 1l in said polymeric material, suitably wherein REBIGB06PH % Fe 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 i 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 suririef aravidhtzis at |édst 90 prefetably aideast!oby moreRd prefetabhyptlenst 99
especially aboutD %%EP egeé%]wgénsaidn%lé/rrieric_icnré]agrsial consists essentially of moieties | and 1l. Said
polymeric material may be a omopglymer havinga "25 repeat unit of general formula EjArmE'A O
C4 GCO Qw a rorarandom or block copolymer of at least two different units of IV, wherein A and B

independently ré nt @ or, W 06 CT/GB200 1285_9 and .E.E'.G Ar,m.t,s and w
are as describegﬁl{wgg%y state:rLilsent8 ﬁ%é%g% .%Asﬁaiﬁngl gte-rlz-n%%é to%ggoly]?ngesrﬁ:erﬁgt%‘ﬁ%l c%ﬁnepr}' E|’Ln‘5:gn%

unit(s) IV -diScussedebbes, sHd pbydsarRndendrial ni@vise 1,4~ or 1,3~linkages to the
other moieties in the ©repeat  units ' of " formulae II.

Preferably, said phenylene moieties have 1,4~ linkages.

Suitably, "a" represents the mecle % of units of formula I
10 in said polymeric material, suitably wherein each unit I is
' the same; and "b" represents the mole % of uhits of formula
IT in said polymeric material, suitably wherein each unit
IT 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. Préferably, b is in the range 0-55, more preferabiy in
I'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 least 95, nmore
20 preferably at least 99, especially about 100. Preferably,
said polymeric material cénsists essentially of moieties I

and II.

Said polymeric material may be a homopolymer having a

25 repea't unit of general formula

or a random or block copolymer of at least two _different

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



a homopolymer having a repeat unit of general formula F, rw\"/~/ B~ m A s s or a random or block
copolymer of at least two, different 10 units of IV* wherein A and B, independently represent O or 1
and E, E*, AP/ 1P6¥Hnd w are as described in any statement herein. PrEfStEHR0¢6/#8528the 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, sis. 0 or 1. Preferably, w ig,0 or 1. Preferably, said polymeric material is a
homopolymer having' 20 a repeat unit of general formula IV, Preferably Ar is selected from the

oonng malgs ) do sk 40 2009108 EETIQE2R08001a 1, W £0-CO% 1 <0

dle phenyl may be 1,4- or 1, stituted. It is prefer
1,4-substituted & Régterably, (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.
As an  alternative to a polymeric material : c.:orﬁp:r:'i'sing
5 unit(s) IV discussed above, said polymaric_materiéluméy be

-a homopolymer having a repeat unit of general fofﬁnﬁia

-r://\\ S SP g N [ "=\ N

or a random or block copolymer of at least‘lu two', difﬁer_ent
10 ;units of IV* wherein A and B, independently reprééént'O'or:f
-1 and E, E', G, Ar, m, r, s and w are as describéd‘in‘any 1'

statement herein. -

preferably, m ig in the range 0-3, more,p'r'e'fwerabiy‘lo—z,‘
15 especially 0-1. Prefefably, r is in the range 0-~3, more )
‘ preferably 0-2, especially O-1. 'Preferably,‘.‘ s is’ Ofl“'or 1.
Preferably, w is 0 or 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):



Suitable moieties Ar are moieties (i), (ii), (iii) and (iv) 10 and, of these, moieties (i), (ii) and (iv) are
preferred. Qg%eé %gég{ed moieties Ar are moieties. (vii), (viii), WO 2006/106352

PCT/GB2006/001 ¥ (ix) and (x) and, of these, moieties (vii), (viii) and (XF Hi&3LLAR?
preferred. An especially preferred class of polymeric, material are 5 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 material does not include repeat units which.'. include.-S-, - S02- or
aromatic groups other than phenyl. Pref Me
a. polymer con‘sistim)e - \ y—QF
represent oxygen atoms, my¥epresents S
0, and A and B represent 1 (i.e. polyetheretherketone). (b) a polymer consisting essentially of units of
20 formula IV wherein E represents an oxygen atom, El represents a direct link, Ar represents a
moiety of structure (i), m represents 0, A represents 1, B represents O (i.e. polyetherketone); 25 (c) a

polymer consistifgiéssgrtrally of unit ormula IV wherein E represents an oxygen atom, Ar
represents moiety (i), preseRts ,

L

e

o)

iy {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- moliety.

_' Suitable moieties Ar are moieties (i), (ii), {iii) and (iv)
10 and, of these, moieties (1}, (ii) and (iv) are preferred.

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



represents a direct link, A represents 1, B represents O, (i.e. polyetherketoneketone). 30 (d) a polymer
consisting essentially of units of formula IV wherein Ar represents moiety (i), E and E' represent
oxygen atoM&, WeHESents a direct WO 2006/106352 PCT/GB2006/001288CT/&Rakaiidi@8iesents 0,
w represents 1, r represents 0's represents 1 and A and B represent 1. (i.e.
polyetherketoneetherketoneketone). 5., (e) a polymer. (ion5|st|ng essentially of units of formula IV,
wherein Ar represents moiety (iv), E and E' represen S oxygen atoms, G represents. a direct link, m

represents 0, w represents and resentl .10 polyetheretherketoneket n (f) a
polymer comptfiéﬁﬁg El ff@rmﬂ% ., Sine elnsﬁf ré’b?(é § mo{(%:'/rtyj(ﬁ9 2hd JEp reprgsen oxygen,

atoms, m represents dpwaepldsentséfArtbdepresents 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
is preferably semi-crystalline. 20, The level and extent of crystallinity in a polymer is preferably
measured by wide anrgie X:eyldiffractidretatsd refdmed toas Wide Angleix- rayc'ﬂ‘eatteaihg Br¥/AXS),

for examgle as dfscrlbed by( Blundellpao%ggggrn (P‘%yrgﬁr 2%onsmt essentlally of

phenyl moieties _.1,1’1 conjunctlon with ketone. and/oa; ether
moleties. That is, in the preferred class,ﬁﬁhéVPolymeric
material does not include repeat units whichliﬁclude_58~, -
SO;~ or aromatic grouﬁs oﬁher than —phenyl,'. Preferred

10 polymeric materials of the type described inélﬁde:'

(a) a polymer cohsisting essentlally cf unlts of |
formula IV wherein Ar represents - nwlety (1v)ﬁ‘3
and E‘_represent oxygen atoms, m represents‘O;fw

15 - rapresents 1, ‘6 represents a. &iré¢f'iiink} s
represents 0, and A and B represent 1 (1e

polyetheretherketone) .

(b) a pdlyrner .cénsisting essentially ‘.of" ﬁnits: - of

20 formula IV whe}e:ein E represents an oxfgeﬁ' atom, E
-represents a dlrect link, Ar represents a moiety

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

B represents 0 (i.e. polyetherketone};

25 ~{c) a polymer consisting essentially of unité- of
formula IV wherein E represents an oxygén atom, Ar
represents moiety (i}, m represents 0, E'
represents a direct link, A represents i, B
represents 0, (i.e. polyetherketoneketone).
30 |
{d) a pblymer éonsisting essentially of units - of
formula IV wherein Ar represents moiety (i), E and

E' represent oxygen atoms, G represents a direct



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@a80059§¥4dd more preferably at least 10%. In especially 30 prfayfeRpetsiidtithents, the
crystallinity may be greater than 30%, more preferably greater than 40%, especially greater than 450.
WO 2006/106352 PCT/GB2006/001285 13 The glasstsansition temperature (T9) of said polymeric.
material may be at least 140C, suitably. at least 144C. In some cases it may be greater than 154C,

160C, 164C, 170C, 190C of gigatep;th P even 300CIn-a s.preferied embadiment, the glass

transition temperature is in the range 1400C to 145.C. The main peak of the melting endotherm (Tm)

for said. polymeric material §if ci§/staRIPES 758y Be bt @RSt FooBRA PSHERORAREC Matefiat May.

consist essentially. of one of, ynifs {akterd-datingd abee. Alleraately, said polymeric material may
comprise a copolymer comprising at least, two units selected from (a) to (f) defined above. 15 .

Preferred copolymers. include units (a). For example, a copolymer may comprise units (a) and (f); or
may comprise units (& andg(e). faig-petymeids siaterial prefesally comprises gnore; s prefgrably
consists essentially of, a repeat unit of . . . )
_ formula IV, wherein Ar represents moiety (iv), E
~and E' represents oxygen ‘atoms, G _represents“ a.
direct link, m,represénts 0, w represents 0, s, r;"
A - and B . represent 1 (i .e_.'- _

10 . | polyetheretherketoneketoné) .

{£f} a ?olymer-compriSing uniﬁs of formnlé Iv, wheréiﬁﬂ
_ Ar #epresents moisty (iv), E and E’ 'répreéent‘
‘ oxygen atoms, m represents I, w_represents i, A
f15": .. represents 1, B rep-resents 1, r and s represent 0
. and G represents a direct link (i.e. polyether-

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

| Said poiymeric'material ié preferably semi-crystalline.
'2('}'(‘ The level and extent of crystallinity in a polymer is
.preferably measured by wlde angle X-ray diffraction {also
referred to as Wide Angle X-ray Scattering or WAXS), for
e;;:ample 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%, especdially’

greater than 45%,



formula -0- 40-<D+CO--04CO-~a v 25 where t and v independently represent O 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 prefeéd 232 and v=0; or t=0 and v=0. The most preferred has rect/gadua0o393WO
2006/106352 PCT/GB2006/001285 14 In preferred embodiments, said polymeric material is selected
from polyetheretherketone, polyetherketone and polyetherketoneketone. In a more preferred
embodiment, said polymeric material is selected fronjffbolyeth_erketone 5 and polyetheretherketonem
In an especially preferred embodiment, said polymeric material is polyetheretherketone. Said filler
means may in'glﬂﬁe &8s MEFBF Hrigt 1@Wﬂﬁ%aﬁﬁfler HeartPrhdy iROLYBHEE a
fibrous filler andaa BeAdibreusfilles. Awsaidibrousdiier may:be LoMiindeus eadiscontipious. dp
preferred embodiments a said fiprous filler is 15 discontinugus. A sajd fibrous filler may be selected
from inorganicSfBfousTiaFiald hofddelig add ﬁ?g?grﬁeltwargaﬁ‘ﬁé fisrousHateriall #4uth as
aramid fibres, ang tarbon 920 fibre-A gaigddtseusdilen may dre selacteskiom glassdiper, Tn a

15~,pref_e‘rred embodiment, the glass transition tempez:atua‘:év-_is.

in tﬁe range 140°C to 145°C.

