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(54) Title: PROCESS FOR FABRICATING POLYMERIC ARTICLES

7103673 A2 | AT O PO O

ﬂ- (57) Abstract: A process for the production of a polymeric article comprises the steps of: {a) forming a ply having successive layers,

&= namely (ii) a first layer made up of strands of an oriented polymeric material; (i) a second layer of a polymeric material; (jii) a third

& layer made up of strands of an oriented polymeric material, wheretn the second layer has a lower peak melting temperature than that
of the first and third layers; (b) subjecting the ply to conditions of time, temperature and pressure sufficient to melt a proportion of

O the first layer, to melt the second layer entirely, and (o melt a proportion of the third layer; and to compact the ply; and () cooling
the compacted ply. The resoitant articles have good mechanical properties yet may be made al lower compaction temperatures than
articles not employing the second layer, leading to a more controllable manufacturing process.
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mentioned in GB 2253420A that the process can be applied to many types of oriented

polymer including polyester and PEEK (polyether ether ketone) but that preferred

polymers are oriented polyolefins.

20  One drawback of the process described in GB 2253420A is that the temperature span
across which melting occurs is very narrow. Accordingly it is difficult to achieve the
desired degree of partial melting of the outer regions of the strands. Inadequate
melting of the strands results in poor mechanical properties. Excessive melting of the
strands results in loss of orientation, and diminished mechanical properties. Precise

25  process control is needed if the article is not to be “under-melted” or “over-melted”.

In WO 98/15397 a related process is disclosed in which an assembly of melt-formed
polyolefin strands is maintained in intimate contact at elevated temperature sufficient
to melt a proportion of the strands, whilst being subjected to a compaction pressure of
30 no greater than 10 MPa, If wished the strands may have been subjected to a prior
crosslinking process, preferably an irradiation crosslinking process comprising

irradiating the strands with an ionising radiation in an inert environment containing



(the conpaction pressure). In this process a proportion of the surfaces of
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15
Ogawa et al, in Journal of Applied Polymer Science, 68, 1998, pp. 1431-1439
describe articles made up of layers of ultra high molecular weight polyethylene fibres
(mp 145-152°C) and low density polyethylene films (mp 118°C). The moulding
temperature is said to be between the melting points of the fibre and the interlayer

20  (matrix). The volume fraction of the fibres is stated to be 0.6% or 0.74. However the
articles are said to have surprisingly poor properties, possibly' because of weak
adhesion between fibres and matrix (melted film). Another article was made with
polyethylene fibres alone, and the process conditions induced partial melting, with
poorer properties,

25
There is a need for a simple, practical means which can reduce the criticality of the
compaction temperature, in a hot compaction process. There is in addition a
continuing need for improvement in mechanical properties in the resulting articles. It
is an object of the present invention to achieve embodiments in which one or both of

30 these needs are met, at least in part, in a practicable manner.
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present invention ther&eifgstgpdthigdayess;pr ocess for the production of a

polynmeric ggpticle, the process conprising the steps of: (a) formng a ply

havi ng successive layers, nanely 5 (i) a first layer nmade up of strands of

an oriented pol yneft)c swbjestinalthe glyi o aosbdandof ayme, wnparapot yadr pessure

ial; : .

material ; sufficient to melt a proportion of the first layer, to melt the second layer
entirely, and to melt a proportion of the third layer; and to compact the ply;
and

15

(c) cooling the compacted ply.

“Cooling” in the first and second aspects can include permitting the compacted ply to
cool naturally; forced draught cooling; plunge cooling; any other type of accelerated

20  cooling; and retarded cooling.

The term “strands” is used herein to dénote all oriented elongate elements of
polymeric material useful in this invention. They may be in the form of fibres or
filaments. They may be in the form of bands, ribbons or tapes, formed for example by
25  slitting melt formed films, or by extrusion. Whatever their form the strands may be
laid in a non-woven web for the process of the invention. Alternatively they may be
formed into yarns comprising multiple filaments or fibres, or used in the form of a
monofilament yarn, The strands are vsually formed into a fabric by weaving or
knitting. Optionally the strands may have been subjected to a crosslinking process, as
30 described in WO 98/15397. Woven fabrics are preferably made up of tapes, fibre
yarns or filament yarns, or they may comprise a mixture of fibre or filament yarns and

tapes. Most preferred for use in the said first and third layers are fabrics which are
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VWhat ever thei rgfaf ;t;rgﬁrngw 81t BB i laid in a non-woven web for the
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conprising multiple filanments or fibres, or used in the formof a
nmonofi |l ament yam The str re usual l.y formed into_a fabric by weaving or
kni tting. Optiﬁ%zi[{l}' ?thléﬂsgﬁ?faﬁg@%?fu e st s sy eiefearbly ot eayr Pasmpkeki ng
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up of tapes, fibre vyarns or filament yarns, or they may conprise a m xture
of fibre or fithafstlaypumels Galdvol phfisstlaytdst preferred for use in the said
first and ];d*n rd | ayers are fabrics which are WO 2004/ 103673

PCT/ GB2004/ 002184 4 woven fromflat tapes, as this geonetry is believed to
gi ve the best Brefasblphoionorefthdn®0% of irfiredapin agdts PinoRestle 5]y Mt ndrd €han

roperties of inal c cted sheet. |
prop H}g f-hgh?y preggrgg are embodiments in which not more than 20% of the first layer

melts, and especially not more than 15% (vol/vol of the first layer).

15  Preferably at least 1% of each of the third layer melts, preferably at least 3%, more
preferably at least 5%. Especially preferred are embodiments in which at least 10% of

the third layer melts (vol/vol of third layer).

Preferably not more than 30% of the third layer melts, more preferably not more than
20 25%. Highly preferred are embodiments in which not more than 20% of the third

layer melts, and especially not more than 15% (vol/vol of the third layer).

Preferably at least 1% of the ply melts, preferably at least 3%, more preferably at Jeast
5%, and most preferably at least 10% (vol/vol of total ply).

