WO 2006/106338 PCT/GB2006/001260 POLYMERIC MATERIAL This invention relates to polymeric
materials and particularly, although not exclusively, relates to 5 compositions and composite
materials which comprise a polymeric material. It is well known to compound polymeric materials with
fillers in ordew{d20p6itidd@3gomposite materials having 10 properties which B¢&/{risaeos/ed 26t 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 available 15 for many years from Victrex Plc under the names
VICTREX PEEK 150GL30 and 150CA3Q esRestivebk Ehesgrmaterials include polyetheretherketone
having an MV of 0.15 kNsm 2 and 30 wt% of fibrous filler. 20 It is difficult to incorporate greater than
30 wt% of filler materials into a polymeric material such as polyetheretherketone because the molten

composite is#Qe sviscoys Sk standardumnelt processing gauipraentandigridues q difficyties in fully

wetting out filler materials. 25 These problems have been addressed in the p%l\%l’ art as discussed
further beIovxF?EU"éChgﬁiégﬁ((:ogs‘i‘/\}éi%%@ggnis%g%e GruitEs” @b¥ociatéd withachieVihg rapid
impregnation:efa fibre: 3fthtow ondoviagribtheiviscosinreftheimeltyf acpolymeraiseskis too high. The

problem is solved by TaWNI 8, .

It is well known to compound polymeric materials with
fillers 4in order to provide composite materials having
10 properties which are improved, at least in some respects,
over the ©polymeric materials alone. For example, a
polyarylietherketone such as pclyetheretherketone is
compounded with up to 30 wt% of glass fibres or carbon
fibres. Such materials have been commercially available
153 for many years Zfrom Victrex Plc under the names VICTREX
PEEK 150GL30 and 150CAZ0 respectively. These materials
include polyetheretherketone having an MV of .15 kNsm™
and 3C wt% of fibrous filler.

20 It is difficult to incorporate greater than 30 wtg of
filler materials into a pelymeric material such as
polyetheretherketone because the molten composite is too
viscous for standard melt processing eguipment and/or due
to difficulties in fully wetting cut filler materials.

25 These problems have been addressed in the prior art as

discussed further beslow.

Us 4541884 {Cogswell) recognises the difficulties
associated with achieving rapid impregnation of a fibre
'30  tow or roving i1f 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 2006/106338 PCT/GB2006/001260 2 relatively high level of plasticizer for the polymer which is
thermally stable but which can be volatilised from the composition. Use of the plasticizer plasticizes
the polymerwotk@dnedsind gives a melt of reduced viscosity 5 comparedPWiiGHIB0HBIt 265 cosity of the
polymer alone. The document describes, in Example 1, the use of a mixture of polyetheretherketone
(70 wt%) having a MV of 110 Ns/m2 and dipheny%sulphone (30 wt%) as plasticizer; and also in .
Example 3, the use of polyetheretherketone (100 parts by 10 weight (pbw)) having a MV of 25 Ns/m2,

and diphenylsulphone (100 pbw) . Fibre loadings as high as 69 wt% are scri%e .
Disadvantag”@%%gfgﬁﬂ%e%f%hgé!%’r()lc%%% dcégc %&%&qcul?ﬁe%xus?eo ant%jh ishosal of Ia%%é%l}nounts of
plasticizer witls cohsemadritial Ferbdsedvdstslot the dBprocess13S 513889 {ComsieH) solves the

same problem, by Lising, 3 thermaplastic: polymer having.a yenklow meltmiscositys of {gss than 30

Ns/m2 and preferably in the range 1 to 10 20 Ns/m2 to enable wetting of the filaments. The disclosure

envisages proteEERY stpsiSinticdseithie diEetiar Wsight Othé PORRET, THF PréSdration of the
composite, tedmprexe its prapemiesnadiMetastesenty, US 5844036 ¢Hughes) has .addressed the

;wobbn1ofpgg@%@gé@ggg;@ggéégyxggeﬁégmpie 1, the use of a mixture of

polyetherethefketone {70 wt%) having a MV of 110 Ns/m® and

diphenylsulphone (30 wt%) as plasticizer; and also in

Example 3, the use of polyetheretherketone (100 parts by

10  weight (pbw)) having a MV  of 25 Ns/nf, and

diphenylsulphone {100 pbw). Fibre loadings as high as 69

wt% are described. Disadvantageously, use of the process

descriked reguires use (and disposal of) large amounts of

plasticizer with conseguential increased costs of the

15 process.

US 521388% {(Cogswell] solves the same problem by using a
thermoplastic polymer having a very low melt viscosity, 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 the molecular
weight of the polymer, after preparation of the composite,

to improve its properties.

25 More recently, US 58440346 ({(Hughes) has addressed the
problem of providing  highly filled composites of
polyaryletherketones to improve their properties. The
solution involves using a polyaryletherketone matrix and
twe types of fillers each said to ©provide unigue

30 preperties., 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



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 3 polyaryletherketone polymer
and provide resistance to high temperature distortion. The document describes the use of
polyetheretherketone grade PEEK"" 150FP from ICI Victrex which has an MV of 0.15 kNsm-".
Disadvantageoysly; Hughes is: dimiteddn itsrapplicationde dhe wse oftwe different: types gk fillers
having two speeific.praperties desribed, It is.an abjechaf fhe present inyentigrLlo edregs problems

associated with polymeric materials and particular y although not exclusively, with filled "composite

materials. A¥tording 6 2 first 5§pé>6tethéiﬂéai§%rovrd‘eﬁ a comiposition Bm ng\éjr?erd%ﬁ%Owt% of
first polymericimiatérdal havira aielfviscositystMV) of 0588 kNshe Jeplessy and ag fesst 1wt% of liquid

crystal polymes(L@P), wherein said:firstpelymericmateral is.efa type whih ingludes: unsubstituted
phenyl m0|%t|es cart%onryl mmetles and ether m0|et|es theroI meric bacgbone % said first

% avi1ng TwO pPelCl il. ercvilies

polymeric m terlal “Wherein is measured u5|rfg capillary theometry opera ing at 400C at a shear

rate of 1000s-1 using a tungsten carbide die, 0.5 X 3.175mm.
It is an cbhiect of the present invention to address
problems associated with polymeric materials and
particularly, aithough not exclusively, with filled

composite materials.

According toe & first aspect, there i1s provided a
composition comprising at least 30wt® of first polvmeric
material having a melt viscosity (MV) of 0.15 kNsm™ or less
and at least lwt% ¢f ligquid crystal polymer (LCP), wherein
salid first polymeric material is of a type which includes:
unsubstituted phenyl moieties, carbonyl moleties and ether
moleties in the polymeric backbone of said first polvmeric
material, wherein MV 1s measured using capillary rheometry
operating at 400°C at a shear rate of 1000s™? usging a

-

tungsten carbide die, 0.5 X 3.175mm.

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

die, 0.5x3.175mm.

Althcugh the invention ils described in terms of MV this may
be eguated approximately to IV (measured as described in

EPGO01879R) in accordance with figure 1 hereinafter.

Advantageously, the composition can be used to prepare
useful composite materials having high leoadings of fillers
and the first polymeric material does not need to be caused
te polymerise to ilncrease its molecular weight afier

preparation of the composite. Additionally, no



MV is suitably measured using capillary rheometry operating at 400C at a shear rate of 1000s-1 using
a tungsten carbide die, 0.5x3.175mm. Although the invention is described in terms of MV this may be
equated approximately to IV (measured as described in EP0001879B) in accordance with figure 1
hereinafter. Advaftegesdetsly, the composition can be used to prepare usef(Fggkaposite2ntaterials
having high loadings of fillers and the first polymeric material does not need to be caused to
polymerise to increase its molecular weight after ;A)reparation of the composite. Additionally, no WO
2006/106338 PCT/GB2006/001260 4 plasticiser is required to reduce the melt viscosity of the melt.
Furthermore, a singq:e,t pe of filler or a, Elutgality of coq[]venti%r}xal fiIIeriézan g_eadi[a)/.be blended with the
first polymerﬁ:lr'?ﬁf fal S%réﬁaré: 3%%‘%609% °5 material. Said first poly%e?%omﬁfé?iaPsuitably has a
MV of at least.06kNsm 2, preferabiypbas a MV cfiatdéast 0107 kNeim 2 1mbeg preferably at least

008 kst 2 pepgeially of £0dsask 0pddiam 2, peutlrstaqlypedamatenia) maxhaya a MV of Joss
than 0.15 kNsm 2, preterably of less than 0.14 KNsm 2, more preferably less than 0.13 kNsm 2. 15

Said first polyitetic fatefiFfay PRVERENALiNtRETEAGE 0507 FFreHESINSIN 2O8BRMHI $n the range
0910 5 paterial.

Said first polymeric material suitably has a MV of at
least 0.06 kiNsm™?, preferably has a MV of at least (.07
kNsm™?, more preferably at least 0.08 kNsm™®, especially at

10 least 0.09 kNsm™=.

Said first polymeric material may have a MV of less than
0.15 kNsm™®, preferably of less than 0.14 kNsm™®, more
preferably less than 0.13 kNsm™>.
15

Said first polymeric material may have a MV in the range
0.07 to 0.15 kNsm™, suitably in the range 0.9 to
0.145 kNsm™?, preferably in the range 0.11 to 0.14 kNsm™Z,
more preferably in the range (.12 to 0.14 kNsm™,

20 especially in the range 0.13 to (.14 kNsm™ .

Said first polymeric material may have a tensile strength,
measured in accordance with ASTM D790 of at least B0 MPa.
The tensile strength is preferably in the range 80-110

25 MPa, more preferably in the range 80-~100 MPpa.

Said first polymeric material may have a flexural
strength, measured in accordance with ASTM D780 of at
least 145 MPa. The flexural strength is preferably in the

30 ~range 145-180 MPa, more preferably in the xrange 145-165
MFPa.



