Conposite Materials This invention relates to
conposite materials and particularly, although not
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conti nuous or sem -continuous fibre reinforcenent
associated with a plastics matrix material which may
conprise a thernoplastic or thernosetting resin.

Preferred enbodinents utilise a matrix material which
conprises a pol yaryl éidE&ttehdd@niPeS for exanpl e

pol yet her et herketone . The use of conposites, for

exanpl e conpri sing high performance pol yners such as

Vit £ ex iPEEK tianpol yel Aeeet herdket oneppel yaer nobteiields and

fromVictrex Plc, UK) , in the aerospace industry is

EEh b he) o Yol o PRluct T PHe VeIt delates  to
atbepabive i ARFOVI AYs ebhbshensycandihhengbyrr edMeiREnt inuous
envi ronment al inpact of the industry. One of the keys

tbilphe |rTRIeEReEIRE: ofaTHIpiosiads Wisht hrough aisiyprevedatrix

rin hni S ' Lmto_red -
ok Sy A e el S I S LI
conmponest st 110g beramnuf act rred aroreel easidogiarthts utilise a
faciljtate rapid. expansjon of nanufacturing vol

ne
W H i TRUSThpt t al i iVestRERE L SFpi Bal PY; YBF%E@%E?EE“ODG

QéoP@ﬂ@??if@rn@%&&&ﬁéSp&DyQEN§§e@h££E§Eo§éage in.mhich
fibre reinforcenent is mxed with a matrix material to

forma prepreg or a fabric is

The use of composites, for example comprising high
performance polymers such as Victrex PEEK (a
polyetheretherketone polymer obtained from Victrex Plc,
UK), in the aerospace industry 1s seen as one major route
to reducing the weight of aircraft, improving efficiency

and thereby reducing environmental impact of the industry.

One of the keys to the increased use of composites is
through improved manufacturing techniques which aim to
reduce the cost of manufacture, cost of tooling, enable
complex components to be manufactured more easily and
facilitate rapid expansion of manufacturing volume with

limited capital investment.

Typically, processing of composite materials involves a
first stage in which fibre reinforcement is mixed with a
matrix material to form a prepreg or a fabric is
impregnated with matrix material to form a prepreg. In a
second stage, one or more layers of prepreg is/are
consolidated, normally by application of heat and pressure

to define the composite material.



i mpregnated with matrix material to forma prepreg. In
a second stage, one or nore |ayers of prepreg is/are

w@ovsabdseat ed, normal ly by application of heatP@mnaB2009/050134
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pressure to define the conposite naterial.One nethod

of consolidation uses a bag systemto apply pressure

to a prepreg as illustrated in figure 1 of the

acconmpanyi ng drawi ngs which is a cross-section of a
H%%$dnﬁégpdhd%fn&oésﬁﬁéﬁﬁégopaﬂﬁﬁﬁb £he? & nSYREFBY rihgaPrPly

tﬁ&é@@uiégngatﬁ%%ﬁ%éfeégoWﬁﬁ%§P¥HééézEW_%@hﬁ?eal of the

precursor of a conposi material 4 which includes one
orceomphhy phg cidtywohgkayernshofi spreepregs 4-ssertriangedf A mould

bl eeder |ayer 6 is arranged over the precursor 4 and a

T e BabrySe s et byeist fbcrayer 6 Rehert iy & the
pregsts e phate 19 epphacismbheqabbeedernlayer prandrdor of a
breather |ayer 12 is arranged over the pressure plate
10RO Hai Hgterim ol sheetl 14G130%mS aigedoover Mphgiplicity

brea a etLn um bag [ [ -
ségl259%6Etﬁg;ﬁ%%ﬁ%gigbggsggﬁg%%%ﬁ"forge§g%€?2ru§fﬂﬁﬂj 6 is
satiaoned sealeant shso phatums sealiedaspace irsldekenedly 8 is

bet ween the vacuum bhag and_ prepreqg. At the start_of
e T BB S e B o e e S e b0apagtacts

SPREEpYEadarVaGH R POr knd8 4 hyse applyi Ny runif o1 M arranged
pressure of about one bar to the prepreg within. The .
t@oPr i shrepresisuforrexaapl @- byAberdagipatedni arapheeenlsd is

of ]?‘é‘ﬁcg%?éaé!\? Lo LhE, ’F:ﬁQJf”Qa%SPp?Ea%HrSe?Engaybécuum bag
mat er i contfained Th thé Tayers of prepréeg and

which 1is sealed to the mould 2 by seals 16, for example
using silicone sealants so that a sealed space is defined

between the vacuum bag and prepreg.

At the start of the moulding process, air 1is withdrawn
from the sealed space via a vacuum port 18 thus applying a
uniform pressure of about one bar to the prepreg within.
The tool is heated, for example by being placed in an oven
or autoclave, to the moulding temperature of matrix
material contained in the layers of prepreg and
consequently the prepreg 1s consolidated over time by
application of the heat and the pressure applied wvia the

vacuum bag.

After consolidation, the mould is allowed to cool and
subsequently the bag and then the consolidated composite
material 4 are removed from the mould. In some cases the

bag can be re-used; or in other cases discarded.

Typically, bags are made from silicone rubber. When the

prepreg comprises a thermosetting resin such bags can



consequently the prepreg is consolidated over tinme by
application of the heat and the pressure applied via

w0 b@ostasekim bag. After consolidation, the noul BCT/€B2009/050134
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all owed to cool and subsequently the bag and then the
consol i dated conposite materi 4 are renoved fromthe
moul d. I n sone cases the bag can be re-used; or in

ot her cases discarded. Typically, bags are made from
sPfredne Beubber TUYREn tihe prepreg onpklges Zplatively  low

t@@&ﬁ@§§%%£@9 resiaisuch bags egnoften, be fesused 1 Brocess.
view of the relatively | ow tenperatures i1 nvolved in
theveomsol | dati ®n probtesse Howebwer, bhga sebkicomed 1in the

r ubber Qﬁ was usgd in the consolidation o%.ggepreg§
CONPT T &1 %th?@h Per £ B MBhTE° t hePTiBpl ast'Pcs'sdch BT HOormance
Vi 64 F1ep PEEK cahegu i ocgssi ngct eaper akukes Qhehheprocessing
order of 400 OC nay be used, the lifetinme of the bag

woeiTiRE et v et at i Vel y- hshoprdand edul #0BECr g8ty i dted Us6da  the
Sifﬂéﬁ%ﬁéeofTPhé_HQ¥ mBkeqtpe PQ%?tE?eE§CQHBEHeand could be
| y Unaccept abl e for” many

descri bed econom ca
appttcattenstoOre eunpgént wevel opert hsyt heke the bagging

fabrication of conposite structures produced ing _a
KRPTRT G Br GRS L190 ol G oy & RsE Rt for  many

psopertiesoand reduce materials costs, it is often
beneficial to manufacture hollow articles. For
exanpl e, conposite tubes nmay be made using a knitted

{ﬁ@é”CBQB%%%”QﬁgﬂePéﬁﬁgﬁg-ié bl,adder i s LptLat etk dOW s te
structures produced using a knitting process. In order to
improve mechanical properties and reduce materials costs,
it is often beneficial to manufacture hollow articles.
For example, composite tubes may be made using a knitted
resin impregnated prepreg. A bladder is inflated down the
centre of a composite lay-up to push the lay-up out
against a cylindrical surface to define the shape of the
composite tube. Disadvantageously, an access hole must be
provided for insertion and removal of the bladder. Where
there are no access routes, fabrication must be completed
in at 1least two sections which are subsequently Jjointed
together. The Jjoint however represents a potential weak

point in the structure.

It is an object of the present invention to address at

least some of the aforementioned problems.

According to a first aspect of the invention, there is
provided a method of consolidating a prepreg, the method

comprising:



centre of a conposite lay-up to push the |ay-up out
against a cylindrical surface to define the shape of

W@ b@goisposi t e tube. Di sadvant ageously, an accRGEGB108/050134
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nmust be provided for insertion and renoval of the

bl adder. \Were there are no access routes, fabrication

must be conpleted in at Ieast‘%mn sections which are
subsequently jointed together. The joint however

r ebt esentRC &L potetd al 2 webklpoi #tI#rCthe 3trpEEBFRY |EO0  Pe

| Soal, phjectyof jthe present invention to address at
| east sonme o 't%e af orenenti oned probl ens. According

toia) firsipraspecy of fdece nvent i oonsbhedetisgpridd dedepreg,
a nmethod of consolidating a prepreg, the nethod

CHREATEr e (1] SR RFRrBAT ol B PT S o) Hie R Sr epr eg

to be consolidated; and (ii) applying a force for

consol i dating the prepreg, wherein the film becones .
att achetetBlthe Ppr epregliAstadr RFRLCH dGnsoPfdataste which

pfﬁ?f&@e@%nb% mde whi ch, | ac) Ugﬁgf%eo‘&%%&n(e [ dNeLdse in
surface defined at least in part by material of said
fpdm Bhermaekhdd Ineyf tdet@f 6f empr oviinde nee ttteahsmamerebyefore

an outer (or inner) surface of a conposiite materia

REET B cBnBETTdariing o St HOPET | dyer By eptiice of a
NBYmPEs Medle HDr & sapotikyand/igy agyedynamitGindhavee or more
i nproved danage resi stance; and/or have i nproved

cherteal Pési STAFEET anvrigst ot hewdadvammggessmooth  and/or

aerodynamic; have improved damage resistance; and/or have
improved chemical resistance, amongst other advantages

described hereinafter.

The method suitably involves selecting a film and prepreg
which are compatible such that the film is able to become
attached (and remain attached) to the prepreg in the
method. More particularly, the film and prepreg are
preferably such that the film is able to become attached
to the prepreg when the film and/or prepreg are heated
and/or a force is applied to urge the film and prepreg

together.

The strength with which the film is attached to the
prepreg may be defined by its peel strength for example
based on a 90° peel using ASTM D3330. The peel strength,
suitably measured as aforesaid, of the film from the
consolidated prepreg may be at least 1 N/cm, preferably at
least 1.5 ©N/cm, more preferably at least 2 N/cm,

especially at least 2.5 N/cm.



descri bed hereinafter. The nethod suitably involves
selecting a filmand prepreg which are conpatible such

W@ b@v/1edse8 fil mis able to becone attached (andPCEGBRIVI/N050134
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attached) to the prepreg in the nethod. Mre

particularly, the filmand prepreg are preferably such

that the filmis able to beconme attached to the

prepreg when the filmand/ or prepreg are heated and/or
altor éelis TEppl FEBPT bS%r §B8Ct K& fTPHT ahdYBFépregf OT example,

t oget The, st pengt b, withgwhi gh |,
aiachod To the p?j%prégﬂrrg%g%e %gfi%{%o%éy kgt to the

stremgtd fod examplee based onen BO peelangsiong- ASIdM ine part

D3330. The_peel str th, suitabl asured as :
ST br dsal U EBEC 1 [ EP oMt N oA ORrHRrSd pr BpFRg @ film
meyc bedas hkeasturda INwGmM opr ebekably adydeasbrl.srhilN ¢Mim may
nore preferably at least 2 Ncm especially at |east
21BN Theh el | ALARFLe8npPrséSene ortirectag@rse Eeparate

eXaup! 65,0008 Jayer M/cﬂ? 1‘?‘#3{ ag%gch%b%o%@téﬁ&{‘ﬁé’r; or,
to the prepreg and another Tayer nmay be arranged to
defteenpai tebf, aasuff ace nafy the ceisoltatat edipheprregludes a

Whien a filmincludes a pluyrality. of |ayers, |ayers of

SAF U H Y iy TAVETal i aRenchet L8¢ ehof SRougBOFACEhe Such a
net hednhe sepgrate hr ammane tanoihedo and/Qladtfiim.  wWhen a
attached to one another; or, alternatively, a filmnmay

belbe| éeréddRhi ch Pheradesyaofl kaletsy, ofnPayerd adexedt the
rfl?&'X?ufg Bged§99épgﬁt %Egg.achemically) from an opposite

surface of the film. One surface could therefore provide
a surface of a composite material prepared in the method
with desired surface properties, whereas the other surface
of the film could provide a means of bonding the film to
prepreg. The film may comprise a polypropylene co-
extruded film. Alternatively, the film may comprise a
layer of polyetherketone and a layer of polyetherimide.
In a further embodiment, the film may include a tie layer
between outer layers of the film, wherein the tie layer is
arranged to facilitate securing of the layers together.
Preferably, however, the film does not include more than

one layer.