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

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

©10
* :Sai'd';-)olymeric material may'cénsist essentia)lly. of oﬁre‘o.‘f" .
-unifs (é)' to (£} defined above; ‘ Alternativeiy, -said
“-p‘olymeric matérial may comprise a .copolymer comprisirnig_‘ at
least two units selected f:;om (a) to (f) defined above.
- .15 P‘referre'd copolymers. include units {(a).  For 'éxample,- a

cbpo}.ymer may comprise units (a) ‘aﬁd (f); or may comprise

l‘units-(a) and (e).

© Said polymeric material preferably comprises, moie

20 preferably consists essentially of, a repeat unit of
| formula |

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 £=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 |



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 YA ¥@dstHaFBre. A fibrous filler may comprise nanofibres. 30 A Baii&prodiieerssSiller may
be selected from mica, silica, talc, alumina, kaolin, calcium sulfate, calcium carbonate, titanium oxide,
ferrite, cfay, glass powder, WO 2006/106352 PCT/GB2Q06/001285 15 zinc oxide, nickel carbonate,
iron oxide, quartz powder, magnesium carbonate, fluorocarbon resin, graphite, carbon powder,
nanotubes and pariu The. fi illers may he intraduced. in the form of powder, or
flaky 5 particlegj.ﬁSai c:om%l)oﬁsi’:%ér| me%t&gﬁgl%%%%ﬁxég brepsaaryég a_sp %&?ﬁé‘& iA. ﬂ?f% 3/001872,
the contents of shicicdredncomerateel Hyabirelne tbferdieeoPeeferaiohlvin themietionh saich ha
polymeric mategh ek ald flebmepoe sie mixedgl an glevaledempsiaiie. sUlBBl A,
temperature at or. above the melting temperature ot said polymeric material. Thus; sul a%ﬁ/, said
polymeric matefigighddméyrreahs 48 peixdd whilst tresgeiphedc Hatumialke hitehe Shiitthe

elevated tegnpegafyre is syifally balaw thedecqmposition tempefaetggﬁ%éffﬁ.@.ﬂ?'y%?ﬂ&f%@%%'- '

Said 'elevated temperature is preferably at or above the main peak of th o
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-Ffibrous 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 highwmelting* organic

fibrous materials, such as aramid fibres, ~and carbon
20 fibre. '

A said fibrous filler may be selected from -glass fiber,
carbon fibre, asbestos fibezé, silica £fiber, alumi\nla fiber,
zirconia fiber, Dboron nitride fiber, silicon nitride
25 fiber, boron fiber, fluorocarbon resin fibre and potaésium
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, tale, alumina, kaolin, calcium sulfate, calcium

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



melting endotherm(Tm) for said polymeric material. Said elevated temperature is preferably at least
300C and more 20 preferably is at least 350C. Advantageously, the molten polymeric material can
readily wet ¥e fillerasehDr penetrate consolidated fillers, such as fibrous metsyos pa@ean fadarics, so
the composite 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 thidtase 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 prédeks i€SARIonAREHer € Bféa(\mnchliﬁ%* b&*pkifoul @Y REETarR WESin the
filler means comyises 8 OR0ASHNGS? RATIGRZ0GAN 283 516 fibrgys fillerkyolves aysing a

continuous filamentous mass to move throu(%h a melt comprising said pol>£/mer|c material. The -

continuous filaRf&AtSTs MRy EsRprRRth EoHthiBusIBAdR R fibrous ifler BPRAdrEHERTably, a

5 plurality of caitinueys filamenisevhiel have been 1@“&@&13@5&@4 lepst focspmee-exdentrTh&y
‘continuous fibrous. mass may comprise a tow, roving, braid, woven fabric or unwoven fabric. The
filaments \ihlcﬁ)ﬁaﬁfe Pthe fibrous mass may be arranged substantially uniformly or 10 randomly
within the mass. Alternatively, the composite material may be prepared in a

. Said composite material could be‘prepared as described in'
“PCT/GB2003/001872, the contents of which are incorporated”
"herein' by reference. Preferably,‘ in the method, sald{
10 ‘polymer;c materlal and said filler means are mlxed at an
elevated temperature, sultably -at a temperature at or
”_above the meltlng temperature of Sald polymerlc material.
“Thus, sultably, said polymexxc material and filler means -
| -afe.ndxed whilst the @olymeric'maﬁerial is molten. Said
15 'elevated temperature is suitably below the decomposltlon
4temperature of the polymerlc material. ~ Said elevated
temperature is preferably at or above the main peak(ef 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 molteﬁ'A
| polymerie material can readily wet ‘the filler and/or
penetrate consolidated fillers, such as fibrous mats or
woven fabrics, sc the composite material prepared
comprises the polymeric material and filler means which is
25 substantially uniformly dispersed throughout the polymerlc

materlal

The composite material may be prepared in a substantially
~continuous process. In this case polymeric material and
300 filler means may be constantly fed to a location wherein
they are mixed and heated. An example of such a continuous -
process 1is extrusion. Another example (which may be

particularly relevant wherein the filler means comprises a



discontinuous process. In this case, a predetermined amount of said polymeric material and a
‘predetermined 15 amount of said filler means may be selected and:contacted and a composite
material prefy & #063thing the polymeric material to melt and causing th& GIGBRYEMERTial and
filler means to mix' to’ form a substantially uniform composite material. 20 The composite material
may be formed into a particulate form for example int 8oellets 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 mgans_comprises' one or' more fillers.selected from glass fibre,
carbon fibre, caﬁ)%ﬁgﬁgc%érgg or%%%rﬁgio%]rer&‘é'sﬁ?w&g %re?erggl?/jz%g‘lgoﬁlfﬁer : Jéa%%ec%sfnop‘ﬁses
glass fibre or caebem, especiafly S0 diseontiriuous, fog dxanmpiaghdpped; glass fibrepoi garoncfibre.

Preferred discquiipy ibres:pave_ap avelags .lergth befor tact with the. polymeric. material, of
less than lOiam, p%?egfzaby Iess%haﬁ?m%%?hgsavg%gae%fg%ﬁﬁﬁo ?)%/1%‘8"%’22 cmprise. s
PCT/GB2006/003285 Py tsengrehter fndid bt spréfetdisly greatemthan 2pma fdrelelablyaa

fibrous filleg mw&ﬁgﬁ; esg%ntiallyoq{t_iﬁiggﬁ%hav@lad{ggg% bef%&%qptachygg theboeoé)[lmeric
material, of less than 10mm. 5 _ ‘ R -
‘consolidated at least to some -extent. - The . continuous
| fibrous . mass may' comprise a tow, roving,f~bxéid}” Woven
fabric or unwoven fabric. The filaments which make ﬁp the
fibrous mass may be arranged substantiallyfuniformly or

10 - randomly within the mass.

'-Altefnatively, the composite material may bé prepared ir; a-
discontinuous process. ' In this.‘ case, laﬂ.‘ ﬁrédéte;:rﬁiﬁed‘-_
amount of said édlymeric material and a "‘ﬁrec'i“eﬁérmiﬁed'

15 amount of said filler means may be selected and. contacted -

. and a composite matgrial prepared by causing theipoiyﬁeric,;
material to melt and causing the polymeric 'ma"teriall‘ and
‘filler means to mix to form é éubstaritia‘ll'yl 'Iunif'orm_- ;

composite material.

20

| The composite material may be formed into a partiéulate
form for example into pellets or g‘;anulés_ Pellets or
granules may have a maximum dimension of less than 10mm,
preferably less than 75mm, more prefetably less ihan 50mm.

25

Preferably, said filler means comprises oneé or more
filiers selected from glass £fibre, carbon £fibre, carbon
black and a fluorocarbon resin. More preferably, said
filler means comprises glass fibre or carbon, Aespecially
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



Said.composite material may comprise one or more different polymeric materials of a type described
above with MV as described. Preferably, said composite material comprises only a single type of
polymeric Y4186/ 8a#d2single 10, type is preferably polyetheretherketone PSid-Badipbeiasmaterial
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 pelymeric material (especially
polyetheretherketone). Said composite material suitably includes at least 35 wt%, preferably at least

45 wt%, more preferghly afleasid5 Wihresnegially allepsh68wiP. of flardneans whichmay

include different types of fillers' (in which case the Wt% 20 refers to"the sum of the wtd% of each filler

present), but pré&rRfasIebihprides HRF Sarhe fige-6MillBR BHid EBRPOSHE niddRA Sirdbly intfudes
20 to 60t% of pobygericumeieyial Nawiag exV s dsserioash duichs 25 praferay aingle type o

polymeric material, espeually etheret erketone) and 40 to 60wt% of filler means. Preferably, said
composite mat@ﬁ&l rsel O%/ Vo5 o fyh &Eflﬂerlc material and 50 to 80wt% of filler means.
More preferably, sald composite material comprises 20 to .30 45wt% of polymerlc material and 55 to
80wt% of filler means. WO 2006/106352 PCT/GB2006/001285 18 The ratio of the wt% of said
polymeric matésr‘%’rﬂa\ﬂﬁﬁ‘%OW‘as“ﬁ&%ﬁb@& t&the FORBF RS MBS halfBEsh tHet ferent

polymerlc materials of a. type described above w1th MV .as
. described. Preferably, said compOSLte materlal comprxses
'bnly.;i single type of polymeric material. Said singley

 10_ tyﬁe is éreﬁerably polyetheretherketone,

' Said'composite material-suitably'indludes 70wt or‘léséf:"
iéuitably‘éﬁ wt% or less, préeferably 55 wt% or less, rore
-preferably‘45‘wt% or less, -especially 35 wt% or less of

15 .éaid polymeric material {especially polyetheretherketohe}.
| Said composite material sﬁitably includes at least 35 wt%,
preferably at least 45 wt%, more preferably_at leasf 55
 wt%, especiall; at least 65 wi%.of‘filler meanswwhich may

B inclﬁde &ifferent types of fillers {in which case thelwt% 

20‘”refers fo the sum of the wt% of each filler present), but'l.