0.145 kNsm 2, preferably in the range 0.11 to 0.14 kNSm 2, more preferably in the range 0.12 to 0.14
kNsm 2, 20 especially in the range 0.13 to 0.14 kNsm 2. Said first polymeric material may have a
tensile strength, measured in accordance with ASTM D790 of at least 80 MPa. The tensile strength is
preferably inWe2ange88-110 25 MPa, more preferably in the range 80-FRI AP s&Hitedirst polymeric
material may have a flexural strength, measured in accordance with ASTM D790 of at least 145 MPa.
The flexural strength is preferably in the 30 range 145-180 MPa, more preferably in the range 145-165
MPa. WO 2006/106338 PCT/GB2006/001260 5 Said first polymeric material may have a flexural
modulus, mgtasureg.in ccoriancerwith Iéi%'lél\]él,QEQOEOf %gé%%st a3§_- %Pa}.:Tge n{Ie %Ismodulus is
preferably in Tzl“'éoranég%.SPA?. y&f’a,‘?nore preflerablrf} N the range 31555& GPa. Pre erably, said first
polymeric matstiah has a moiety of tidamota +H 2e~FBTY R 7EPand/ér aaoiedeetfodndla CO f(~ W
GCO f1--1 Wp -1 I3 wherein mJ;s apdi independenthreprasent gera,ar a Agitive integer, E and
E' independently represent an

4.5 GPa, more preferably in the range 3.5-4.1 GPa.

5
Preferably, said first polymeric material has a molety of

formula

—{-E—EAr%( @ >m E‘~}— 1

10 and/or a moiety of formula

@CO@}W G {{@l CO% I

$

15
wherein m,r,s and w 4independently represent zero or a
positive integer, E and E' independently represent an
oxygen atom or a direct link, G represents an oxygen atom,
a direct link or a =0-~Ph-0- moiety where Ph represents a
20 phenyl group and Ar 1s selected from one of the following
moieties {i) to (vi} which is bonded via one ox more of its

phenyl moieties to adjacent moieties

25



oxygen atom or a direct link, G represents an oxygen atom, a direct link or a -O-Ph-O- moiety where
Ph represents a 20 phenyl group and Ar is selected from one of the following moieties (i) to (vi) which
is bonded via one or more of its phenyl moieties to adjacent moieties 25 WO 2006/1..06335
PCT/GB2008Y0012806638) / CO \ CO / 0-0-0-0-0 (iv) / (v) / (vi) Unless otRERAGSR MM this
specification, a phenyl moiety has 1,4-, linkages to moieties to which itis 5 bonded. In (i), the middle
phenyl may be 1,4- or 1,3-substituted. It is preferably 1,4-substituted. 10 Said first polymeric material
may include more than one different type of repea? unit of formula I; and more than one different type
of repeat unit of formula 1l. Preferably, however, only gae type of repeat unit of formula |l or Il is
provided. 15 Said moieti€s m e Hhes @
[l are suitably WO 2006/106338PCT/GB20

3. In the first polymeric material, units | and
atoms or groups being bonded between units | and II.

ponded to one another - that is, with no other
— SN
(R CO—*{%_JQ

OO WD

™) O {vi) g

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

5 Dbonded.

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

It is preferably 1,4-substituted.

10 Said first polymeric material may include more than one
different type of repeat unit cf formuls I; and more than
one different type of repeat unit of formula II.
Preferably, however, only one type of repeat unit of
formula I or II 1is provided.

15
Said moleties T and II are sultably repeat units. In the

first polymeric material, units I and II are suitably



Where w is greater than 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 Il. Preferably, said phenylene
moieties have 1,4- linkages. Suitably, "a" represents the mole % of units of formula | 10 in said first
polymeric materizkainigadsly wherein each unit | is the same; and "b" repré$&itEBaaesiiabs®o of units of
formula Il in said first polymeric material, suitably wherein each unit Il is the same. Preferably, a is in
the range 45-100, more preferably in the range 45-55, 15 especially in the range 48-52. Preferably, b
is in the range 0-55, more preferably in the range z15-55, especially in the range 48-52. Preferably,
the ratio of a to b is in the range 0.9t0 1.1 §nqdhmgre,prefera% , isgbo tn]é.rs%ablg, tgxe sum of a
and b is at Ie?@f’é@, prBf’eré‘BI?/ at 28 7e5& 95, rmiore prle?éragﬁ/ At léast § , especwﬁf)n/ about 100.
Preferably, saickfinst pob/mericmatedabesnsists essentidllyzofimbisties | and I1. Said first polymeric
material may be a homopolymer having a 25 repeat unit of general formula E -{ArO m E' A O CO ~j
~_) ~-GCO IV LLL\\V~w B r s or a random or block copolymer of at least two different units of IV,
wherein A arffieB ifdeperidentif féjraSent Dt 1 3§E° 200606388 PREHES2008RI0L I8 8

5 moieties may independently have 1,4- or 1,3-linkages to the
cther moieties in the repeat units of formulae II.

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

Suitably, "a" represents the mole % of units of formula T
10 in said first polvmeric material, suitably wherein each
unit I is the same; and "b" represents the mole % of units

of

formula II in said first polymeric material, suitably
wherein each unit II is the same. Preferably, a is in the
range 45-100, more preferably in the range A5-55,
15 especially in the range 48-52. Preferably, b is in the
range 0-55, more preferably in the range 45-55, especially
in the range 48-52. Preferably, the ratio ¢f a to b is in
the range 0.8 to 1.1 and, more preferably, i1s about 1.
Suitably, the sum of a and b is at least %0, preferably at
20 least 95, more preferably at least 98, especially about
100. Preferably, said first polymeric material consists

essentially of moieties I and II.

Said first polymeric materizl may be a homopolymer having a

25 repeat unit of general formulsa

oA Gl Sl = »
r s

or a random or bleck copolymer of at least two different

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



and E,E',G,Ar,m,r,s and w are as described in any statement herein. As an alternative to a first
polymeric material comprising 5 unit(s) IV discussed above, said polymeric material may be a
homopolymer having a repeat unit of general formula CO}-G~CO-J~E-fArOE'WWE mA{V sora
random or bIBEk 8pdtyeaer of at least two different 10 units of IV* whereiRGU&HB6/IvdEvendently
representOor 1andE, E', G, Ar, m, r, s and w are as described in any statement herein. Preferably,
m is in the range 0-3, more preferably 0-2, 15 especially 0-1. Preferably, r is in the range 0-3, more
preferably 0-2, especially O-1. Preferably, s is O or i. Preferably, w is O or 1. Preferably, said first
polymeric material is_.a homopolymer 20 having a repeat unit of %eneral formulg IV. Preferably Ar is

selected frorftifie Tolfowirig thoBtmsSvAT Yo fxif)t W 2068166338 PETEB2606/061280 9 1 ,FCO
(vii) CO_ff (viiip-E€O,\ / (xi} (xii) (xiii)

As an alternative to a first polymeric material comprising
5 unit{s) IV discussed above, said polymeric material may be

a homopolymer having a repeat unit of general formula
Co G co E~tAr £
]

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

statement hersin.

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

Preferably, w is 0 or 1.

Preferably, said first pelymeric material is a homopolymer

20 having z repeat unit of general formula IV.

Preferably Ar is selected from the following moieties {vii)

to (xiii}:



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- ora 2,7-
moiety. Suitable moieties Ar are moieties (i), (ii), (iii) and (iv) 10 and, of these, moieties (i), (ii) and (iv)
are preferred @tbripéd¥erred moieties Ar are moieties (vii) , (viii), WO 20061 1&5388001260
PCT/GB2006/001260 10 (ix) and (x) and, of these, moieties (vii), (viii) and (x) are especially
preferred. An especially preferred class of first polémeric materials 5 are polymers (or copolymers)
which consist essentially of phenyl moieties in conjunction with ketone and/or ether moieties. That is,
in the preferred class, the first polymeric material does not include repeat units which include -S-,

-SO2- or aromatic groups-ether thzirﬁﬁh%rr}#/l. 10Preferred first polymeric materials of the type
described inclutfd: (@ mé?cb Sis g?es entizlly of units of formula IV wherein Ar represents
moiety (iv), E 15 and E' represent oxygen atoms, m represents 0, w represents 1, G represents a

direct link, s represents 0, and A and B represent 1 (i.e. polyetheretherketone). 20 (b) a polymer
consisting essentially of units of formula IV wherein E represents an oxygen atom, E'

(x1) {xi)

N/

(O

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} 1s selected from a 1,6-, 2,3-, 2,6- or a

2,7- molety.

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

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



represents a direct link, Ar represents a moiety of structure (i), m represents O, A represents 1, B
represents O (i.e. polyetherketone); 25 (c) a polymer consisting essentially of units of formula IV
wherein E represents an oxygen atom, Ar represents moiety (i), m represents 0, E' represents a
direct link, Avépreegmis3B B 30 represents 0, (i.e. polyetherketoneketone} C{ii-B2pesipfiesiconsisting
essentially of units of formula IV wherein Ar represents moiety (i), E and WO 2006/106338
PCT/GB2006/001260 11 E'represent oxygen ator%s, G represents a direct link, m represents 0, w
represents 1, r represents 0, s represents 1 and A'and B represent 1. (i.e.
polyetherketonee(?ther et%njketo e). 5.(e) a polymer co sisting essenti I{y, of, inits f formula 1V,
wherein Ar réﬁrx sefits moik ty?ﬁl E oéﬁndzee%e%’reéngrﬁg%x?/%e Hto s, rlelp% sean% ahgirect link, m
represents Oz werepgesentslO, s, wre09cand B represent 1 (i.e. polyetheretherketoneketone). (f) a
polymer comprising units of formula 1V, wherein Ar represents moiety (iv), E and E' represent 15
oxygen atoms, m represents 1, w represents 1, A represents 1, B represents 1, r and s represent O

An especially preferred class of first pelymeric materials

5 are polymers {or copolymers) which consist essentially of

phenyl moileties in conjunction with ketone and/or ether

moieties. That is, in the preferred c¢lass, the first

polymeric material does not include repeat units which

include =-5=-, =S50~ or aromatic groups other than phenyl.

10 Preferred first polymeric materials of the type described

include:
{a} a pelymer consisting essentially of units of
formula IV wherein Ar represents molety (iv), E
15 and E' represent oxygen atoms, m represents 0, w
repregents 1, & represents a direct 1link, s
represents 0, and A and B represent 1 (i.e.
polyetheretherketone) .
20 (b} a polymer consisting essentially of units of

formula IV wherein E represents an oxygen atom, EBE'
represents a direct link, Ar represents a moiety
of structure (i), m represents 0, A represents 1,

B represents 0 {i.e. polvetherketona);

25
{c) & polymer consisting essentially of units of
formula IV wherein E represents an oxygen atom, Ar
represents molety {i}, m represents 0, Bt
represents a direct link, A represents 1, B
30 represents 0, (l.e. polyetherketoneketone).

{d} a polymer consisting essentially of units of

formula IV wherein Ar represents moiety (i), E and



and G represents a direct link (i.e. polyether- diphenyl-ether-phenyl-ketone-phenyl-). 20 Said first
polymeric material is preferably semi- crystalline. The level and extent of crystallinity in a polymer is
preferably measured by wide angle X-ray diffraction (also referred to as Wide Angle X-ray Scattering
or WAXS) , fo0exanigiéds described by Blundell 25 and Osborn (PolymeP PR GG 6109828y
Alternatively, crystallinity may be assessed by Differential Scanning Calerimetry (DSC). The level of
crystallinity in said first polymeric 30 material maylpe at least 1%, suitably at least 3%, preferably at
least 5% and more preferably at least 100. In especially preferred embodiments, the crystallinity may

WO 2006/106338 PCT/GB2006/001260 12 be gre than 309 rabl r than 40%,
e SR arald T e el e

especially greater than ss transition temperature ( S irst 5 polymeric material
may be at least 140C, sditably at|ezaprE440th Some GRREIEATHADE gréatePRIFaT $54€, 160C,

164C, 170C, 190C or grgateg than 230G or even 300G, I aypigferted embadiment, the glass
transition temperature is in the range %40C to 145C. 10 The main peak of the melting endotherm (Tm)
for said first polymeric rkSeraFieEsRtaRMTE) ey e SRRIEREIBDE. Said first polymeric material may

consist gssentially of
{e) a polymer consisting essentially of units of
formula IV, wherein Ar represents moiety (iv}, E
and E' represents oxygen atoms, ¢ represents a
direct link, m represents 0, w represents 0, s, I,
10 A and B represent 1 (i,e.

polyetheretherketoneketone}.