The film may have a thickness in the range 5um to 750um.
The thickness may be less than 500um, preferably less than
250pm, more preferably less than 100um, especially less
than 50pm. The thickness may be at least 10um. Suitably
the thickness is in the range 10 to 50um.



filmmy conprise a |am nate or co-extruded film Wen
a filmincludes a plurality of |ayers, one surface of

W@ b@9fiddsps coul d be different (e.g. chem cal |l y)PET/OB2@H/050134
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opposite surface of the film One surface could

therefore provide a surface of. a conposite materi al

prepared in the nethod with desired surface

propertles whereas the other surface of the film
DUt d PHEVG U a GRS 2 DoRdi ngPEhef FHP MY plRspr é§. Least

Tf‘@kﬁ%"m m%ﬁr%@@?%bﬁ a pol ypropy! engggextr Ud%efrf I M ested

Al ternat’i ve the filmmy conprise a [ayer of
p@d:g‘/@tchemcket@n@eﬁnﬁt@nl&ye?fiof polyetherimde . In a
further enbodinment, the filmmy include a tie |ayer
bet ween outer layers of the film wherein the tie

| eiyer £ sman=gnaed- toid ashbit abesseeurdagaf 1he baypeesties.
together. Preferably, however, the film does not

i heT ugBsaRBE e, t R&n TGe Jiflﬁﬁé?POfﬁ'Fé? fEona wlyl Fraveagerials such
thic [ range e

R e
nbt em pr effratdnaid Bss hhaaveEOOnmhe eSpHni alnlcyluldesss ldwmn than

The thickness_nmay be_at | east

t%@tfﬁl ckness T30 n tHE rang&sio F]Ba%OnWtTheoﬁunéfiéFElves

rese s aneey 0 fnkher fih mupaY Bg atnteast LHQOKKM A/ M put
, pprreeffeerraabbllyy aatt ]least 20kJ/ m 2 when

testedsaecorsknglal by Def Stahn81-75. The f|In1nay
include additives t o adjust its properties.

Whilst the film could include a mixture of resins, 1t
suitably includes at least 95wt%, preferably at least
97wt%, more preferably at least 99wt% of a single resin.
Preferably, the film consists essentially of a single
resin. Said film preferably comprises (and more

preferably consists essentially of) a thermoplastic resin.

Said film may comprise a material selected from a first
polymer as herein described, a polyaryletherketone, a
polyarylethersulphone, a polyphenylene sulphide, a

polyetherimide, a polyamide and a polyolefin.

Preferred polyaryletherketones are as described herein for

said first polymer.

Preferred polyarylethersulphones include
polyethersulphone, polyetherethersulphone, polysulphone,
Polyphenylenesulphone, poly—-ether-diphenyl-ether-phenyl-
sulphone-phenyl-, poly—ether-diphenyl-ether-phenyl-
sulphone-diphenyl-sulphone-phenyl-—, poly—ether-phenyl-
sulphone-phenyl-ether-phenyl-sulphone-diphenyl-sulphone-
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For exanple, it may incorporate conductive materials
such a s carbon black, t o nodify electrica

wpe@paodssees o f the film Preferably, however, P€T6BRI0VIF0134

i ncludes | ess than 5wt % |ess than 2wt % | ess than

Iw%o f additives. Preferably, the filmdoes not

i ncl ude any additives but conS|sts essentially o f

resin. Whilst the filmcould include a m xture o f

riesfmel—it s@abl yPPAEIrGEBSTaPFBES T SOBREF oppeny l-sulphone-

p Y t %9 nore preferably at | east

Q%g%ﬁéﬁyi %&%?%g?% ?@%?%f Preferably, the film

consi sts essentlally of asingle resin. Said film

é ﬁrabl¥ co ses, and nore referablg conshstﬁB i
entialty DehePhopf astttiresfhom8hid PPE#T AT tmides

CRNDE R SiBa R @@&@fi@é setested hrxomarfisshupel ymer a s
herei n descri bed, a pol yaryl et herketone, a

pol yaryl et her sul phone, a pol yphenyl ene sul phide, a
pol yetheyim de, a pol yam de andcﬁ pol yol ef i n.
Preferrro pol yaryl et her ket ones e a s described

herein first pol . eferred
polyaqylet .pS%n ' ud¢ pohyetahersul phone,
pol yet her ot | o%@, Qlys | 2“

Pol yphenyl eneSul phone,
pon-etﬁpr-diphenyl-ether-phenykgu | phone -phenyl-, p
o ly-et her -diphenyl -ether -phényl - su

Iphone di phenyl - sul phone -phenyl-, p o ly-et her

g@@ﬁ IfS%ukfhgﬂe"pgggyl1n§é$§ﬁdeﬂ@f§ylsef%bééHK”F%om an
phenyl -su | phonephenyl -, and

Pat ymet her - ghienyl - etdreraiphieny| - satlphahedi plsenydescribed in
US5110880, the contents of which are incorporated herein
by reference. A preferred polyetherimide includes a

repeat unit of formula

o o
S =z % 2 =
S4NIL NGy
o o =
0 0

Preferred polyamides include polyamide 6, 66, 12 or 46.
The polyamide may be DSM PA4AT (Trade Mark).

Preferred polyolefins include polyethylene and

polypropylene.

Preferably, the melting point of the film is higher than
or equal to the melting point of resin in the prepreg in a
region of the prepreg to which the film becomes attached

in the method. Thus, in the method, the film suitably



sul phone-phenyl - . Preferred pol yetherim des include
aromati ¢ pol yetherim des which nay conprise a repeat

W@ eiop/10d868 or mul a. where Ar and Ar' ' are i ndepeeitieBR009/050134
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selected froman aromatic group containing radical, as
described in US5110880, the contents of which are

i ncorporated herein by reference. A preferred

pol yet heri mi de i ncludes a repeat unit of fornula

F’F%@%r Fe8 s NanPBERT | REl dfe a1y atd dES61in 660 e opreprey.
JhetﬂQJyﬁ@kﬁ@?”%ﬂé%%ﬁg%ﬂfm%%m%¥ %@% N@éféctlng a film

Prelflerred pol yol efins 1 nclude pol yethyl ene and
ptmdwpm@pyl erel.t iPreef e abt ywhtlhe mel thihgheoi hhaof drheequal to
S, hi t han pr_egua neltln point of

e R e L TP o OB O e TRl &P o o

which the film becomss attached in the met hod. Thus,
in the method, the filmsuitablydoes not nelt prior to
mele | ﬁgl@f MAFS (CPTION 1Ste Grepreag o Ithusong het neshegtially of)

pre i ses selecting a filmhaving a nelting
p%l%tff %f%%&?n gher than or equal to the melting

p0| nt of aresinin the prepreg The fil m may corrprise
referabl consi st esse aII of ) f| rst po

O T F Y pEPT R i Vb . Yo 81 Ofed Thal G besC, for

f Ok apxaaphedessnthham 224 0@10f1é§§3 dhan 2000C . 11 some

some cases, the Tg may be less than 190 0C , 180 0C or
1qufm;_the Tg may be less than 190°C, 180°C or 170°C.

Said first polymer suitably has a melt viscosity (MV) of
at least 0.06 kNsm?, preferably has a MV of at least 0.08
kNsm ?, more preferably at least 0.085 kNsm?, especially

at least 0.09 kNsm 2.

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.

Said first polymer may have a MV of less than 1.00 kNsm ?,
suitably less than 0.5 kNsm %, preferably less than 0.38
kNsm ?, more preferably less than 0.25 kNsm?, especially
less than 0.12 kNsm °.

Said first polymer may have a tensile strength, measured
in accordance with ASTM D790 of at least 40 MPa,
preferably at least 60 MPa, more preferably at least 80
MPa. The tensile strength is preferably in the range 80-

110 MPa, more preferably in the range 80-100 MPa.



Said first polynmer suitably has a nelt viscosity (W)
of at least 0.06 kNsm 2, preferably has a MV of at

WO 2et068698 kNsm 2, nore preferably at | east OPOBEBRMNGNOT0134
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2, especially at least 0.09 kNsm2 . MV is suitably
measured using capillary rheorgetry operating at 400 0OC

at a shear rate of 1000s 1 using a tungsten carbide

die, 0.5x3. 175mm Said first polyner nay have a W of

| 8a5d t hahst. BOLKNEH magyiteatsl v | 53X ¢ ah 9t5eRMEH 2measured

pilg‘;]%E%%E)ﬁa'rl%%s D Qs3 ‘b'\isa'@i‘ 2o MEE 1F§a%fter§@éyﬂp%33 The

2, especially less than 0.12 kNs
Salexfirakt spobygeh may phaveraltlensid e:Hft rleatgcyeh, 145 180 MPa,

measured L n accordance with ASTM D7 at | east 40
T e L BT B A M TR el hory o
| east 80 MPa. The tensile strength is preferably in

the range 80- 110 MPa, nore preferably in the range
S@aﬁ@OfNPQtSé%OdWﬂerrstmE@bl Yaee ﬁa)fWGd fReskytad, measured

Siﬁengliggr f’i‘é@fe&h%p ageardangg g t i ASTM D790 %’E ab  Gpa,
| east The exural strendth i's preferably in
tiee fangel 145t180edMPa, 3w pnefer ablafdmalilhe mandgecast 3.5

145- 165 Said_first ynmer may have a, fl exural
oI R | R e et SR T S ofenge 3.5~

|$a§tGﬁaGpﬁ@r%jﬁfe@f@@él}ylﬁtuhe@% S5 FD5e4 Pt efey ably
at least 3.5 a. The flexural nodulus is preferably

in the range 3.5- 4.5 GPa, nore preferably in the
range %i%é%'%3§§%er may have a tensile strength, measured

in accordance with ASTM D790 of at least 20 MPa,
preferably at least 60 MPa, more preferably at least
80 MPa. The tensile strength is preferably in the range
80-110 MPa, more preferably in the range 80-100 MPa.

Said first polymer may have a flexural strength, measured
in accordance with ASTM D790 of at least 50 MPa,
preferably at least 100 MPa, more preferably at least
145 MPa. The flexural strength is preferably in the range
145-180MPa, more preferably in the range 145-164 MPa.

Said first polymer may have a flexural modulus, measured
in accordance with ASTM D790, of at least 1 GPa, suitably
at least 2 GPa, preferably at least 3 GPa, more preferably
at least 3.5 GPa. The flexural modulus 1is preferably in
the range 3.5-4.5 GPa, more preferably in the range 3.5-
4.1 GPa.

Preferably, said first polymer has a moiety of formula
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Said first polynmer may have a tensile strength,
measured in accordance with ASTM D790 of at |east 20

wORRY/1m8es er abl y at | east 60 MPa, nore prefer abdT/GBR009/050134

| east 80 MPa. The tensile strength is preferably in
the range 80-110 MPa, nore pr?gerably in the range
80-100 MPa. Said first polynmer nay have a fl exura
strength, neasured in accordance with ASTM D790 of at
| east 50 MPa, preferably at |east 100 MPa, nore
prefera |, efs 45\ MPa\ The flexural strength is
preferagkﬁ—q-m E%—l—BOI\/Pa, npre preferably in
the range 145- 161 o Paid/first polynmer may have a
fl exural nodul us, nmeasured in accordance with ASTM
D790, of at least 1 GPa, suitably at |east 2 GPa,
p - hore preferably at | east
3%§£éggéi¥% t#ﬁ%ﬁig%IGBgﬁlus is preferably in the
range 3.5-4.5 GPa, nore preferably in the range 3. 5-
4.1 GPa. Preferably, said first polynmer has a noiety
of formulaand/or a noiety of fornula and/or a noiety
of forrmula wherein m,r,s,t,v,w and z independently
represent zero or a pOS|t|ve integer, E and E '
X ur atom or
phur atom
&pr esent s |l
t he

p 1 ) |
follow ng noieties (i)**, (|) to (iv) mhlch IS

and/or a moiety of formula

wherein m,r,s,t,v,w and z independently represent zero or a
positive integer, E and E' independently represent an
oxygen or a sulphur atom or a direct link, G represents an
oxygen or sulphur atom, a direct link or a -0-Ph-0- moiety
where Ph represents a phenyl group and Ar is selected from
one of the following moieties (i)**, (i) to (iv) which 1is
bonded wvia one or more of its phenyl moieties to adjacent

moieties



bonded via one or nore of its phenyl noieties to
adj acent noietieso Unless otherwise stated in this

wap@eitédsetat i on, a phenyl noiety has 1, 4-, |inkBgEEBR@9/050134
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noieties to which it is bonded. In (i), the mddle
phenyl may be 1,4- or 1 ,3-substituted. It is
preferably 1 , 4-substituted. Said first polyner may

i nclude nore than one different type of repeat unit of
formula | ; and nore than one different type of repeat
unit of formula I1; pne different type

4 hz
of repeat unit of f . er abl y, however,
0 la 1l , Il and/or

only one type of re
[1l is provided. Sai d eti@s, | | and Il are

suitably repeat units. In the first polynmer, units | ,
Il and/or 11l are suitably bonded to one another -
that is, with no other atons or groups being bonded
between units | , Il and I1l. Phenyl noieties in units
I , Il and Il are preferably not substituted. Said
phenyl noieties are preferably not cross-1inked. \Were
w and/or z is/are greater than zero, the respective

phenyl ene noi eti es—ppy i ndependent|yHave 1,4- or 1, 3-
| i nkages to tH#e a@ topeat units of
formulae Il and/o | . Preterably, 'said phenyl ene

noi eti es have 1, 4- |inkages.

