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| MPREGNATI ON The present invention relates to a process of
mg|l t i npregnation, in particular for preparing fibre-reinforced
resin mat eri al s. Fi bfer reinforced resin materials are
high in strength but light 5 in weight, and are therefore highly
desirable building materials in a nunber of industries.

A process of making such materi & SRPEES§eRT MEBBAMPREGNATION  EP-B- 0167303, in
which a fibre bundle is slid over a heated extruder head havi ng an

arcuate surface, and nolten thernopl astic polyner is
The present invention relates to a process of melt

impregnation, in particular for preparing fibre-reinforced resin
materials.

Fibre-reinforced resin materials are high in strength but light

5 in weight, and are therefore highly desirable buildiqg'materials in
a number of industries.

A process of making such materials is described in
EP-B~0167303, in which a fibre bundle is slid over a heated extruder
head having an arcuate surface, and molten thermoplastic polymer is

10 injected into the fibre bundle, from a slot in the arcuate surface,
in a direction transverse to the array of filaments making up the
fibre bundle. . .

When this process is used with relatively viscous materials, a

significant operational problem is experienced, in that the extruded

15 polymer tends to push the fibre bundles away from the surface of the
extruder head rather than penetrating the bundle and thereby coating
the individual fibres.thereof. Fibres that are not encircled with
polymer (wetted) do not contribute to the mechgnical properties of
the composite material. In further processing steps the fibre

20 wetting can be improved but this often leads to a degradation in
fibre length and consequently reduces the reinforced efficiency of
the fibres. Attempting to overcome this problem by increasing fibre
pressure onto the extruder head leads to unacceptably high friction

over the extruder head.

3]
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EP-A-397506 discloses a process which differs from that of
EP-B-167303 in the presence of two slit-like feed openings to the
opposite sides of the arcuate surface, or more than 2 such openings.
EP-A-397506 does not disclose any technical effect of haviné more

than one slit-like opening.

(93]
o

The present invention provides a process of making a fibre-
reinforced polymeric material comprising the steps of sliding a
fibre bundle over an arcuate support surface in the line of the arc,

and injecting inte the bundle a molten or liquid polymer,
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10 injected into the fibre bundle, froma slot in the arcuate surface,
in a direction transverse to the array of filanents naking up the

fijore bundle. When this process is used with relatively
viscous materials, a significant ,gperational problemis
experienced, in that the extruded 15 pol ymer tends to push the fibre

bundl es away feRmddiersilld ageek tfepolymer is in§¥ddeddenrigRthe! BL{RN efd1AN
penetrating the_bundl e and thereby coatl ng ) the individual fibres
t hereof . Fi breSiPtatPaf?® fYFEEsfei F2hedl ol ORI s“bStantle&yyﬁéﬁns(’ﬁ\ﬁet &3) do

not contri but ethe gdraleechani cal properties of t he conposite
material. In further processing steps the fibre 20 wetting can be

i mproved but this often | eads to a degradation in fibre length
and consequent!|y reduces the reinforced efficiency of the fibres.
Attenpting to overcone this problemby increasing fibre pressure

onto the extruder head | eads to unacceptably high friction
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over the extruder head. 25 EP- A- 397506 di scl oses a process which

differs fromthat of EP-B- 167303 in the presence of two slit-1like
feged openings to the opposite sides of the arcuate surface, or
nore than 2 such openi ngs. EP- A- 397506 does not di scl ose any
techni cal effect of having nore than one slit-1like opening. 30

The present inventi OThepIpQUJ:dﬁsSoﬁ {heOLBAht 0dn I&’ak&u%gsaqfrilbiﬁyly effective
ELroroes DOLYTBRRGRR L Sk SRIELLS, T U ShEES Lol Wl
and injecting i ni@mhéuﬁuﬁdbeesalmkteeﬁlm burgiliedayrolepeigrcled by polymer. It
is therefore capable of producing more uniform materials than the
5 prior art.

In addition, the process can be used to hake fibre-reinforced
polymeric resin materials at relatively high production speed and
low capital costs.

Describing the process of the invention in more detail; a fibre

10 bundle is slid over an arcuate surface. Use of an arcuate surface
enables axial tension in the fibre to be converted intqia;radial
force of the fibre towards the support surface. This ra&ial force
can be influenced by the axial preteqsibn in the fibre, .the contact
angle of the fibre on the surface an& the radius of ‘the surface.