25
Preferably not more than 35% of the ply melts, preferably not more than 25%, more
preferably not more than 20%, and most preferably not more than 15% (vol/vol of

total ply).

30  Preferably the ply comprises a plurality of layers of the type defined above as the
second layer, for example from 2 to 40, preferably from 4 to 30, each such layer being

sandwiched between layers of the type defined above as the first and third layers.



The strands can be nade by any suitable process, for exanple solution or gel
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preferably not nore than 25% nore preterabl'y no t han

preferably not hmmapotyneen. 15% (vol /vol of total ply). 30 Preferably the ply
conprises a plurality of |ayers of the type defined above as the second

| ayer, for exanple from2 to 40, preferably from4 to 30, each such |ayer

bei ng sandyé chirdcd@inn@abodiayas f Ghe ifientiotP@e d2fdate decd®VSyeR Sndyneorhprisst- and
third | ayers. WO 2004/ 103673 PCT/ GB2004/ 002184 5 In certai n enbodi nents of

the invention tPefesbhaitry 6pnssh oF i-eRelxeihyeney nefyriopdensy i Ralyoxgmethylene  grst

and third | ayer s, jR: GRERALS Gs hoRbESIFhaR t¥pdihle SR MebShmE. PoRRkY BlhY Fide
filled polymers could be employed in certain embodiments. In especially preferred
embodiments the or each second layer is of a homopolymeric material, most

15  preferably a polypropylene or polyethylene homopolymer.

Preferably the first and third layers are of the same type of polymeric material (eg both
polypropylene). Preferably the or each second layer is of the same type of polymeric
material. Most preferably the or each second layer is of the same chemical
20 composition and grade, except for the fact that it is preferably of lower orientation

(and accordingly melts at a lower temperature than the first and third layers).

The minimum temperature at which the fibres should be compacted is preferably that
at which the leading edge of the endotherm, measured by Differential Scanning
25  Calorimetry (DSC), of the constrained polymer fibres extrapolated to zero intersects
the temperature axis. Preferably, the temperature at which the fibres are compacted is
no greater than the constrained peak temperature of melting at the ambient compaction

pressure - 1.e. the temperature at which the endotherm reaches it highest point.

30 The or each second layer could be formed in situ on the first or third layer, for
example by delivering the polymeric material of the or each second layer to the

respective first or third layer in particulate form, for example by spraying.
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third | ayer, fof*a ttﬁ“biprﬁé?lﬁ% ﬁ&u?agyﬁél“gﬁ’&l% material of the or

each second layer to the respective first or third layer in particulate
form for exanple by spraying. WO 2004/ 103673 PCT/ GB2004/ 002184 6
Al ternatively, Bmérghleftbe adsl yacht brsond layee h(hgwesndednaywied) gs pefethicknassd potand

Is laid onto exceeding 100 pm, more preferably not exceeding 40 jum, and most preferably not

15  exceeding 20 pm (with reference to its thickness when under compression in the ply,

at a temperature below its melting temperature).

Preferably the or each second layer (however constituted) is of thickness at least 5 um,
more preferably at least 10 um (with reference to its thickness when under

20  compression in the ply, but below its melting temperature).

Preferably the thickness of each of the first and third layers exceeds that of the or each
second layer. Preferably the thickness of each is at least 5 times that of the or each
second layer.

25

Preferably the thickness of each of the first and third layers exceeds 50 um, and more

preferably exceeds 100 pm.

Preferably the thickness of each of the first and third layers does not exceed 1 mm, and

30  preferably does not exceed 400 pm.



the first or third | ayer. The or each second | ayer could be pre-forned from
strands of the polyneric material. The strands could be laid into a

non-woven welyghgdsgaul d be forned into yarns conpri si ngefbidoPbdiss
filanments or fibres, or used in the formof, a 5 nonofilanent yam Strands -

for exanple filament yarns, fibre yarns or tapes - could be forned into a
fabric by weaving or knitting. Most preferably, however, the or each second
| ayer conprises - preferably consists of - a film The filmmy typically
have a uni axi direfgrabhy the ioneachrseeomtdayeohasraprak michingf tempenatuse ftdeastib PQgwdout

such that the 1Lentation. Wl ical.ly, be nmuch | ess th t hat
o1l‘J the str andsd‘ﬁvﬁ @g p%%&égg F%lgpe;q?é‘lg}[%{hg ﬁtar tgalnggrlurrdy Y dpee pﬁeﬁeér%%ly agg?éﬂ
second | ayer el “dowad mosfpreferablyodt leasd A0PQ 1eferf i | N8, for exanple 2-5, but

is preferably constituted by a single film Preferably the or each second
| ayer (however constituted) is of thickness not exceeding 100 m nore

preferably not exceefing fif ik %p\?\ﬁqle RhioR prScetsatd dheNRYentidn “%ﬁsgggﬁ{‘}gg‘“%? 21

;
(with reference to its thickness under conpression int
t enper at ur e belpessire snotrgkededimet KnivHRaat luiie plso Praféreedatilay a tsiheglo pressued issesednd

| ayer (however gconstituted) is of. thickne t Least 5 m nmore preferably
at least 10 m ( 'Of"gmﬂﬁheeﬁg}u?%m[’%{li)? glof?ﬁ'ciﬁég@e%ﬁﬁgﬁplfﬁﬂg%s a‘%“&”&%ﬁ)?@g%?on in
the ply, but belbwy pdrScullyl bétGetTP@KIaS MEP. . IPisehieferl thith@e tHot bmpadions
each of the first and third | ayers exceeds that of the or each second

| ayer. Pref er adligpseRds mANErdirigg celi®B. i s at least 5 tines that of the or
each second layer. 25 Preferably the thickness of each of the first and
third | ayers exceeds 50 m and nore preferably exceeds 100 m Preferably
the thickness direfembly e pohyenericrasterdaidhdviei mod beaysbiectdas ardssBxidee grotesam

3 T e S el B NS S R
lleast 5 C | oweriyat the present invention gives benefits in terms of the “temperature window” without
the need for crosslinking.
15
Preferably the polymeric materials have not been subjected to a prior corona discharge
treatment prior to compaction. More preferably the polymeric materials have not been

subjected to surface treatment prior to compaction.