(i @co—@
OO«

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

bonded.

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

It is preferably 1,4-substituted.

Said first polymer may include more than one different type
of repeat unit of formula I; and more than one different
type of repeat unit of formula II; and more than one
different type of repeat unit of formula III. Preferably,
however, only one type of repeat unit of formula I, II

and/or III is provided.



Preferably, the polynmeric chain of the first polyner
does not include a -S- noiety. Preferably, G

WO eperes s a direct |ink. Suitably, "a" repreRenGB2G00050134
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nole % of units of formula | in said first polyner
suitably wherein each unit | is the sane; "b"
represents the nole % of units of formula Il in said
first polynmer, suitably wherein each unit Il is the

s %%%ﬁt%@sr%pr%geﬁ@g {hé ABPesSYdbRPUKI FSPBRT units. In
I I f p K, I e n
eaéﬁugﬁfﬁk %8}%ﬁ%ﬁe EQE&S g%%?ggab%&#}galglﬁﬂ %f% suitably
rbwmﬁe@St@O©nanHmD¢h$ﬁerawhwurn&hewmahg®o4anﬁar atoms or
ecially in . the 48- 52.. Preferabl sum of
SRR S T KA he 6585 S ibre or 6 er il S En the
range 45-55, especially in the range 48-52.

Preferably, the ratio of a to the sumof b and c is in
t%@e@%hg@oDebl@% 1N UARES ﬁmréjbﬁﬁﬂkr%b1yar?spﬁﬁéafa@1Y not

qlhe of at a
pré$ y at Ie§§5595pﬁen b aﬂg %?% y %%§ 2} §8Ply not
amx&x%ﬂi@k@moutloo. Preferably, said first polyner
consists essentially of noieties | , Il and/or I11.

Said first polynmer nmay be a honopol yner having a

repead Wnishaobrgenersala fordpd a or @hi@nﬁ@ﬁbYWEhehé%%E@ctlve
a repeat unit of general formula or a random or

cRpl yhaire ofcdetiegst méwo diddrarsinntun t age |1/,/énd/oc¥r 1,3~
11’%‘%@%5‘ Bo Bne GaNd Dilndepgodent!y represent Q00 of

formulae II and/or III. Preferably, said phenylene

moieties have 1,4- linkages.

Preferably, the polymeric chain of the first polymer does
not include a -S- moiety. Preferably, G represents a
direct 1link.

Suitably, "a" represents the mole % of units of formula I
in said first polymer, suitably wherein each unit I is the
same; "b" represents the mole % of units of formula II in
said first polymer, suitably wherein each unit II is the
same; and "c" represents the mole % of units of formula III
in said first polymer, suitably wherein each unit III is
the same. Preferably, a 1s 1in the range 45-100, more
preferably in the range 45-55, especially in the range 48-
52. Preferably, the sum of b and ¢ is in the range 0-55,
more preferably in the range 45-55, especially in the range
48-52. Preferably, the ratio of a to the sum of b and ¢ is
in the range 0.9 to 1.1 and, more preferably, is about 1.

Suitably, the sum of a, b and c¢ is at least 90, preferably
at least 95, more preferably at least 99, especially about



E,E'",G,Arm r ,s ,t ,v ,wand z are as descri bed
in any statenent herein. Preferably, mis in the range

w@2®9/10686% preferably 0-2, especially 0-1. PreP&r/aBRood/ 050134
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r isin the range 0-3, nore preferably 0-2, especially

0-1. Preferably t is in the r?Qge 0-3, nore preferably

0-2, especially 0-1. Preferably, s is 0 or 1.
Preferably vis O or 1 . Preferably, wis 0 or 1. ,
PFeY er abinpferie® 1y oSt d Prietler @bl ynesararneipsf essentially
POk Y, I 4 0 R ing a repeat unit of
ggﬁeﬁ{e%%ersﬁuflia%%!ﬁ ef gr taigl%y Ar is selected fromthe
followi ng noieties (xi)** and (vii) to (x) In (vii),

the. m ddl e, phenyl may be 1,4- or 1 ,3-substituted. It
ST e ar bl P nE STBGt £t 2anoRgPEARFET s By repeat
ah i 10d etd@se Ud1) ,fdrnda (111) and (iv) and, of these,
noieties (i), (ii) and (iv) are preferred. O her

preferred noieties Ar are noieties (vii), (viii), (ix)

and (x) and, of these, noieties (vii) , (viii) and (x)
arerespecially _preferred. An especially preferred

cla fr £y TRr § (6 pal or
whi b e @ gﬁf?y DT &
confunction wth ketone and/ or eth&rnoieti*es” That

in the preferred class, the first polynmer nmateri al

does not include repeat units which include -S-, -SQO2-
or_aromatic grou ot.her than phenyl., Preferred fjirst
P61 yher € G1° THE T Y6 ‘desér b8 i ncl dert Joner el foftiula

t v

or a random or block copolymer of at least two different

units of IV and/or V

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

statement herein.

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

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

Preferably, said first polymer is a homopolymer having a

repeat unit of general formula IV.



(a) a polynmer consisting essentially of units of
formula IV wherein Ar represents noiety (iv), E and E

WO 2000p0a86%£Nt oxygen atons, mrepresents 0 , w PCT/GB2009/050134
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represents 1 , Grepresents a direct link, s

represents O , and A and B repgesent 1 (i.e.

pol yet her et herketone) . (b) a pol yner consisting

essentially of units of fornula IV wherein E

represents an oxygen atom E ' represents a direct

l?f@fefﬁbffp@ﬁseQEﬁ AcMBEELY ofréﬁrL%%é“*%éﬂﬁowﬂHg moieties

represents O , Arepresents 1 , B represents 0 (I.e.

pok yet herrket one)) ;to cx)a pol ymer consi sting

essentially of units of fornula IV wherein E

represents an oxygen ato Ar r@presents noiety (i) ,

mrepresents 0 , E' regresants[a gitext link, A

represents 1 , 8repr —CT

pol yet her ket oneket one) .\X= a(b? consi sting

essentially of units of formula I°V wherein Ar

represents noiety (i), E and E' represent oxygen

atons, Grepresents a direct Iink, mrepresents 0 , w

represents 1 , r represents O, s represents 1 and A

and B represent 1 . (i.e.

pol yet her ket oneet her ket oneketone) . (e) a pol yner

consisting.esser al |y of '%g of mula |V, wherein

Ar represéifits ‘@ E%pv épresents oxygen
S a

atons, G represen

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

Suitable moieties Ar are moieties (i), (ii), (iii) and (iv)
and, of these, moieties (i), (ii) and (iv) are preferred.
Other preferred moieties Ar are moieties (vii), (viii),
(ix) and (x) and, of these, moieties (vii), (viii) and (x)

are especially preferred.

An especially preferred class of first polymers are
polymers (or copolymers) which consist essentially of

phenyl moieties 1in conjunction with ketone and/or ether



direct link, mrepresents O, wrepresents 0, s, r ,
A and B represent 1 (i.e. polyetheretherketoneketone)

WO 2(obJlo@spol ymer conpri sing units of fornula |RCT/GB2009/050134
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wherein Ar represents noiety (iv) , E and E'

represent oxygen atoms, mrepresents 1 , wrepresents

1, Arepresents 1, Brepresents 1 , r and s

represent 0 and G represents a direct |ink ,

poP et Het di phéh§t- EthedNphehyl H@é’cf(%ée}ﬁiheﬁﬁrﬁﬁ g gfirst

‘;M%}m&o' Yrﬁ% ABY D& ANDr PRAQUS SQf-1SeM - Cife%%ta%' D8 +s  which

al d first p ymer is preferably sem-crystalline. The

| eveludnd-6xt entSCaf mrysaabmamctygmuaspojtylmr ilsan phenyl.

pef rabl asure w d X-r diffractio .
SR TR By e Shnghe k/Fay Thair ¢ BFAnp g ude:

V\AXS) for exanple as described by Blundell and Osborn

(Pol ymer 24, 953, 1983). Alternatively, crystallinity

may béa)ass@ss@@liﬁve@ f¢ErEittildlg Sesmamgadaler ofet kypits  of

(DSO) --ﬂ¥%{ﬁﬂfg ?@ %mﬁ?gﬁ"£¥t%1§9e§§ ge“ﬂbt ty (iv), E

pol yrmer e at [east suita east

preferabl yamd Eéastpb%sand mmyeepr eftemeahl yn arepjeasdsnts 0, w
10% I n especial l referred enmbodi nents

crystal |i ni T%" T greater THATS56%° nﬁregﬁff@fsér abfiyk, s

greater th@ébﬂ@s/ém%spﬁﬁl alahyy greatgy than-45%sche 1 (i.e.
mai n peak of the melting endotherm (Tm for said first
polyetheretherketone).

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

B represents 0 (i.e. polyetherketone);

(c) a polymer consisting essentially of wunits of
formula IV wherein E represents an oxygen atom, Ar
represents moiety (1), m represents 0, E'
represents a direct link, A represents 1, B

represents 0, (i.e. polyetherketoneketone).

(d) a polymer consisting essentially of wunits of
formula IV wherein Ar represents moiety (i), E and
E' represent oxygen atoms, G represents a direct
link, m represents 0, w represents 1, r represents
0, s represents 1 and A and B represent 1. (i.e.

polyetherketoneetherketoneketone) .

(e) a polymer consisting essentially of wunits of

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



pol ynmer (if crystalline) may be at |east 300 OC. Said
first polynmer may consist essentially of one of units

W@ 20091106868 ) defi ned above. Said first polynmer pPEFr/EBaBPYS0134
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conprises, nore preferably consists essentially of, a
repeat unit of fornmula (XX) gre tl, and wl

i ndependently represent 0 or and v | represents 0 ,

1 or 2. Preferred polynmeric materials have a said

repeat uni#$hhér'eiFFRISISNGH =0X3A8" W EHPNSY/| =6, JFRESents a

and wl =0; &iré)ﬁx% Ak Vﬁ é%pfgééﬂts 0 VM're%Q%S@%fg Prgsr *r

More preferred have v 1 =0 and
, v 1=0 and W Oaﬁl'd]e m)stB pref erregdreramitt | =, vl =0 (i1.e.

d w=0 . f d di, ment d first
ool yiter 1 PLBIEUTGT 15t BOT YETROre? hor ket one.,

pol yet her ket one, pol yet her ket oneet her ket oneket one and
pol yet her ket oneketone . In a nore preferred
enbodi(fentd Ra 40| GIFEPY £S5 st evi ks | ef sépesréd fromvwherein

pol yet her ket ng%gr?r%ggﬁ%ye;g&‘féﬁ herkgtong. 10sa%, represent

especially pr sald pol yneric
mat eri al |dxy@&hyeah@msxhewhﬁignusentﬁsphplalt@epresents 1, A
preferred is the case wherein said fi n1co rises

and
pr ef er abl ¥ COFEIHS esent IS TS 5aid %férFSBKGSGDt 0

first pol yml . cSaighrepreg subtabky inGlwdes. . polyether-
thernoplastic or thernosetting resin and fibre

re|nforceﬁ%ﬂﬂmﬂsér@t@ﬁéppégn§&rkabpyecﬁhﬁﬁY%eé 30to
70vol % of resin and 70 to 30vol %

Said first polymer may be amorphous or semi-crystalline.
Said first polymer is preferably semi-crystalline. The
level and extent of crystallinity in a polymer 1is
preferably measured by wide angle X-ray diffraction (also
referred to as Wide Angle X-ray Scattering or WAXS), for
example as described by Blundell and Osborn (Polymer 24,
953, 1983). Alternatively, crystallinity may be assessed

by Differential Scanning Calerimetry (DSC).

The level of crystallinity in said first polymer 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 be greater than 30%

more preferably greater than 40%, especially greater than

45%.