135 Within these parameters, the surface-geometry.can be optimised for a
certain pultrusion speed, fibre permeability and polymer viscosity.

The arcuate support can be provided by the surface of a
support, for example, when the support is cylindrical.
Alternatively, it can be provided by cutting an arcuate section, or

20 trench, through a support. The remainder of the support c;n be any
suitable shape to allow co-operation with other equipment with which
it is to be used. For example, it may be mounted on an extruder. It
is preferred that side walls extend upwardly from the surface, to

facilitate handling of the fibre bundle passing over it and to

-~
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prevent polymer from escaping sideways from under the fibre bundle.
Molten cr liquid polymer, typically a thermoﬁlastic polymer

(though thermoset resins can be.used), is presséd through a

plurality of slots in the arcuate surface of the impregnation tool.

These slots are substantially transverse to the direction of fibre

ta
o

alignment and bundle movement, since otherwise the fibres could

become entrapped in the slots. There are at least eight slots in the
arcuate surface but preferably there are more, for instance at least
12. The number of slots depends upon, for instance, the thickness of

the bundle that has to be impregnated, the viscosity of the polymer

(77
tan

used and the pultrusion speed required. The polymer
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-1} charact erized in that the pol yrrer' [ s":i' n"j" ected through at | east eight
slots in the surface, each slot being substant | aI ly transverse to the
bupdl e. -2-

The process of the invention allows surprl S|51gly effectlve
I npregnation of materials; for instance, it ensures that the
I ndi vi dual fibres i appdueathisbsachorglrorais €ncineChdteby dEDE&Kﬂﬂhveﬂﬂlon can

orior arte  CBeabhed AR T 58 L IR BebveBaties Ramgesees
fibre-reinforceduch as pulpulsyerenifcprafsias mat €riaakst atindixiat i vel y hi gh

production speed anq}xamples of ls‘ﬁ\ﬂ’t%@ E?inf%??}.rﬁ;r fibres are glass,D€§Han£&9 the

process of the invention in nore detal
aramide fibres. Examples of suitable thermoplastlc polymers, with

which to impregnate these fibres, include polyolefzn, such as
polyethylene and polypropylene, polyesters such as polyethylene
terephthalate (PET), and polyketones. Thermosetting polymers may
also be used, such as phenolic and epoxy resins.

10 The invention will now be described in more detail by way of
example only with reference to the accompanying drawings, in which:

Fig. 1 is a perspective view of part of apparatus suitable for
use in the process of the invéntion; and

Fig. 2 is a part cross-section of the apparatus of Fig. 1 in

15 use, with a £ibre bundlé passing over its surface.

Referring to Fig. 1, a support 1 has an arcuate surface 2
having side walls 3, i.e. in the form of trench in the support. At
least eight slots 4 are provided in the arcuate surface, through
which polymer is injected intoc the fibre bundle. The support is

20 typlcally connected to an extruder (not shown) whlch supplies
polymer to a central bore 5 in the support, the bore belng in
.connectlon with the slots 4. _

Referring to Fig. 2, a fibre bundle 6 is péssed over the

arcuate surface 2 in a direction 7. Polymer is injected into the

2]
'

fibre-bundle through channéls.B; which are in turn supplied with
polymer thrcough central bore 5 connected to an extruder. The polymer
that exits from channels 8 tends to create a film 9 of polymer over
the contact area between the fibre bundle & and the arcuate surface
2, and this acts to reduce the friction between them.
30 . The following example illustrates the invention:
Example

A 2400 tex glass fibre, with an appropriate sizing, is im-
pregnated with a polypropylene matrix according to the process. The

polypropylene has a melt flow index (MFI) of 25 gr/10 min and a

tad
W

relative viscosity of 2.1 (measured according to ASTM D 1601-86 in
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18 hunds endss Bt? d over an arcuate surface. Use of an arcuate surface
enables axial tension in the fibre to be converted into a radi al
faorce of the fibre towards the support surface.” This radial force

can be influenced by the axial pretension in the fi brﬁf’t_hg_mmras—t——f’/
angle of the fibre on the surface and the caglius of the surface -
Wthin these paraneters, the surface geonetry can be o “[“E !m\ “H“\