20  Compaction of the polymeric materials may be carried out in an autoclave, or in a
double belt press or other apparatus in which the assembly is fed through a compaction
zone where it is subjected to the required elevated temperature and pressure. Thus, the
process may be operated as a continuous or semi-continuous process. Cooling is
preferably effected whilst the compacted web is restrained against dimensional

25  change, for example by being held under tension, which may be applied uniaxially or
biaxially, or by being still under a compaction pressure. The restraint may assist the

maintenance of good properties in the oriented phase.

The article may be regarded as a polymer composite made up of an interlayer or
30 binding phase produced during the process, derived from full melting of the second
layer and partial melting of the first and third layers, and an oriented phase, being the

unmelted major proportion of the fibres of the first and third layers.



than the peak nelting tenperature of the first and third | ayers, nore
preferably at least 10 C lower, nost preferably at |east 20C lower. 5 It is
preferred thglodohgighes conmpaction process of the inventiop.Hagsifaeinodpraction
pressure not exceeding 10 MPa. It is also preferred that a S|nd1e pressure
is used throughout the hot conpaction process. Mdst preferred pressures are
between 1 and 7 MPa, particularly between 2 and 5 MPa. It is preferred that
t he hot conpaction pressure is naintained during cooling. 10 Preferably the
polymeric materials have not been subjected to a crosslinking process prior

to conpaction, r_exanple of the t described, in 98/15397. It is found
that the presené( i%e\%%w (ﬁe §is ]B&%@gpt%“ (i‘?? 40 he “B‘ﬁ\égt‘f’{’é 'CF‘é?fﬂe‘P%ﬁL"G'i“@al

Wi ndow' wi t houtpropditesn@@eediny ts® whidinkomd. belSbthed @ERB! & coientRBlaY PRES

mat eri al s have not been subjected to a prior corona discharge treatnent
prior to conpacthighdoassios emplopey mpltad seprnddayeyndn pertigelaepsed sengthvandnilutseen
subjected tq s : 1 0, i ctj.on. af the

pol ymeric mcagt eﬁ%ﬁ%ﬁﬁ%{f{#éwggbﬁ %’(ﬁ@&%&en’ \gﬁﬁgéd{sggpgég%u%% nm%n&l 8651? & pelt
press or other gppdaval us in which the assenbly is fed through a conpaction
zone where it is subjected to the required el evated tenperature and
pressure. Thus, the process may be operated as a continuous or

seni - cont i nuoudn RERL@MSe Wi Q! sketthdiaSpecPSRASHRBY i bARR Bete Whiovided Afarticle
conpacted web is restrai ned agai nst di nensi onal 25 change, Tor exanple by
bei ng hel d undénadedysi rspcesswf tot firmagspee. appl i ed uniaxially or biaxially, or
by being stlioll under a conpaction pressure. The restraint nay assist the

mai nt enance of good properties in the oriented phase. The article nay be
regarded as a paliyleemagderiyoht tppodeedef the pedseMNinkEitn! @Y ebitMle fo? FolrhiAgiing
phase produced urqiqrg? the process, derived fromfull nelting of the second

| ayer and par t iS3EPSRY £ PIR§ESCatisd out $iOpeayi 1 SRRRACHAY BIost-Tosmlein ori ent ed
phase, being the unnelted najor proportion of the fibres of the first and
third | ayers.

In accordance with a third aspect of the present invention there is provided a process
15  for forming a shaped article by the application of heat and a shaping force to an article
of the third aspect of the present invention. Suitably the article of the third aspect may
be a flat sheet and the shaped article may, for example, be bent, curved, domed or

otherwise non-planar.

20 In accordance with a fourth aspect of the present invention there is provided an article

formed into a shape by a process of the third aspect.
In accordance with a fifth aspect of the present invention there is provided a ply as
defined by step (a) of the first aspect, prior to the carrying out of steps (b) and (¢} of

25  the first aspect.

The invention will now be further exemplified, with reference to the following

examples, set out in sets.

30 In these examples standard test methods were used.



WO 2004/ 103673 PCT/ GB2004/ 002184 8 By neans of the present invention
articles can be nade with certain nechanical properties exceeding those
whi ch woul d DBRO eist/a#3erd usi ng a conventional process whi gaTdEscsnoiisenpl oy
a nmelted second layer. In particular peel s§rength and failure 5 strength
may be significantly inproved, with tensile nodulus being maintained at a
good level. In accordance with a second aspect of the present invention

there is provided an article nmade by a process of the first aspect. 10
Articles made bychsHe Podidissand,fensilfs stienge were Astemmingsh follawingithea Bratooply of

formng into  ShMS: Diks2 MEREASoRA e thoRthinBNIIRANER TG BGRRAGE hehy

(post-formng). In accordance with a t aspect o esent i nvention
there is provi dB@d%& process 15 for formng a shaped article by the
application of heat and a shaping force to an article of the third aspect
of the present invention. Suitably the article of the third aspect may be a

flat sheet and P& s&B@fRdvadr ddidrhinddBly tHeOproftalRTbfethe PR-PRANEst, QWTHE D 1889 MEd
or otherw se non-planar. 20 In accordance with a fourth aspect of the

present inventi d¥uplpefer festing yigred é@menwidet angl (00nirsr lopgl andt wera tstiedbasing @
f th i d it if. . h
D esent i nvent i BaiaPSREE o 100, ARAM NS R, Cribd o BRI 30 dSarp,

first aspect, pdiretion.o the carrying out of steps (b) and (c) of 25 the
first aspect. The invention will now be further exemplified, with reference
to the followng exanples, set out in sets. 30 In these exanpl es standard

test met hodsy weleatingst MO AR08 HO30RARAT AE3200¢A002454 O Tensile nodul us
. AT A

and tensile strength were determ ned follow ng the protocols of

The percentage of material melted was determined by Differential Scanning

Calorimetry (DSC) carried out at a heating rate of 10°C/min.
1s EXAMPLE SET A

Fabric layers were woven, in a plain weave, from CERTRAN, a 250 denier
multifilament yarn of melt spun filaments of oriented homopolymeric polyethylene

available from Hoechst Celanese, and characterised as follows:-

20
Molecular weight Breaking strength Tensile initial | Modulus 2%
secant
(My) (M) (GPa) (GPa) (GPa)
130,000 12,000 13 58 43