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

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

Said first polymer may consist essentially of one of units

(a) to (f) defined above.



of fibre reinforcenent. Said prepreg preferably
i ncl udes 40 to 60vol % resin and 60 to 40vol % fibre

WO 2iopfioiseenent . More preferably, said prepreg iPCI/G82®9/050134
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40 to 50 vol%resin and 60 to 50 vol %fibre

reinforcement. The nmelting point of each resin in the
prepreg is preferably not nore than the nelting point

of the film Said fibre reinforcement nay be

conti nuous or sem continuous. Preferably, said fibre

' 611§ OEGEHRNt, d 5, 60Nt hAUPUSap: PAI I o el plas CBPERLran1y
may conprise a fabric or a uniaxial (unidirectional

t apes 1 Sas de $ $bnel a bl nf of cenemtpemy @@1Mn@énf@wmkhattéﬁ)
Said fibre reinforcement nay be sel ected from

inorganic fibrous nmaterials, non-nelting and high

fibre, bofon fibrestand fibres
first polynmer described above, for exanple
pol yet her et herketone fibre. A said thernoplastic resin

of PAr pr &pr ey he S¥lRAEE Frlom BepBE§RNEf idn ¢R. ¢ and Vi
po%%ﬁéggﬁ Qe@ Pog%ag]dﬁre 8£¥ Fgﬁgﬁék?Eoﬂgterlals have a

phenyl ene’ sul phi de yet
p@éyarybgehEr@mhmhmmarqmﬂybh%ﬂelnﬂéé amd lWwigid t1=0, v1=0

crysta ol S. fald t ernoplastlc reS|&_

c%%%r 8 ggeg pgﬁ r %%s déelr i ‘b a%%% wlzlgr More
preferred_ have tl=1, v1=0 and wl=0; or t1=O, v1l=0 and
wl=0. The most preferred has tl=1, v1=0 and wl=0.

In preferred embodiments, said first polymer is selected

from polyetheretherketone, polyetherketone,
polyetherketoneetherketoneketone and
polyetherketoneketone. In a more preferred embodiment,

salid polymeric material is selected from polyetherketone
and polyetheretherketone. In an especially preferred
embodiment, said polymeric material is

polyetheretherketone.

Especially preferred is the <case wherein said film
comprises and preferably consists essentially of a said

preferred first polymer.

Said prepreg suitably includes thermoplastic or
thermosetting resin and fibre reinforcement. Said prepreg
suitably comprises 30 to 70vol% of resin and 70 to 30vol%
of fibre reinforcement. Said prepreg preferably includes

40 to 60vol% resin and 60 to 40vol% fibre reinforcement.



exanpl e pol yet heret herketone. A said thernosetting
resin of a prepreg may be selected from an epoxy

WO 2®oneespl yester resin, vinyl ester resin, |iPCi/GB2009/050134
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crystal polyner, polyimde and bi smal eam de resin. The

force to consolidate the prepreg may be applied in a

manner which is conventional in prepreg consolidation

or using any nmethod described herein. Suitably

prep? et $5etriged b %aadf6¥%@r?%mhFG§Ud%?eﬂ%rEBI§O vols resin

agah nsh . « & @@“Jro?i f‘l}EVPé"PelJPSré&ﬁ&ﬁtsu' tably al so

acts to urge the prepreg and [ mtowards one anot her

so the filmcan becone attached to the prepreg In a
preferred enbodi nent tge filg1|s arrang %g pB ¥ :
%efoIP% %%gth%ob?‘épr% t5°consbffdat eti't . “He  PrePred 48

Pﬁsﬁéﬁé@@ﬂ;yy the hbtan t15a2r f1200es] t ondepdi gedobyti@e £ilm.
uid, for exanple gas, pressure towards the prepreg.

In this regard, a said fluid nmay be arranged to act on

0ne; 31 dg; of  t h]‘?ei &g hpe Iﬁ%gprﬁgm”@ééﬂ@?n%ﬁér‘g% semi-

to contact the ot er side of e arrangenent
scotabhyobei ngPseckriidty, t hesdidii d fappki esral pf@sstment is
to the prepreg via the filmto consolidate the

p?%%?b@ung one enbodi ment, said fluid may be provided

by the atnobsphere which nay exert atnospheric pressure

on the film In this case, a vacuumnay initially be

f orid M%enfeﬂfllﬁﬁl%ﬁﬁjn%feprw i Foirdiscage RO mor a

o b
mﬁl%?i{?nf‘féén%g%% EhET}]C or mat 1 on PIbEQer}é%%%ement

urged under S|ng pressu
may be woven or knitted

Said fibre reinforcement may be selected from inorganic
fibrous materials, non-melting and high melting organic
fibrous materials. The fibre reinforcement may be
selected from carbon fibre, glass fibre, aramid fibre,
polyolefin (e.g. polyethylene) fibre, and boron fibres and
fibres made from a said first polymer described above, for

example polyetheretherketone fibre.

A said thermoplastic resin of a prepreg may be selected
from a polyolefin (e.qg. polyethylene), polyamide,
polyaryletherketone, polyphenylene sulphide,
polyetherimide, polyarylethersulphone, polyamideimide and
ligquid crystal polymers. Said thermoplastic resin may
comprise a said first polymer as described above, for

example polyetheretherketone.

A said thermosetting resin of a prepreg may be selected
from an epoxy resin, polyester resin, vinyl ester resin,

liquid crystal polymer, polyimide and bismaleamide resin.



agai nst the prepreg by the pressure exerted by the
at nosphere. I n another enbodi nent, the film my be

w@e@ssuissyed by a fluid, for exanple gas, to abCl/6B2009/050134
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at nospheric pressure so that it is urged against the
prepreg. The nethod may be cargied out at anbient
tenperature in sone circunstances, but preferably

i ncl udes causing the tenperature of the prepreg to
increase during its consolidation. Thus, the prepreg

'ﬁﬁbb?ogégs%%té%ﬂ%%“%ﬁé%étﬁh@eﬁ£eﬁ§§§nm9§ %@‘%pplled in a

prepreg. Heating may be effected using any
conveat | ghathpriccessnvéntiexahplie wsiargean autoel avetion or

hadlinert Beinshtlon hea i ngcLeehnt o Pelergbly s .

netgedinbi| at e rpeepLeG Ias Qﬁ%ﬂfe&l&ﬂtyarﬁcjaalﬂé’cf%HYart of a
consol i dated, suitably so the filmcan apply a

preakdr e &St Heosicepr e afuky ngl sabstast itdl 1y qhethe prepreg
egﬁﬁ %ﬁﬁ%ps%dﬁgyd oBrocgéétthe égnp@%§t%ﬁﬁﬂ9fcgg become

prepreg nmay in sonme cases be raised to in excess

300t HEhed 325, tBE00epB4SH. duri ng the consolidation
process. The tenperature of the prepreg is preferably
not raised above 450 0C , nore preferably not above

440 QC re@%%&%@a@mbodﬂméﬂttOM@£d§1§ﬁel%n%f¥aﬁégﬁ to apply
consolldatlon process, a surface of the prepreg
adpacénarcehdof ilhm iBrepred supf iconemliylaieghit .  Preferably,

t@ﬁ@ek§ﬁﬂr%ss%fgg%gédm%é ﬁgwﬁéaed by a fluid, for example

gas, pressure towards the prepreg. In this regard, a said
fluid may be arranged to act on one side of the film and
the prepreg may be arranged to contact the other side of
the film, the arrangement suitably being such that the
fluid applies a pressure to the prepreg via the film to
consolidate the prepreq. In one embodiment, said fluid
may be provided by the atmosphere which may exert
atmospheric pressure on the film. In this case, a vacuum
may initially be formed between film and prepreg in which
case the film may act as a bagging film. On formation of
the wvacuum, the film 1is urged under increasing pressure
against the prepreg by the pressure exerted by the
atmosphere. In another embodiment, the film may be
pressurized by a fluid, for example gas, to above

atmospheric pressure so that 1t i1is urged against the

prepreg.

The method may be carried out at ambient temperature in
some circumstances, but preferably includes causing the
temperature of the ©prepreg to increase during its

consolidation. Thus, the prepreg may be caused to be



becone attached to the prepreg. In a preferred
enbodi nent, the surface of the prepreg attains a

WQ 209pao@stsire which is at or is in excess of theCHEBRI0AY50134
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tenperature of the filmso that the filmmay be nelted

and therefore becone attached,fo the prepreg.

Manuf acture of prepreg and its laying up relative to a
nmoul d may use a conventional technique. In a first

PO e ofethe HPStRodobf SHé fPFSPragpect Heatipgmmay be

i%fﬁgé@@&egsiﬁg yse asp eﬁégghgg biba.and kgfaékgmgﬁg using

adjacent a prepreg to be consolidated. The Imis
tdenacauseédveo de orged cagainmstinthetpoepriegpttiong technique.

facilitate it |idation, f by ..
DRt Tng a VBT Chi bt hben PR {FIAF and propidy, fpes not
theosesmc 14 ey theeptepregrnaybe dieat edordbtisy theas  been

prepreg is consolidated and at the end of the process
t el s emplerat by ef ot LY heorsPm datadr apgetiabbybeosheh film can

t it | t e r - -
c%ﬁé%Yiag?€‘§§$§gizg? Egéa ?g gg&ﬁﬁ%g%t e %?gi%antlally the
esatvodt erendnomyididtlosecaode s of first pol yner as

descri bed, especially a polyetheretherketone film
Preferably, also the prepreg conprises a said first

pohy MeEmpd PE - @XaNpE ec Ol yetpeegt Rgy kehoBemesHbtabl Yeasaised
amtrix material. In a second enbodi nent, a film may

bec arlmangedees defi R0 Cgas3feteptdrie whi ch/Ps during the
aééﬁ@@f?d%wh” ap.eng! OS%eStﬁe%g&e‘ifa%udf%f'&?dtM prepreg is
pr epr eg. e pr%preg Ih thi's cas

preferably not raised above 450°C, more preferably not

above 410°C.

Preferably, at or towards the end of the consolidation
process, a surface of the prepreg adjacent the film is at
a sufficiently high temperature so that the film can
become attached to the prepreg. In a preferred
embodiment, the surface of the ©prepreg attains a
temperature which 1s at or is in excess of the melting
temperature of the film so that the film may be melted and

therefore become attached to the prepreg.

Manufacture of prepreg and its laying up relative to a

mould may use a conventional technique.

In a first embodiment of the method of the first aspect, a
film is selected for use as a bagging film and is arranged
adjacent a prepreg to be consolidated. The film is then
caused to be urged against the prepreg to facilitate its
consolidation, for example by evacuating a volume between

the film and prepreq. At the same time, the prepreg may



may conprise a woven structure for exanple produced in
a knitting process. The prepreg may be arranged to

wa@ledopnesses hol | ow structure when consol i dat ed. AGCEGB2009/050134
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hol |l ow structure may be fully encl osed and may i ncl ude
substantial Iy no openings proyjding access into the
interior of the structure . The nethod suitably
includes filling the gas receptacle with a gas.

The
ga3 RB§TBE - pr 45ty e sBreRatIt hé §@§%Q%%9ﬂﬁﬁﬂeﬁq% at the
able te @H@'%r@cé@%cﬁhéOtéﬂﬁePéﬁﬁfggo%0t§82§9hhdﬁgearranged

it. For exanple, the prepreg may be urge y the gas
receptachehagdiatstita melut & whtlhiadhetriech artde’ qpr eprlets i S0 the
| ai d up, The pressure of the g nmay be increased by :
BTGt SH b (RECReEROd, thoigReh} BPepUatle andns first
pEeps€Onadi€ sWhiablLyiheated s.anditihe gas inithe bggiymer as
expands. The gas receptacle is suitably caused to .
exPAREHLCFdr exappPeltheyrestn fPoAYRBRRehRerberserage film.

' The ansy on ba - ce_the_. -
g?%%?%g£§%%ins?f§8nnﬁ+§ i§£%%?§% i?ol ¥5%§éng%d.gifd first
tihel gnelr of folhe ccongold dad i patpeoeessykehenay r angergrity as a
nQ% be suchthat_ the filmof the receptacle nelts

dRdiF ot * dBheT s And/ or wel ds to the consol i dat ed

prepreg to | eave a substantially continuous |ayer of
filmon the interior of the hollow structure forned.

Allv ant ageoud| ynbehenseeond ErbddipEnPenayranPpiflsécadefine a

gg sM€ 88&8§£glgef$ﬁ§ghbyi£|lg}ggn&é&Stwggtheraﬁs enclosed
described, especially a

structure defined by prepreqg. The prepreg in this case
may comprise a woven structure for example produced in a
knitting process. The prepreg may be arranged to define a
hollow structure when consolidated. The hollow structure
may be fully enclosed and may include substantially no

openings providing access into the interior of the

structure.