B 3 *

certain pultrusion speed, fibre perneability and pol ym

The arcuat e support can be provided by tdhe saurfvase of a support,
for exanple, when the support is cylindrical. Alternatively, it
can be provided by cutting an arcuate section, or 20 trench, through

a support. The fdemaiindercest ¢heasimper filoenrdimfgnged polymeric giitepifile shape

to all ow co- Operc@ﬁ#ﬂ'}l%t OEQSHS 89 Ud IRaRRS a\’\”fiﬁewﬂﬁme (6) over ant e*é:uhgr be
used. For exanple, it may ‘be nounted on an extruder,

preferred that StOEMAMEPEs>BRAFEVREUPIRROFFySYHERT t e ’s‘hr"‘Fﬁc’é“et‘bf the “are,
facilitate handlanagirmfectiey finbs Q:thlSld'icB.epﬁSrﬁaﬂ.ﬁgx @¥eYiqulid gl yheér,25

pr event Iyrrercfg_lr om escapl ng. gh e o&r om under, tg Ulbre b
a o

ht
Mol ten or’ |i qui cterIJ,.,z ypi caﬁ %mer lFaSnlJI & rough a q.east eig

(though ther rmse?tlor-esﬁ'lrhs'@a?heberqpseel)surlfscepr(é%mctlml@lﬂghelaig substantially

plurality of slaqignifktdBe.angdatgas {gce of the inpregnation tool.
These slots are substantially transverse to the direction of fibre 30

al i gnment and bindl FPROREAREAE  assiChaimest herdtpdm Lt Whegsipr &% 168t d2

becone entrappedrafistdi8est its. (&F)haﬁ:e preSert ineaisd aBb@itle Slppostidurkhes (2).
arcuate rface 3%)ut referably tance t | east
0

12 The Fimber o sIBeePHasancey dobiey o Tiact dnds,* (RECTH Shnaesoay
the bundl e t hat He&gedrp sbecesgivegslated(4)t hecnﬂaseamnt yhe)fdltéw-lpolqmbnndle :
used and the pulngoq,gﬁér&n(gpped requi red. The pol yner
4. The prccess as claimed in any one of claims 1-3, wherein the
width of each slot (45, in the direction along the fibre bundle (6),
15 is in the range 0.2 to 1.5 mm.
5. The prccess as claimed in any one of claims 1-4, wherein the
relative viscosity of the polymer is less than 50.
6. The prccess as claimed in any one of claims 1-5, wherein the
polymer is & thermoplastic polymer selected from pdlyolefins,
20 polyesters and polyketones.
7. Extruder die suitable for use in the process of any one of
claims 1-6 which'comprises an axial bore (5), communicating through
radial channels (8) with slots (4) on an arcuate external surface,

characterized in that there are at least eight of said slots.




Vig 95/ 25000 ‘. A - Q borf R0t Sa

-3- creates a filmbetween the surface of the tool andg
fibre. This polyner filmsinultaneously |ubricates thgipss

i npregnates th s fibre. %‘% %p&?g%pt ed fr ORgNk
side, air is e%&tﬁgd throug‘ﬁ%Lﬁe 0 Aig‘ Nﬁm{ re bundl ey
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will push the fibre aside and fl othert t hro hthe
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(54 Title:A PROCESS OF MELT IMPREGNATION
(57) Abstract

A process of making a fibre-reinforced polymeric
material comprises sliding a fibre bundle over an arcuate
support surface (2) in the line of the arc, and injecting into
the bundie a molten or liquid polymer through 2 plurality
of slots (4) in the surface, each slot being transverse to
the bundle. The process allows effective impregnation
of materials, at relatively high production speed and low
capital cost,




above and, in case of high viscosity polyners, does not contain

enough polyner, to wet-out all the filanents in the fibre bundl e when
operating according to prior art methods. Follow ng the surface of

the tool the polyner is pressed into the fibre .bundle increasing the 20
degree of inpregnation and reducing the polymer filmthickness. Vel

before the filmthickness is reduced to zero and the fibres touch

the tool surface, polyner is added to the filmby another slot in

the tool, etc., until the fibre bundle is fully inpregnated. Wth
relatively | ow viscosity polyners, 50 Pa.s and below (at 10[err]-10[err] 25
Pa.s shear stress and operating tenperature), the travelling speed