Samples, using two layers of woven cloth, were processed in a hot press using a two
stage pressure process. An initial pressure of 0.7 MPa (100 psi) was applied while the
assembly reached the compaction temperature. After a 2 minute dwell time at this
25 temperature, a higher pressure of 2.8 MPa (400 psi) was applied for 1 minute upon
which time the assembly was cooled at a rate of approximately 20°C per minute to
100°C. Samples were made under three conditions. Firstly, standard compaction at a

temperature of 138°C. Secondly, a layer of the LDPE film was laid between the two



ASTM D638. Fl exural strength was determ ned follow ng the protocols of ASTM
D790. 5 Peel strength was determ ned by the protocols of the T-Peel test,
ASTM D1876. w8amahem7s or testing were 10mm wi de and 100nTedTomgRocdAd2A8e " €
tested using a crosshead speed of 100 nun/gmin. The testing was carried out
parallel to the warp direction. 10 In all cases three sanples were tested
and the results averaged. The percentage of material nelted was determ ned

by Differential Scannin Cal orimetr DSC) . carried out at a heating rate of
10C¢/ min. 15 Exm;é’r}wgwlﬁﬁwqddhqn@éﬁﬂé“aél Lk Y i gelfngpeintRfbetiln r om
CERTRAN, a 250 paendien théididdd bARESE mY¥ Mritntdd FRls). FBRA B'shﬁﬁﬁ%% fAkdePhy ent ed
hormopol yreri ¢ pol yethyl ene availabl e from Hoechst Cel"anese, an

charact eri sed agedavingvene 1a@r kbithecuDBE filmi tghweeBrtha kv tpystsrafngivien Ttls ahd
initial Mdulus 2%..secant ' o(GPa) (GPa) (GPa) 130.000 12,000 1.3
58 43 Sanpl es,PmlE%.Sh“gg#a&w%%%%% ven cloth, were processed in a hot
press usingsa two stage pressure process. An initial pressure of 0.7 MPa
(100 psi) was applied whijle the assenbly reached the conpaction

tenperat ure. AfifigFesulioolihesg testsprpthovniindiedable belewos t enperat ure, a hi gher
pressure of 2.8 MPa (400 psi) was applied for 1 mnute upon which tine the
assenbly was cooled at a rate of approximately 20C per mnute to _100C

Sanpl es were nade ufample hr ee| cOomiphetioms .| Florfiliney, | BéehsarengthclomTzasileon [at a
tenperature of]| 138C. Secondly}, a |ayer of] the LDPH fj was |lai d t ween t he
two WO 2004/ 103673 PCT/ GB2004 0'6?’1’8%5“?0 | afpehted o \/\iﬁ/@l‘“ﬂ%oth madulp e
processed at 1R6C (above the preltimg) poi Nt ppfedibe (11 m (GPa)

Standard compaction 138 26 7.2 9.2
technique
{(comparison)
Woven PE cloth + 126 0 6.8 3.1
interleaved LDPE

film (comparison)

Woven PE cloth + 136 14 11.2 8.1
interleaved LDPE
film

Far the standard compaction technique without the film, a compaction temperature of
10 138°C was found to be optimum for giving a good modulus and reasonable level of
interlayer bonding (peel strength). This optimum temperature was very close to the
point where major crystalline melting occurred, at 139°C. Using an interleaved film,
but processing at 126°C, just enough to completely melt the interlayer film, but not the
surfaces of the fibres, good interlayer bonding was developed but modulus was poor
15 due, presumably, to poor interfibre bonding as it will be difficult for the molten
material to penetrate the fibre bundles. Finally, the sample made with the interlayer
film but processed at 136°C, where selective melting of the oriented fibres occurred,
shows the highest peel strength and a good modulus. In addition, those properties

were obtained at a temperature 2°C below the temperature required for compaction



but below the nelting point of the oriented fibres). Finally a sanple was
made by interleaving one |ayer of the LDPE film between the two | ayers of
woven cl oth a¥@2004f16¥éksi ng at a tenperature of 136C. 5 Thermesibid@i these
tests are shown in the table bel ow SanpleirConpaction % fibre Peel strength
Tensile tenperature nelted (N 10mm nodulus (C material (GPa) Standard
conpaction 138 26 7.2 9.2 technique (corrpari son) Wyven PE cloth + 126 0

6.8 3.1 interl I S 6 14 11.2 8.1
interl eaved LDP‘%%}/Q%PMBQEEF wfck’g] n% %?%Sﬁgrrpac‘)t | gogntgfrgé% ‘g/ﬁchvﬁ’bﬁ‘F U8
film a conpactatatemgmpereaf 182°Cof 10 138C was found to be optimum for

gi ving a good nodul us and reasonable |evel of interlayer bonding (peel
strength). This optimumtenperature was very close to the point where ngjor
crystal line nelgxamppegprgd, at 139C. Using an interleaved film but
processing at 126C, just enough to conpletely nelt the interlayer film but
not the sursfaces of the fibres, good inter]ayer bondi ng was devel oped but

nodul us was po su , poor terf bonding as it. wil
be difficult f(% t &Ia{r@[e%‘ ”?%W aIP‘ElFeS 8&%‘8 éﬁ eaf{“ﬁ%ﬁ f‘?’%?epfﬁa%‘? edsing
Finally, the smmfmﬂeomméu phigethiles ltaeeprodhided P Wynibehe aigRtieat USAC,
where sel ecti ve nel tllgfof(gsvHOf the ofiented fibres occurréd, shows the hi ghest

peel strength dHdingt OWiIg shracteniskicsddi ti on, those properties were
obtained at a tenperature 2C bel ow the tenperature required for conpaction

10  Tensile strength 1.5 GPa
Tensile modulus 88 GPa
Denier 720

This was woven into a fabric. For the interlayer a polyethylene of closely similar type
15  was obtained, FL5580 film grade from Borealis A/S, Denmark, melting point 130°C.
This was extruded into a film approximately 10-15 um in thickness, using a standard

film extruder and film die.