The method suitably includes filling the gas receptacle
with a gas. The gas may be pressurised so that the gas
receptacle 1s able to apply a force to the prepreg to
consolidate it. For example, the prepreg may be urged by
the gas receptacle against a mould within which the
prepreg 1s laid wup. The pressure of the gas may be
increased by heating it. In the method, the gas
receptacle and prepreg are suitably heated and the gas in
the bag expands. The gas receptacle is suitably caused to
expand. For example the resin from which it is made may
yield. The expansion of the bag may force the prepreg
against a mould in which it 1is arranged. At the end of

the consolidation process, the arrangement may be such



pol yet her et her ketone . Preferably, also, the prepreg
conprises a said first polyner, for exanple

w@ioyaodses et her ket one, suitably as a matri x neREF/GBR009/050134
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In a third enbodinent, a said filmmy be arranged on
a moul d or other fabrication tooling and prepreg may
be laid up on the film A bagging system may then be
used as described herein to consolidate the prepreg

DUty e pridfesSt t heSf i T9RTRE2atRedt]d adREFdOr adheres
Y‘%&&'/&P the) gL epreg hel ng consalddated., B exanp) e’leave a

e prepreg nay conprise an epoxy resin and the fi
wbsb@@tlsblﬁ tDnSanohynéayeﬁomfeﬁadml&m.the 1nterlor of

et her et her ket gne. ring.curi of the resi
P O D e I & ot e 1o el G Y {45 Becona
Sélrﬁ}ﬂocﬂﬂ@émﬁ hea§ ik f oseBaaghayeeceprhbeccansohkdabedriim of

prepreg. The consolidated prepreg described may define
af Eoposi t @t al ofSa st rdR$TFECEdr use §specially a

f‘ﬁé PsPace, { 0L £XaMpLEe a W#}%f%%b‘i% :’ézﬁeféoor p@i‘i‘gh grepreg

second aspect, the invention e St0 a
of ommnifact ur iang asao@posutﬁxnnterpaﬂymhrch |nhhudesexample

consol i dati reg as_descri bed accordin
el SR e R W b
one or nore layers of prepreg, suitably associated

with a nmould. In themethod prepreg is suitably urged
t bBhardd hd rsurdeed ghert moal ¢21suiftialbl ynap bhe Prepraggl on a

a&g@i& 9r399ﬁ§rd§£%9§gap¥on tooling and prepreg may be laid

up on the film. A bagging system may then be used as
described herein to consolidate the prepreg. During the
process, the film 1is caused to adhere or weld to the
prepreg being consolidated. For example, the prepreg may
comprise an epoxy resin and the film may comprise a first
polymer, for example polyetheretherketone. During curing
of the epoxy resin a bond may be formed between the epoxy
resin and film such that the film forms a layer on the

consolidated prepreg.

The consolidated prepreg described may define a composite
material of a structure for use in aerospace, for example

a wing box or exterior panel.

In a second aspect, the invention extends to a method of
manufacturing a composite material which includes
consolidating a prepreg as described according to the

first aspect.

The method may comprise consolidating one or more layers

of prepreg, suitably associated with a mould. In the



said surface. In a third aspect, the invention extends
to a nethod of protecting a surface of a consoli dated

wWEe@pnegss t he net hod conprising : (i) positi onP@GB2009/050134
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film adjacent a prepreg to be consolidated; and (ii)

applying a force for consolidating the prepreg,

wherein the fil mbecones attached to the prepreg. In a

fourth aspect, the invention extends to a conposite

n%?%@?%lP%ﬁpéﬁglﬂé1u%@ét%b%bn§699@aﬂéam%W%brég%%%face of a

deserabeduhensip andiare whiGhris HBEBCLN A dRIOLER: nea by

described herein. Tn a aspect, the invention

ext emdsut Da@e component whi ch conprises a conposite

material as described. The conmponent may be for a

vehi cle and/or for use in the aerospace or autonotive

| nelust rdresia f9spalse, | AhBRHINRR APRIH Catt ONSs b formeisieod of

in nmedical applications. In a sixth aspect the

|m&@h@¢%hn%x@eﬁ@%f@@eaoéoﬁséPﬂéﬁié@ab?@ppégpiégneﬁh?nmethOd
gscrlbed for exanple in the first aspect. In

a se enth spect, there is provided a consolidated

prepreg mhlch includes a layer of a filn1on a surface

t he prepr The repre nd fil mna as
Gbbr | badsao iy Gt ovene Fbr et TBT et er ol JroPREY to  be
fé&ﬂ%@Pﬂ@ét@@? &@@eferably
(11) applying a force for consolidating the prepreq,

wherein the film becomes attached to the prepreg.

In a fourth aspect, the invention extends to a composite
material which includes a consolidated ©prepreg as
described herein and/or which is made in a method as

described herein.

In a fifth aspect, the invention extends to a component
which comprises a composite material as described. The
component may be for a vehicle and/or for use 1in the
aerospace or automotive industries; for use in marine

applications; or for use in medical applications.

In a sixth aspect the invention extends to a consolidated
prepreg formed in a method described for example in the

first aspect.

In a seventh aspect, there 1s provided a consolidated
prepreg which includes a layer of a film on a surface of

the prepreg.



consists essentially of) a first polynmer as descri bed,
especi al |y pol yet heret herketone . The presence of such

w@2dopi1eases | | be apparent when a prepreg (or coPgDEBR@®I/050134
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mat eri al or conponent) is sectioned, even if the

prepreg itself contains the s resin as the film

Thus, the consolidated prepreg suitably includes a
filmlayer on the prepreg which includes a | ower

cbre Rt PREPONABE fiLBFe™P&| MordcerréntClcorpfar €d BYt Reatement

leyeliof fi bb%_eﬁf%ir%‘i;iﬁe”%@e Present Loy wg%on(?%ferably
the prepreg adjacent the filmlayer. Preferably he
feoms i ayer daselruded lsubstanta alfliy smo pobymeer as described,

reinforc nt, in region. t hereof | acent an expagsed
et T TR kP e EbR ERChRe enbias RBREC RS BE Such a
pfephegyincl udes apsarantirshepol ¥mepregspgei abky composite

pol yet her et her ket one, asspciated.mﬁtﬁ fibre
rer PP orebneht CoamPrefti)l mI ayert whieh, aFI6conprikesracrreg

sal g1 St pali e fth&%ﬁﬁxga'ﬁé’sﬂq‘)' yet E%f eLPElKetong s, the
I n"anot her enbodi nent, there 1s provi ed a
comsod 1 dat edd ppeppregowai chabhel idesudepr epf efmr €siyar on the

(e.g. a thermmset, resin) havi a degradation . :
USHBRTST urd of | 686 ITRAT 300 DE'S” 250°0C b Bogncos  Tibre
t hei gonsedbhsat edoRt £PE€Ir bnehadiagea bayeipet tehAForcement
wherein the filmincludes a resin having a nelting

pefptewhi diit | & areveast GO G8cabbvertrhe dedizerttothe film
t t f i ed, T i .
pg%% ﬁeggf‘%ﬁg? é %Kr s used, nle{%?r gﬁ?éiu&éugﬂb%antlany

oné having a n nperat ure
no fibre reinforcement, in a region thereof adjacent an

exposed surface of the film layer.

In one embodiment, the prepreg includes a said first
polymer, especially polyetheretherketone, associated with
fibre reinforcement; and a film layer which also comprises

a said first polymer, especially polyetheretherketone.

In another embodiment, there is provided a consolidated
prepreg which includes a prepreg resin (e.g. a thermoset
resin) having a degradation temperature of less than
300°C, 250°C or 200°C, the consolidated prepreg including
a layer of film, wherein the film includes a resin having
a melting point which 1is at 1least 50°C above the
degradation temperature of the resin used. Thus, a film
such as polyetheretherketone having a melting temperature
of about 350°C and which is melt processable at about
400°C, may be provided on a prepreg which comprises a
prepreg resin with a relatively low degradation
temperature, for example an epoxy or polyester resin.

Thus, the consolidated prepreg described may include a



of about 350 0C and which is nelt processable at about
400 0OC, may be provided on a prepreg which conprises

w@2pamise’) resin with a relatively | ow degr adar¢GB2009/050134
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tenperature, for exanple an epoxy or pol yester resin.

Thus, the consoli dated prepre95described may i ncl ude
aconsol i dated prepreg which includes an epoxy or

pol yester (especially an epoxy) and a layer of a film

of OR$9 5Pty nBF SPESPetlarPy 16 IpeioyFetderet tref ket orelyester

Thes et fodh desgy i ngx?zr el e%abhﬁ§e§ucchf mat efi ahs 40 first
be made. I n anot her enbodi nent, the layer of film may
beo bymwt dedsprcan ligwarfdl yol et hgrsunéaketoffer  The method

I li d . fi hol |
SHEIE She I F RN TR R 65, B STRR IRy g Lneog okl on
internal surface of the holl ow structure. The

consol i dated prepreg may conprise a resin which is .
stirt aBPyhart REVwSpIMest c s hrast descrildéd ter ebn Pepvided
exanp of. id fi . pol'y r exa
ﬁé?ye%ﬁeréfﬁggﬁggbnegé ]ﬁflaggﬁfgggfiln1ﬁg%§al%%émple’ the
i ochsidei @at derpopbasy i ©sy rést hnasadestiobedtheceinnef and the

exanpl e of said first polyner, for example

OBtk hetettiorketoheos ARROTAGT T &R erpftnadspaegface of
Oihéheb&DY@ﬁti@Bxu&h@fé.iS pT@&!d@@n@oh@&b@@GSthQbHé@ may
whi ch i ncludes no openi ngs providing access to an

| pempRBEe r agitewiof ihecthol f owudtrbéturee HrRirMerR] aglesc resin
”%’%OBSQE:P%F&” HE0e 13t rAG! “éfaagé‘igho?a‘ée heen FLLedgh ey,
ot herw se ocked and i ncl udes no

for example polyetheretherketone. The layer of film may
also include a thermoplastics resin as described herein
for example of a said first ©polymer, for example

polyetheretherketone.

According to an eighth aspect of the invention, there is
provided a hollow structure which includes no openings
providing access to an internal region of the hollow
structure and includes no openings in the structure which
have been filled or otherwise Dblocked and includes no
joints between any two parts which define the hollow
structure, wherein said structure comprises a layer of
film and a layer comprising both a resin (which may be a
thermoplastic resin, 1is preferably as described herein, is
more preferably a said first polymer and is especially

polyetheretherketone) and fibre reinforcement.

Thus, the hollow structure suitably includes no access
openings and included no access openings at any time after

it had been formed.



joints between any two parts which define the holl ow
structure, wherein said structure conprises a |layer of

wo poaiedse8 a | ayer conprising both a resin (whi B¢T/GB0DO50134
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a thernoplastic resin, is preferably as descri bed

herein, is nore preferably a said first polyner and is
especi al |y pol yet heret herketone) and fibre

rei nforcenent. Thus, the hollow structure suitably

i Re efeal hir ad@Esst %ﬁ%ﬁlﬁési%hH“lﬁémﬁaééeﬁofhcé€§§mOPlaSth
o) t e
PorRa- FFor orabl 5. TRo'| ayar of -fi [ aoupfi 665 Botvmer an
t hepaoph AbY i ccomst nsesopel preferabhyriconpne ses a sai d

first polymer and, especially, conprises

pol yet heret herketone . The |ayer of filmpreferably is
prigyi degeon @ £nterpalkrevtiage of phevhekhown an internal
structure. The filmsuitably covers at |east 60%

pref 82ad| 9f ath¢ st 1 8Bos L HBEEUPF ef eF BBl Y1AN PBASALYFYFOVers

e§1pefé§%£y6@foéc§?%%e%%%°l f tthelesa%ftf ace, arga,. of EQ%%r?%ly at

i nternal sur t he Tow Sstructure. "Acco
alaémﬁh95%peebpetheﬂéylatpﬂ@mmdewa%lnﬁtumboéunﬁkcﬂgaaea of
hollom/struciure i ch er of filmon an

i nter hatSsuF f ater tHiet e t]i“ﬁe %f‘ﬁ %%W%?ng

sel ecting a hoIIOM/structure accordlng to the eighth
aspect; and form ng an opening in the hollow structure
t%ﬁ?@%@i@@ Boneansnof aseess, f EbATEhesonrsivddctoat method of

'ﬂ§ﬁ9ﬁgog %%%f%ﬁwé%fﬂé%ure which includes a layer of film

on an internal surface thereof, the method comprising:

selecting a hollow structure according to the eighth
aspect; and

forming an opening in the hollow structure to provide a
means of access from the outside to the inside of the

structure.

The opening may be for receiving a fluid. The structure
may be a fuel tank and the opening may be for passage of
fuel. Advantageously, the method allows high performance
films such as those of the first polymer to be used in

protecting the inside of the hollow structure.

The invention extends to a hollow structure made as
described according to the ninth aspect. Thus, the
invention extends to a hollow structure which includes one
or more openings providing access to an internal region of
the hollow structure, wherein said structure comprises a
layer of film on an internal surface thereof. The film

may comprise a thermoplastic resin as described herein for



The opening may be for receiving a fluid. The
structure may be a fuel tank and the opening may be

wo envpasstige of fuel . Advant ageously, the net hpdl/@BR@9o50134
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hi gh performance filnms such as those of the first

pol yner to be used in protecting the inside of the

hol | ow structure. The invention extends to a hol |l ow
structure nade as described according to the ninth

a3PpEBRLe ThuPt t he Stadent | AT &kt endC " hol | GWE example

SLEHEL L £ Wi oy L ngl udes gne or) foLE; PReniNgS yere at least

provi ding access to an internal region of "'the hollo
sé 0 act wrefawrérlgi nasaileasttr ugbdar e roorpr psescaabayeratof least

) | | surf f. The fil
o B B oA e e TR L h e o the
f ofexanpl e ofrsaid fdr stereol WrLoo ofstexampire . The film

pol yet heret herketone . The filmsuitably covers at .
| easteB®4 Y preferabl ySapstenstaBby, hore pretefhpl yodt saild

I % p.al | eas 8%.af . ce. are
ofﬁ%q%g??%t & r(a%g%%g u r%%%@% riegf‘h&emgoIéqrp%vr\}ltsn{(’j(lrasu ‘;‘%&{Jérle&ljﬁi decess
ftd npy ef etabhyl covet sn substlamthal Lywt herenturety of

said internal surface excludi ng any openi ngs providing
access to any internal region of the hollow structure.