of the polymer through the fibre bundle may be so high that one sl ot

and a snmall contact- area on.the tool is sufficient. But with

relatively high viscosity polyners, 100 Pa.s and higher (at I0[err]- 10[err]
Pa.s shear and operating tenperature), the pultrusion speed would 30

need to be reduced to an extent that the process is no |onger

econom cally attractive. . The process of this invention.is

particularly suitable for thernoplastic polymers having a relative

vi scosity (neasured:according to the: approprlate ASTM net hod) bel ow

50.
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L] . .
- b= Apparatus suitable for use in the process of the
I nvention cagy be designed suitably small for use in i

I mpregnat.i on p?%sézgggoes, 0 such as pultrusion of profil eQ‘L%'?}E’F’Ff"AWént

wi ndi ng. Exanpl l e reinforcing fibres are glass,
carbon and 5 a af%%’{@w‘”ﬁ% BERN s of suitabl e ThisxShee HbsBeen Replaced
pol yners, with Wi Chet Q-gtPr egrlpt e t hese fibres, |

pol yol efin, such as [|L——— .pol yethyFere afd® gol ypropyl en(m"u; amlell ﬂll;uch
as pol yet hyl ene terepht hal ate (PET), and pol yket ones. ernosetting
‘pol yners may al so be used, such as phenolic and epoxy resins. 10
‘The invention will now be described in nore detail by way of

exanple only with reference to tA@REECESSTPEMELEGINRREGNARION i n whi ch:

Fig. 1 is a perspective view of part of apparatus suitable for use
in the process of the invention; and Fig.” 2 is a part

cross-section of th&rapprasaptisinyeniog relatgs tp a progess ofymepta fibre
bundl e passing Qwgkedrdatidny fiaCfarticular for prep&Ein@r EiBl@-k@irdfodced redin
support 1 has an arcuate surface 2 having side walls 3, i.e. in
the form of treM@f®fit‘the support. At | east eight slots 4 are
provided in the arcurabeesteihfedt tesinghaterials areviighhipcityemgth dut rijight ed
into the fibre ndl €., Th ' Oy 4 ' LY e ;

§ ay 9%.1.% e 4D Unbrd ford hlgmyp%ﬁa&ssfé bl SAHICHL AL s

ext ruder (not shown suppl 1 es ner to a ce al bore in

‘the support, the burkemheF nipduptries. connection with the slots 4.

Referring to Fig. 2 gréidisoPuRiey Gubl MRSELMAOVEIddsB@ibed in arcuate

surface 2 in a direction 7. Polyner is injected into the

EP-B~0167303, in which a fibre bundle is slid over a heated extruder
head having an arcuate surface, and molten thermoplastic polymer is

10 injected into the £i§re'bundle, from a slot in the arcuate surface,
in a direction transverse to the array of filaments making up the
fibre bundle.

When this process is used with'relatively'viscous-materials, a
significant operational problem is experienced, in that the extruded

15 - polymer tends to push the fibre bundles away from the surface of the
extruder head rather than penetrating the bundle and thereby coating

_the individual fibres thereof. Fibres that are not encircled with
poiyme: (wetted) do not contribute to the mechanical properties of
the composite material. In further proéessing steps the fibre

20 . wetting can be improved but this often leads to a degradation in
fibre length and consequently reduces the reinforcéd efficiency of
the fibres. Attempting to ovércome_this problem by increasing fibre
pressure onto the extruder head leads to unacceptably high friction
over the extruder head.

25 The present invention provides a process of making a fibre-
reinforced polymeric material comprising thé steps of sliding a
fibre bundle over an arcuate support surface in the line of the arc,
and injecting into the bundle a molten or liquid polymer,
characterized in that the polymer is injected through a pluraiity of

30 slots in the surface, each slot being substantially transverse to
the bundle.