| pteferably comprises the same type of filler. -

Séid céﬁposite material suitably includes 20 to .60wt% of
polymeric material having a MV as -described, (which 1is
25 preferably a single type of polymeric material, especially
polyetheretherketone) and 40' to 60wt% of filler means.
Pﬁeferably, salid composite material comprises 20 to 50wt%
-0f 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.



range 0.6 to 1.6,, preferably 0.65 to 1.5. Preferably the ratio of the wt% of said polymeric material
having a MV as 5 described is 1, or preferably less than 1. A mixture,. prepared after contacting said,
polymeric At 1%id%said filler means suitably includes less than 1 wt® GFERSH8RMEEThan 0.9
wt%, more preferably 10 less than. 0.7 wt%,. especially less. than 0.5 wt% of 'a plasticizer for the
polymeric material (e.g. a. material which will enable g gnelt to be obtained. from. a. said polymeric
material having a lower melt viscosity than that of the polymeric material alone measured under the

same, 15 'condﬁ@s&%ﬁampleﬂigh%u@ogglg eé i emrggthgd ﬁtﬁtann %yno
plasticizer, for example diphenylsulphone, is added to eit e. polymeric,, “maferial ora re
comprising said'YolgfeReffatdiradoda nﬁi?ﬁuréﬁfbﬁeﬁﬁeéa&éﬁ@orﬁmmg samiyp@lymenc trhaterial

and said filler nm[@es@aplyﬂaclqd@ Ieﬁ,%élf@;:gkppss Q@rt@@ywlqhtgpbvggégeﬁ%lne gﬁllt of a

Group | or Group Il metalﬁper 100 pbw of said polymeric material. Said mixture prefe does not.

include any 25 S8t hresd &P@or’f&%htrﬁﬁo@&fﬂgrﬁﬁﬁe}ﬂﬁﬁg OBB - pkr heo e of 34 pelymeric

material. Pseferadle saidemiyture inchidesdesethan 3,094 piw: mare preferably less than 0.003 pbw,
especially less than 0.001 pbw. Preferably, no salt, for example an alkaliné salt of a:30 Group | or

Group Il metal, is added to the mixture or any component thereof used to make the composite
material in theanethddcture, . prepared after contacting sald polymerlc .

materials and said filler heans sultably 1ncludes less
' ‘than 1 wt3, preferably less than 0.9 wt$ mm:e prefez:ably
10 less than‘.O 7 wtg,. espeClally less than . 0 5 wt#: of "a
- plasticizer for the polymeric material {e g a. materla},
‘which will enable a melt to be obtalned from a sa:.d-""'
polymeric material hav:.ng a lower melt VlSCOSlty than that B
of the polymeric materlal alone measured under the same,
15 conditions), for examplel dlphenylsulphone. ?referably, 11'1:“";‘
the method, substantially no plasticizer, for example -
diphenylsulphone, 4is added to either -the’f polymerlc_f a

material or a mlxtura comprlsz_ng said polymerlc mater:.al

20 A mixtu‘re, 'prepareci after contacting ‘said,-_ ‘polylmeriié"
material and said filler means, suitably J-ir:;c'iud‘es' less
than 0.005 parts by weight {pbw) of an alkaline salt ‘of a
Group 1 or Group II metal per 100 pbw of'sai'd polymeric'

' material. Said mixture preferably does not. include any

25 salt present at concezi_trations of greater than 0.005 pbw
pér 100 pbw of said polymeric material. Preferably, said
mixture includes lessA than 0.004 pbw, more preferably less
than 0.003 pbw, especially less than 0.001 pbw.
Preferably, no sait, for example an alkaline 'salt of a‘

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



19 The method of the first aspect preferably produces a, composite material" which includes a low
level of Group | or'Group Il metal. ions. Said composite material suitably includes less than 1000
ppm, preferably less than 500,ppm, 5 more preferably less than 150 ppm of any alkali metal cation
(e.g. Na+, Li+ or.K+) in it, said ppm being based on the amount of said polymeric material in said
composite. Said composite material- *nlli tabl y include- s 1--" tha 9 000 ~.VUU ppm, preferably less
than 500 ppm, more preferably less 10 than 150 ppmlgf any 'Group Il metal cation (e.g. Ca2+) in it,
said ppm being based, on the amount of said,polymeric material-in, said composite. Preferably, the

sum of the.ppri2Bf LR | ST CrBEp ITHESF cafTRSASaiP TIFRTRE ¥naleFRAMYIess tifan 2000
ppm, preferablydagsold thanl0Oapm, maedgreferabltess than AP PpEregsPesialbtlogs than 250

ppm: The levels of ions in ppm described may be assessed using., ICPAES (Inductive Coupling

Plasma AtomiCEMESHP 20 SBESRosdbBIF Accataimg (S TGResHd aspd efbrlis Prdfiabd 3
composite materielipr@parerbarsprenarablas daserjbesk-emording Jo thaslirstasREct Ber sean5 A said

o S AL CRTDISPSe0 Ao G g N2y g 2 el YiEog Y Aty the
cation (e.g. Na*, L;* or K") in it, said ppm being based on
‘the amount of said polymeric material in said composite.
Said composite material suité‘bly includes less than 1000
ppm, preferably less Ehax;i 500 ppm, more preferablyh less
10 than 150 ppm of any Group II metal .\cati.on-- {e.g. Ca?*) ‘in

it, said ppm b_einé‘ based on the amount of said polyxﬁe‘ri‘c%
material in said compusite, Preferably, the sum of the ppm,
of all Group I and Group II metal )catio'ns in said
c:omposite material_is less than 2000 ppm, ﬁreferably less

15 than 1000 ppm, more" preferably less than 500 _ f)bm,-
especially less than 250'ppm.; _ - -

The levels of ions in 'ppm described may be aﬁ.sSesis'ed‘using -
ICPAES  (Inductive Coupling Plasma Atomic = 'E‘missoiqn. :
20 Spectroscopy).

According to a second aspect, th:ere'is .
provided a composite material prepared nr‘préparable as

described according to the first aspect per se.

25
A sa;d composite material preferably comprises:
{i) a polymeric material having a melt' viscosity
| (MV) in the range of 0.05 to 0.12 kNsw™?; . and
30 . (i) a filler means;

wherein sald polymeric material is of a type which

.includes unsubstituted phenyl moieties, carﬁ;onyl moleties



30. (ii) a filler means; wherein said polymeric material is of a type which "includes unsubstituted
phenyl moieties, carbonyl moieties 20 and ether moieties in the polymeric backbone of said polymeric
material, The composite material of the second aspect may have any 5 feature of the composite
material of the first aspect. A preferred composite material comprises: (1) a polymeric material having
a MV in the range 10 0.06 to. 0.11 kNsm2, preferably a material selected. from
polyetheretherketone,, polyetherketone and polyetherkétoneketone; (i) 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 mARE: wWhHERSK thé“@éﬁﬁt}bﬁe ridtertEhimcludsbiees-iran badikpemeof afy Giayg |
metal cation; ansuegmnaicl GRPHIM Of any 20 Group Il metal cation. The composite' material may
advantageously be used in injection moulding or extrusion to manufacture components. Thus,
according to an-embodiment of the invention, there is 25 provided a method of making a component,

the method cormh&sieggxitsding OmecHpn MeyAdi C rial as des ribed according
Y#ding,a cCamposie materal as RV HeY g

to the first %nd/%’ second ajpecgs 30 According to a third aspect, there'is provi
ure o e compos:.te material of the first aspect.

A preferred composite material comprises:

-(i) a polymeric material having a MV in the range -l
10 - | 0.06 to. 0.11 stm preferably a material
selected fro;n | ‘ polyether'etherkétdnfe,‘

- polyetherketone and polyetherketoneketone;
{1i) . at least 45 wt%, preferably at least 55 wt%, of
| ' a filler means, pref.erably a fibrous filler
© 15 means, more 'pre_ferably a discontinuous fibrous

filler means;

wherein the compos:.te matar::.al includes less than 1000 ppm
o ~of any Group I metal cation; and less than 1000 ppm. of any
20 Group II metal cation.

The composite material may advantageously be used in

m;;ect:.on moulding or extrusion to manufacture components.

Thus, agcordlng to an embodiment of the 1nventlon, there is

?5 provided a method of making a component, the method
S comprising  extruding or injection meulding a composite
material as described according to the first and/or second

aspects.

30 According to a third aspect, there is provided a composite
material comprising a polymeric material and filler means,

wherein said polymeric material has an MV in the range of



material comprising a polymeric material and filler means, wherein said polymeric material has an MV
in the range of 20a 0.06 to less than 0.10 kNsm-2 and is selected from polyetheretherketone,
polyetherketone and 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,
wherein MV is measured using capillary rheometry operating at 400C at a shear rate of 1000s-1 using
a tungten carbide die, 0.5 x J. 1%5mm. Said co Bsite material matt have any _eai 'ture of said
composite e= al described accorc : to any of the above aspects 21 Said method preferably involves,
selecting & piécursar material fronawhich.tbmaketre éompodentigherein said:preceirser material.

comprls_esp%lsaéc_jC oergggg}%er@g%%naé and ,;ubjectln%trke gﬁteggggggm}g“a' toa tempe{_g%t re to melt 5
polymeric matenial in sai composﬁe fnaterial in an &xtrusion of injection moulding apparatus.
Suitably, said yprecarsor matekaltis heatet-tosetemperaturs 0f greater than 300G cpreferably greater
than :34ogt|t IS f{ggg@y h%%ﬁﬁ{j%to a 5%ﬂpe£%tﬁeegot eéceeaeéjéng 4558 . é Said precursor material
may consist essentially of a said composite material described herein. Gita ly, In the me?hod, at least
Q5g,pmﬁé%ﬁmpaﬁinuous fibrous filler means and a non~fibkrous filler

means, wherein MV 1is measured using capillary rheometry
operating at 400°C at a shear rate of 1000s™ using a
7

tungten carpide die, 0.5 x 3.175mmn.
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Said composite material may have any
compesite material described accoznding To any of the above

aspects



15 least Ig, more preferably at least 5g, especially at least '12g is selected,in order to make the
component. Preferably, the. component made comprises at least 25,9, more preferably at least 50g
of said composite material. 20 The method may be used to make components having relatively thin
walls. Thus, in a fourth aspect, there is provided a method of making a component which has a wall
which includes a region having a thickness of 3mm or less, 25 the method comprising: (A) selecting a
composite material as described according to the thirdhgaspect. AND 30 (B) treating said composite
material, thereby to form said component WO 2006/106352 PC /GB2006/001285 22 Preferably, the

component inclgdes a ragiendiaving-a cbickness of AELYLESS @PL-peigrably MY gElESS, 2 Said
treatment described in_(B) preferably involves melt processing said precursor material. Melt '

processing is preteREHF tardE@ButHiShrudion Brafectish enoGRMP ISHitablyhete §omsariaht
includes a regigirbaving 88 aredd9: aflaldeas):0.5@82, Praferablkahisast k 6MRa A e Prefgiably at

least Scm2 having a thickness as described. -Thus, in one embodiment, said component may include

a region of at ISEIEEEHHBWHFAEh R G THERM IR BRf2L to a temperature to melt

5 polymeric material in said composite material in an
extrusion or injection moulding apparatus. Suitably, said
precursoxr material is heated to a temperature of greater
than 300?@, preferably lgreat:er than 340°C. It is ‘suitably
heated to 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 254,

more preferably at least 50g of said composite material.
20 o

The method 'may be used to make components having

relatively thin walls. Thus, in & fourth aspect, there is

provided a method of making a component which has a wall

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

25 the method comprising:

(A} selecting a compesite material as described according

to the third aspect.