(f) a polymer comprising units of formula IV, wherein

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

15 oxygen atoms, m represents 1, w represents 1, A
represents 1, B represents 1, r and s represent 0

and G represents a direct link (i.e. polyether-

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

20 Baid first polymeric material i1s preferably semi-
crystalline. The level and extent of crystallinity in a
polymer is preferably measured by wide angle X-ray
diffraction (alsce referred to asg Wide Angle X-ray
Scattering or WAXS), for example as described by Blundell

25 and Osborn (Polymer 24, 953, 1983). Alternatively,
crystallinity may be assessed by Differential Scanning

Calerimetry (DSC}.

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

In especially preferred embodiments, the crystallinity may



15 one of units (a) to (f) defined above. Alternatively, said first polymeric material may comprise a
copolymer comprising at least two units selected from (a) to (f) defined above. Preferred copolymers
include units (a). For example, a copolymer may comprise units (a) and (f); 20 or may comprise units
(a) and (e). SeAivstifEBfmeric material preferably comprises, more pref@@biyeatEigis@ssentially of,
a repeat unit of formula 25 -O O CO CO\ Ojx~+ v where t and v independently represent O or 1.
Preferred polymeric materials have a said repeat_unit wherein either 30 t=1 or v=0; t=0 and v=0; or t=0
and v=1. More preferred WO 2006/106338 PCT/GB2006/001260 13 have t=1 and v=0; or t=0 and
v=0. The most preferred has t=1 angl v=0. In geferre%embgfiments, s,raid firsggglymggc material is 5
selected from polJ&fifr&herkBithe 235l eReA& o ATt PotyetierkEtoRBketoRE. In a tore preferred
embodimentz sgad:fiest polymerc: matetiakissetected from polyetherketone and polyetheretherketone.
In an especially preferred embodiment, said first polymeric material is 10 polyetheretherketone. Said
liquid crystal polymer is suitably an anisotropic melt forming polymer which means it transmits light
when The glass transition temperature (Ty) of said first
5 polymeric material may be at least 140°C, suitably at least

144°%. In some cases it may be greater than 154°C, 160°C,

164°C, 170°C, 190°C or greater than 250°C or even 300°C. In

a preferred embodiment, the glass transition temperature is

in the range 140°C to 145°C.

10
The main peak of the melting endotherm (Tm} for sald first
polymeric material (if crystalline) may be at least 300°C.
Said first polymeric material may consist essentially of
1%  one of units {(a) to (£) defined above. Alternatively,

said first polymeric material may comprise & copolymer
comprising at least two units selected from (a; te (L}
defined above. Preferred copolymers include units (a).
For example, a copolymer may comprise units (&) and (£);

20 or may comprise units (a) and f{(e).

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

formula

OO

where t and v independently represent 0 or 1. Preferred
polymeric materials have a said repeat unit wherein either

30 t=1 or wv=0; t=0 and v=0; or t=0 and v=l1. More preferred



examined between crossed polaroids. Such polymers are 15 also termed "thermotropic liquid crystal
polymers". Said liquid crystal polymer may be a substantially linear polymer which incorporates
sequences of rigid units or a linear vinyl polymer having pendant groups which are sufficiently 20 stiff
to allow forniéificiasf1ae dnisotropic melt. Examples of liquid crystal polyn¥éis@baodeseiibed in
US4161470, 1354083829, 1353778410, 054067852, 115404148 and US4272625, the contents of
which are incorporated herein by reference insofar, as they relate to the nature of the liquid crystal
polymer. 25 Said liquid crystal polymer suitably hasa melting point of greater than 250C, preferably
greater than 275C, more preferably greater than 300C, especially greater than 340C.. The meeting
point is prefe%aéb\ff}3 Ietsz {[ha %955%30 ?ﬁe%raﬁ?o of ﬁgevv?/%/o o%%SidI?%ssttpcﬁﬁﬁg |(r:lfﬁ§1te1r]i%i3to the wt%
of said LCP miay berat leasét.3.5, suitably at least 5, preferably at least 7.5, more preferably at least 10
and especially at least 15. Advantageously it is found WO 2006/106338 PCT/GB2006/001260 14 that
the combination of a said first polymeric material as described and relatively low amounts of LCP can

produce compbsiGHSWERS RRRPGSFRERiethabicel ahtirehersie AN PropeTtiBs Withctt thé need to
effect any postsreaction tob-eauseany dxxeaseir melesdlar weightefithefirst polymgrig material
and,ﬂ"ﬂmﬂnggiygﬁgggﬁygggyggggﬁg. In a more preferred embodiment,
said first pclymeric material is selected from
polyetherketone and polystheretherketone. In an especially

preferred embodiment, said first polymeric material is

[
O

polyetheretherketone.

Said liquid crystal polymer is suitably an anisotropic
melt forming polymer which means it transmits light when
examined between crossed polarcids. Such polymers are

15 alsc termed “thermotropic liguid crystal polymers”.

Said liguid crystal polymer may be =z substantially linear
polymer which incorporates seguences of rigid units or a linear
vinyl polymer having pendant groups which are sufficlently
20  stiff to allow formation of an anisotropic melt. Examples of
liquid crystal polymsrs are described in US4161470, US4083829,
US3778410, US4087852, US404148 and US4272625, the contents of
which are incorporated herein by reference insofar as they

relate to the nature of the liquid crystal polymer,

25
Said liguid crystal polymer suitably has a melting peint of
greater than 250°C, preferably greater than 275°C, more
preferably greater than 300°C, especially greater than 340°C.
The meeting point is preferably less than 35%0°C,

30

The ratio of the wt% of said first polymeric material to
the wt% of said LCP may be at least 3.5, sultably at least
3, preferably at least 7.5, more preferably at least 10

and especially at least 15. Advantageously it is found



be used to produce composite materials having a high loading of fillers and excellent chemical and
mechanical properties. 10 The ratio of the wt% of said first polymeric material to the wt% of said LCP
may be less than 100, suitably less than 80, preferably less than 40, more preferably less than 25,
especially 1e38Q118#920:33% The ratio of the wt % of said first polymeric mat$itaG-B200660426% of said LCP
is suitably in the range 3.5 to 100, preferably 3.5 to 50, more preferably 2.5 to 25, especially 7.5 to
25. 20 Said composition may include at least 25 wt%, preferably at least 30 wt%, more preferably at
least 35 wt% of said first polymeric material; and at'least 1 wt%, preferably at least 2 wt%, more
preferably at least 3 wt% of said 25 LCP. The composition may include, more than one first polymeric

material havifig Mv B0 &S bERh Yifich tale Thd Anfodits BNd/EPFatics fatdtéd fo hafein may be
calculated ondthe«3Q basis of thersiim of e amounts ofall:first polynelic materiak-bdving MV as

e S, S O e N RLLE g pgncn cos

properties without the need to effect any post reaction to

5 cause any increase 1in molecular weight of the first
polymeric material and, furthermore, such compositions can
be used to produce composite materials having a high
loading of fillers and excellent chemical and mechanical
properties,

10
The ratio of the wt% of said first polymeric material to
the wt% of said LCP may be less than 100, suitably less
than 80, preferably less than 40, more preferably less
than 25, especially less than 20.

15
The ratio of the wit% of said first polymeric material to
the wt% of said LCP is suitably in the range 3.5 te 100,
preferably 3.5 to 50, more preferably 2.5 to 25,
especially 7.5 to 25.

20
Said composition may include at least 25 wt%, preferably
at least 30 wt%, more preferably at least 35 wt% of said
first polymeric material; and at least 1 wt%, preferably
at least 2 wt%, more preferably at least 3 wt% of said

25 LCF.

The composition may include more than one first polymeric
material having MV as described in which case the amounts
and/or ratios referred to herein may be calculated on the
30 basis of the sum of the amounts of all first polymeric
material  having MV as described. Similarly, the
composition may include meore than one LCP as described, in

which case the amounts and/or ratios referred to herein



may be calculated on the basis of the sum of the amounts of all LCPs having MV as described. Said
composition preferably includes a single type of 5 first polymeric material. Said composition preferably
includes a single2tgpeosdsk CP. Said composition may include 80 to 95 wt%efsaid ikl Rplymeric
material and 5 to 20 wt% of LCP; or it may 10 include 85 to 95 wto of said first polymeric material and
S to 15 wt% of LCP. Said composition may be provided in a particulate form, for example in a powder
or granular form. The particulate 15 form may cordgrise particles having an average weight of at least
0.05mg, suitably at least 0.1mg, preferably at least 0.2mg, more preferably at least 0.Smg, especially
at least 1.Om@2 Theaverdgaweidgit nvay béfesbabas 10Mmghiprefenably fessitharbima tkhe particulate
form suitably 20 has ap average  weighkin the range 0,005 to 10mg preferably 0.5 to 5mg. The
particulate form may have an average volume in the range | to 100mm3, suitably 5 to 100mm3,
preferably 10 to 25 50mm3, more preferably 15 to 35mm3. According to a second aspect, there is
provided a pa%;i(mmpdﬁtﬁl@saﬁﬂmpoﬁﬂ@fé%@“d}ng 1o, saiesfiest @aspactn 39 Said\pack may include at
least 1kg swta gt Ieas_Lt Skeq~J Qrefer bI at east 10k more preferably at least 14kg of said

composition. Said pack ay meldde “orless, ° composition preieranly
includes a single type o; LCP.

Said compesition may idnclude B0 to 95 wt% of said First
polymeric material and 5 to 20 wt% of LCP; or it may
10 include 85 to 25 wt% of said first polymeric material and

5 to 15 wt% of LCP.

Sald composition may be provided in a particulate form,

for example in & powder or granular form. The particulate

=
w

form may comprise particles having an average weight of at
least 0.05mg, sulitably at least 0.lmg, preferably at lesas

C.2mg, more preferably at least 0.5mg, especially at

least

1.0mg. The average w51ght may bs less than 10mg,
preferably less than 5mg. The particulate form suitably

20 has arn average weight in the =range 0§.005 <o 1Cmg

preferably 0.5 to 5Smg.

The particulate form may have an average volume 1in the

. - 3 Lot D e ¥
range 1 to 1C0mm”, suitably 5 to 100mm’, preferably 10 to

- - 3 - - - =

25  50mm”, more preferably 15 to 35mm°.
According to a second aspect, there is
provided a pack comprising =z composition according to said
first aspect.