25 fibre bu lethmls 8, which are in turn supplied with

pol yrer WRISAS0 C {Wﬁ@mﬂze gected to an extruder. PAE/EPOSHIRS

that exits fromch to cre Lyvner over
e bundl Tﬁnasaeehemaraam ¢ surface
t e

the contact area b

2, and this acts to reduce |ct|on t we EPLACED 30 \ The
foI | om ng exanple illustrates the inventrTom — pl e

A 2400 tex gl asthef piaessvaft ishaninypprinmr am::avsssu;ﬁgsimgiyl 8ffective

pr egnat ed o the process. The -
pol ypropyl ‘gmgpﬁ&al%%é/Wﬁﬂ#%\%ﬁ}%éf%k(ﬁ%%%% gg énsf‘ 16° 8‘39 ﬁtf

rel ative viisddeidualofibxres inyEhe fibge hundieiare EQCJASIM Dyl 6OLy®RE. i It

V\D 95/ 2500Q s therefore ‘capable of producing more uniform materials Bgy FE?S/ 01024

Apparatus suitable for use in the process of the
i nvesnt i on PFAOT art. be designed suitably small ‘for use in inline
| npregnati on priaceddisden, the process can be used to make fibre-reinforced

'polymeric resin materials at relatively high production speed and
iow capital costs.
Describing the process of the invention in more detail; a fibre
0 bundle is slid over an arcuate surface. Use of an arcuate surface
enables axial tension in the fibre to be converted into a radial
force of the fibre towards the support surface. This radial force
can be influenced by the axial pretension in the fibre, the contact
angie of the fibre on the surface and the radius of the surface.
15 Within these parameters, the surface geometry can be optimised for a
 certain pultrusion speed, fiBre permeability and polymer viscosity.
The arcuate support can be provided by the surface of a
support, for example, when the support is cylindrical.
Alternatively, it can be ptovidéd by Cuttihg an arcuate section, or
20 trench, through a support. The remainder of the siupport can be any
' suitable shape to allow co-operation with other equipment'with which
it is to be used. For example; it may be mounted on an extruder. It
is preferred that side walls extend upwardly from the surface, to
facilitate handling of the fibre bundle passing over it and to
25. prevent polymer from escaping sideways from under the fibre bundle.
" Molten or liquid polymer, typically a thermoplastic polymer
{though thermoset resins can be used), is pressed through a
plurality of slots in the arcuate surface of the impregnation tool.
These slots are substantially transverse to the direction of fibre
30 ‘alignment and bundle movement, since otherwise the fibres could
become entrapped in the slots. There are at least two slots in the
 arcuate surface but pteferably there are more, for instance at least
8 or 12. The number of slots depends ﬁpon, for instance, the
thickness of the bundle that has to be impregnated, the viscosity of
55 the polymer used and the pultrusion speed required. The polymer



suth as pul trusion of profiles or filanment w nding. Exanpl es
of sui tabl e reinforcing fibres are glass, carbon and 5 aram de

fipres. sui tabl e thernoplastic polyners, with h to
| npregnat e. {Tﬂ)oeg%,zigﬁ res i ncl ude polyolefin, such as Pﬂl’wy%q

and pol ypropyl ene, polyesters 'such as polyethylene S terephthalate
(PET), and pol yket ones. Thernosetting pol yners may al so be used,
such as phenolic and epoxy resi ns 10 . =3 - The invention will now be

described in nore detail % rT}PeonI W t h referenceto
the acconpanyi nﬁ‘ﬂfﬁﬂm%&%l‘“ﬁ? f7tfrhe surface ot’the tePY. “f FRe gipet SIRESH ve
vi ew of part of rispppohinss Silini abhathéously lubricatsa tke iplteceysoanss of the

i nvention; and mprfgnatefSthe gEEgs fab\ll:\llé't %:.Rg%ttg ncﬂ?&tﬁngpe fatggefrom ?ne

apparatus of Fi \ ng over
sur f ace. sxdeo air pef e’meulhgd tthrepgh the cet-hsa;fadetofl thasfieh#ealpwiéee

surface 8 = reduchAyithe séifaecwdéns St theecouipasiae ms reh@f:kztersensh th@ the
support. A urality of slots is provid he, ar cuat e