AND
30

(B} treating said composite material, thereby to form said

component



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
nucleophilicyizess tnzay be used as described in EP00001879B or PCT-/GBIAR283300 23 A
nucleophilic process is preferred. MV may be controlled as described in EP 0001879B. Any feature of
any aspéct of any invention or embodiment 25 descritﬁ%d 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 is a plot illustrating the relationship between MV and IV. WO
2006/106352 PEFéGEB2ad6/001285e23 ¥RpREXREEKnS0RIdsada Mark)y MicirexnBEEKg15QGL30
(Trade Mark).agg f{:iitrrz%)% gEg%( %?{%CéSO May, be obtained fr%rg Va{%tiex ﬁ!ﬁ:ﬂ UOI§:5 All chemicals

referred to herein'weére tsed as réCened from §igrﬁ§)—ﬁdﬁcﬂe é:mlcaYCompany, 8rsssef, IJIC, unless

otherwise stated. Example 1 - Preparation of polyetheretherketone 10 A 250m1 flanged flask fitted
with a groupd glass QUIGIL digl, 3Urrerslier guige. pitrogen INIet3d- QWIS Wag v o1 ves melt
- processing said precursor material. Melt processing is

preferably carried out by extrusion or injection moulding.

Suitably, said component-incluées a region having an area

10 of at least 0.5cm?, preferably at least 1 cm?, . more

preferably at least 5cm® having a thicknessAas'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.

A said polymeric material as described herein may be made

- by any suitable method. An electrophilic process'may be

Lused as described in U8656648452; or_a-nucleophilic pfocess

may be used as described in EP0O001879B or BCT/GB99/02833.

20 A nucleophilib process is preferred. -
. MV may be controlled as described in EP 00018798, -

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 dinvention 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 is a plot illustrating the relationship
between MV and IV. '



charged with 4,4'-difluorobenzophenone (22.488, 0.103 mole), hydroquinone (11.01g, 0.1 mole) and
15 diphenylsulphone (49g) and purged with nitrogen for-over 1 hour. The contents were then heated.
under a nitrggen blanket to between 140 and 150C to form an almost colourless solution. While
malntalnlng‘g(%ﬁ% & Bfanket dried sodium carbonate (10.61g, 0.1 mole) Jﬁ&ﬁ?ﬁﬁ%‘%@(&gﬁ%ﬁ?
carbonate (0.278g, 0.002 mole) was added. The temperature was raised to 200C and held for 1 hour;
raised to 250C and held for 1 hour; raised: to 3150C aggl. maintained for 2 hour. 25 The reaction
mixture was allowed to cool, milled and washed with acetone and water. The resulting polymer was

d”ed"13naW(v@@ﬁﬁéﬁoﬁﬁﬂﬁMMS@ﬁfi@Qﬂ@%fME@kPOWﬁﬁﬁﬁEEka@Eﬁk"%%E@Z§®4QQ§ade
1000sec-1 of 0.089 kNsmz2. 30 The pol émer was compression moulded at 400C in a press

(20tonnes, 5 mift#s) iRl a 1 iRE ApprodimariF-8 PinmathibieaP 8418 FroRF2B0E ¥ 498%¢ in 30
minutes to WO 206/1£36352 PCT/GB2006/001285 24 induce complete crystallisation and then
allowed to cool to room temperature. The film was then hinged through 180 followed by hinging 5
through 360C. This process was repeated 5 times and the film survived without breaking and was

therefore consigeredtehe d@UE. referred to herein were used as received from
Sigma~Aldrich  Chemical Company, Dorset, UK, - unless

otherwise stated.

Exanple 1 -~ Preparation of pélyetheretherk@tone

10

A 250ml flénged flask fitted with a ground gléés Quickf;t-'
1lid, stirrer/stirrer guide, nitrogen inlet and outlet was
charged with 4,47-difluorcobenzophenone (22.4é§, ‘0;103
molej, hydroguinone (11.01qg, 0.1 . mole) and,
15 diphenylsulphone (49g) and purged with nitrogen for over 1-
hour. The contents ‘were then heated under a nitrogen -
.glanket to between 140 and 150°C to form an almost
colourless solﬁtion‘ While maintaining a nitrogen
blanket, dried sodium carbonate (10.61qg, ‘0“1 mple) 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, milied and
washed with acetone and water. Thé resulting polymer was
dried in an air oven at 120° producing a powder. The
polymer had a melt viscosity at 400°%C, 1000sec™ of 0.089
kNsm™? |

30
The polymer was‘compression noulded 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



Example 2a-d - Preparation of samples of 10 polyetheretherketone with different melt viscosities The
procedure described in Example 1 was repeated except the. polymerisation time was varied to
produce po%&g&g}&er%tone with different melt viscosities. The 15 details are given in Table 1
below. Table 1" Examplé Reaction Melt Toughness Time Viscosity Test (miﬁ)s()"li 3!%6?)0121520 0.089
Tough 2a.180 0.150 Tough 2b 160 0.117 Tough 2c 90 0.075 Brittle 2d 60 0.06 Brittle WO
2006/106352 PCT/GB2006/001285 25 Example 3 - Lafge Scale production of polyetheretherketone
The procedure described in Example 1 was repeated on a larger scale to produce sufficient material
to carry out 5 médhiniel AFmbRTRWIES R Fliebstthes wark produced, ExaaplesBaceatith
Melt Viscosities measyrgd alA480¢angL000s-1 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: from Examples 3c,3e, a sample of Victrex PEEK 150P and blends of
ggamples 3d andr3a ip caweighlyatin oh7h3: 2348 anddexamples 8e ansh3ainaweight,rati qf §4 s
W?NB- through 360°C. This process was repeated 5 times and the
film  survived without "~ breaking and was therefore

" considered to be tough.

Example 2a~-d - Preparation of samples of

10 polyetheretherketone with different melt viscosities

The procédure described in Eﬁample 1 was repeated exceﬁ%.
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™?)

1 : 120 0.089 . Tough

2a 180 , 0.150 Tough

25 160 0.117 | Tough

2¢c 90 0.075 Brittle

2d 60 0.06 Brittle




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 400C. 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,‘%bggﬁ{ Bﬁg?e x 8.000mm. The MFI (Melt Flow Index) is the av Faﬂg qaogt lymer (in
g) extruded in 10 min. The results are detailed in Table 2 below. WO 2006/106352
PCT/GB2006/001285 26 Table 2 Example Polyethergtherketone Melt Melt Flow Sample Viscosity
Index (kNsm2) (g/lOmins) 4a Example 3c 0.089 87 4b Example 3e 0.059 117 4.c Example 3d

(77wt%) 0.09 %g@a@@@%@é@@‘@, égi%xgg@a@@t@éwt%k 04D B Eenple 3a30WHA) 48
Victrex PEEK : =S OW ViSCOSIty “polyetheretnérketones Spiral
flow measurements were made on a spiral flow mould at a melt temperature of 370 and-390C and 1°
and 2mm moulgh, 10 depth at @ mould tempesatre of 1856mwithhaminigetion prgssuieaf 149Bar and
the flow length determined. The : '

larger scale to produce sufficient material to carry out

'5 - mechanical and melt flow testing. Five batches were
produced, Examples 3a-e, with Melt Vispoéitieszmeasured 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

‘Phe Melt Flow Index of the polyetheretherketone samples
froﬁ Examples 3¢, 3e, a sample of Victrex PEEK 150P and
blends of Examples 3d and‘3§ in a weight ratio of 77 : 23
15 and Examples 3e and 3a in a weight ratio of 64 : 36 were
‘meésured 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 pol&mer was then extruded under a
constant shear stress by inserting a weighted piston
20 (2.16kg} into the barrel and extruding through a tdngsten
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.



results are detailed in Table 3 below. WO 2006/106352 PCT/GB2006/001285 27 Table 3 Example
Polyetheretherketone Mould Mould Flow Sample Temperature Depth Length (C) (mm) ,5a
Ex3e(64wt% 5 ?67q 1mg1 302 Ex3a(36wt%) 5b Victrex PEEK 150P 370 Imm 239 5c Ex3e(64wt%) +
370 2mm 834 EXSASB %) 5d Victrex PEEK 150P 370 2mm 514 5Se Ex3el&4WtH 44388 Hnm 315
Ex3a(36wt%) 5f. Victrex PEEK 150P 390 Imm 263 5g Ex3e(64wt%) + 390 2mm >1000 Ex3a(36wt%)
5h Victrex PEEK 150P 390 2mm 727 5 Examples 6a-e g 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 temperatureqgfi3b9-360C, nozzle temperature 365C, mould
temperature 145-155C, holding pressure 30Bar,

Example Polyetheretherketone Melt Melt Flow
Sample Viscosity | = Index
(kNsm™) | {g/10mins)
da Example 3c 0.089 87
ib T Fxample 3e T 0.059 117
4dc ‘ Example 3d (77wt%) _0,09 83
+

Example 3a (23wt%) ,
4ad 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.