Aty f eabbliecofo ramyh AsPesd cof o@nwniynvientd 0N & or embodiment
enbodi ment described herein nmay be conbined with any
féaterebod hAyeaspeey dfc apympted WhvBnEinon forature of any

. o d ; ; . i ) . .
CPBIGLITEnL IS0 BEHeT P BT g e oL e
herein mutatis mutandis.

Specific embodiments of the invention will now Dbe
described, by way of example, with reference to the

accompanying drawings, in which:

Figure 1 1is a cross-section of a known arrangement for

consolidating a prepreg;

Figure 2 is cross—section of an arrangement for

consolidating a prepreg; and

Figure 3 is a cross-section through a mould which includes

a hollow knitted structure and gas filled bag.

In the figures, the same or similar parts are annotated

with the same reference numerals.

The following materials are referred to hereinafter:



descri bed, by way of exanple, with reference to the
acconpanyi ng drawi ngs, in which: Figure 1 is a
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a prepreg; Figure 2 is cross-section of an arrangenent

for consolidating a prepreg; ggld Figure 3 is a
cross-section through a noul d which includes a hol |l ow
knitted structure and gas filled bag. In the figures
thecsape GIEES niflar (parts dfarkanndttacséd weEhtt he aRers to

r r h | oW terials. .
S S o e B Sond ore Pl AL PR G5 T ade By o 00

grlaste 'r esind 2 meflerisig e qiolty ethe? €% her et @heedes§iom Victrex
h%vi ng%I? melt viscosity of 0.09 kNsirT2 and a nelting

porfit ©Of* 343 OC obtained fromVictrex Plc, UK Victrex
Aptiv PEEK (Trade Mark) film- refers to a

pol yet her et herketone filmhaving a nelting point of
4scocand R ek igssK of (2GR obtedined Hirldim Vi ckeégrs to  a

P ' em-crystall {;ne - o
e O R OB PR T e B IR roing gt 343°C
waisd sehieknystablfi aépf lomtgriadel 00O 025:tdak geher alK. The
ternms, a polyetheretherketone filmis used jn the
cohii i Bati oS of SETbTEhY 8ot ubL ERiat OF he FPF RiBeSomes 17 the
| DLORPOE AL ed nient Aot he eergol # dat ed sprepF£d, sdefiipess@R11ine

outer layer of the consolidated prepreg and therefore
film grade 1000-025.

In general terms, a polyetheretherketone film is used in
the consolidation of a prepreg so that the film becomes
incorporated into the consolidated prepreg, defines an
outer layer of the consolidated prepreg and therefore
provides the consolidated prepreg with advantageous
properties. Furthermore, the film can advantageously
facilitate the consolidation process itself. Further

details are provided below.

In a first embodiment, film may be used as a bagging
material.

2 B-harness satin

Prepreg was prepared comprising 280gm
carbon fabric with 50% wvol Victrex PEEK 90 grade resin.
Prepreg was positioned in a mould to define a precursor of
a composite material 20 as shown in figure 2. A Victrex
Aptiv PEEK film was selected and used as a bagging film
22, with the film being positioned next to the prepregq,

with no other material (e.g. no breather fabric 12 of

figure 1) separating the bagging film from the prepreq.



provi des the consolidated prepreg w th advant ageous
properties. Furthernore, the film can advantageously

WO 209h10d86é8 e t he consol i dation process itself. FF/GB2009/050134
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details are provided below. In a first enbodi nent,

filmmay be used as a baggi ng terlal . Prepreg was
prepared conprising 280girT2 % har ness satin carbon

fabric with 50% vol Victrex PEEK 90 grade resin.

Pt efPEY Was"posPPPoABE iHea ABLFd 1t def Pyeécyate the space
PrEcisoreRl B g@esm FRLGbA! 220 28980WBnI Heating used
figure 2 . I ctrex tiv PEEK fil mwas sel ected and
usedcassea mmﬁyrgpimlngZhaMHﬂEHﬁEthbnvbémng In addition

05|t 0 ext. t he no ot her eri al .

5 RO bPearrer Spatih BT AlhurlS 5L EehaRar s yin will
t@@v@@ggwgpf@mé r ofa t Her pLeps e@aﬁgﬂ@@%ﬂﬁéﬂﬁﬁaﬁpp' i ed
via port 18 to evacuate the space between the prepreg
and film 22 and induction heating used to cause the
r he gt t. addpti I 2
B T R S e
tﬁEe@memmpg andeact asla baggkﬂg datectal. whdbct conductive
heat i ng, [ se m crowave or radiq frequ

L o T e B e on A e dbeas aEPE! gprepreg

| tméheaegbodiaepén deserbbed, fhecpreprgg i pehydesive and,
carbon fibre which is conductive and, accordingly,

|@@@@I@b@ghéatﬂﬁ@u@éagéshﬁﬁél@ﬁrE@Wﬁaﬂﬂﬁ@q(ﬁ¢ﬁ%@nu§lbre to
Iﬁeéyrﬂp.thenpe@ﬁfg,C@ﬁgoﬂeakgdec%&qgﬁgtfﬁﬁﬁgtconducts heat

to the resin component of the prepreg and the resin then

melts. Melting generally takes place from inside the
prepreg outwardly. Since the film is not conductive, it
is effectively transparent to the applied radiation. It

is only melted once the entire prepreg has been melted and
the outer surface of the prepreg adjacent the film can
transfer sufficient heat to melt the film. It will be
appreciated therefore that the film only tends to melt

after the prepreg has been consolidated.

Thus, the prepreg becomes consolidated and, on
consolidation, the bagging film melts and forms a part of
the surface of the composite material defined by the
consolidated prepreg. Thereafter, the consolidated
prepreg 1s allowed to cool. Whilst the film is not
reusable it provides a resin rich layer or region on the
outside of the composite material which may have the

following advantages:

(a) Providing a smoother more aerodynamic exterior

surface.



to the resin conponent of the prepreg and the resin
then nelts. Melting generally takes place frominside

W0 b@peesps eg outwardly. Since the filmis not PCT/GB2009/050134

10

15

20

25

30

conductive, it is effectively transparent to the
applied radiation. It is onIy |ted once the entire
prepreg has been nelted and t%e outer surface of the
prepreg adjacent the filmcan transfer sufficient heat
tonelt the film It will be appreciated therefore

th}é‘} ﬁP@vI*M@O'&' Ymd £0d% 0, JIE Eeéﬁé@%n%heeﬁeeﬁroezg bAsrace.

been consol 1 dated. Thus, the prepreg becones
coms ol é xiatete and; heon Tons olragat icomy itde ﬁ@ggibgttbkn1impact
melts and for a part thgmsurface f t.he conposit

:
T T Gfef FREATBY (1S d5onsolT daten freprdget Gamage of a

Thes@adt eaeftlh@dcstsothaat&ﬁmwsameegma@eﬁiépw@@et o impact
cool. Whilst the filmis not reusable it provides a

rBeRGS T | chCCPWU%TUrBégl bheod tUpgGiitsi @ ¢het hetructure of
C 0 C h 4 foll owing
agﬂgn§%g§s§?% r%@?%lﬁﬁg sn%%?%ﬁggnnre aer odynam ¢

exterlor surface .(b) Providing a nore danage
S|stantﬁ$xter|or surface, the filmm

exanpl e, .
el e T hE e droTemaRttr eat Ly choar aRAn hoo ™t BEARE Loating

the ringk ebmdbseect tof amoducimgdeti ned byntheidated
conposite material due to inpact |oads. Consequently,

t%@nwwe@@u t ypofuathersst r wétldr e oftehe donpdsi tseme  voidage
898&£df@§ bg e@%ﬁ@%edfor ingress of chemicals) where

consolidation has not been completed, especially in cases
where low pressure consolidation techniques such as vacuum
bagging technigues as described in figure 1 are used. The
film may restrict access to such voidage in view of it

providing a coherent continuous surface coating.

(d) Providing a surface with no exposed fibres and thus

the fibre-matrix interface is protected from attack.

(e) Providing a means of tailoring properties of the
surface. For example electrical properties may be
adjusted. In this regard, 1f the surface consists of
polyetheretherketone it will be insulating with the level
of insulation depending on the thickness of the film
formed. If an ESD polyetheretherketone compound is used
in the manufacture of the film then controlled surface
conduction can be achieved. Alternatively, the film may
include Dbacterial agents, thereby to provide anti-
bacterial properties for use in medical devices (or the

like). The film may include anti-biofouling agents, for
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(c) Providing a nore chemcally resistant exterior
coating to the conposite product. For exanple, a

w@ngabdseat ed conposite structure will often hBEGBRIUR/050134

voi dage (providing a route for ingress of chem cals)

where consolidation has not been conpleted, especially

in cases where | ow pressure consolidation techni ques

such as vacuum baggi ng t echni ques as described in

fIYtt e 128PA1GEAC " The 1T mMPAdy lPestPpctUVactedsl tpsers, for
suclyol dageci noyhsynoficit providing a coherent

continuous surface coating. (d) Providing a surface

with no exposed fibres and thus the fibre-matrix

interface, is protected fromattack. ( Providi ng a,

e BTt 1r PngS b et + PBLChr Tt Dhir PAR Fopdintable.
exXanptRa/p 6t Bi g1 yRIOREIRS kIR ke Adjsiedead NrAliSly be
regard, if the surface consists of

pot yet téret herketvnedisedi Piipe $nseB@Eing with the

| evel of insulation depending on the thickness of the
filmfornmed. If an ESD pol yet her et her ket one conpound

i Bheisedsen tdfe nanufactanr e bfathegfi b t kers ccdntadl edy be
surface conductjon can be achieved. ternatively, th
ey Phor et bt cr P 25gentS ot R oy ChodEr b ALy the
aptipbagterial propedt i egitertuse igndredical dewCesgeneral
(or the like) . The filmmy include anti-biof ouling

agent sonferrar i neh agpldiddoronsthet meghdchehade myimise the
S L] S a ckcC 0 ( .

a0 orBeE cesterngL TR B ChE S e STRaRr R Bagl nbgps, idm are
at an elevated temperature and so may reduce the

likelihood of any degration of polymer at the surface of

the consolidated prepreq.

The procedure described in Example 1 may be adapted for

use with prepreg comprising different resins and/or

fabrics/fibres. For example, the procedure may be used
with thermoplastic or thermosetting polymers. Examples of
the former include polyethylene, polyamides,
polyaryletherketones, polyphenylene sulphide,

polyetherimide, polyarylethersulphones, polyamideimides
and liguid crystal polymers. Examples of the latter
include epoxy resins, polyester resins, vinyl ester
resins, liquid crystal polymers, polyimide and
bismaleamide resins. Such prepregs may include fibre
presented in any form (e.g. woven, knitted, tapes etc).
Examples of fibres include carbon fibres, glass fibres,
aramid fibres, polyetheretherketone fibres, polyethylene

fibres and boron fibres.



For exanpl e a pol yet heret herketone surface can readily
be painted with epoxy-based paint systens . The use of

WO pwaaedseh heati ng as descri bed may be rel ati vVRCTH/GB2009/050134
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efficient conpared to other nmethods as only the
prepreg is heated directly angIZnot t he general
environnent. In addition, the nethod nmay m nim se the
time that external surfaces of the prepreg and/or film

ab e valeanarevatel Pefperatir eahl so/RRy Feduckst ied and
L%ét?%&ei‘@&’d Ll AW AegLat | one ofy NOJMITEE rat - & e, SAE é‘g%n the

consol 1 dated prepreg. The procedure descri be
i rExaepl eIl mmypbef adapd edhdortiusef Wimh prepreg
conprising different resins and/or fabrics/fibres. For
exanpl e, the procedure may be used with thernoplastic

orif her m&mwgh@%y@er@l@?'pwﬁn@f niBeekOr®In or equal
i ncl ude pol yet hyl ene, pol yam des,

ped yalir§ | 8¢ het ketonelt pbl yphenytenehs uPprraed/

pol yet heri m de, pol yaryl et hersul phones,

pol yam dei m des and liquid crystal polyners. Exanples
ofithe | atti@rld ned udenepoXyl ¢ esltis, reolyest erthe gstars;eg;
vinyl ester resins, liquid crystal polyners, polyimde

and bi smal eam de resins. Such prepregs may include

fibre) presented Aok apy 40r8¥{8c0iv¥ONEBorkBt b€dihe applied
tapes etc). Exanples of fibres include carbon fibres,

grassatioresvher amduet beeshepol yet heresd@ér ket one
fibres, polyethylene

(1iv) Has a Burst strength which is sufficient to
prevent failure during application of the wvacuum during
the bagging operation. This would also be related to the

thickness as the greater the film thickness, the more

likely the film is to be sufficiently strong.