P
surface, throughelymer £ilm i3 an, lpRarsany ﬁa§ 1"éct:refd"'}"ﬁt%'lf“h’(e*s feBr BMPuRS e.
The support is 2{bres willl ypudhakhy mnrmatfede,t @esul LNy [ 10 Eriftidhab hidsBs
which supplies p ra bore Ln the ort the '
bore being in betuween thceog?%lctsuf)%nacv?n {th!l‘ hlbrf § a ne more fmpprg NP PT | ng
to Fig. 2, a fibse fhbrriwdly qost=pa§§e§he)\ﬁeimmhé=kness is togr bigh Ghe mollsmer 2

in a di rxsct ion Zzllpghmbhé £i6rl] £6480add ok RRNEP than throh i etneuaﬁl&

t hrough channel s ch are in turn supplied w Z

t hr ough centr al ‘Eﬁﬂlé' BC%H%FéﬂeﬁsdvﬁrFWPFﬁd’ér "“ﬂ?e”b(ﬂhfn‘é?mp“i t hat
exits from chanpglizad tiamdéhicknésaaat erd ihi twe Fande pal yros teverm t he
contact area betweep the fibre, bundlie 6 and th °1:aricuéag eSYy face 2,
and this acts to reduce®t e fr e oh et nees n the tool surface an

amount of polymer is delivered through the slot forming a £ilm with

15 a certain thickness. This film thickness is limited as explained
above and, in case of high viscosity polymers, does not contain
enough polymer to wet-out all the filaments in the fibre bundle when
operating according to prior art methods. Following the surface of
the tool the polymer is pressed into the fibre bundle increasing the

20 degree'of impregnation and reducing the polymer film thickness. Well -
before the film thickness is reduced to zero and the fibres touch
the tool surface, polymer is added to the film by another slot in
the tool, etc., until the.fibre bundle is fully impregnated. With
relatively low viscosity polymers, 50 Pa.s and below (at 103-104

25 Pa.s shear stress and operating temperature), the travelling speed
of the polymer through the fibre bundle may be so high that one slot
and a small contact area on the tool is sufficient. But with
relatively high viscosity polymers, 100 Pa.s and higher (at 103-104
Pa.s shear and opezating temperature), the pultrusion speed would

30 need to be :educed to an extent that the process is no longer

economically attractive. The process of this invention is
particularly suitable for thermoplastic polymers having a relative
viscosity (measured according to the appropriate ASTM method) below
50.



30 The follow ng exanple illustrates the invention:
Exanpl e A 2400 tex glass fibre, with an appropriate sizing, is

[ mregna&%@ a pol ypropyl ene matri x according to the process.
ro

The poly e has a nelt flowindex (MFI) of 25 gr/10 PRHEERQ1024 35

rel ative viscosity of 2.1 (nmeasured according to ASTM D 1601-86 in TS
0093 PCT _ _ -7-

CLAI MS 1. A process of Tnking a fibre-reinforced polyneric
mat eri al , ' coErH)ri Si ng the steps of sliding a fibre bundle (6)_ over
an extruder The sRACANES\RSHYeSh tAf QISR QUBRBrHavEUFY Becequal - Fpithal| | ne

of the arc, impregnatiembccnie@uch(fasnén thae inprébratiofDit @he Odnd bfUind
pol yrmer, prdcess. Slots that are reached fiist by the fibre have.to be
relatively close, gradually increasing the space between two slots.
5 The degree of impregnation also depends on the. ratio of arcuate
surface area: area of slots. The ratio is typically in the range 5
to 20. The length of each slot, in.the direction transverse to the
bundle, is chosen according to the width of the bundle passing over
the arcuate surface; cleariy it is unsatisfactory to impregnate only

10 part, for example the ﬁiddle,'of the bundle. .

The width of each slot, in the direction along the bundle, is (
dependent mostly on the viscosity of the polymer. For instance, the
slots should not be made too narrow as to cause blocking thereof;
however at the same time thin slots allow shear thinning of cértain

15 polymers, such as polypropylene. In general more but thinner slots
- are preferred over less but wider slots; Typical widths of slots are
in the range 0.2 to 1.5 mm and preferably 0.2 to 0.5 mm for high
viscosity polymers. ' _

The slots axe typically fed with polymer by, for instance, an

20 extruder which may be heated if a thermoplastic polymer is being
used. The extruder communicates with the plurality of slots through,
for example, a bore in the support. .