15 injection pressure of 140Bar and a screw speed of 45rpm to WO 2006/106352
PCT/G132006/001285 28 produce standard test pieces for mechanical property evaluation. The
results are detailed in Table 4 below.. Table 4 5 Example Polyetheretherketone Melt Tensile Flexural
Flexural S%F@(\?f%@ﬁy Strength Strength Modulus (kNsm 2) (MPa) (a) Fl\ﬁyé;jlg(&of@%ﬁb) 6a
Example 3¢ 0.089 90.0 157.9 4.0 6b Example 3d 0.076 98.1 .149.8 3.7 6¢c Example 3b (40wt%) +
0.09 154.6 4.1 Example 3d (60wt%) 6d Example 36,§.059 100.6 149.2 3.7 6e Ex3b (30wt%)+ Ex3c
(30wt%)+ 0.092 107.6 154.6 4.0 Ex3d (30wt%)+ Ex3e (IO0wt%)+ 6f Example 3d (77wt%) 0.09 98.3
147.7 3.7 + Example 3a (23wt%) 6g Example 3e (64wt%) 0.09.97.8 149.0 3.7 Example 3a (36wt%)
6h Victrex PEEK 150P 0.150 98.5 149.1 3.9 (a) ASTM D638

Table 3
Example Polyetheretherketone Mould fMould Flow
| Sample , Temperature Depth Length‘:
_ (°C) {mm)
% Ex3e (64wt%) + 370 1mm 302
| Ex3a (36wtg) I -
b Victrex PEEK 150P 370 Tmm 239
5c Ex3e (64wts) + 370 ~nm 834
| Ex3a (36wty) o | |
5d Victrex PEEK 150D, 370 S 512
5o | Ex3e(6dwts) + 350 Trm 315
| Ex3ad (36wt%)
5E Victrex PEEK 1507 350 Trm 563
“5g Ex3e (64wts) + 390 21 >1000
| Ex3a (36wt%) _ '
5h _ Victrex PEEK 150P 390 2mm 727
5 FExamples ®6Ga-e - Mechanical Properties of Low Viscosity‘

polyetheretherketones

Samples of polyetheretherketone from Examples 30, 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 injection pressure of 140Bar and a screw speed of 45rpm to



(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 30wto glass fibre (Owens Corning OCP CS D165-11C)and 30wto WO
2006/106355"%£°|”ﬂé’§%66/001285 29 carbon fibre (SGL Sigrafil C25 S006-APSP8R’S 2885 wiLE
Twin Screw Extruder, Examples 7a and 7c respectively. The Melt. Flow Index:of the two compounds
at 400C and 2.16kg was determined and compared t&*¥ictrex PEEK 150GL30 and 5 150CA30 which
are commercial grades of polyetheretherketone containing 30wto glass fibre and carbon fibre
respectively. Thereguksaresdataifedih TabktS bploesd® CoimpoundgsEsamprel7a adpd nere
injection moulded,using ;3 harreh femperaliie of 2/0-330G,nqzzle lemparanirg 380G, mould
‘temperature”180-200C, holding pressure 30Bat, Injection 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 Fiexiral Blexural Sample Index Strength Strength
Modulus (g/lOmin) (MPa) (a) (MPa) (b) (GPa) (b)

5
Example | Polyetheretherketone Melt Tensile Fléxﬁral Flexural
' . Sample A Viscosity ! Strength Strength | Modulus
| (kism™?y | (upa) ) | (mpa) ® | (gpa) ™
6a Example 3¢ 0.089 90.0 157.9 4.0
&b T Example 3d 0.076 58. 1 145.8 3.7
6c Exzample 3b (40wt%) .
+ | 0.09 ' 154.6 | 4.1
Example 3d {60wt%) . -
6d Example 3e 0.059 100.6 1458.2 3.7
6e Ex3b {30wt%)+

Ex3c (30wt%)+
Ex3d (30wt®)+
Ex3é (LOwt®)+ .
6f Example 3d (77wt%) G.09 98.3 147.7 3.7
.\ : .

Example 3a (23wt%)
6g "Example 3e {64wt%) G.09 897.8 149;0 3.7
+ ' '

Example 3a (36wt%) )
6h Victrex PEEK 150P 0.150 28.5 149.1 3.9 -

{a) ASTM D638
(b} ASTM D790

0.092 107.6 154.6 4.0

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

10 of filled, low viscosity polyetheretherketones

The polyethéretherketone 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%



7a Blend [3e(64wt%) 30 155.8 242.1 10.2 +3a(36wt%)](70wt%)+ Glass Fibre (30wt%) 7b Victrex
PEEK 150GL30 14 163.5 252.5 10.0 7c Blend [3e(64wt%) 30 202.4 304.5 16.9
+3a(36wt%)](70wt%)+ Carbon Fibre (30wt%) 7d Victrex PEEK 150CA30 12 208.6 312.7 18.7 20 (a)
ASTM D63 %b)'*%@ﬂ\??ﬁ?go WO 2006/106352 PCT/GB2006/001285 30 EXGMBEESY Y 2%elt Flow
Index and Mechanical Properties of highly filled, low viscosity polyetheretherketones The
polyetheretherketone from the 64e36wt% blend of Example 3e and 3a was compounded separately
with. 40wt%, 5 50wt%, 60wt% and 70wt% glass fibre (Owens Corning OCF D165A-11C)and 40wt%,
50wt% and 60widsrsarbot fibre (S(GGLSigﬁaj‘tb@ﬂﬁlS@ﬂﬁAmp@n AZSK 251W4AE ASHNn SBreWLE

Extruder, Examples 8a - 8 ctiv Melt..Flow. Index e com s at OOC d 2.16kg
was determ|ner'd“Tff“an%lccla%‘?r }é%%%%::tfex PEERYH 1gC?GLa§1O nd 1§55§ %re commermal
grades of polygtberket®heromntaisng. Bﬁf\Nt?/bxeglassdlb@@mp@uadmnéﬂbrér@@ﬁ@cta@@/ 7hé sésults are

detailed in Tables 6a F%?% %}gé)%log 15 %om ounds% ag%pl%gg Qg}éNeLg%ﬂkec&% %A%mg a

barrel tempera‘ﬁﬁ‘g 0] fozZle emper%ture mou temperature 18 -200C, ing
pressure 30Bat andm30 which are commercial grades

polyetheretherketone containing 30wt% glass fibre and
,carbon..fibre respectively. The results are. detailed .in

Table 5 belgwi

R Compounds Example 7a and 7d were 1njectl0n moulded us;ng a-
barrel temperature of 370~ 380°C, nozzle temperature 380°C
J"mould ‘temperature- - 180~ -200°C, holding pressure 30Bar,
injeétion pressure 140Bar and a screw speed of 45rpm into
staﬁdard test - pieces and their mechanical properties

15 determined and compared . tc those of to Victrex PEEK

| 150GL30 and 150CA30. The results are detalled in Table 5

. below.

Table 5

Exampie | Polyetheretherketone | Melt Flow | Tensile | Flexural | Flexural

Sample Index Strength rStrength | Modulus
’ (g/10min) | (upa)} ™ | (mpa)® | (gpa)®
1a Blend [3e{64wt%) 30 155.8 242,1 - l0.2

+3a (36wt%) ] (70wt)+
Glass Fibre (30wt%)
b 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 {(30wi%)
7d Victrex PEEK 150CA30 12 208.6 312.,7 18.7

'20‘ (a) ASTM D638
(b} ASTM D790




screw speed of 45rpm into standard test pieces and their mechanical properties determined and
compared to those of 20 Victrex PEEK 150GL30 and 150CA30. The results are detailed in Table 6a
and 6b below. Table 6a Example Polyetheretherketone Glass Melt Tensile Flexural Flexural Notched
Sample Flbrgvﬁl(%%%l%ﬁéth Strength Modulus 1zod (/uwt)(a) (wt%) Index (M) f@?W’t@f(GPa)(G)
(kd/m)td). (g/lomin) 8a 60 40 26.9 211 314 13.7 12.6 8b 50 50 17.9 228 327 17.4 13.4 8¢ 40 - 60 11.9
227 342 21.812.5 8d 30 70 7.8 198 320 26.0 8.9 Victrgx PEEK 150GL30 14 163.5 252,5 10.0 8.8
WO 2006/106352 PCT/GB2006/001285 31 (a) Polyetheretherketone sample Blend
3e(64wt%)+3a(3owio 14%@@5 7 (OMSO1E8:3993(e B (hSYABA TableAb BXaBRlet 1 cs
Polyetherether & Flexurar Flexural Notche ibre Flow Strergth
Strength Modulg$ i 2K 4V Dmin) 8e 60 40

17229338 25.1 7.8 8f50506522935431368 : o e o
The polyetheretherketone from the 64 :36Wt.’6 ~.blend of

BAT
Example 3e and 3a was éompoundéd separately with 40§¢t%,

5 SOwt%, 60wt% and 70wt% glass fibre - (Owens Corning  OCF
D165A-11C)and 40wt3, 50wts and 60wt% carbon fibre (SGL
Sigrafil €25 S006 APS) on a 2ZSK 25 WLE -Twin Screw
Extruder, Examples ga - Sgk 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 f30wt%
giass‘ fibre and carbon fibre respectively. The resﬁlts are:

detailed in Tables 6a and 6b below.

15 Compounds Example 8a ~ 8g were injection moulded 'using‘; a
barrel temperature of 370-380°C, nozzle temperatuxe 380°¢,
mould temperature 180-200°C, holding pressure BOBar‘and a
screw speed of éSrpm into standard test piéces' and their
mechanical properties determined and compared to those of

20 Victrex PEEK 150GL30 and 150CA30. The results are detailed
in Table %a and 6b below.

«

Table 6a

Example | Polyetheretherketone | Glass Melt Tensile | Flexural | Flexural | Notched
Sample " | Fibre Flow Strength | Strength | Modulus | Izod

(Yw)® wt%) | Index | (MPa)® | (P | (GP2)® | (IimH@

(g/10min) '

8a 60 40 . 26.9 211 314 13.7 12.6
8b 50 50 17.9 228 327 17.4 13.4
8c 40 ’ 60 11.98 227 342 21.8 12.5
8d 30 70 7.8 198 320 26.0 8.9
Victrex PEEK 150GL30 | 14 163.5 | 252.5 10.0 8.8




89 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(36wt%) (b) ISO 527 (c) ISO 178-1993(E) (d)
ISO 180 15 Example 9a - b - Melt Flow Index and Mechanical Properties of mica filled, low viscosity
polyetheretWé?l?@P@H@@g’Tjne polyetheretherketones from the 64:36wt% blend T 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 respg&cttively. The Melt Flow Index of the compounds
at 400C and 2.16kg was determined. The results are detailed in. Table 7 below. Compounds Example
9a - 9b were injectian moeldbgajlsﬁtgraﬁﬁdﬁtmtmmpem’twé@fBJZ@¥BBOC, nozzle temperature 380C,
I/UDLO00/UU)Id5 06[ +6§5§%CI/382006/00128532 mould temperature 180-200C,
holding pressure 30Bar reW speed, of 45rpm into standard test pieces and their mechanical
properties determ'mleid Théﬂﬁ@suﬂﬁs?are detailed in Table 7. 5 Table 7 Example Polyetheretherketone

Mica Melt Tensile
(Y%owt) Index (MPa)

) @ Goal

Sample (wt%) Flow Strength Strength Modulus 1zod
k7/m)(e)

5 IS0
Table 6b
Example | Polyetheretherketone | Carbon Melt Tensile | Flexural Flexurai. Notched
‘Sample Fibre Flow Strength | Strength | Modulus | Tzod
(owt)® wi%) | Index | pa)® | (pa)@ | (@Pe)® | @a/md@
| (&/10min) - | .'
8o 60 10 17 525 | 338 | 25.1 | 7.8
8F 50 50 6.5 229 354 | 31.3
89 40 60 4.8 221 357 | 36.8 | . 6.3
Victrex PEEK L50CA30 15 | 208.6 | 312.7 | 18.7 .