30

Sald pack may include at least 1lkg, suitably at least 3kg,
preferably at least 10kg, more preferably at least l1dkg of

8

]

id composition. Said pack may include 1000kg or less,



WO 2006/106338 PCT/GB2006/001260 16 preferably 500 kg or less of said composition. Preferred
packs include 10 to 500 kg of said composition. Said pack may include at least 1000, suitably at least
510,000, pr&feraisb/iatdzzast 50,000, more preferably at least 100,000 pastiialessedisaist omposition in
particulate form. The pack may include less than 1,000,000 particles of said compaosition in
particulate form. i0 Said pack may include a composite material as described hereinafter which
includes a said composition. Material in said pack}{®.g. a composite material or a said composition per
se) may be in powder or granular form. Said pack may comprise packaging material (which is
intended to Ber@istafded oPRluset) @hdiedesitdd Frateriahng sd céemposité redteriakdand/or a said
composition); Saud paskaging matesigl prefegaply 20substantially fJully gnacloses said desired material.
Said packaging material may comprise a first receptacle, for example a flexible receptacle such as a
plastics bag in which said desired material is arranged. The first receptacle may be contained within a
second recetatte for@5 examplerinlaiBex suchiassa tardboard hox: Acsokding:to athrg aspect,
there is provigded-a gompasite.material camprising a said first polymeric as described according to
said firstaaspg(?t’, Oa% %b L%%’ég Jégrsg%r‘l"bea LIalcc*c‘)er%ll&r%g tcs?é}élfjli{%;;5 irst ags‘\{f)é%t and a nner E%ar%s'“. Said
composite maferfdl sut@bR Gompagescles of said composition in particulate

form. The pack may include less than 1,000,000 particles

of said composition in particulate form.

10 Said pack may include & composite material as described

hereinafter which includes a said compositicn.

Material in said pack (e.g. a composite material or a said

composition per se) may be in powder or granular form.

ot
wn

Salid pack may comprise packaging materiel (which is
intended %to be discarded or re-used) and a desirsd
material fe.g. & composite materisl and/or & said
compeosition) . Said packaging materizl preferably
20  substancially fully encloses zzid desired material. Said
packaging material may comprise & first receptacle, for
example a flexible receptacle such as 2 plastics bag in
which said desired material 1s arranged. The first

receptacle may be contained within a second receptacle for
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s in box such as a cardboard box.

hcocording to a third aspect, there is

T
provided & composite material comprising a said first

polvmeric as described according to said first aspect

i , B
30 LCP as described according to said Ffirst aspect and a
filler means. Szid composite material suitably comprises

said composition of said first aspect and a said i

means.



said composition of said first aspect and a said filler means. WO 2006/106338 PCT/GB2006/001260
17 Said filler means may include a fibrous filler or a non- fibrous filler. Said filler means may include
both a fibrous filler and a non-fibrous filler. 5 A said fibrous filler may be continuous or discontinuous.
In preferred &niookim@ass a said fibrous filler is discontinuous. 10 A said #bisaBAlleritay be selected
from inorganic fibrous materials, non-melting and high-melting organic fibrous materials such as
aramid fibres and carbon fibre. A said fibrous filler may be selected from glass fiber, 15 carbon fibre,
asbestos fiber, silica fiber, alumina fiber, zirconia ﬁBer, boron nitride fiber, silicon nitride fiber, boron
fiber, fluorocarbon resin fibre and potassium titanate fiber. Preferred fibrous fillers are glass fibre and
carbon fibre. 20 A fibrous filler may comprise nano fibres. A said non-fibrous filler may be selected
from mica, siigagdtalt] aluminac kaslimxalcium sulfates célciumu?b carbbaate; titaniumroxide, ferrite,
clay, glass payder, zine pxide, pickel cahonale, o0 Oxide:, guatlz, pouigt., giaogegiym garbonate.
fluorocarbon resin, graphite, carbon powder, carbon black, nanotubes andlllz)arium sulfate. The
fibrous filler and a non-fibrous filler.

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

discontinuous.

10 A sald fibrous filler may be selected from inorganic
fibrous materials, non-melting and high-melting organic

fibrous materials such as aramid fibres and carbon fibre.

A said fibrous filler may be selected from glass Iiber,
15 carbon fibre, asbestos fiber, silica fiber, alumina fiber,
zirconia fiber, boren nitride fiber, silicon nitride
fiber, boron fiber, flucrccarbon resin fibre and potassium
titanate fiber. Preferrad fibrous fillers are glass fibre
and carbon fibre.
20

A fibrous filler may comprise nanc fibres.

A sald non-fibrous <filler may be selected from mica,
silica, tale, alumina, kaclin, calcium sulfate, calcium
25 carbonate, titanium oxide, ferrite, clay, glass powder,
zinc oxide, nickel carbonate, ircn oxide, quartz powder,
magnaesium carbonate, fluorocarbon resin, graphite, carbon
rowder, carbon black, nanotubes and barium sulfate. The
non-fibrous fillers may be introduced in the form of

30 powder or flaky particles.

The composite material may be in a particulate form for

example into pellets or granules. Pellets or granules may



non-fibrous fillers may be introduced in the form of 30 powder or flaky particles. The composite
material may be in a particulate form for example into pellets or granules. Pellets or granules may WO
2006/106338 PCT/GB2006/001260 i8 have a maximum dimension of less than 10mm, preferably

less than 7miWi) ateraoeseserably less than 4mm. Preferably, said filler med§F¢giHa88826he or more 5
fillers selected from glass fibre, carbon fibre, carbon black and a fluorocarbon resin. More preferably,
said filler means comprises glass fibre or carbon, especially discontinuous, for example chopped,
glass fibre or carbon “fibre. 10 Said composite material may comprise one or more different first
polymeric materials as described above with MV as described. Preferably, said composite material
comprises ORfy’& sifigl@ R pE S irt PEIRERR material Bhid" %%injg%‘R/pe §$ pre éf%b%'
polyetheretherketone Saidmampesite matstat Suitablysineludies: Y 0dwt? or less, suitably 65 wt% or
less, preferably 55 wt% or less, more preferably 45 wt% or less, especially 40 wt% or less of 20 said
first polymeric material (especially polyetheretherketone). Said composite material suitably includes
at least 20wt%s girefarably at |64t 5vEdS LimbBre MSrefetablyBASASESOWB Bf filér mBaks. Said

composite material-suitablydncludesratleast 33 wi% preferablyalon fibre, carbon
black and a fluorocarbon resin. More preferably, said
filler means comprises glass fibre or carbon, especially
discontinuocus, for example chopped, glass fibre or carbon
fibre.

10

Said composite material may comprise one or more different
first polymeric materials as described above with MV as
described. Preferably, said compcesite material comprises
only a single type of first polymeric material. Said

15 single type is preferably polyetheretherketone.

Salid composite material suitably includes 70 wt% or less,
suitably 65 wt% or less, preferably 55 wt% or less, more
preferably 4% wt% or less, especilally 40 wt% or less of
20 said first polymeric material {especially
polyetheretherketone) . Said composite material suitably
includes at least 20wi%, preferably at least 25wt%, more
preferably at least 30wt of filller means. Said composite
material suitably includes at least 35 wt%, preferably at
25 least 45 wit%, more preferably at least 50 wt%, especially
at least 55 wt% of filler means which may include
different types of fillers (in which case the wi% refers
to the sum of the wt% of each filler present), but
preferably comprises a single type cof filler. The amount

30 cf filler means may be less than 75wt%.

Said composite material suitably includes 25 to 69.5wt% of

first polymeric material having a MV as described, (which



25 least 45 wt%, more preferably at least 50 wt%, especially at least 55 wt% of filler means which
may include different types of fillers (in which case the wt% refers to the sum of the wt% of each filler
present) , but preferably comprises a single type of filler. The amount 30 of filler means may be less
than 75wt% . BaPEoriFésite material suitably includes 25 to 69.5wt% of RESE/E8RAtedlid2nGaterial
having a MV as described, (which WO 2006/106338 PCT/GB2006/001260 19 is preferably a single
type of polymeric material, especially polyetheretherketone), 30 to 74.Swto of filler means and up to
|Owt% of LCP. Preferably, said composite materid-l%omprises 25 to 49.5wt% of first polymeric 5
material, 50 tq 74.5wto of filler means and 0.5 to 7.5wto of LCP. More preferably, said composite

material compfise§ 384230 &F firsStpdlyfericisteriaf 557618906 oFfilfkéihéans and 0.5 to
5wt% of LCP 1@ &aid tomppsiter aratetial-preferahiy epnsists esserttinllywafsfirse palymeric material,

filler means and LCP. In the composite matetial, the preferred ratigs of said first polymeric material to
LCP may be zr:lnsg %relgcr%led(tj i 1? Cgcgg%%ﬁcgglvit é%a’id ggtea%sep%%%&yﬁe Fa‘}fbdofcfﬁfg?%ﬁsé'gﬁs to said first
polymeric makeridi haay: be ertwast e ssuitdbly aeleast 157 h¥referdbly Hitdedst oalTheratio may be

less than 2.0 ;Ehe ratio of filler means 19,LGP Jmay e atlegsty Sultablyatieast 8 pigiarably at 20
least 10. The ratio mag be less than 60, preferably less
of LCF. More preferably, said composite material
comprises 20 to 44.5wt% of first polymeric material, 55 to

c0.5wt% of filler means and 0.5 to 5wk% of LCP.

10 Said composite material preferably consists essentially of

first polymeric material, f£iller means and LCP.

In the composite material, the preferred ratios of said
first polymeric material to LCP may be as described in
15 accordance with said first aspect. The ratioc of filler
means to said first polymeric material may be at least 1,
suitably at least 1.2, preferably at least 1.4. The ratio
may be less than 2.0. The ratio of filler means to LCP
may be at least 5, suitably at least 8, preferably at
20 least 10. The ratio may be less than 60, praferably less

than 45, more preferably less than 30.

Said composite material suitably dincludes a low level of
Group I or CGroup II metal ions. Said compesite material
25  suitably includes less than 1000 ppm, preferably less than
500 ppm, more preferably less than 150 ppm of any alkali
metal cation (e.g. Na’, L;% or K') in it, said ppm being
based on the amount of said polymeric material in said
compesite. Said composite material suitably includes less
30 than 1000 ppm, preferably less than 500 ppm, more
preferably less than 150 ppm of any Group II metal cation
(e.g. Ca®") in it, said ppm being based on the amount of

sald polymeric material(s! in said composite. Preferably,



than 45, more preferably less than 30. Said composite material suitably includes a low level of Group |
or Group Il metal ions. Said composite material 25 suitably includes less than 1000 ppm, preferably
less than 500'PBMACMETE preferably 'Less than 150 ppm of any alkali meRIvERem@e2Ma’, L,+ or K+)
in it, said ppm being based on the amount of said polymeric material in said composite. Said
composite material suitably includes less 30 than 1000 ppm, preferably less than 500 ppm, more
preferably less than 150 ppm of any Group |l met&l°cation (e.g. Cat+) in it, said ppm being based on
the amount of _said polymﬁeric material(s) in said composite. Preferably, WO 2006/106338
PCT/GB20067061588" 207 the S6m=BFne ppih's ofall /o 1and Grobp imetal cAfiGAs in said
composite materiatis less than 20Q0mpas i peefaably legs than 16686 pparmaregurefasably less than
500 ppm, espegially less than 250 ppm. Theevels of ions in ppm described may be assessed using
ICPAES (ind%%t?v%e ac?ﬂsfp ing}' P a%m%gi?omﬂgolzﬁm%‘g%h §Bgc“tr %%63?)?3&6%0010?51?19 %%DTourth aspect,
there is provideél £rTeth66 »f piddaring & eonfiasiticid Acemmling to said first aspect, said method
comprising: (i) selecting a first polymeric material having a MV of less than 0.15 knsmQ " is (ii)
contacting saqig Lirst polxmeriq material with an LCP;

The levels of ions in ppm described may be assessed using
ICPAES {Inductive Coupling Plasma Rtomic  Emission
Spectroscopy) .