The supply of polymer through the slots in the arcuate surface
tends to create a film of polymer under the fibre bundle to be _

25 - impregnated, which extends over the entire contact area. This film
practically eliminates the frictional forces between the fibre
bundle and the arcuate surface. Therefore, there is no build-up of
tension within the bundle, which normally causes damage to the
fibres and which limits the speed of the process.

30 The degree 6f impregnation.isiimproved by spreading the fibre
bundle over the arcuate surface, thereby reducing the thickness of
the fibre bundle on the surface. Reducing the thickness of the fibre
bundle reduces thé length through which the polymer has to travel,
i.e. the impregnation path. Preferred bundle thicknesses are in the

35 range 5 to 25 filaments.



5 characteri zed /;"-r_Tstq Ty I ymer is injected through at |east

ei ght ébﬁsﬁmﬂ ANNQ & LE : .urf'ace (2), each slot | _
substantially _ trar'fsvers‘e‘*;{, undI e (6). 2.9%5&1%%5
as clained in claim1 wherein at least 12 transverse slots (4) are
(2). 10 3. The process as

present in the arcuate support surfa 1
claimed in claim1l or 2 wherei n the spacing - bet ween successi ve
slots (4) increases e dir,

0
4. The process as apg ﬁ% 5 fuat ﬁ i%nnfe"o tﬁ% fzgces\ﬁh‘égmﬁﬁ i"hve“gg“ can
wi dt h of each slbet d(sfli)gnednsmhebm swall énra#mgntmme bimpregnatien (rpceddes,

is in the range sqcﬁ 49 pl1 Erdifbn of profile? or Fifadd@CRARUAS, C aI MR In any
one of clainms 1-4, whereint rel ative viscosi y of the polyne

is less than 50. E"amplesG°f ’ﬁ*éa‘blr“oééé%f"éé”'ﬁq dRERP |aﬁea%?56ne"36f’°%|aé'idrrs

1-5, whergin th&ramide fibrqml ER@dples of khﬂfamal aﬁmspnﬂtya&rolsaéﬁ;t Qgdey rom

| yol ef t d k t Extrud
S?eygu?t :aglse f or h&?ﬁ N QWl ee%r ogztggg?)ffqgﬁ e&gchfde p°ly°1efi't’l EPFR afrg \(/a\;n ch

conpri ses an axm&llybdrx&e(xé)a;ndcmnomatenag Holyestfirs such as palyetifleabannel s
(8) with slots (t@zeémihqlia@é C(!!@‘h)te %F&S(m gk rg?‘cﬁ'remosetting p%gglg&%t %SI(ZEd

in that there are east ei
also be used, such as phenolic and epoxy resins.

10 The invention will now be described in more detail by way of
example only with reference to the accompanying drawings, in which:
Fig. 1 is a perspective view of part of apparatus suitable for
use in the process of the invention; and
Fig. 2 is a part cross-section of the apparatus of Fig. 1 in
15 use, with a fibre bundle passing over its surface. '
Referring to Fig. 1, a support 1 has an arcuate surface 2
having side walls 3, i.e. in the form of trench in the support. A
plurality of slots 4 is provided in the arcuate surface, through
which polymer is injected into the fibre bundle. The support is
20 typically connected to an extruder (not shown) which supplies
' polymer to a central bore 5 in the support, the bore being in
connection with the slots 4.
Referring to Fig. 2, a fibre bundle 6 is passed over the
arcuate surface 2 in a direction 7. Polymer is injected into the
25 fibre bundle through channels 8, which are in turn supplied with
polymer through central bore 5 connected to an extruder. The polymer
that exits from channels 8 tends to create a film 9 of polymer over
the contact area between the fibre bundle 6 and the arcuate surface

2, and this acts to reduce the friction between them.