{a) . Pelyetheretherketone sample Blend
10 3e (64wt%) +3a (36wt3)
| (o) IS0 527
{c) IS0 178-1993(E)
(d} Iso 180
15 Example % ~ b - Melt Flow Index and Mechanicél Properties

of mica filled, Low viscosity polyetheretherketones

blend of

and Victrex 150P were compounded with

‘the polyetheretherketones from the 64:36wt%

Examples 3e and 3a,

30wt% mica (CAMP, microns mica 325 mesh) on a ZSK 25 WLE

20 Twin Screw Extruder,  Examples 9%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 %a - 9b were injection moulded using a

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



- (Wi Omin) 9a 70 a 30 61.2 84 139 7.5 2.9 9b 70 30 25.1 85152 7.3 3.2 (a).Rolyethergtherketone

‘sample Blend 3e(64wt%)+3a(36wt%) (b) Victrex PEEK 150P (c) ISO 527 10 (d) ISO 178-1993(ES t{e? |

ISO 180 Exwﬁﬂg?(k%g@gz%- Melt Flow Index and Mechanical Properties ofpig(t)%/ Bféugglb$c1)\2/\§/g viscosity
rketo 0

_ 15 polyetherethe

nes The polyetheretherketones from the 64:36wt% blend

xamplé

and Victrex 150P were compounded with 15wt% carbon fibre (SGL Sigrafil C25 5006), 15wt%
polytetrafluoroethylene (PTFE) (Asahi Glass Fluorop®®/mers 20 Fluon FL 1650) and 21wt%

polyethersulphone (PES) (BASF Ultrason E3010) on a ZSK 25 WLE Twin Screw Extruder, Examples
10a - lob respectiely. TheiMela Elone IntéR 62 GhBCGonpduhiis gt 46G6E andd ORgBeas determined. The
a, WO %_006/106 52 P

results are degacileg in

g
Polyetheretherke o"r‘{e %%% arbon

1/GB2000

001285, 33 Table 8

FE Mert %WS%ampe vvt&/o% |br‘rt=33(\?vf‘3%)gIn%re1

ample

R

(9/10min) I0amealpiris-ss 125:8perties determined The results are detailed

3e and 3a,

in Table 7.
5 Table 7
Example | Polyetheretherketone | Mica Melt Tensile | Flexural | Flexural | Notched
Sample (wi%) | Flow | Strength | Strength | Modulus | Izod |
(%wt)  Index | (MPa)® | (MPa)? | (GPa)? | (kI/m®®@ |
(g/10min) ' ' _
9a 701 30 61.2 84 139 | 7.5 2.
9b 70t 30 25.1 85 152 7.3 3.
(a) Polyetheretherketone sample Blend
3e{6dwt%) +3a(36wty)
(b) Victrex PEEK 150P
(¢} I80 527 '
10 {d} ISO 178-1993(R)
(e} IS0 180
Example 10a - 10b~ Melt Flow Index and Mechanical
Properties of highly filled, low viscosity
15 'polyetheretherketones .
The polyetheretherketones from the 64:36wt% blend of
Example 3e and 3a, and Victrex 150P were compounded with
15wt% carbon fibre (SGL Sigrafil €25 8006), 15wt%
polytetrafluorcethylene (PTFE) (Asahi Glass Fluoropolymers
20 Fluon FL 1650) and 21wt% polyethersulphone ({PES) (BASF

Ultrason E3010)
Examples 10a -
the

on a 48K 25 WLE Twin Screw Extruder,
The Melt Flow Index of
and 10kg was

10b respectively.
at 400°C

results are detailed in Table 8a.

compounds determined. The



10b 49 21 15 15 58.5 (a) Polyetheretherketone sample Blend .3e(6.4wto)+3a(36wt6) (b) 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 370-380C, nozzle temperature 380C, mould
temperatur@fBH¥OHE Holding pressure 3.0Bar and a screw speed of 45rBﬁT/ﬁ%87§fWéF35test
pieces and their mechanical properties determined. The results are detailed in Table .8b. 15 Table 8b
Example Polyetheretherketone PES Carbon PTFE3kensile Flexural Flexural Notched Sample (wt%)
Fibre (wt%) Strength Strength Modulus hod (%wt) (wt) (MPa)10) (MPa)") (GPa)ta> (kJ/m)(e) 10a
49(a) 21 15 15152217 9.8 4.4 10b 49(0) 21 15,15 158.239 11.0 5.5 (a) Polyetheretherketone

IS0 180

sample Blend 3e(64wt%)+3a(36wto) (b) Victrex PEEK 150P_(c) ISO 527.20 (d) ISQ 178-1993(E) (e)
ISO 180 W@ 2008l (6382w iaRg06t0p19E8 34 E<arhole 11, - PrBp&#ation ofM@lyEth@rk btone
’ Sample (Wi%) Fibre - (wi%) ‘Tndex
(Yowt) (wt) o "  (g/10min)
10a i@ 21 i5 15 | 125.3
10b 49 21 15 15 58.5
C(a) Polyetheretherketone sample Blend ‘ |
3e (64wt$) +3a (36wtS) |
(5) Victrex PEEK 150P
5 (c) IS0 527
(d) IS0 178-1993(E)
. {e) IS0 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, hclding préssure ~30Bar and a
.écrew speed of 45rpm into standard test piecés and their
mechanical prope'rties determined. The results ar-e detailed
in Table 8b. ‘ o
15 Table 8b
Example | Polyetheretherketone | PES | Carbon | PTFE | Tensile | Flexural Flexural Noiched
Sample (wi%) | Fibre | (with) | Strength | Strength | Modulus |  Izod
(%wt) (wt) oPa)@ | ovpa)? | (GPa)® | (kimH)®
10a 49131 21 15 15 152 217 9.9 4.4
10b 490 21 15 13 158 238 11.0 5.5
(a) Polyetheretherketone sample Blend
3e(64wt%) +3a (36wt%)
(b) Victrex PEEK 150P
(c) ISO 527
20 (d) IS0 178-1993(E)}
(



A 250m1 flanged flask fitted with a ground glass Quickfit 5 lid, stirrer/stirrer guide, nitrogen inlet and
outlet was charged with 4,4'-difluorobenzophenone (33.49g, 0.153 Mole) n ~, 4'-dih aydr"xy ..N
benzophennnre 13 2 - - - 130,._ 0,150 mole) and ~- diphenylsulphone (124.5%) and purged with
nitrogen for YO0SLLHBUY *rhe contents were then heated under a 10 nitroge% B‘Yﬁﬁggf)f Y88 to form
an almost colourless solution. While maintaining a nitrogen blanket, dried sodium carbonate (16.59g,
0.156 mole) was added. The temperature was raisedia 340C at 1C/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 120C producing a powder. The polymer had a melt viscosity at
400C, 1000sec' of 0.12 20 kNsm 2. Example 12a-12d - Large Scale production of polyetherketone 25
The procedure geserilies in Exanplegdnaas cepeafecoi ve targarksdat® ® produce sufficient material
to carry out mechanical and melt flow testing. Four batches were produced, Examples 12a-d, with
Melt Viscosities measured at 400C and 1000s-1 of 0.12, 0.10 0.09 and 0.08kNsm2 30 respectively.

WO 2006/106352 PCT/GB2006/001285 35 o
A 250ml flanged flask fitted with a ground glass Quickfit

.5 1id, stirrer/stirrer guide, nitrogen inlet and outlet was
| charged('with 4,4’"difluorobénzophenone (33.49g, - 0.153
mols) ., 4,4 -dihydroxybenzophenone (32.13g, 0.130 mole) and
diphenylsulphone (124.59) ‘and' purged with nitrogen for
over 1 hour. The contents were then heéted under a
.10 nitfogen blanket to 160% to férm an almést-colourl_ess
solution. While maintaining a nitrogen blanket, dried
| sodiun! 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
‘d;ied in an air oven at 120°C producing a powder. The
polyﬁer'had a melt viscosity at 400°C, 1000sec™ of 0.12
20 kNsmZ. ' '

-

Example 12a-12d ~  Large Scale . production of

polyetherketone

25 The procedure described in EXample 11l was repeated on a
larger scale to produce sufficient material to carry out
mechanical and melt flow test’;i.ng‘. Four batches were
produced, Examples 12a-d, with lMelt Viscosities measured

at 400°C and 10008t of 0.12, 0.10 0.09 and 0.08kNsm™

30 respectively.



Example 13a-13b Melt Flow Index of polyetherketone The Melt Flow Index at 400C and 2.16kg for the
polyetherketone sample. from Example 12c and a sample of Victrex PEK P22 were measured. The
results are detailed in 5 Table 9 below. Table 9 Example Polyetherketone Melt Melt Flow Sample
Viscosity. INd&CUNSH5F (g/Iomins) 13a Example 12¢ 0.09 .140 13b VictreX PERPBY/8%23330
Examples.14a-14e - Mechanical Properties of Low Viscosity polyetherketones 10 Samples of
polyetherketones from Examples 123, 12b, 12c, 12d ard Victrex PEK 22P were injection moulded
using a barrel temperature of 380-390C, nozzle temperature 385C, mould temperature 155-165C,

holding pressure 3 30B zirelk'i e_z_(it' FMS?%“"&QM“PJ?&&Q”Q g@&@gg@éégw to produce

standard test piecesfc arproperty-evaluatio ( & detaited 1N Table 10 below.