(v) Has good drapability so that it conforms to the
contours of the composite lay-up. The lay-up would be
defined as the primary stage in the manufacturing process
where individual sheets/pieces of prepreg are cut and laid
one on top of the other to form a ‘green’ unconsolidated
component. This is the structure that would be bagged and

consolidated.

(vi) Should have good puncture resistance to prevent

puncture during preparation of the bagged composite lay-

up.

The film may be in the form of a laminate or co-extrusion.
For example, one layer of the laminate may be selected to

have some desirable properties of a bagging film and one



fibres and boron fibres. A wide range of different film
types may be used and sel ected according to the nature

w@Rooeamsehents in the prepreg. It is preferredP@haB2G0h©50134
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film (i) Should have a nelting point higher than or

equal to the nelting point of.tesin in the prepreg;

(ii) Should be conpatible mﬁt% resin in the prepreg;

(i) Should not be an effective absorber of the

appY tedmprEditaicor tilend P RdtiePL BnPREREF g SSs uskeer example,

(5N% ﬁ%§e§_aﬂfSEh§tﬁ§mﬁﬂhm i?ﬂii§ef%é§%&i%ﬂﬁ ALY compatible

prevent “failure during application o e vacuum
dutimgthherbaggi ng dper atriegredThics ol dtlad sbibe can adhere
related to the thicknes greater the film

as .the
LR ckicas, PRHE Tor 67 | Ry THE 1| m FEG e Laver may be
syd fé et @t kY rstif@ngst {angtiasageedr drapabidiitit sotd hakintain
it conforms to the contours of the conposite |ay-up. .
Thie® | dy-t@e oo dobe tdef | hedmasiWmié Pr i heir Y15 agé ih Lagging

tﬂgtgpyg{acturing process where individua
sheet's/ preces of prepreg are cut and laid one on top

of the other to forma 'green' unconsolidated

conponent. This is the structure_that would he bagged
P oSt i S e e Ratl gboh pincterg b s 1ayer

resdsE@nNCeqtacBheV e @%ﬁﬁﬁ%f)d@éhﬁﬁi@é@D%HﬂééﬂhC%hidﬁ is
t he bagged conposite | ayup. e filmmy be in the
foren ofma Rani(Aat & Somiceldde usitdn. Foreexanphetheonereprey,

| ayereof  the, | arinate pRy pe.selected to

When the film comprises a resin which is not miscible (or
is only partially miscible) with resin in the prepreg, the
film may adhere to the prepreqg. In both cases, the film
becomes a substantially permanent part of the composite
product defined by the consolidated prepreg. When the
film defines a discrete layer on the consolidated prepreg,
the layer may have a peel strength in excess of 1IN/cm when

assessed using a 90°C peel following ASTM D3330.

The film may in some situations include other additives to
modify its properties, as described above, and/or a
surface formed from the film may be modified. In this
regard surface modification may be used to improve bonding
of the film to a prepreg or to a material (e.g. paint)
which may subsequently be applied over the film. In some
cases, it may be desirable to use a film which
incorporates a metal layer as in a metallised film. The
film may be for reducing overall gas permeability or to

provide electromagnetic shielding.



have sone desirable properties of a bagging film and
onel ayer may have ot her desirable properties. For

we2@apdesss8 one | ayer of the filmmy be sel ect eRCT/GBR@®9/050134
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conpatible with the resin in the prepreg so that the
filmcan adhere to the prepreg,as descri bed. Anot her

| ayer may be selected for its Strength and/or its

ability to maintain the integrity of the filmduring

ids sgsengs gmbagamagtnetEIiaises | b tRaePbAR ViHer épFertion

theqfbl megL,at beasth ?n!f@X%kI)%%efﬁQ& adi agephet E{gnufacture

prepreg) conprises a resin I'Ss t e same as
nbSciholle oni t hyt ackesi ms ndeéher ppepr egy the fudUnqduptlon of

fuse to th Wien the fil
e oglhe dremien Voen.the L meotpast 8 1o0 i

Wik drfiesi st Dot MR gr eps g 1fd | ;0 Ry aglhgee ot heictrex
prepreg. In both cases, the film becones a

shibst anEEa yIpernericnteharithf ahe l@@ﬂ?ﬁosg@%r prigducexample
defipedety Lhe,consol Loated.preareq,. vhen thediddarty s

a discret ayer t he tonsol | afe prepreg
t@@n$@y3ﬂaMEgnhayen@tp@@ﬂeﬁtﬁb@@t&t|M1@MC@6@p®fai®&@ﬂ1
when assessed using a 90 0C peel follow ng ASTM D3330.
The filmmay in sone situations include other

agdidivesqt @omdidurd t's, propesti &g, sasudeseei bed is knitted
above, and/or a surface forned fromthe filmmay be

nodit 1Y ed FASLRI sirgah sif f goatavdiotiscat Hlone mandhe during
U§§g ;?tggprg%e§%¥H%4W%§5 ggelf”fygé%€%&Uep&?@egrkEgtting
has been comﬁleted the bag is totally enclosed within the
knitted structure. The structure 1s then placed inside a
mould 24, the internal dimensions of which define the
external dimensions of the product being manufactured. As
the composite and bag system are heated, the gas in the
bag expands and the pressure in the bag increases. As the
pressure increases a point will be reached where the yield
stress of the bag material is reached, at which point the
bag will start to draw and its volume will increase. This
increase in volume continues until the bag has forced the
composite prepreg out against the walls of the mould so
consolidating the prepreg. On cooling, the gas pressure is
maintained at a reasonable level as the temperature of the
structure and tooling decreases such that the composite
structure is cooled under pressure to the point where it
solidifies. The film of the gas filled bag leaves a

continuous layer on the interior of the hollow structure.

As an alternative, the bag may be oversized for the
knitted structure it is intended to fill and may be under-

inflated in the method. Such an under-inflated bag can



whi ch may subsequently be applied over the film In
sone cases, it may be desirable to use a filmwhich

w0 p@onpssat es a netal |layer as in a netalli sedPET/GBR009/050134
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The filmmay be for reducing overall gas perneability
or to provide el ectromagnetic §hie|ding.A second
enbodi nent addresses the prob?en1of i nsertion and/ or
renoval of an inflatable bladder in the manufacture of

MOF b aPPi dPESTSIdETtrq belF | ATERECHAPT SddEE dimigrted.  As
t k8 SPech£i caki on, - 1he S0l HEk?HgUtt'h!é 5&%%993 fias! edy the

ernopl asti c bag, for exanpl e a’bag made from Victrex
A@mgvePEEdelbndfhrh@@$mah®un1aqnﬁdlxﬁﬁxldmroéxahplQrepreg

i troge aJthou h the gas. ma artlcu arly
ChhE oRRast o PETRot Nendor VAL BACEE Al FeP hy drg1d. It
Red&s r hpgetBelbgyr ;e;eave a holdiowstyuctdifer 308 tBe interior
knitted u5|ng a resin inpregnated continuous fibre
h

APt VT agRt hilse Rhkl gassEritledrvageB2eds insert ed.

After knitting has been conpleted, the bag is totally
enclosed within the knitted structure. The structure

i Bhitdentpeéapedcensede dasmmilodd2 4 vetrtenientaarinaheed to remove

di mensi ons of i ch define the external. di nensi ons of

THEE pPofnct THEPRERAGY adte: ot o g ohpatiTe e act as
b@Qpﬁ&@é@@l@é91Q§@£edfo£h@xgﬁﬁlénwh@@ebaﬁeeﬁﬁam6§ aiducture
the pressure in the bag increases. As the pressure

i herieasesld pof htie $cheas caeted Whdeblnde §ighel tank.
stress of the bag material is reached, at which point

the bag will start to draw and its volune wi |

i Tiee easersThi snd second embodiments may be applied to

prepregs which comprise thermoplastic or thermoset resins.
A  variation of the first embodiment which may be
particularly advantageously applied to thermoset resins,
for example epoxy resin Dbased composite materials,
involves using a film as described, for example a Victrex
Aptiv film, on the surface of the mould or fabrication
tooling. In the process, initially the film is drawn down
against the mould/fabrication tooling; then the prepreg is
laid up in a conventional manner in contact with the film;
and then a suitable bagging material and bagging system is
used. During curing of the epoxy resin, a bond will form
between the thermoset resin and the film (e.g. between the
epoxy of the prepreg and the polyetheretherketone of the
Victrex Aptiv film) so that after consolidation the film
remains adhered to the consolidated prepreg and may
therefore provide many of the advantages (a) to (c¢)

described above in the context of the first embodiment.

The process described may be applied to a wide range of

composite structures for example wing boxes, wing



i ncrease in volune continues until the bag has forced
the conposite prepreg out against the walls of the

wOorwvdoeses consol i dating the prepreg. On cool i NRCT/GB2009/050134
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gas pressure is nmaintained at a reasonable | evel as

the tenperature of the structyre and tooling decreases

such that the conposite structure is cool ed under

pressure to the point where it solidifies. The film of

t Her GaSUF$$1 eBUbaAGOT £¥TeFCR1IEIAt INGEES | @AM ofplpheand rear

{ﬁ%ﬁr&gﬁ QECE %ng9||%M{ t%%%%“%%df*%ﬁgﬁf%tgﬁ@?&tYﬁg tables

bag may be oversized for the Knitted structure
isndnBEndedete.fHﬂhanmamagrbewun@amuﬁmmtbdmasth@y easily
thod S nder - Lnflate aneasi

. be
R Pty e, gt a oy EARRY, TAPEROVIgRSy & film on

tl@m@raﬁluf&s|$lsilm@re@§@d ﬂ@fhé@sthﬁaﬁ&mﬂ @as FRAcilitate
t he bag expands and brings about consolidation of the
p$%%¥égl%@¥l@% this case the filmmterial does not

yield. It does nonetheless | eave a continuous |ayer on

the interior structure of the hollow structure forned.

Thus tHcheappoessseas adsgiined verfdame aaygneedidtorex APTIV

r ve t he Fur t her no the intern I,fiIn1Ia er
)ctm% % r et %&%P Hor“k e fhere %F’f&%rphous

h@ﬁé0M6§Eéﬂcﬁﬁ§ebéssé9e89ég Aanflyid sHehcasmWAEN kbsistance
defines a fuel tank. The first and second enbodi nents

nayd betlappl Pedreot prepregschhled cohprirsgstalline materials
tbgrqgﬂ!a%ﬁkﬁ%g%x%ﬂe%ﬁgse%o ﬁékns? ﬁhvggl%&ﬂ_Qﬁ%£it%%ere a

f1¥st enbodi e par [ar |
acivant ageoysky sappkned Jtawéﬂ'lelil?msﬁsﬂr%j NS be produced on

the inside or outside of a consolidated prepreq.

Although in the embodiments described, the film 1is
consumed 1in the processes and 1is therefore not useable,
the processes are still commercially wviable and may be
cheaper in any event compared to prior art processes. For
example, a polyetheretherketone film used as described
according to the first embodiment may be significantly
less <costly than a silicone bag which may in some
circumstances only be used once and do not provide any of
the advantages described for the polyetheretherketone

film, in the finished product.

The processes 1is described herein may allow improvements
in efficiency of manufacture of composite materials in
terms of energy and time; improve the ability to mass
produce such materials; and improve the ease of scale of

production, with lower capital costs.



for exanple epoxy resin based conposite materials,

i nvol ves using a filmas described, for exanple a
woR@pnesse®Bptiv film on the surface of the noubPcr/6GB2009/050134

fabrication tooling. In the process, initially the

filmis drawn down agai nst th?7nnuld/fabrication

tooling; then the prepreg is laid up in a conventiona

manner, in contact with the film and then a suitable

b@@@lﬁ@W%W%¥¥hIlénd“ﬁhgﬁ?ﬁ§r§9§?€ﬂwﬁ% Gded. Apupihg ©of the
Cf‘éf@ P[fl tr@n@&?ﬁﬂ(@ﬁ@@é)n ark%onqnv@ér!tloq{ me%te‘ﬁ%l%n to any
the t ernnset resin and the fi bet ween t he
epoxyl ofortdhe prrepreg andvehe @@h@EmmEI@mheKMhtmhe ofeatures
the Victrex Aptiv fi so that _aft r conso
T P M T arairis. adHbr e SPERE S SOHLOPT dat ol TrBp g a0y
ane ayat Penef 1. ipfQVvi d8semAytofaidie caevanuages ¢a) to any
to (CZ descri bed above in the context of the first
enbodli nBRE, Phe Proceess HeserPbedt hay, b@faﬁﬁﬁié$QRﬁan any
whde,sanee olocompostte; stiyclures for exanple wng

OoXes, tructures, autonotive vehicle bodies (nmain
cabs and rear box cab sections), anbul ance body shells
operating tables and strechers. The latter two
menti oned uses nmay easily be provided with seal ed
surfaces by providing a filmon both sides using the
nmet hods described, to facilitate sterilisation . In
the aforesaid enbodi ments, film(e.g. Victrex APTIV
film may be selected which is crystalline or
anor phous. The latter nmay be sel ected wherein the
chem cal resistance



and ot her properties associated with crystalline
materials is not required; the forner may be sel ected

wob@ero@exhem cal ly resistant | ayer is desiredP@DGB2009/050134
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produced on the inside or outside of a consolidated

prepreg. Al though in the enbodjinments described, the

filmis consunmed in the processes and is therefore not

useabl e, the processes are still commercially viable

HB$ be cheaper in any event conpared to prior art

processes. For exanple, a polyetheretherketone film

used as described according to the first enbodi nent

nay be signiddcanf| ycoesslcostiygt han arspregonetbag method

which may in sone circunstances only be used once and

d%o%%¥l%¥%%ide any of the advantages described for the

pol yet heret herketone film in the finished product.