Compaction experiments were carried out at a range of temperatures between the
20 melting point of the film (approximately 130°C) up to and including the normal
compaction range for this material (148 - 156°C). The woven cloth was thin (areal
density 83g/m2) and to obtain an even pressure over the assembly during compaction
rubber sheets were used inside the normal metal plates utilised for compaction, with
soft aluminium foils between the robber sheets and the ply being compacted. Dwell

25  time was 5 minutes. Cooling was 20°C/min.

In the first series of tests, samples were compacted over the temperature range 148 to
156°C, with and without the interleaved film. Figures 1, 2 and 3 show the tensile

modulus, peel strength and tensile strength of these samples.

30
It will be seen from Figure 1 that when an interlayer is used, the tensile modulus

shows a monotonic decrease with temperature, as opposed to the peak seen with



WD 2004/ 103673 PCT/ GB2004/ 002184 it wthout the film w dening the
processing wi ndow as there is less risk of over nelting at a tenperature of
139C. EXAMPLBYGRID4BO36H | n t hese exanpl es partially nelted poorcB2od4m0EL84
articles were prepared, using TENSYLON oriiented pol yethyl ene tape produced
by Synthetic Industries, USA, having the follow ng characteristics: 1o
Tensile strength 1.5 GPa Tensile nodulus 88 GPa Denier 720 This was woven

i nt fabric. i nt-er | hy! f closely sinilar t i
wns obt af ned " i ComplbEn RE TRy BLoHERS soaingdiant: Rurlk phbordie:
130C.  Thi s wasatehsiviooagctiont @mperhiukdd radkiigOmi @edg;hws 185 dénsiive o R LKRGS St

using a standard _fjilm e_>itruder and filmdie. npacti on experinents were
carried out at Hel tepifl Rredised-at ures between the 20 nelting point of the
film (approximately 130C) up to and including the normal conpaction range
for this material (148 - 156C). The woven cloth was thin (areal density
83g/n) and o &ht péah saengtly ehthprietedeaved file samples dRigenid) ys RighérnBroaghgyatd on
rubber sheets re used insi nmet al, rﬁl ates utilised for

e rubber sheets and the ply

de the norma
conpaction, wit FOPEHYe 5qn§?ricﬁfn&’ﬁ’ie§6‘? PR FRRRER S
bei ng conpacted. Dwell 25 tine was 5 minutes. Cooling was 20C/ mn. In the
first series of tests, sanples were conpacted over the tenperature range 148
to 156C, with &Pl taisth stgensindFigwe )| wasvenilay fon theityarsemples; onaerd Batsthaw t he

Wit be seen i ERPERGR GO AR bR oD N b L S e o
nmodul us 10
We have developed a performance index (PI) in an attempt to discetn the optimum
combination of the compacted sheet properties. If we consider the tensile modulus E,
the tensile strength ¢ and the peel strength, Peel, assuming each property is equally

important, this is defined as follows:

15
G
PI=100x " 3—] L e

where the subscript T refers to a particular compaction temperature and the subscript

max refers to the maximum value measured for all the samples. Values of the

20 performance index are shown below in Figure 4. From this it is seen that the
interlayer samples show a less variable combination of properties, in particular having
better properties at lower compaction temperatures, than corresponding samples
without an interlayer. This confirms the view that a lower compaction temperature can
be used when an interlayer is employed, giving processing advantages.

25
EXAMPLE SET C

The tests of this example employed the same materials, equipment and techniques as
Example Set B. It provides a comparison of the properties of compacted sheets made
30 at three temperatures: a normal compacted sample made at the standard optimum

temperature of 154°C, an interlayer sample made at 152°C and a comparison



shows a nonotonic decrease with tenperature,

with WO 2004/ 103673 PCT/ GB2004/ 002184 12 nor nal
t he interl ayd0p4/436Wuci ng hi gher | evel s of bonding
tenperatures making the properties |less sepsitive to the anmount of
produced. 5 The peel

mat eri al
(Figure 2)
conpacti on.

| .
concern that t hﬁnéeﬁgf)%rgg@?{e&%%t tlgg!é&

consider the tensil e nodul us E,

i s higher throughout the
The,

as opposed to the peak seen

conpacti on.
at lpowgE2NGEACIIRHN

W infer t

nmel

strength of the interleaved filmsanples

t enper at ure range,
ure .3) wa

S

hat

ted

conpared to nornal
simlar for the two sanples;

strength, Peel,
defined as foll
subscript T ref
max refers to f

20 performance

the interlayer
particul ar havi
correspondi ng J
| ower conpacti (
gi vi ng processi

R rﬁ“g'é%i’_ fRmek éheo‘F’teflﬁéerinf BPY aiyer
was al |l ayed. 10paféofiie/PENSYEONIREesATREE QS MR\GBwh BRYy (P1) in an attenpt to
di scern the optinmum conbination of the conpacted sheet properties. If we

the tensile strength a and the peel
ass ng_eact erty—+$ 49| al- Y i_i"l’“""{."‘ﬂt, s jS
ows: %‘Eﬁ' + af APERbY Pl =100x Ej mc 1&Rileped) = ToBslger b ¢ he
er sohfigurafioht | UieRipePAIIRAG isﬁ"énFﬁ{mer ahbdudnd t BgeddtRSCl i Pt
he maxi num val ye neasured|for all the sanpl es.} Val ues of|the
i ndex are show| bel@@in Fi QWemm) FrortGHMs ift | MB¥en | hat
e shrowajtess rabtecphrnati-gn—et—proeperites—i n
§gaﬁag§ﬁ)§1p¥c&°8$rti 55; at Iomb¢¥g'gm ctzptﬁg%grmergé%%ég t han
sanpl eshnigwet hout] an interl ayer, This|confirns the view that a
n tenperature qan be used when an interlayer jis enpl oyeFI,
ng GEVRMIABLs. (25 EXAMPLE|SET C
Woven PE cloth + 152 10.6+1.5 26.8+1.6 483+ 28
interlayer
Woven PE cloth + 135 5909 145+2.7 283 %25
interlayer
(comparison)

19

15

20

Compacting at a temperature just above the melting temperature of the interlayer but

below the melting range of the oriented tapes (135°C) gives modest mechanical

properties. The sample made at 152°C with the interlayer shows comparable values of

tensile modulus, strength and peel strength, compared with the normal compacted

sample made at 154°C. Using the film therefore gives the prospect of lowering the

compaction temperature 2°C, increasing the width of the processing window.