10 pccording to a fourth aspect, there is
provided az method of preparing & composition according to
said first aspect, said method comprising:
(i) selecting =& Iirst polymeric material having a MV of

less than §.15 kNsm™*;

n

(11 contacting said first polymeric material with an

-t

wherein said ILirst polymeric materizl and LCP ars as
described according to sald first aspect.

20
In the method at least 1 Kg, preferably at least I Kg,
more preferably at least 10 Kg, especilally at least 25 Kg
0z saild first polvmeric material is selected. In the

method, at least 0.1 Kg, preferably

g%}
ot

a
preferably at least 1 Kg, especially at least 2.5 XKg of

sald LCP means i1s selected.

Sultably at laast
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especially at least 25 Kg; of said first polymeric

30 matverial is selected and contacted with at least 0.5 Kg



wherein said first polymeric material and LCP are as described according to said first aspect. 20 In the
method at least 1 Kg, preferably at least 5 Kg, more preferably at least 10 Kg, especially at least 25
Kg of said fi?’gf)ﬁ@fﬁh‘gﬁiﬁmaterial is selected. in the method, at least 0.1 X/Prefesaolpat least 0.5
- Kg, more 25 preferably at least 1 Kg, especially at least 2.5 Kg of said LCP means is selected.

- Suitably at least 5 Kg (preferably at least 10 Kg, especially at least 25 Kg) of said first polymeric 30

~ material is selected and contacted with at least O,§ g (preferably at least 1 Kg, especially at least 2.5
Kg)-of said L%P.L\Q(O 2006/106338 PCTIGB2006/001260 21 In the method a batch. of said
composition May b prepared Kavitig Sveight et ISR BKy 1Breatly 2F I62EEDBTRE, especially
at least 50 kg &vELhe ntethed ghay cdmptise farating Saigkconpesitien Hite a= palticaate form, for
examples grqwlle%%ggy_%tﬁ he. pggg:éu?tg éorkmg may comprise particles having an average weight
of at least 0.5mg, preferably at least 1.0mg, more “preferably at least 1.5mg. The average weight may
be less 10 than 100mg, suitably less than 60mg, preferably less than 40mg. The mass of composite

material in saje parigubaée: form, Mmayhe-prayvided i apack. Said packmay cgntain at least
particulate form, for examples granules or pellets. The
particulate form may comprise particles having an averags
welght of at least 0.5mg, préferably at lsast 1.0mg, more
preferably at least 1.5mg. The average weight may be less
10 <than 100mg, suitably less than 60mg, preferably less than

40mg .

The mass of composite material in said particulate form

may be provided in & pack. Said pack may contain at least

i o
in

16,000, suitably at least 50,000, preferably at least
250,000 particles cof said composite material in said
particulate form. The pack may contain less +than
1,000,000 particles.

20 In the metheod, saild first polymeric material and said LCP
may be melt blended, sultably by extrusion and an

extrudate 1s suitably treated to define partic

FVJ

a2z (e.g.

peliests or granules| of sald composition.

)
m

According tc a fifth aspect, there is

provided & wmethod of preparing z composits matsrial

according te the third aspect, said method comprising:

(1 selecting & first polymeric material having an MV
of less than 0.15 kNsm™® or = composition according

3G Co said Zirst aspsct and/or prepared as described
according to said fourth aspect;

(£i) optionally, contacting the materials referred to

in (i) with a LCP;



15 10,000, suitably at least 50,000, preferably at least 250,000 particles of said composite material in
said particulate form. The pack may contain less than 1,000,000 particles. 20 In the method, said first
polymeric material and said LCP may be melt blended, suitably by extrusion and an extrudate is
suitably treat&® tydefinisparticles (e.g. pellets or granules) of said compd¥itgsB2BcAetWAding to a fifth
aspect, there is provided a method of preparing a composite material according to the third aspect,
said method comprising: (i) selecting a first polymeric material having an MV of less than 0.15 kNsm-2
or a composition according 30 to said first aspect%?nd/or prepared as described according to said
fourth aspect; (ii) optionally, contacting the materials referred to in (i) with a LCP; WO 2006/106338
PCT/GB2006/661260 S2hifpComMastingiedid FatsTak réfer8d 36 7Pd) droift®ith' Afild means;
wherein said compositign, isaidifirst polyimetie matesiak ; said LCP and said filler means are as

described ace rglin n5 tgas&iid ficr:sjtm toofgy{t{loaspecgsl. An e rg@thoglat I%asitcl I% @Erggeg bly at least 5
Kg, more prefera eiy at least’10 l?g?espeuaflly atieast Izg Lof%aldyﬁ\rsifpolymerlc matérial or said

composition $@ adcd@ingetothe fitst aspettis gelevtedarethesmethedribed according
5 to said f£irst to fourth aspects.

In the method at least 1 kg, preferably at least 5 Kg,
more preferably at least 10 Kg, especially at least 25 Kg
of sald first polymeric material or said composition
10 acceording to the first aspect is selected. In the method,
at least 1 Kg, preferably at least - Kg, more preferably
at least 10 Kg, especilally at least 25 kg of sald filler

means is selected.

1%  Suitably at least 5 kg (preferably at least 10 kg,
especially at least 25 kg} of said first polymeric
material or said compesiticon according to the first aspect
is selected and contacted with at least 5 kg (preferably
at least 10 kg, especially at least 25 kg) of said filler

20 means.

In the method a batch of composite material may be
prepared having a weight of at least 10 kg, preferably at
least 20 kg, especially at least 30 kg.

25
The method may comprise forming said composite material
into a particulate form, for examples granules or pellets.
The particulate form may comprise particles as described
according to the fourth aspect,

3G

The mass of composite material in said particulate form
may be provided in a pack. Said pack may contain particles

as described for said fourth aspect.



at least 1 Kg, preferably at least 5 Kg, more preferably at least 10 Kg, especially at least 25 kg of said
filler means is selected. 15 Suitably at 'Least 5 kg (preferably at least 10 kg, especially at least 25 kg)
of said first polymeric material or said composition according to the first aspect is selected and
contacted withiatdeessskg (preferably at least 10 kg, especially at least 2SKEBftsaRiier 20
means. In the method a batch of composite material may be prepared having a weight of at least 10
kg, preferably at least 20 kg, especially at least 50 kg. 25 The method may comprise forming said
composite material into a particulate form, for exafples granules or pellets. The particulate form may
comprise particles as described according to the fourth aspect. 30 The mass of composite material in
said particulate form may be provided in a pack. Said pack may contain particles as described for

said fourth aspect WE20Q6/106338 PLTHGB2H06/001260-23-37id campesite matedial gould be
prepared as described in _PCT/GB2003/001872, the_contents of which are jncorporated herein by
reference. Prgfé%g@g %O%/é&%ﬁ%% sgfaefirgto 5 E%Wer?cf m‘é{Pelr% of&8id Jt%%'?p%)scﬁgﬁ %Crle selected

and mixed with said fiter medns atan elévatédteperatime,the method, said first
5 polymeric material or said composition are selected and
mixaed with said filler means at an elevated temperature,
suitably at & temperature at or above the melting
temperature of said first polymeric material and LCP. It
said first polymeric nmaterial and LCP are added

10 separately, the LCP a preferably added before contact with
said filler means. Thus, suitably, said first polymeric
material and filler means are mixed whilst the first
polymeric material and LCP are molten. Said elevated
temperature is suitably beiow the decompeosition

15  temperature of the first polymeric material and LCP. Bzid
elevated temperature 1s preferably at or above the main
peak of the melting endotherm(TM) for said polymeric
material and for said LLPF. Said elevated temperature is
preferably at least 300°C and mecre preferably is at least

20 350°C. Advantageously, tThe molten first polymeric material
and LCP can readily wet the filler and/or penetrate
consclidated fillers, such as fibrous mats o©r wWoven
fabrics, so the composite material prepared comprises the
first polymeric material, LCP and filler means which is

25 substantizlly uniformly dispersed throughout the first

poilyvmeric material and LCP.

The composite material may be prepared in a substantially
continuous process. In this case first polymeric materisl
30 or said composition may be constantly fed concurrently
with a stream of filler means to a location wherein they
are mixed and heated. An example of such a continuous

~ process 1s extrusion. Another example (which may be



suitably at a temperature at or above the melting temperature of said first polymeric material and LCP.
it said first polymeric material and LCP are added 10 separately, the LCP a preferably added before
contact with said filler means. Thus, suitably, said first polymeric material and filler means are mixed
whilst the first@palyerigsisinaterial and LCP are molter.. Said elevated tenf§dr&ttedsdieiittbly below
the decomposition 15 temperature of the first polymeric material and LCP. Said elevated temperature
is preferably at or above the main peak of the melting endotherm(TM) for said polymeric material and
for said LCP. Said elevated temperature is prefer&ly at least 300C and more preferably is at least 20
350C. Advantageously, the molten first polymeric material and LCP can readily wet the filler and/or
penetrate copaslidated Filles, sakhvEs fibrousTRals dhwover fabrigs BpstheBurEpasite faterial

prepared conrises the first polymericmatarial kG P-andfilles meansswhich i3 2asubstantially
uniformly dispersed throughout the first polymeric material and LCP. The composite material may be

prepared in dtibstahfallfoSntimie e Brocdss M this EAER Fildt ity Mt matea8d st said
composition may4ei eanstantly fed xonaheentbyowith racstseameafi filles means temadecatian wherein they

o g and st A oalie laygh s Sonuuass Buassl> UL Aot gaml
preferably, a plurality of continuocus filaments which have
been consolidated at least to some extent. The continuous
fibrous mass may comprise a tow, roving, braid, woven
fabric orxr unwoven fabric. The filaments which make up the
10 fibrous mass may be arranged substantially uniformly or

randomly within the mass.

Alternatively, the compesite material may be prepared in a
discontinuous process. In this case, a predetermined
15 amount of zaid first polymeric material and LCP and a
predetermined amount of saild filler means may be selected
and contacted and a composite material prepared by causing
the first polymeric material and LCP to melt and causing
the first polymeric material, LCP and filler means to mix

20 to form a substantially uniform compeosite material.