The processes is described herein may all ow

i Y oveme? 3L § ¥ Hg ci@nchl of nahuf@et ur e of PEBRPOYi t O be

”%5$£$?i§a{8dteéﬁﬁ of energy and tine; inprove the

abi Tty to nass produce such materials; and inprove

t hei ease afpkcate of poockictiican, centhlidoneingapiteal prepreg,

costs. The invention is not restrigted to the details

ST EFBLT of Aot M enBoamHerA L (251 ed The ive FloheS-

extends to any novel one, or any novel conbination, of

the features disclosed in this specification

(% ncldnaghadyaaeespadyitng cdladinnesl, apstreakt angonsolidated
n .0 ve : :

%ﬁ%@% a@? is Eng%j%t ﬁg)’sﬁlg% Sﬁf\%?f?g%y%léﬂy IM&laes an outer or

inner surface defined at least in part by material of said

film.

3. A method according to claim 1 or claim 2, wherein the
film has a thickness in the range 5um to 750um; and the

puncture resistance of the film is at least 10kJ/m’.

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

film includes at least 95wt% of a single resin.

5. A method according to any preceding claim, wherein
said film comprises a material selected from a
polyaryletherketone, a polyarylethersulphone, a
polyphenylene sulphide, a polyetherimide, a polyamide, a
polyolefin and a first polymer which has a moiety of

formula

A
o

m

JVE—EAr) ( @)
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met hod or process so disclosed.Clains 1 . A nmethod of
consolidating a prepreg, the nethod conprising: (i)
w@omptdess ng a fil madjacent a prepreg to be PCT/GB2009/050134
consol idated; and (ii) applying a force for
consol idating the prepreg, mm§§ein the fil m becones
attached to the prepreg. 2 . nmet hod according to
claim1 , wherein a consolidated prepreg is nade in
t Wl Mt od ki teh A dlaFd®d 2an outer or inner surface
defined at least in part by material of said film 3 .
A nmet hod according to claim1 or claim2 , wherein the
filmhas a thickness in the range 5rmto 750mm ; and
the puncture resistance of the filmis at |east
10kJ/ n2. 4 . A nmethod according to any preceding
claim wherein the filmincludes at | east 95wt % of a

sin sin. b~ ANNet had/ atcerdi ng Yy |pt ecedi ng
cl4t €l i : 58S CO) H—+sel ected|
fro | yary\e K@t one\ of yar yl Jul phone, a

pol yphenyl ene sul phi de, polyetﬁerinide, a-pol yami de,
a polyolefin and a first polyner which has a noiety of
formul aand/ or a noiety of forrmula and/or a noiety of

5 formula wherein m,r,s,t,v,wand z independently

regrfsent Zero or a
and/or a molety of formula

SO /®\ G|— \so Il
° \k\v/)/z L\L\\//JA 2 v

wherein m,r,s,t,v,w and z independently represent zero or a
positive integer, E and E' independently represent an
oxygen or a sulphur atom or a direct link, G represents an
oxygen or sulphur atom, a direct link or a -0-Ph-0- moiety

where Ph represents a phenyl group and Ar is selected from

15 one of the following moieties (i)**, (i) to (iv) which is

bonded wvia one or more of its phenyl moieties to adjacent

moieties

20



positive integer, E and E ' independently represent an
oxygen or a sulphur atomor a direct link, G

WO 2pPRee@ S an oxygen or sul phur atom a dir eceCT/GBR008/050134
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a -0 Ph-0- noiety where Ph represents a phenyl group
and Ar is selected fromone ofothe foll ow ng noieties
(i "A) to (iv) which is bonded via one or nore of its
phenyl noieties to adjacent noieties6é . A nethod
according to any preceding claim wherein said film
conprises a first polymer selected from

pol yet her et her ket one, pol yet her ket one,

pol yet her ket oneet herket oneke=t.one angd
O @ -:&@; ng to any
df ei n t Hewrel tingipdint of the film

pol yet her ket orléke

preceding claim w

is higher than or equal to the nelting point of resin
in the prepreg in a region of the prepreg to which the
filmbecones attached in the nethod. 8 . A nethod

according to aimb5 or Laim6 , wherein said film
consi sts §RSE al-ky e@ first polynmer. 9 . A
nmet hod according to anyprieceding claim wherein said

prepreg i ncludes thernoplastic or thernosetting resin
and fibre reinforcenent.10. A nethod according to
claim9 , wherein said thernoplastic resin of said

prepreg is sekected from a polyol efin, polyam
pol yar yl e @ a-@v pi -qm- sul phi dejy)
pol yet heri'mide; pol ya et her sul’phone, pol yami

liquid crystal polyner and a first polyner as

6. A method according to any preceding claim, wherein
said film comprises a first ©polymer selected from
polyetheretherketone, polyetherketone,
polyetherketoneetherketoneketone and

polyetherketoneketone.

7. A method according to any preceding claim, wherein the
melting point of the film is higher than or equal to the
melting point of resin in the prepreg in a region of the

prepreg to which the film becomes attached in the method.

8. A method according to claim 5 or claim 6, wherein said

film consists essentially of said first polymer.

9. A method according to any preceding claim, wherein
said prepreg includes thermoplastic or thermosetting resin

and fibre reinforcement.



described in claim5 . 11. A nethod according to any
preceding claim wherein the filmis arranged to apply

w0 b@ofiaisé® to the prepreg to consolidate it. 12CT/6B2009/050134
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nmet hod according to any preceding claim wherein the
tenperature of the prepreg is,faised to in excess of
300 OC during the consolidation process. 13. A nethod
according to any preceding claim wherein the filmis

skl ech ed TEGH10Gse ASCATBARGi ng 4 i | miand i sParr alge@in  said
causedg% @{gpr JHP QP %QH§P|#P§£§Qg QQQ Eél&@@@d. from a

e urge agai nst the prepreg to facilitate
i pslyohshln dapiodramide, A pret yrody sedordi gigort®, apylgbhenylene

to 12, wherejn said filmis arrange
eFl R ideyas ' eckBr ket BeRRPLRT! o "ar r aRGACRE LR AeBR U LBhone,
epsl psedas) ruehure dﬁfys&%@i Byo PredF egnd13. A MR hodh ymer as
according to any preceding claim wherein the prepreg
|@e%@¥hﬁ@%dl$ocﬁ@¥mn% a hol | ow structure when
consol idated. 16. A nethod according to any of clains
1 to 13, wherein a said filmis arranged on a nould or
oIherAfméwm@ﬁté@@ot@bm@ngoaadyppepcegihg bahdmupwberein the

e film17. A nmethod of nuf uring a co

HATEF | i WAFERITRRT G B0l it FAGCS dreprog dgepres to
desssbbed-+ & any preceding claim 18. A nethod of
protecting a surface of a consolidated
12. A method according to any preceding claim, wherein the
temperature of the prepreg is raised to in excess of 300°C

during the consolidation process.

13. A method according to any preceding claim, wherein the
film is selected for use as a bagging film and is arranged
adjacent a prepreg to be consolidated; and is then caused
to be urged against the prepreg to facilitate its

consolidation.

14. A method according to any of claims 1 to 12, wherein
salid film is arranged to define a gas receptacle which is

arranged within an enclosed structure defined by prepreg.

15. A method according to any preceding claim, wherein the
prepreg 1is arranged to define a hollow structure when

consolidated.

16. A method according to any of claims 1 to 13, wherein a
said film 1is arranged on a mould or other fabrication

tooling and prepreg is laid up on the film.



prepreg, the nmethod conprising: (i) positioning a film
adj acent a prepreg to be consolidated; and (ii)

wapEbsdases a force for consolidating the prepreRCT/GB2009/050134
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wherein the filmbecones attached to the prepreg. 19.

A conponent whi ch conprises a,conposite material as
described in claim17. 20. A consolidated prepreg

which includes a |layer of a filmon a surface of the ,
pt épriegMepRodA Oy ap eyt aewr Hihget & FPAThTZ0, "aker €1 h which

tpﬁciﬁé@%CQH@H%@%?@&%&%&Fhfr zﬂﬁﬂﬂi}P%% 'd%%cr%bed in any

prepreg according to claim?20 or claim2l, wherein the
prepreginmct Uaes. pol yet her et her ket one associated with
fibre reinforcenent; and a filmlayer which al so
conpri ses pol yet heret herketone. 23. A prepreg

acgordi Rgthedanyr Ofprelaicrs nd0 40 A& AiChoknd udendolidated
prepreg resin having a degradation tenperature of |ess
tPEaeP 399 0 ThiehednsonPEat €dd prepreg i ncluding a

| ayer of film wherein the filmincludes a resin

having a nelting point which is at |east 50 0C above

t he) degr adat itotort enmperat uf elof sdigacestn asedr@dred to be
prepreg. according . to any of clainms 20 to 23, wherein

the'fa bgaEﬁdfi?ﬁﬁis provi ded on an inwardly facing

surfpce -aﬁ%&yfﬁ@r%Prﬁﬁr@§CQQﬁingoﬁ@o@ﬂ&a@in@'&ﬂﬂ? BBepreg,
to 24, wherein
wherein the film becomes attached to the prepreg.

19. A component which comprises a composite material as

described 1in claim 17.

20. A consolidated prepreg which includes a layer of a

film on a surface of the prepreg.

21. A prepreg according to claim 20, wherein the film

comprises polyetheretherketone.

22. A prepreg according to claim 20 or claim 21, wherein
the prepreg includes polyetheretherketone associated with
fibre reinforcement; and a film layer which also comprises

polyetheretherketone.

23. A prepreg according to any of claims 20 to 22 which
include a prepreg resin having a degradation temperature
of less than 300°C, the consolidated prepreg including a
layer of film, wherein the film includes a resin having a
melting point which is at least 50°C above the degradation

temperature of the resin used.



the Consolidated prepreg conprises a thernoplastic
resin. 26. A hollow structure which includes no
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hol | ow structure and includes no openings in the

structure which have been filled or otherw se bl ocked

and includes no joints between any two parts which

define the hollow structure, wherein said structure

c%ﬁ‘przi‘* s%%el%rq?%y%?c%lfdﬂ“ﬂ n?%m%l“-‘é P%y%?aé@ﬁ‘p?psi:ﬁg%ot Kherein

at}E&S'lrb fdfbr%lrl%' NEQr cement qed’. ot Mef hQd 0k dly facing

meki ng & hol l ow structure which 1 ncludes a Iayer 0
fshnmf@me an i nternal surface thereof, the nethod
conprising: selecting a hollow st ruct ure according to
claim 26; and formng an opening in the hollow

St% uczt%@@@@r@&wﬁdm?e@@%@ 8£CE881HE0PMVTHE 24, wherein
outside to the inside of the structure . 28. A hollow
str@ct r &0 Wi hed net eifesd onepf 1 pdF e opepihgelastic resin.
provi ding access to an internal region of the hollow
structure, wherein said structure conprises a |layer of

feé modon aoliloter natrsourface twhdre@of . includes no  openings

providing access to an internal region of the hollow
structure and includes no openings in the structure which
have been filled or otherwise Dblocked and includes no
joints between any two parts which define the hollow
structure, wherein said structure comprises a layer of
film and a layer comprising both a resin and fibre

reinforcement.

27. A method of making a hollow structure which includes a
layer of film on an internal surface thereof, the method

comprising:

selecting a hollow structure according to claim 26; and
forming an opening in the hollow structure to provide a
means of access from the outside to the inside of the

structure.

28. A hollow structure which includes one or more openings
providing access to an internal region of the hollow
structure, wherein said structure comprises a layer of

film on an internal surface thereof.