WO 2006/106 fCEé%%OO%%%SII%éeE@bI%O Exaple P%@therzetp@welmnsn@ﬁexural
Flexural Sample Viscosity Strength Strength Modulus Ig‘.stm 2) (MPa) la) (MPa) b (GPa) (bi 14a
Example 12a ooRLVEG g kgtone sample. from xampl 12¢ and a sample of

Victrex PEK P22 were measured. The results are detalled in

5  Table 9 below.

Table S

Exémple Polyethe?ketoﬁe Melt ‘Melt Flow
" Sample Viscosity. Indéx.
{kNsm™2) - {g/1l0mins)
13a Example 120 0.05 | 140
13b Victrex PEK P22 ‘0.21 - - - 30

Examples l4a-lde - Mechanical Properties‘of Low. Viscosity

polyetherketones

10

‘Samples of polyethetkeﬁones from Examples 12a, 12b, 12c,
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 injection pressure of 140Bar and a screw speed of 45rpm to
produce standard test pileces for mechanical property

evaluation. The results are detailed in Table 10 below.



14b Example 12b. 0.10 111 183 4.6 14c Example 12c 0.09 114 186 4.6 14d Example 12d 0.08 112
184 4.5 14e 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
polyetherket RS ERdmple 12¢ and Victrex PEK P22 ,.were compound& WitHX8004%§fkss fibre
(Owens Corning OCF 10 CS D165A-11C) on a ZSK 25 WLE Twin Screw Extruder, Examples 15a -
15b respectively. The Melt Flow Index. of the compouggls at 400C and 2.16kg was determined. The
results are detailed in Table 11 below. 15 Compounds Example 15a - 15b were injection moulded.
using a barrel temperature. of 375-410C, nozzle temperature 390C, mould temperature 180-200C,
holding pressure 30Bar and a screw speed of 45rpm into standard test pieces and their mechanical
properties determined. The results are detailed 2@ ipTabledl below. WO 2006/106352
PCT/GB2006/001285 37 Table 11 Example Polyetherketone Glass Melt Flow Tensile Flexural

Flexural Notchezk fmarhplé FairgeliritexiStrength Stnéagth Mddokesside: (PAVE{wit%d) (gfCmim)al
(MPa)(01 (MPR)YYI (GP3)(d) (k¥megn 8a 70T 30:42.487c¢81s1108 6 | strength | Modulus
| , (kNsm™?) | (MPa)'® | (Mpa)® | (GPa)®
ida Example 12a S 0.12. 119 184 4.6
T3 |  Example 12b. 9.10 . 111 183 TG
l4c Example 12c 0.09 © 114 i86 4.6
14d Example 12d 0.08 112 184 4.5
léde Victrex PEK 22P 0.21 104 175 4.2
(a)  ASTM D638 |
(1) ASTM D790
5 |
_ Exaﬁnple 15a - 15b - Melt Flow Index. and Mechanical

Properties of filled, low viscosity polyetherketones

The polyetherketone from Example 12¢ and Victrex PEK P22

- were compounded with 30wt% glass fibre {Owens Corning OCF
10 CS DL65A-11C) on a ZSK 25 WLE Twin Screw Extruder,
Ekamples 15a - 15b respectively. The Melt Flow Index of

the compounds at 400°C and 2.16kg 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 3930°,
mould tem@erature 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.



8b 70 30 12 175 278 10.0 10.4 (a) Polyetherketone Example 12c (b) Victrex PEK P22 5 (c) ISO 527
(d) 1SO.178-1993(E) (e) ISO 180 Example 16a -16i Viscosity and Mechanical Properties of 10 highly
filled, low viscosity polyetheretherketones The polyetheretherketone from the 64:36wt% blend of
Example SQNé}Wégjwézcompounded with 0, 3, 6, 9 and 12% of a liquid crﬁ&gﬁ%%ﬁ@}]](f%m
polymer.(Ticona T130, 15 melt point 370C, glass content 30%), and with additional glass fibre (Owens
Corning D165-11C) to obtain total glass content 60%y;9n a ZSK 25 WLE Twin Screw
Extruder,.Examples 16a - 16e respectively. The LCP polymer was predried 16 hours at 150C before
compounding. 20 The addition of LCP T130 was observed to decrease the extruder torque and to
improve fibre wet out. Comparative trials were carried out with Victrex 150P polyketone compounded
with 0, 5, 10 and 15% of LCP T130 25 and with gdgditienal glass fibre to make the total glass content
30%; Examples 16f-16i respectively. WO 2006/106352 PCT/GB2006/001285 38 The Melt Viscosity of
the compounfigwasiddteontibeiatod8) Kelaand MNFRw anrbisteMekiddoni |hddaxaiaBgOorihed 2.16kg.

5 Compounds Example 16ad weye injection mpulded Usinga. ..t | Strength | Modulus | Ezod

, (Yowt) (Wit%) | (g/10min) | (MPa)® | (MP2)? | (GPa)® | (k/mA®
“ga 70 30 az | 187 | 281 11.0 8.5
8b —o70% 30 12 - 175 278 10.0 10.4

{a) Polyetherketone Example 12c¢
| (b) Victrex PEK P22 '
5 {c) I80 527
| ' (d) IS0 .178-1993(E)
{e) IS0 180

Example ‘16a -16i - Viscosity and Mechanical Properties of

10 highly filled, low viscosity polyetheretherketones

.The polyetheretherketone from the 64:36wt% blend of
Example 3e and 3a was cbmpoﬁnded with 0, 3, 6, 9 and 12%
of a liguid crystal polymer (LCP) polymer (Ticona T130,'-

15 melt point 370°C, glass content 30%), and with additional .
glass fibre (Owens Corning D165-11C) to obtain total glass
content 60%, on a ZSK 25 WLE Twin Screw Extruder, Examples
16a — 1l6e respectively. The LCP polymer was predried 16
hours at 150°C before compounding.

20 The addition of LCP T130 was obsexrved to decrease the

extruder tordue and to improve fibre wet out.

Comparative trials were carried out with Victrex 150P
polyketone compounded with 0, 5, 10 and 15% of LCP T130

25 and with additional glass fibre to make the total glass
content 30%; Examples 16f-161 respectively.



barrel temperature of 350-360C, nozzle temperature 365C, mould temperature 145-155C, holding
pressure 30Bar and a screw speed of 45rpm .a 4-1- Staaid'ard teat pieces aaad their mechanical
properties dé} %liréléd.s‘ljge results are detailed 10 in Tables 12a and 12b beIgvy.\Tabl‘%Olza Example
PEEK LCP Glass iN'ZSK 25 Melt Flow Melt (wt%) T130 Fibre recipe, tBFq glfﬁ%ﬂex,%fgaosity
(Wt%) (Wt%) pphr % 380C 380C (g/IOmin) (kNsm 2) 16a 400 6001 74 7.8 0.51 16b 37.9 3 59.1 5.25
577.40.29 16¢ 35.8a658.210.5505.50.26 16d 3387 a9 57.3 15.7550 5.3 0.23 16e 31.6'a) 12
56.421505.10.21 16f700300658.50.33 169 66.5528.55459.50.30 16h 63 10 27 10 39 9.6
0.20 16i 59.5 1BH26. 35 84 /1 OctSs i(ayPEEK sdmplecBlendBed@wtda - 3a(86witrn)i (b Victrex '
PEEK 150P W 06/106352 RCT/GB2006/001285 Table_12b E le Tensile Flegxural Flexural
Notched Unnot%ﬁge(sc)i tr%ﬁétrﬁé}trgear;g% I\?Iocflurﬁ(?s I%i%g I:J;%%lan aof'é'l) %"(m&(‘ép%ﬁb?kﬁ%(c)
kJ/m2(c) 16a 230 342®0.6 10.5 50.1

5 Compounds Example 16a-i were injection moulded using a

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

mould temperature 145-155°C, holding pressure 30Bar and a

speed of 45rpm into s pieces and their

e e LY
D d. TV

mechanical properties determined. The resulits are detailed

10 in Tables 12a aznd 12b below.
Table 1l2a
Example { PEEK LCP | Glass | LCP iﬁ ZSK 25 | Melt Flow Melt
{(wt%) T130 | Fibre | recipe, | torque Index, Viscosity
(wt%) | (wL%) pphr % 380°C 380°C
‘ (g/10min) | (kNsm™)
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® 716 | 58.2 | 10.5 50 5.5 0.26
164 |33.7®] 9 | 57.3 | 15.75 50 573 0.23
16e 31.6% | 12 56.4 21 50 5.1 0.21
T16f 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 6.19

{a)
{b)

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




16b 234 349 21.2 14.0 52.9 16¢ 235 340 .21.312.8 48.9 16d 212 323 21.312.545.6 16e 216 325
21.212.4 45.8 16f 174 265 9.8 9.1 60.4 169g. 168 232 10.1 8.6 43.3 16h 163 231 10.4 7.3 38.6 16i
156 221 10.6 7.5 40.0 (a) ISO 527 (b) ISO 178-1993(E) 5 (c) ISO 180 The invention is not restricted
to the detai&'%@ﬂqgl%f‘éboing embodiment(s). The invention extends to anﬁc%%f‘%lr%)%%gény novel
combination, of the features 10 disclosed in this specification .(including any accompanying claims,
abstract and drawings),. or to any novel one, or any rs@vel combination, of the steps of any method or
process so disclosed. 15 40 CLAIMS 1. A method of preparing a composite material, the method
comprising: 5 (i) selecting polymeric material haying a melt viscosity (MV) in the range 0.05 to less
than0.10 kNsm 2; (ii) contacting said polymeric material having said MV in the range 0.05 to less than
0.10 kNsm 2 with a filler means comprising a distastireicligKibrous 10 filler or a non-fibrous filler ;- -

Tensile

Flexural

Flexural

Example Notched Uﬁnotched
Strength | Strength | Modulus Izod Izod
(MPa) @ | (MPa) ™ | (GPa)® | kJ/m*'? | kI/m?!?
16a 230 342 20.6 10.5 50.1
16b 234 345 21.2 14.0 52.9
16c 235 340 21.3 12.8 i8.9
16d 212 323 21.3- 12.5 45.6
6o 216 325 1.2 12.4 T15.8
16F 174 265 9.8 9.1 60.4
16g 168 232 0.1 8.6 13.3
16h 163 231 10.4 7.3 38.6
161 56 221 10.6 7.5 40.0
"{a) 180 527
(b) IS0 178-1993(E)
5 . {c} IS0 180

of the.
to

The invention is not restricted to the detalls

foregoing embodiment{s). The invention extends any .

novel one, of the features

or any novel combination,
this

accompanying claims,

10 disclosed in ‘specification -(including- any

abstract and drawings), or. to any

novel one, or any novel combination, of the steps of any

method or process so disclosed.