30 The following example illustrates the invention:
Example

A 2400 tex glazss fibre, with an appropriate sizing, is
impregnated with a polypropylene matrix according to the process.
The polypropylene has a melt flow index (MFI) of 25 gr/10 min and a
35 relative viscosity of 2.1 (measured according to ASTM D 1601-86 in
_—
* This Sheet Has Been R,

T
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-7- 1. A process of naki ng a fibre-reinforced -

pol ynmeric material, corrprl sing the: &teps of sliding a fibre
bundl e oV@952%008y ¢ r uder die Havi ng an ar cuat PCRAEERISNI024ur f ace
(2) inthe line of the arc, and - injecting into the bundle a
mol ten or |iquid polymer, characterized 5 in that the polyner is
injected through a plurality of slots €4 -in _ the arcuate
surface, each slot being substantially transverse to the '

bundl e. decalin solupion FTRel Fr e wongentrasiondd Ihe cdlasen flibmRekei n at | east

8 transver Sfulled over an ext§‘llégzsd£é)asa§§ot9{ :Qﬁeﬂ;ltgukg thhérﬁl&@L §I{QQOI"[
surface (2). 10 The process as clained as claim 1l or 2 wherein

the spaci ngarcuate surface,. Béf%ﬁé’éﬁs%tﬁi’cég%l“\}éeg?‘ﬂf‘sﬁ feehikee, ¢ tlfemm.
di recti on ofheBlte bundle is spread over the entire width of the surface,

5 reducing the thickness of the fibre bundle to approximately 7
filaments. The-radius of the arcuate surface is 25 mm and the
contact angle of the fibre over the surface is 100°. In the surface
there are 11 slots, with increasing spacing between them along the
fibre direction; the width of each slot is 0.35 mm. The axial

10 ..  tension in the fibre bundle is apprqximately 80N. The extrudeﬁ die
is mounted on an extruder which heats the-polypropylene to 250 °c ‘
and supplies it to the tool with a pressure of 2 bar. The
impregnated: fibre is then ied'th;ough a heated circular die to
produce rods -that can be chopped into pellets for injection

15 " moulding. The pultrusion speed is 20 m/min. ' _

Test specimens are injection:moulded.from the pellets and their
tensile and flexural properties are.measured. The tensile strength
measured was 105 MPa, the flexural strength was 195 MPa, and the
flexural modulus was 9.3 GPa. _

20 : Various modifications of the present invention will.become
apparent to those skilled in the art from the foregoing description
and accompanying drawings. Such modifications are intended to fall .

within the scope of the appended claims.

1



novenent . ; 4. The process as clainmed in any one of clainms 1-3,
wherein the w.dt h of - each slot, in the direction along the
fijore bundl ewgiog/igh he range 0.2.to 1.5 mm PCT/EP95/01024
The process as cl &= % AP clainms 1-4, wherein the

relative viscosity of | ess than 50. 6. The

process as clainmed in any on ns 1-5, wherein t\

polymer is a thernoplastic poI yner sel ected from pol yol ®iid i3

pol yest ers and—pelyketones. 7. "Fibre-reinf m W
mat eri al V\hene roduced by : process as W’Tone
of cI ainms 1-6. m'mm'"""”m[m"Ext ruder die suitable for ocess

of any one of nms 1-7 mhlch co rlses an axi al bore (5),
conmuni cat i ng through radi al& (8) with slots (4) on an
arcuat e external surface, } characterized in that there are a

plurality of Sahg Sgpéékcess of making a fibre-reinforced polymeric material,

comprising the steps of gliding a fibre bundle over an extruder die
having an arcuate support surface (2) in_the'line of the arc, and
injecting into the bundle a molten or liquid polymer, characterized

5 in that the polymer is injected through a plurality of slots (4) in

" the arcuate surface, each slot being substantially transverse to the
bundle.
2. The process as claimed in claim 1 wherein at least 8 transverse
slots (4) are present in the arcuate support surface (2).

10 3. The process as claimed as claim 1 or 2 wherein the spacing
between successive slots increases in the direction of bundle
movement.

4. The process as claiméd in any one of claims 1-3, wherein the
width of each slot, in the direction along the fibre bundle, is in

15 the range 0.2 to 1.5 mm.

5. The process as claimed in any one of claims 1-4, wherein the
relative viscosity of the polymer is less than 50.

6. The process as claimed in any one of claims 1;5, wherein the
polymer is a thermoplastic polymef selected from polyolefins,

20 polyesters and polyketones.

7. Fibre-reinforced polymeric material whenever produced by a
process as claimed in any one of claims 1-6. |

8. Extruder die suitable for use in the process of any one of
claims 1-7 which comprises an axial bore (5), communicating through

25 radial channels (8) with slots (4) on an arcuate external surface,

characterized in that there are a plurality of said slots,