EXAMPLE SET D

Tests were carried out to investigate the impact of using interleaved layers of

polypropylene (PP) film in combination with the normal layers of woven PP tapes.

The PP film this time was the same polymer grade as used for the drawn and woven

tapes. The polymer, grade 100GA02, was obtained from BP Chemicals, Grangemouth,

UK.



The tests of this exanple enployed the sane materials, equipnent and

techni ques as Exanple Set B. It provides a conparison of the properties of
conpact ed sh#a Wo4r0de?3 30 at three tenperatures: a normal pcomgpambiestisanpl e
made at the standard optinmum tenperature ofs 154C, an interlayer sanple nade
at 152C and a conpari son WO 2004/ 103673 PCT/ GB2004/ 002184 13 interl ayer
sanpl e made at 135C, which is enough to nelt the interlayer but not any

part of the TENSY t gpes. ..The results are shown bel ow. Sanple Assenbly
Peel Tensile Tgﬁg’h&g‘haa@ﬁﬁoﬂﬁ\"%ipéwef%er ature strength nodul us strength
(O (N10mm (GPa) (MPa) Standard conpaction 154 10 2.7 29.6 3.9 535 55
techni que (conparison) Wwven PE cloth + 152 10.6 1.5 26.8 1.6 483 28
interlayer Wveé¥inpPE ¢l 38400 135 5.9 0.9 14.5 2.7 283 25 interlayer

(conpari son) qvlg;orj_pacgg(?go@t a tenperature just above the nelting
tenperature of the intérl’ayer but below the nelting range of the oriented
tapes (13505 gibasityodest ﬂ‘H}:Kgmi3cal properties. The sanple made at 152C
with the interlayer shows conparabl e values of tensile nodulus, strength
and peel strength, conpared with the normal conpacted 1o sanpl e nmade at

154C. Using t hey Gad ERtfiagd B4iRE 8 HIADERTersHEINCRSPERuder al VG5t e dic set 10
conpaction tenperature 2C, increasing the wdth of the processing w ndow.

EXAMPLE SET D Ibtemperamirenef 260C€r mixtrdsionscrew anthwamt v siteeds (Berpimpsict.6 ef/migi ng
Interleaved | ayv?e[rg cl?gsen such that a film thickness of approximately 15um was produced.
10
The next stage in the study was to manufacture a range of samples, with the film as an
interlayer, and without (comparison), to assess the impact of an interlayer on
compacted sheet properties. DSC tests, carried out a heating rate of 10°C/min,
showed that the peak melting point of the film was 162°C, while the constrained peak
15  meling point of the oriented tapes was 194°C. Compacted samples were therefore
made at a temperature of 175°C, high enough to melt the film completely but not high

enough to cause any melting of the oriented phase.

The material vsed was a fabric woven tape, formed from a slit {ilm, draw ratio
20 nominally 10:1, woven in a 6060 style. A single pressure process (4.6 MPa) with a
dwell time of 5 minutes was used. Samples were also compacted at 180, 187, 189,
191, 193, 195, 197 and 200°C. Cooling rate was 50°C/min, achieved by passing cold

water through the heating platens.

25 In the first set of tests, 4 layer samples were made for measurement of the interlayer

bond strength, using the “T" peel test. The results are given in Figure 3.

It is seen that at all compaction temperatures, the peel strength is higher when using
the interlayer.

30
The next stage was Lo measure the stress-strain behaviour of various materials to see if

these had been reduced in any way.



pol ypropyl ene (PP) filmin conbination with the normal |ayers of woven PP
tapes. The PP filmthis time was the sanme pol yner grade as used for the
drawn and wowemzooi/ap6®. The pol yner, grade 100GA02, was obtgigeehifosaga BP
Chem cal s, Grangenouth, UK 20 WO 2004/ 10373 PCT/ GB2004/002184 14 The
filmhad the follow ng properties: M = 78,100 Mwv = 360,000 5 Density = 910
Kg/n8 It was extruded using a Brabender single screw extruder and a standard
filmdie set to a tenperature of 260C. Extrusion screw and wi nd up speeds
(8 rpmand 4.6 mmin) were chosen such that a filmthickness of

appr oxi mat el y 1§ﬁgm¥g@g§%@gnﬁ]ﬁg{%ﬁggxt stage in the study was to

manuf acture a range o e filmas an interlayer, and w thout
(conparison), to assess the inpact of an interlayer on conpacted sheet

properties. DSC tests,.carried out heati.ng rate of 10C/ mn, .. showed that
Dhe peak mel t1 nd* BT b Prebiecd.ritin o Sgrmentaf soaier e Sigpice f Rgendgonse 15
mel ting poing Ofech Bawekh ARLMAAN BRES nRBIub It the tHOERAMDE B s ARHR. The WRKIBIuS is
therefore made at a tenperature of 175C, high enough to melt the film

conpl et el y but seen thbgyrelativalyaghstig hetwesa 18hpndd97Cnigr bothtsats SshmplesdThirase.
The material used, was a fabric waven tape,. fogrmed froma slit fijl dr aw
ratio 20 noni n’é’ﬂpv S W%f?séméfﬁrm‘ﬁﬁc%"ﬁé‘dh‘&@f“g& mAteg] bptwesp ilges\mvgh 0PEBess
(4.6 MPa) with gas @WecbmitléBetBfneMaldifidt &Sthvasm samphsduiyer e al so
conpacted at 180, 187, 189, 191, 193, 195, 197 and 200C. Cooling rate was

50C/ mi n, achieved by passing cold water through the heating platens. 25 In
the first st oForthstensiletstteagdr resdsphesn we Figuread éhefeowasre aleares diffarenst sedne

interlayer bethcn the two sets of samples. Here the samples made with the film showed a
higher tensile strength than those compacted normally. This difference is largest at the
lower temperatures when there is little surface melting of the oriented tapes. However,
even in the ‘optimum’ compaction range, the film samples still show a slightly higher

15 tensile strength.