15



wherein said polVymeric material is of pe which includcs: bstitu a phenyl Y" "a J yd + .w. unSiiUb
Mated phen- Noletle5, ketone moieties and ether moieties in the polymeric backbone of said polymeric
* material, wherein MV is measured using capillary rheometry operating at 400C at a shear rate of
1000s | using a tungsten carbide die, 0.5 x 3.175nf. 15 2. A method according to claim 1, wherein a
batch of composite material is prepared having a weight of at least 10 Kg 3. A method according to
claim | or clafek2™¥hich comprises forming said composite 20 material into a particulate form. 4. A
method according to any preceding claim, wherein said polymeric material has a MV of at least 0.07
KNsm'2. 255, A me%hod gccording to any preceding claim, wherein said polymeric material has a MV

in the range 0,085 %8 r‘?%ﬁ’é‘ﬁ%2.°§6‘P3§twaé‘?f%&?n‘4€tmﬁaiaée@mﬁ§i%: any preceding claim, wherein

said polymeric material comprises a repeat unit of formula -O\40\/ CO\ CO -<D tv 5 wherein t and

v independently reprgsent Qior . 7. A method aceording to a reced laim, wherein said
polymeric material Fi)gﬁpoIyemere%Izéori@tonle, 102@@%%3’%% g%)é'ggrc |ﬁ§l@%/r%}“p d2B#5J &aim, wherein
said filler means includes e HBr8d8 ifF™I: A method according to claim 8, wherein said

non-fibrous filler is silecteckfractinpiond wiemialaaivminansaalimsalsiwn swiaig calym carbonate,

titanium oxide, ferrite, clay, 15.ql awder, zinc oxide, nickel carbonate, iron oxide, quartz powder,
. ythanﬁ).q @ }%ﬁs%l wa%h a t'i?.ler means comprls(i:ng a discontinuous ﬁbroug P
magne%um

filler or a non-fibrous filler ;
wherein said polymeric material is of a type which includes: unsubstituted phenyl moigties
ketone moieties and ether moieties in the polymeric backbone of said polymeric material,
wherein MV is measured using capillary rheometry operating at 400°C at a shear rate of
1000s™ using a tungsten carbide die, 0.5 x 3.175mm.
15
2. A method according to claim 1, wherein a batch of composite material is prepared having

a weight of at least 10 Kg

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

20 material into a particulate form.

4. A method according to any preceding claim, wherein said polymeric material has a MV
of at least 0.07 kNsm™.

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

30

35



carbonate, fluorocarbon resin, graphite, carbon powder, nanotubes and barium sulfate. 10. A method
according to claim 8 or claim 9, wherein said non-fibrous filler is introduced in the form of powder or
flaky particles. 20 11. A method according to any one of claims | to 7, wherein when the method
comprises contacting said polymeric material withta filler means comprising a fibrous fibre, said
fibrous fibre consists essentially of fibres having a length, before contact with the polymeric material.
of less than 0MM.25 -2.AEENAY ACCOIfng it AR GLHI UMD IR i HDRLEH SRidfller,comprises a
discontinuous fibrous filler. 13."A method according to claim 12, wherein discontinuous fibres have an
average lengtReBOBLI6fE®Yact with the polymeric material of less than 10mm. 14. A method

according to claim 12, whetsjn said fibroysfiller is|selected fre: nic fibroys-matenals,
non-melting @ggih- elting’organic fib : riaé%and arbon 3 qd according
to any preceding clai \ Zin said fille comprises ore fi 3 ¢d from
discontinuous glass fiber;dtScontinuous carboh fibre, carbon“-btack and a fluoro*carbon fesin. 42 16.

A method according to any preceding claim, wherein said composite material is prepared in a process

which cgmpriggse.exttidinehacpakdLIg, GepdainGPelymeric materials and filler means. 5 17. 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. 18. A method according to any preceding claim,
wherein said’campisifetnatinatinolusiesedhte 60w eeissid polymeitammatatial and 40 to 60wt%/o
of filler meaq)%.});legﬂg.!%ﬁ@}@%qu according to any preceding claim, which includes 20 to 50wt% of said
polymeric matérial and 50 to 80wt% of filler means.

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

fibrous filler.

9. A method according to claim 8, wherein said non-fibrous filler is selected from mica,
silica, talc, alumina, kaolin, calcium sulfate, calcium carbonate, titanium oxide, ferrite, clay,
15 glass powder, zinc oxide, nickel carbonate, iron oxide, quartz powder, magnesium

carbonate, flunorocarbon resin, graphite, carbon powder, nanotubes and barium sulfate.

10. A method according to claim 8 or claim 9, wherein said non-fibrous filler is introduced

in the form of powder or flaky particies.

20
11. A method according to any one of claims 1 to 7, wherein when the method comprises
contacting said polymeric material with a filler means comprising a fibrous fibre, said
fibrous fibre consists essentially of fibres having a length, before contact with the polymeric
material, of less than 10mm..

25

12. A method according to any of claims 1 to 7, wherein said filler comprises a
discontinuous fibrous filler.

13. A method according to claim 12, wherein discontinuous fibres have an average length

30  before contact with the polymeric material of less than 10mm.

14, A method according to claim 12, wherein said fibrous filler is selected from inorganic

fibrous materials, non-melting and high-melting organic fibrous materials and carbon fibre.

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

biack and a fluoro carbon resin.



20. A method according to any preceding claim, which includes at least 55wt% of filler means. 15 21.
A method according to any preceding claim, wherein the ratio of the wt% of said polymeric material to
" said filler means is less than 1. 22. A method according to any preceding claim, wherein a mixture
prepared after contacting 20 said polymeric matet#l and said filler means includes less than 0.005
parts by weight of an alkaline salt of a Group | or Group Il metal per 100 parts by weight of said
polymeric material. 23. A method according to any preceding claim, wherein a mixture prepared after

contacting saédmlym@ﬂ&mﬁg@@h@qﬁé&ﬁ&h@%ﬂ§%@%ﬂ%§imﬂg@i& LSea0F 3-Blasligizer for the 25
polymeric material, 24, .A ¢ m gsite material prepared or preparable in a meth ccording to any
preceding clrﬁfn. §0 25 A %o'ﬁ%gss??ga rglg erial %%%%?@ﬁlalag%? menc %%%e]l?ig?ga%@ﬁi%?%eans,
wherein said polymeric material has an MV in the range of 0.06 to less than 0.10 kNsm'2 and is
selectedbfrony? polyetherethetisgtonay pak@ieckeiora.asd palyrihaikeionrketaRa@ld said composite

material corgpises aLieast A oL HLAIRRRS Seleded iomia disggntinuous fibrous filler means

and a non-fibrous filler means, wherein MV is measured using capllF'a?illn?heometry operating at 35
400C at a shear rate of 1000s-' using a tungten carbide die, 0.5 x 3.175mm. 43 26. A. composite
material accabdigitthaarphgrciaymrbdindansgin sattkpobimengEiatesali empEses) o
polyetherethgskeione fiauinga MR he /2098, 8A8S, 1t BiQ95NsM'2 and a discontinuous fibrous

filler means. 5 27. A composite material according to claim 24 or claim 25, wherein said polymeric
material comprises polyetheretherketone having an MV in the range 0.085 to 0.095 kNsm 2 and a
non-fibrous filfeAmetind 2a@rding dnapppitecding etiath avbatdingutesclain Ry 1w beradpwhesisaid filler

means compiges: adirousiler, satddipous filler consists essentially of fibres having a length of less
than 10 10mm.

20. A method according to any preceding claim, which includes at least 55wt% of filler means.
15
21. A method according to any preceding claim, wherein the ratio of the wt% of said polymeric

material to said filler means s less than 1.

22. A method according to any preceding claim, wherein a mixture prepared after contacting
20 said polymeric material and said filler means inciudes less than 0.005 parts by weight of an

alkaline salt of a Group I or Group IT metaf per 100 parts by weight of said polymeric material.

23. A method according to any preceding claim, wherein a mixture prepared afier contacting
said polymeric material and filler means includes less than 1wt% of a plasticizer for the

25  polymeric materia),

24. A composite material prepared or preparable in a method according to any preceding

claim.

30 25. A composite material comprising a polymeric material and filler means, wherein said
polymeric material has an MV in the range of 0.06 to less than 0.10 kNsm™ and is selected from
polyetheretherketone, polyetherketone and polyetherketoneketone and said composite material
comprises at least 45wt% of filler mmeans selected from a discontinuous fibrous filler means and
a non-fibrous filler means, wherein MV is measured using capillary rheometry operating at

35 400°C at a shear rate of 1000s™ using a tungten carbide die, 0.5 x 3.175mm.



29. A method of making a component which comprises extruding or injection moulding a composite
material according to any of claims 25 to 28. 15 30. 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 %2 to 27; and 20 (b)treating said composite material
thereby to form said component, 31. A method accordingrlto claim 30, wherein said treatment referred

to in (b) invoffied nTRIEPRIELELLTHY aeiarHRecarSBihraFigRips?>, wherein said polymeric

material comprises polyetheretherketone having a MV in the range 0.085 to 0.095 kKNsm™

and a discontinuous fibrous filler means.

S 27. A composite materia} according to claim 24 or claim 25, wherein said polymeric
material comprises polyetheretherketone having an MV in the range 0.085 to 0.095 kNsm™
and a non-fibrous filler means.

28. A composite material according to claim 23, wherein when said filler means comprises
a fibrous filler, said fibrous filler consists essentially of fibres having a length of less than
10 10mm.

29. A method of making a component which comprises extruding or injection moulding a

composite material according to any of claims 25 to 28.

15 30. 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 24 to 27;

and

20 (bytreating said composite material thereby to form said component

31. A method according to claim 30, wherein said treatment referred to in (b) involves melt

processing said precursor material.

25