A mixture, prepared after contacting said first polymeric
material, LCP and said filler means suitably includes less
than 1 wt%, preferably less than 0.2 wt%, more preferably
25 less than 0.7 wt%, especially less than 0.5 wt% of a
plasticizer (of a type which is liguid at less than 150°C,
preferably at less than 100°C) for the first polymeric
material (e.g. a liguid which will enable a melt %to be
obtained from a said first polymeric material having a
30 lower melt viscosity than that of the polymeric material
alone measured under the same conditions}, for example an
organic liguid, for example solvent such as

diphenylsulphone. Preferably, in the method, substantially



particularly relevant wherein the filler means comprises a fibrous filler) involves causing a continuous
filamentous mass to move through a melt comprising said polymeric material and LCP. The
continuous filamentous mass may 5 comprise a continuous length of fibrous filler or, more preferably,
a plurality of w@ntimeiafsIlaments which have been consolidated at least RES6HR20EBROThe
continuous fibrous mass may comprise a tow, roving, braid, woven fabric or unwoven fabric. The
filaments which make up the 10 fibrous mass may be arranged substantially uniformly or randomly
within the mass. Alternatively, the composite maté¥¥al may be prepared in a discontinuous process. In
this case, a predetermined 15 amount of said first polymeric material and LCP and a predetermined

amount of saig filler queahs Piayshé setected BRM cBREIIEE arfdi@ B8RPoEHETAART Il prépared by

causing the first polymeric material and|.CP to raelt apd causing ctherdistepalymericsaaterial, LCP
and filler means to mix 20 to form a substantially uniform cqmgo%ite material. A ixture_zL, Jrepared

after contactifgFag kst Polyntdric matdviaf TEP and LW fiferiRearsditabR mtiudes less than 1

wt%, preferablydess than 0.9 wt%, more preferably 25 less than 0.7 wt%, especially less than 0.5 wt--.
of a plasticizer (of a type which is liquid at less than 150C, preferably at less than 100C) for the first
polymeric material (e.g. a liquid which will enable a melt to be obtained from a said first polymeric
material havihg ai30:lower rpelepistesitpiiarthapbEaretpslgmend fnatefgt polymeric

material, LCP and said filler means, suitably includes
less than 0.005 parts by weight {(pbw) of an alkaline salt
of a Group I or Group II metal per 100 pbw of said
10 polymeric material., Said mixture preferakly does not
include any salt present at concentrations of greater than
0.005 pbw per 100 pbw of said polymeric material.
preferably, said mixture includes less than 0.004 pbw,
more preferably less than 0.003 pbw, especially less than
15 0.001 pbw. Preferably, no salt, for example an alkaline
salt of a Group I or Group II metal, is added to the
mixture or any compconent thereof used to make the

composite material in the method.

20 The composite material may advantageously Dbe used in
injection moulding or extrusion to manufacture compoeonents.
Thus, according to a sixth aspect of the invention, there
is provided a method of making a component, the mathod
comprising extruding or injection moulding a composite

5%  material as described according to the third and/or fifth

aspects.

said composite material may have any Zfeature of said
composite material described according to any of the abave

30 aspects.

Said method preferably involves selecting a precursor

material from which to make the component wherein said



alone measured under the same conditions), for example an organic liquid, for example solvent such
as diphenylsulphone. Preferably, in the method, substantially WO 2006/106338 PCT/GB2006/001260
25 no liquid plasticizer, for example diphenylsulphone, is added to either the first polymeric material,
said compo8¥ibes14%#kture comprising said polymeric material. 5 A mB&IYEBpveptyadiafter
contacting said first polymeric material, LCP and said filler means, suitably includes less than 0.005
parts by weight (pbw) of an alkaline salt of a Group | or Group Il metal per 100 pbw of said 10
polymeric material. Said mixture preferably does nét include any salt present at concentrations of
greater than 0.005 pbw per 100 pbw of said polymeric material. Preferably, said mixture includes less

than 0.004 pBWEHHERCBreteadiiRes H3ER BIFES pBus 2sPeGaMRPRES thafd 535601 FRW. Preferably,

no salt, for exarpple-an alkaline sateha GyeupdnGroupkb metaleissaddediie they mixtyre or any
component thereof used to make the. composite material in the methodtZO ,Tf}e composite material
may advantaﬁgéﬁgﬁ%ecusgﬁl ﬁ‘]eﬁﬁgétionl oufding or SXRUSioh o manafactire colrﬁpoﬁrelnts. Thus,
according to assixth=aispectof theieverition, thefelis previded a ethodfimakihy.a eeAtponent, the

method comprising, extuding arinjection maulding 8.¢omPoslice rature of greater
than 300°C, preferably greater than 340°C. It is suitably

heated to a temperature not exceeding 450°C.

Said precursor material may consist essentially of a said

10 compesite material described herein.

Suitably, in the method, at least 0.5g, preferably at
least lg, more preferably at least 5g, especially at least
12g is selacted in order to make the component.
i5

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

20 or less, the method comprising:

{A) selecting a precursor material as described according

to the third aspect.
25 AND

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

component.,

30 Preferably, the component includes & region having a

thickness of 2mm or less, more preferably lmm or less.



25 material as described according to the third and/or fifth aspects. Said composite material may have
any feature of said composite material described according to any of the above 30 aspects. Said
method preferably involves selecting a precursor material from which to make the component wherein
said WO 20080068388 €T/GB2006/001260 26 precursor material compficeS-&288¢d&dMiposite
material and subjecting the precursor material to a temperature to melt polymeric material in said
composite material in an extrusion or injection moulding apparatus. Suitably, said 5 precursor material
is heated to a temperature of greater than 300C, pféferably greater than 340C. It is suitably heated to
a temperature not exceeding 450C. Said precursor material may consist essentially of a said 10

composite matérdl deSEALEE Rerelf SSitabhf irf the Rbthoncaeiaikl b 5§ prterblyat feast 1g,

more preferablyatlensi by, especialyatleash 12g-s selected in geder tomakedhe,component. 15
The method ma%y %g u eg to make cgmggne}:r)\ts having relatively thin walls. Thus, the invention, in a
re

seventh aspett rélates fo'a methdd of Riaking a cormponent Which has™ aviall Bfiditimtdudes a region

having a thickness of 3mm 20 or less, the method comprising; (A) selecting a precursor material as
describedsaccerdifgy,iy, said component includes a region having an area
of at least 0.5cm®, preferably at least 1 cm?, more
preferably at least S5cm? having a thickness as described.
Thus, in one embodiment, said component may include a
region of at least 0.5¢m? which has a thickness of 3mm,

10 preferably of Z2mm or less.

A said first polymeric material as described herein may be
made by any sultable method. An electrophilic process may
be used as described in US6566484B2; or a nucleophilic
15 process may be used as degcribed in  EPQO0018T7SER  or
PCT/GB99/02833. A nucleophilic process is preferred.

MV may be contreclled as described in EP 00018793,

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

herein mutatis mutandis.

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

betweaen MV and IV.

30 VICTREX PEEXK™ 150P (Trade Mark) may be obtazined from
Victrex Plc, UK.



to the third aspect. 25 AND (B) treating said precursor material, thereby to form said component. 30
Preferably, the component includes a region having a thickness of 2mm or less, more preferably Imm
or less. WO 2006/106338 PCT/GB2006/001260 27 Said treatment described in (B) preferably
involves melWprgwéssidgpsaid precursor material. Melt processing is prefBfdlfhpeeied2out by
extrusion or injection moulding. 5 Suitably, said component includes a region having an area of at
least 0.5cm2, preferably at least 1 cm2, more preferably at least 5cm2 having a thickness as
described. Thus, in one embodiment, said compofignt may include a region of at least 0.5cm2 which
has a thickness of 3mm, 10 preferably of 2mm or less. A said first polymeric material as described
herein may bl naRepy aRySsuitiie FRsthba. RAEtectroisHific Bﬁ%gs%smé?cﬁé‘ﬂ%%d%’%oﬁescribed in
US6566484B2; afa-aucleophilic b pracess maydhe Hsed as desained in BRD00048798s0r
PCT/GB99/02833. A nuclegphilic process is preferred. MV may be controlled as described in EP
0001879B. 28 A HEatGre’6F &R aspect of any invention or embodiment described herein may be
combined with any feature of any aspect of any other invention or embodiment described herein

mutatis mutapdis, 25 Specific.emhadiments afthe invention willagw e described

A 250ml flanged flask fitted with a ground glass Quickfit
1id, stirrer/stitrer guide, nitrogen inlet and outlet was
charged with 4,4’-difluorchenzophenone (22.48g, 0.103
10 mole), hydroguinone {11.01qg, 0.1 mele) and
diphenylsulphone (49g) and purged with nitrogen for cover 1
hour., The contents were then heated under a nitrogen
blanket to between 140 and 150°C to form an almost
colourless sclution. Wnile maintaining a nitrogen
1% blanket, dried sodium carbonate {10.81g, 0.1 mole) and
potassium carbonate {0.278g, 0.00Z 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 houzr.

20
The reaction mixture was allowed to cool, milled and
washed with acetone and water. The resulting polymer was
dried in an air oven at 120° producing a powder. The
polymer had a melt viscosity at 400°C, 1000sec™ of 0.08%9
25  kNsm™®,

The polymer was compression moulded at 400°C in a press
{20tonnes, 5 minutes) into & thin film approximately 0.2Zmm
thick and cooled from 400°C to 120°C in 30 minutes to
30  induce complete crystallisation and then allowed to cool

Lo room temperature.



by way of example, with reference to the accompanying figure which is a plot illustrating the
relationship between MV and IV. 30 VICTREX PEEKTM 150P (Trade Mark) may be obtained from
Victrex Plc, UK. WO 2006/106338 PCT/GB2006/001260 28 All chemicals referred to herein were
used as recewedforisBRyma-Aldrich Chemical Company, Dorset, UK, urle$sGpipripisdistated. 5
Example 1 - Preparation of polyetheretherketone A 250ml flanged flask fitted with a ground glass
Quickfit lid, stirrer/stirrer guide, nitrogen inlet and outlet was charged with 4,4'-difluorobenzophenone
(22.48g, 0.103 10 mole), hydroquinone (11.01g, 0.4°mole) and diphenylsulphone (49g) and purged
with nitrogen for over 1 hour. The contents were then heated under a nitrogen blanket to between
140 and 150& &6 fdrin-ain dtostiedlobiess dolbiisa ahilé FRainfaihine e AitkigehiTs biket, dried

sodium carbonate £10,61¢.04. mole) and, potassium carbonate {24789.:0.002 nele) was added. The
temperature was raised to 200C and held for 1 hour; raised to 250C and held for 1 hour; raised to
315C and maihtdined¥8F 36T, 20" PeHctio Fiktire fas dftwed 16 ool ‘Bt aAE washed
with acetone andswwater.ethecresudtingpalymer was dried in an air oven at 120C producing a powder.
The 5

2a-d - Preparation of

Example samples of

polyetheretherketone with different melt wviscosities

The procedure described in Example 1 was repeated except

10 the polvmerisation time was varied to produce

polyetheretherketone with different melt viscosities. The

details are given in Table 1 below.