The table below presents a summary of the results from the tensile and peel strength
tests (ASTM protocols as noted above), in respect of peel strength, tensile modulus,
tensile strength and failure strain.

20
In an attempt to discern the optimum combination of the four parameters mentioned
above, and help assess the impact of the interleaved film, the following performance

index (Pl) was derived. Assuming each property tested is equally important, this is as

ET + Sr + £y + PeelT
PI =100 E""“" O nax €x Peel .

4

follows

25

where the subscript T refers to a particular compaction temperature and the subscript
max refers to the maximum value measured for all the samples. Values of the
30  performance index are also shown in the table below and in Figure 8. It is seen that

the interlayer samples have a better balance of properties compared to the normal



bond strength, using the T peel test. The results are given in Figure 5.
It is seen that at all conpaction tenperatures, the peel strength is higher
when using Woeobdtesd7bayer. 30 The next stage was to nmeaspERchiB4/002184
stress-strain behaviour of various naterials to see if these had been
reduced in any way. WO 2004/ 103673 PCTI GB2004/ 002184 15 The results are
shown in Figures 6 and 7. As shown in Figure 6, wthin the experinental
scatter no significant difference was 5 seen between the initial tensile
nmodul us of t he samplegvdepsanglysed irp this wayhButnwiglyIthes pead stropgth shewing the|mestvel y
constant betwe : for both sets of sanples. Thus in this set of
tests the intrglgad%‘i%ﬂlgﬁ)?%’fe%zghi n filmof material between the woven | ayers
has no discernible detrinental effect on the conpacted sanple nodul us. 10
For the tensile strength results showny in Figure 7 there was a_clearer

di fference seent W%‘P%@Qﬁtmﬁg‘etp\ldag‘étoy fSAgRleH PRES Inferrdancs VUhe dYeRERe wi t h

the film Sh%""“!:nﬂ;]q{i"ﬁ@Q?ﬁmte%rlﬁfel‘lﬁye?,} &8 tﬁé1€&résﬁ&ﬂﬁngcq{83ﬁﬁﬁ’e¢alﬁl95t’?a:cft1%’i o

This difference i's’largest at the ower tenperatures Wwhen there is
surface neltingieh tdmpagtipre nemperatagge s Theéidwevperformanasnwas achievedophemsome

conpaction range,,.th il msanpl.e till SE@ slightly higher 15 tensile
erongt b The dagte bt aER Dok blatn POt o kB Ruiet PLPEm o AsoBRns | e
and peel strenggh-197est Thé PETdvhewai 1agied $n @8 “neagerabaxg}, in respect of peel
strength, tensile nodulus, tensile strength and failure strain. 20 In an

attenpt to discern the optinum conbination of the four paraneters nentioned

above, and hel|p asses$ Congpaictipsact Tedsile NeTemsiler | Bxilore | f | [Pepl t hePdrfidrimenice ¢
performance index (Pllendgaatias i vwduludsstiength (eanhinpll ogtedgyh t est Ealdédxs
equal l'y inportlant, this ipgs &GN | o (MPa) e (N/10mm) (PD)
No film+t 175 2.99 67 5 0.63 38
180 2.31 93 12 1.17 46
187 2.24 123 15 1.89 55
189 2.87 148 18 3.7 69
191 341 154 18 498 76
193 3.43 155 15 7.53 77
195 34 138 21 7.2 80
197 3.39 137 20 >7.2% 79
200 1.4 29 20 >7.2% 49
with film 1751 3.09 100 7 5.21 53
180 2.59 155 16 6.23 70
187 2.47 145 17 8.66 72
189 3.1 163 18 11 84
191 3.13 168 18 12.3 87
193 3.18 173 20 13.7 93
195 3.44 150 19 16.6 94
197 349 136 20 > 16.6* %4
200 1.4 29 20 > 16.6* 63

10  * samples too well bonded to be tested in peel test

T comparisons



25 11 PI=I00x[\(E",
refers to a particular conpaction tenperature and the subscri pt
t he sanpl es.

to the maxi mwovakuesmeasured for

performance index are also shown in the tabke below and in Figure S

seen that the interlayer sanples have a better bal ance of properties

conpared to the nornal
anal ysed in this way,

i nprovenent .

It wil

al |

) +() +(Eax) +(PePeeT ella, 1J 4 where the subscript T

max refers

Val ues pefrdd¥604282184

It is

WO 2004/ 103673 PCT/ GB2004/ 002184 16 sanpl es when

but with the peel
be seen that the PI

strength showi ng the nost
val ue of the sanples nade in

mar ked

accordance with i i i i as interl ayer, exceeded
Sﬁmr%i%éi@l r#(ﬁ%ﬁﬂgileggpgégg 20fhre shith s y

the corresponding " gl ven conpaction tenperature. The
best performance was achi eved when sonme nelting of the woven fabric took

pl ace, notably a_conpaction.tenmme ur f.aroun 89-197 C, The PI

val ue was hi gheﬁel ﬁmfpgeés wpaged 3&/%’5@?‘%}6& o 5t Picfﬁlﬁl %E%EM BICFSAERY &f

Fail ure Peels Peﬁlfzﬁlfﬂ?{atlﬂﬁ‘eeburfa@éﬂff@lﬂ(ﬁﬁikd% cdlREtind) STHelhRPRE Rvefd 4sbllowd. F engt h | ndex
C) E (GPa) a (1viPa) 6 (N 10nim (Pg No film 175 2.99 67 5 0.63 38 180
2.31 93 12 1.17 46 187 2.24 123 15 1.89 55 189 2.87 148 18 3.7 69 191

3.41 154 18 4.98 76 JWW 80 197
3.39 137 20 > 7.2* 79
temperature
cC)
comparison 175 No film
comparison 175 1 layer 100GA02
comparison 191 No film
invention 191 I layer 100GAOQ2
comparison 193 No film
Invention 193 1 layer 100GAQ2

The measured peel strengths for these samples are as shown in the table below.