15

Tablie 1
Example Reaction Melt Toughness
Time Viscosity Test
(mins) {kNsm™?)
1 120 0.088 Tough
2a 180 0.150 Tough
2b 160 0,117 Tough
2¢ 90 0.075 Brittle
2d 60 0.06 Brittle




polymer had a melt viscosity at 400C, 1000sec-1 of 0.089 25 kNsm 2. The polymer was compression
moulded at 400C in a press (20tonnes, 5 minutes) into a thin film approximately 0.2mm thick and
cooled from 400C to 120C in 30 minutes to 30 induce complete crystallisation and then allowed to cool
to room tempPePME1 0333 2006/106338 PCT/GB2006/001260 29 The filnPAES BRI/ Piifed through
180 followed by hinging through 360C. This process was repeated 5 times and the film survived
without breaking and was therefore considered to be tough. 5 Example 2a-d - Preparation of samples
of polyetheretherketone with different melt viscositiés The procedure described in Example 1 was
repeated except 10 the onmerlsatlon t|me Was varled to produce polyetheretherketone with different
melt viscositige FH: & abk etoy &t = ReacHs At Foughness
Time Viscosity Test (mlns) (stm 2) 1120 O 089 Tough 2a 180 0. 150 Tough 2b 160 0.117 Tough

2¢ 90 0.075 Bf tée

procedure described in Example 1 was repeated on a
larger scale to produce sufficient material to carry out

S mechanical and melt flow testing. Five batches were
preduced, Examples 3a-e, with Melt Viscosities measured at
400°C  and 1000s™ of 0.144, 0.110 0.089, 0.076 and
0.059%kNsm™ respectively.

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

The Melt Flow Index of the polyetheretherketone samples
from Examples 3¢, 3e, a sample of Victrex PEFK™ 150P and
blends of Examples 3d and 3a in a weight ratio of 77 : 23
15 and Examples 3e and 3a in a weight ratic of 64 : 36 were
measured on a CEAST Melt Flow Tester 6941.00C. The polymer
was placed in the barrel of the Melt Flow Tester apparatus
and heated to 400°C. The polymer was then extruded under a
constant shear stress Dby inserting a weighted piston
20 {2.16kg} into the barrel and extruding through a tungsten
carbide die, 2.09%95mmbore x 8.000mm. The MFI (Melt Flow
Index) 1s the average mass of polymer (in g) extruded in

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



2d 60 0.06 Brittle 15 WO 2006/106338 PC/GB2006/001260 30 Example 3 - Large Scale production
of polyetheretherketone The procedure described in Example 1 was repeated on a larger scale to
produce sufficient material to carry out 5 mechanical and melt flow testing. Five batches were
produced, EXé@ridlesiBE38, with Melt Viscosities measured at 400C and 190068263044 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 PEEKTM 150P and blend3%f Examples 3d and 3a in a weight ratio of 77 : 23
15 and Examples 3e and 3a in a weight ratio of 64 : 36 were measured on a CEAST Melt Flow Tester
6941.000. The polymer was placed in the barrel of the Melt Flow Tester apparatus and heated to
400C. The polymer was then extruded under a_constant shear stress by inserting a weighted piston
20 (2.16kg) into the barrel and extruding throuﬁ??l(&n&sten carbide die, 2.095mmbore x 6.000mm.
The MFI (Melt Flow Index) is the average mass of polymer (in g) extruded in 10 min. The results are
detailed in Table 2 below. WO 2006/106338 PCT/GB2006/001260 31 Table 2 Example

Polyetheretierke N MET NEl IO L e T et herketone Melt Melt Flow
Sample Viscosity Index
(kNsm™2) (g/10mins)
da Example 3¢ 0.08%8 g7
4 Example 3e 0.058 7
4c Example 3d {(77wt%) 0.0¢ 83
+

Example 3a (Z3wtd)
44 Example 3e (64wt%) 0.0% 78
+

Example 3a (36wts)
de Victrex PEEK™ 150P 0.150 41

5 Example 5 - Preparation of pelyetherketone

A 250ml flanged flask fitted with a ground glass Quickfit
1id, stirrer/stirrer guide, nitrogen inlet and outlet was
charged with 4,4’-difluorobenzophenone (33.49g, 0.153
10 mole}, 4,4'-dihydroxybenzophenone (32.13g, 0.150 mole) and
diphenylsulphone (124.5g) and purged with nitrogen for
over 1 hour. The contents were then heated under =
nitrogen blanket to 160° to form an almost colourless
solution. While maintaining a nitrogen blanket, dried
15 sodium carbecnate (16.39g, 0.156 mole) was added. The
temperature was raised to 340°C at 1°C/min and held for 2

hour.



Sample Viscosity Index (kNsm-2) (g/lOmins) 4a Example 3c 0.089 87 4b Example 3e 0.059 117 4c
Example 3d (77wt%) 0.09 83 Example 3a (23wt%) 4d Example 3e (64wt%) 0.09 78 Example 3a
(36Wt%) 4e Victrex PEEKTM 150P 0.150 41 5 Example 5 - Preparation of polyetherketone A 250ml
flanged flask¥Wit@epwifleddsground glass Quickfit lid, stirrer/stirrer guide, nitFégénbzlet/dHactutlet was
charged with 4,4'-difluorobenzophenone (33.49¢g, 0.153 10 mole), 4,4'-dihydroxybenzophenone
(32.13g, 0.150 mole) and diphenylsulphone (124.5g) and purged with nitrogen for over 1 hour. The
contents were then heated under a nitrogen blank&? to 160C to form an almost colourless solution.
While maintaining a nitrogen blanket, dried 15 sodium carbonate (16.59g, 0.156 mole) was added. The
temperature WS rakeytbI40C B €N affFheRibPPERouE WO PDD6/106338d  and
PCT/GB2006/QQ1260 B2ckheskeactinn nabturg avas-allowedstocopl milled and wwasheghwith acetone
and water. The r,eSéJItin p%l:xmer,was dried in an_air pven at 120C producing adpowdet[gh'ghe polymer

had a melt vi§6osiy a 1 16005e 8455 042 5%Ri§m Broducing 2 pouder.

polymer had a melt viscosity at 400%, 1000sec™ of 0.12
5 kNsm?,

Example 6a-6d - Large Scale production of polyetherketone

The procedure described in Example 5 was repeated on a
10 larger scale to produce sufficient material to carry out
mechanical and melt flow testing. Four batches were
produced, Examples 6a-d, with Melt Viscosities measured at
400°C and 1000s™ of 0.12, 0.10 0.09 and 0.08kNem™

raespectively.
15

Example 7a - 7i - Viscosity and Mechanical Properties of

highly filled, low viscosity polyetheretherketones

The polyetheretherketone from the 64:36wt% blend of
20 Example 3e and 3a was compcunded with 0, 3, 6, 9 and 12%
of a liguid crystal polymer (LCP) polymer (Ticona T130,
melt point 370°C, glass content 30%), and with additional
glass fibre (Owens Corning D165-11C} to obtain total glass
content 60wt%, on & ZSK 25 WLE Twin S8crew Extruder,
25 Examples 7a -~ 7e respectively. The LCP polymer was
predried 16 hours at 150°C before compounding. The
addition of LCP T130 was observed to decrease the extruder

torque and to improve fibre wet out.

30 Comparative trilals were carried out with Victrex 150p

polyketeone compounded with 0, 5, 10 and 15% of LCP T130



Example 6a-6d - Large Scale production of polyetherketone The procedure described in Example 5
was repeated on a 10 larger scale to produce sufficient material to carry out mechanical and melt flow
testing. Four batches were produced, Examples 6a-d, with Melt Viscosities measured at 400C and
1000s-' of 0.7 4810688 and 0.08kNsm 2 respectively. 15 Example 7a -PUi7&igeawity and
Mechanical Properties of highly filled, low viscosity polyetheretherketones The polyetheretherketone
from the 64:36wt% blend of 20 Example 3e and 3a was compounded with 0, 3, 6, 9 and 12% of a
liquid crystal polymer (LCP) polymer (Ticona T1303melt point 370C, glass content 30%), and with
additional glass fibre (Owens Corning D165-11C) to obtain total glass content 60wt%, on a ZSK 25
WLE Twin Scféf EXaler2 25 Edripglies 7aasre rékpeetively. Thet OPhpolyimee vag Lpresiried 16

hours at 150(53@@@@031@@@@1;1@9@'5{&@@%03 of l_.ggpg@q%@ﬁqbserved to decrease the
extruder torque and to improve fibre wet out. 30 Comparative trials were carried out with Victrex 1502

polyketone compounded with 0, 5, 10 and 15% of LCP T130 WO 2006/106338 PCT/GB2006/001260
33 and with adtitiona htasy fibrectaimakecthe total glasscontent 3% 1Examples 4f- 7 respectively.
The Melt Yiscegity of the comppunds:wag determin 5.380C and.1000 s-if and, the Melt Flow
Index at 380C2and Va2 EESIIENGALEL SAROF AR 0% AN &GRS

.16kg.

Compounds Example 7a-i were injection moulded using a
barrel temperature of 350-360°C, nozzle temperature 365°C,
10 mould temperature 145-155°C, holding pressure 30Bar and a
screw speed of 45rpm into standard test pieces and their
mechanical properties determined. The results are detailed

in the tables helow.

15 Table 12a
Example | PEEK LCP | Glass | LCP in | 28K 25| Melt Flow Melt
(wt%) T130 | Fibre | recipe, | torgue Index, Viscosity

(wt%) | (wt%) | pphz % 380°C 380°¢C

(g/10min) | (kNsm @)

7a 40 0 60 | 0 74 7.8 0.51
7b 37.9% 3 59,1 5.25 57 7.4 0.29
Tc 35.8% 3 58.2 10.5 50 5.5 0.26
7d 33,71 ) 57.3 1 15.75 50 5.3 0.23
Te 31.6% | 12 56.4 21 50 5.1 0.21
7t 70 W 0 30 0 65 8.5 0.33
Tg 66.5! 5 28.5 5 45 9.5 0.30
7h 63" 10 27 10 3¢ 9.6 0.20
7i 5.5 13 25.5 15 34 9.1 0.19

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



2.16kg. Compounds Example 7a-i were injection moulded using a barrel temperature of 350-360C,
nozzle temperature 365C, 10 mould temperature 145-155C, holding pressure 30Bar and a screw
speed of 45rpm into standard test pieces and their mechanical properties determined. The results are
detailed in tNeCta#flesibs®OwW. 15 Table 12a Example PEEK LCP Glass LCPOHZBRIPEMELt Flow Melt
(wt%) T130 Fibre recipe, torque Index, Viscosity (wt%) (wt%) pphr % 380C 380C (g/lOmin) | (kNsm 2)
7a40a0600747.80.51 7b37.9359.15.2557 7.40.29 7c 35.8 -7-7a6 58.2 10.5 50 5.5 0.26 7d
33.77-a957.315.75505.30.23 7e 31.6'a12 564 21505.10.21 770030065 8.50.33 79 66.5
52855459.50.30 7h 631027 10399.6 0.20 7i59.515f125.515349.10.19 (a) PEEK sample
Blend 3e(64wt%)-r3a(36wt%) (b) Victrex PEEK 150P WO 2006/106338 PCT/GB2006/001260 34
Table 12b Example Tensile Flexural Flexural Notched Unnotched Strength Strength Modulus 1zod
1zod Table 12b

Example] Tensile Flexural | Flexural | Notched | Unnotched
Strength | Strength | Modulus Izod Izod
(MPa) ‘@ (MPa) ® | (epa} ™ | kJI/m?'¥ kJ /m* !
Ta 230 342 20.6 10.5 5G.1
o 234 349 21.2 14.0 52.9
Tc 235 340 21.3 12.8 48.9
7d 212 323 21.3 12.5 45.86
Te 216 325 21.2 12.4 45.8
7% 174 285 9.8 9.1 60.4
TG 168 232 10.1 8.6 43.3
7h 183 | 231 10.4 7.3 38.6
7i 156 221 10.6 7.5 40.0

(a} ISO 527
(b} IS0 178-1893(E)
5 {¢)y IS0 180

The addition of LCP at relatively low levels to blends of
poclyetheretherketone and fibres produces a surprisingly
large reduction in melt viscosity of the composite which
10 allows the preparation and processing of highly filled
composites. For example, 1f one compares Examples 7a and
7b, 1t will be noted that for substantially the same
levels of fibres (about 60wt%), the melt wviscosity of the
composite having a relatively low level of LCP (about
15  2wt%) 1is reduced by over 40%. Comparing Examples 7f and
7g it will be noted that adding LCP to material having a
relatively high MV results in a MV drop of less than 10%.

Also, comparing Examples 7b and 7g, it will be noted that

20 there is a large difference in the levels of glass fibre



(MPa) (a) (MPa) (m (GPa) Ib) kJ/m2{) kJ/m'() 7a 230 342 20.6 10.5 50.1 7b 234 349 21.2 14.0 52.9°
7c 235340 21.312.848.9 7d 212 323 21.312.545.6 7e 216 32521.212.445.8 7f174 265 9.8 9.1
60.4 7g 16893906/806338% 43.3 7h 163 231 10.4 7.3 38.6 7i 156 221 10.6 YGTASEEQaPX0527 (b)
ISO 178-1993(E) 5 (c) ISO 180 The addition of LCP at relatively low levels to blends of
polyetheretherketone and fibres produces a surprisingly large reduction in melt viscosity of the
composite which 10 allows the preparation and pro¢gssing of highly filled composites. For example, if
one compares Examples 7a and 7b, it will be noted that for substantially the same levels of fibres
(about 60wt9k)i tHe raek visgosityBsiTRe wohasbsits bavingrpektivelyriew ¢aviet L QR (abhgut 15

2wton) is redicediby-quer 40%6. Gomparing, Examples 4 apd. 7%5@@5!&%{@&6%}%%999,% LCPto

material haw%%qgJ relatively high MV results in a MV drop of less Als omparl
Examples 7B%haitAg stlwill Beonotddthap2d wedkd o5 & idrgeliftaraace irbthe ledels of gtdssifibre WO

2006/1063?@@@-@/633996/09$%%%ﬁ51:es comprising relatively high MV

5 polyetheretherketone.

Furthermore, mechanical properties of composites made
using relatively low MV polyetheretherketone are found to
be excelient.

i0
By processes analogous to those'described in Example 7,
relatively low MV polyetherketone as described in Examples

5 and 6 can also be shown to be surprisingly advantageous.

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

20 novel cone, or any novel combination, of the steps of any

method or process so disclosed.



which can be incorporated into composite materials having about the same MVs - about 60wt% for
composites comprising relatively low MV polyetheretherketone; but less than 30wt% for composites
comprising relatively high MV 5 polyetheretherketone. Furthermore, mechanical properties of
composites made using relatively low MV polyétheretherketone are found to be excellent. 10 By
processes analogous to those described in Example 7, relatively low MV polyetherketone as
described in Examples 5 and 6 can also be shown to be surprisingly advantageous. 15 The invention
is not restictédBhe-detailBPthé fore§bintféfibodliiént@). Thedhvertidhexfent ’rahy novel
one, or any.navel combination:efi the features disclasedin Hiis:specHication (ingluding any:
accompanying claims, abstract and drawin SZ) ar to any 20 nov%lnone, or any novel combination, of the
steps of any Hethdd Bt procees &s %isgﬁ%’%d 361, A composition‘cofisrisiny aficast 30Wtos of first
polymeric materalihaviageaimeltidscosity (Meofd. 15 KNsm ides lessrandsat leastilwi¥eof liquid
crystal polymer. (hereinafter "said LCP"), wherein said first _polymeric material is of a type which
neuden: e Rty o B e A
backbone ofidaidifirst pohyureic material avherdinviVt isfheasured sieg caditancahiddaretry
operating a,4Q0C at a,shear rate.of 1900s' ysing a.unosten. carbidgddie, Q5% 3,175M M.y,

carbide die, 0.5 x 3.175mm.

2. A composition according to claim 1, wherein saild first polymeric material

has an MV of less than 0.14 kNsm™.

3. A composition according to claim 1 or claim Z, which includes at least 3wt%
of said ICP.
4. A composition according to c¢laim 1, wherein said first polymeric material

has an MV of at least 0,08 kNem™ and less than 0.13 kNsm™@.

5. A compesition according to any preceeding <laim, wherein sald first
pelymeric material is a polymer or ceopolymer which consists essentially of

phenyl moieties in conjunction with ketone and/ or other moieties.

o. A composition according tco any preceding claim, wherein said first

polymeric material consists essentially of a repeat unit of formulsa

where t and v independently represent 0 or 1.

7. A compositicon according te any preceding claim, wherein said first

polymeric material is polyetheretherketone.



2. A composition according to claim 1, wherein said first polymeric material has an MV of less than
0.14 kNsmz. 3. A composition according to claim 1 or claim 2, which includes at least 3wt% of said
LCP. 4. A composition according to claim 1, wherein said first polymeric material has an MV of at
least 0.08 kNsm™ and less than 0.13 kNsm™. 52A composition according to any preceeding claim,
wherein said first olg/yneric material is a polymer or corpolg/mer which consists essentjally of phenyl
moieties in @onﬁ?ﬁ‘gi?orf With ket6ha and? or Sthet MoidtieS 6 -Acompoditiol Secarding to any
preceding claim iwhetein said finst cpolymetic-materiallgarsists essentially of a repeat unit of formula
CO 0 where t and v independently represent 0 or 1. 7. A. composition according to any preceding
claim, wherein said first polymeric material is polyetheretherketone. 37 B. A composition according to
any precedingcciamms WhereinsaidddCRyis an anisotrepieasditformibgipolymer=9nAsedmposition

according 19 any, preceqing. eair erein said. LOR s anelting pojnt of greates han 250C and

less than 390C. 10. A composition according to any preceding claim, wherein the ratio of the wt% of
said first polymeric material to the wt% of said LCP is at least 3.5. 11. A composition according to any

preceding claim, wherein the [afio of the wio of said first polymeric.matgrial to the wi% of said LCP is

less than 100. 12. A composition according to any preceding claim, wherein said composition includes
at least 35wWke6-6Ps4id fifst polymeficihaterfalr st polymeric material to the wtd of

sald LCP is at least 3.5.

11. A composition according to any preceding claim, wherein the
ratioc of the wt% of sald first polymeric material to the wt$ of

said LCP is less than 100.

1z. A composition according to any preceding c¢laim, wherein said
composition includes at least 3bwt% of said first polymeric material

and at least 3wt% of =said LCP.

13. A composition according to any preceding claim, which includes 80 to

95wt% of sald first polymeric material and 5 to Z0wtk% cof LCP.

14, A composition according to any preceding c¢laim which is in an

particulats form.
15. A pack comprising a compositicn according to any preceding claim.

le. A composite material comprising a compoesition according to any

of claims 1 te 14 and a filler means.



and at least 3wt% of said LCP. 13. A composition according to any preceding claim, which includes
BO to 95wt% of said first polymeric material and 5 to 20wt% of. LCP. 14. A composition according to
any preceding claim which is in an particulate form. 15. A pack comprising a composition according to
any preceding claim. 16. A composite materialicomprising a composition according to any of claims 1
to 14 and a filler means. 38 17. A material according to claim 16, wherein said filler means comprises
a discontinuous fibrous filler or a non-fibrous filler. 18. A material according to claim 16 or claim 17,
wherein said filler means comprises one or more fillers selected from discontinuous glass fibre,
discohtinuéusscarbion fibrepodrbontblackandL & fludro- eesin % Aimateriataccardipgte=any of claims
16to 18, w ligszh includes 2510 69.5%?{% of firsgg%! me J{%rrgatergglﬂ?,o to 74.5wt% of filler means and

Ial t 7 I [N . .
up to I0wt% of said LGP, 20. A material accor ing to any of Claims 16to 19, which includes at least

55wt% of filler means. 21. A method of preparing a composition according to any of claims 1 to 14,

said method comprising.(), selegting a first, polymeric material having a MV of Jess than 0,15 kNsm’
(incontacting said first polymeric'material with a said LCP; wherein said first poIS/merlc material and
LCP are as@d#scrisedinzany ofefaims tete 12122t Admiathio daecordivy e claim21 Which comprising

forming Sa&s%w%&@é‘] @%rpe?ﬂ%?t%ig% black and a fluoro resin.

19. A material according to any of claims 16 to 18, which includes 25 to
69.5wt% of first polymeric material, 30 to 74.5wt% of filler means and

up to 10wt% of said LCP.

20. A material according tco any of claims 18 to 19, which includes at least

55wh% of filler means.

21. A method of preparing a composition according to any of claims 1 to 14,
said method comprising:
(1) selecting a2 first polymeric material having a MV of less than 0.15
KNsm™?;
(i1i)contacting saild first polymeric material with a said 1LCP;
wherein sald first polymeric material and LCP are as described in any

of claims 1 to 12.

ZZ. A method accerding to claim 21 which comprising forming said

composition into a particulate form.

23. A method of preparing a compcsite material according to any of claims
le to 20, said methed comprising: (1) selecting a first polymeric
material having an MV of less than 0.15 kNsm™ or a composition according

to any of claims I to 14;



23. A method of preparing a composite material according to any of claims 16 to 20, said method
comprising:(i) selecting a first polymeric material having an My of less than 0.15 kNSm 'or a
composition according to any of claims 1 to 14; 39 (ii) optionally, contacting the materials referred to
in (i) with a said LCP; (iii) contacting said matékials referred to in (i) or (ii) with a filler means; wherein
said composmon said first E?‘lolymerlc material, said LCP and said filler means are as described in any

of claims 1 to 14, 29° A HESd Fmaking™s compbnent. ihe method-Comprising extriding or injection
moulding a cempositee material as described in any of claims 16 to 20. 25. A method of making a

component which has a WaII which |Bcludes a regﬂ n h%\éln%a thickn S-zss of 3r’r}m or ess, the method
t -

o 171
comprising: (A) Seletting - procirsst Iraterial in the form of & composition or composite material as

described accarding te:any;of claims 1 to 14 or 16 to 20 AND (B) treating said precursor material
therebytoforn%é?%géxggq%?Q%QEOSltlon said first polymeric materizl, said LOP and

sald filler means are as described 1n any of claims 1 to 14.

24. A method of making & component, the method comprising extruding or
injection moulding a composite material as describad in any of claims

i to 20.

25, A methed of making & component which has & wall which includes a
region having a thickness cf 3mm or less, the method comprising:

(A) selecting a precursor material in the form of a composition or
composite material as described according to any of claims 1 to 14 or

16 to 20

(B) treating said precursor material thereby to form said component.