Compaction Without film With film
temperature
Q)
175 0.63+0.12 521098
191 498+ 1.6 123+ 4,1
193 7.53£3.52 13.7%3.5

10 Peel fracture loads (N/10 mm)

The associated SEM micrographs are Figs. 9-18. Comments on these micrographs are

as follows.

175°C — no film

Fig. O This is a low magnification micrograph (x 50) showing the sample edge

15

and fracture surface. The key point is that at this compactlion temperature

of 175°C, the tapes and the layers are very poorly bonded.



200 1.4 29 20 > 7.2* 49 with film175t 3.09 100 7 5.21 53 180 2.59 155 16
6.23 70 187 2.47 145 17 8.66 72 189 3.1 163 18 11 84 191 3.13 168 18 12.3
87 193 3. 18whMdoifd3ck3. 7 93 195 3.44 150 19 16.6 94 197p3r/&B20b3602781 >
16.6* 94 200 1.4 29 20 > 16.6* 63 10 * sgyples too well bonded to be
tested in peel test conparisons WO 2004/ 103673 PCT/ GB2004/ 002184 17 SEM

I mges of pol ypropyl ene peel fracture surfaces The sanples conpacted at 175,
191 and 193C were selected for SEM m croscopy of 5 their fracture surfaces

fol | owi ng peel Kigslii ngThiyrecrogmph s3Nshevsthe pesl figiyre smafagd for Bsrspmpleinaade
Details tenperature ' 7 il - | S 5 . r
100GA02 conpari son 19&%5‘3?{’%?1}1{&?%{/%% ?13%‘91&&? ‘n“ggg?‘afﬁ‘i?o Z %%ﬁ%@?ﬁlgson
193 No film Inventiongek®3rol LiRVeer 06 Tihe RasUsRHREE Hartigeadatbhtsf or

t hese sanples are as shown in the table below. A Conpaction Wthout filmWth
film very well with the peel strength, as being evidence of the amount of energy
5 needed to separate the surfaces. If the woven layers are poorly bonded, the
failure proceeds between the layers causing little damage and a low peel
load. If the layers are well bonded, the failure path has to move into the
oriented tapes, or the film layer, which increases the peel load and the
samples then show a much rougher surface appearance.

10

175°C - with film

Fig. 11;  This is a low magnification micrograph (x 50) of the sample edge. 1t is
seen again, that at this temperature the layers and tapes are in general
poorly bonded.

15 Fig12:  This micrograph (x 30) shows that there is considerable surface damage
associated with the interface where the film was located, which correlates
with the measured increase in peel strength. However it is also seen that the
tapes themselves are not well bonded to those undemeath, i.e. where there
is po film,

20

To summarise - [75°C results

® Using a film, and processing at a temperature above the film melting point but
below the temperature where the oriented tapes melt, gives a structure which is
well bonded where the film is present, but poorly bonded elsewhere. It is clear
25 that it would be very difficult for the film to penetrate through the woven tape

layers.

@ Processing at a temperature well below the melting temperature of the oriented

tapes, and using no film, gives poor bonding throughout the structure.

30 191°C - no film
Fig. 13: This is a low magnification micrograph (x 50) showing the sample edge

and fracture surface. The key point is that at this compaction temperature



tenperature (C) 175 0.630.12 5.21 0.98 191 4.98 1.6 12.34.1 193 7.533.52
13.73.5 10 Peel fracture loads (NN10 m n) The associ ated SEM m crographs are

Fi gs. 9-18. WonwRnbs79#n these m crographs are as foll owspot/Gp2bdiafeza® film
Fig. 90 This is a low nagnification mcrogr@aph (x 50) show ng the sanple
edge and fracture surface. The key point I1s that at this conpaction
tenperature of 175C, the tapes and the | ayers are very poorly bonded. WO
2004/ 103673 PCT/ GB2004/ 002184 18 Fig. 10: This mcrograph (x 30) shows the
peel fracture surface Ho?1tGewhenpheesiriers ofthe prigtedtapss are roY beginingér e i s

littl f d |l f he | ' hs, th
amount of sur i ace. aanagaeas fap pOF ap B! Gk By Bt gl ARGRR S s

bei ng evidence of the as@uidincgénceter The MdRERAEpEDinSBP 2bAbictddheauiid ages. | f
t he woven | ayers are poorly bonded, the failure proceeds between the |ayers

causing little damage a@Aeredt thauatddeiC HigwelOi f the | ayers are wel | bonded,

he fail A . . ' ' o he f.l I ,
i ch i nor oReed 8 pelts Pictap ApHoy 0T snBl BRE hARES e b e ol e

surface appearance. 1Qt1B5C withbdth filid. Mshiabld bd expdoied, iheredis lisyreas@pairfaceat i on
m crograph (x 50) of the sanple edge. It is seen again, that at this
tenperature the | ayer sJagnge cappaediodhe spnepdampdg at 198¢.| As wish gt traditionally

compacted samples (i.e. without a film) the surface damage is patchy: there
are some regions where the damage is pronounced and others where it is

10 less so.

191°C ~ with film

Fig. 15:  This is a low magnification micrograph (x 50) of the sample edge. It is seen
that at this temperature the layers are well bonded; the structure is now

15 homogeneous.

Fig. 16:  This micrograph (x 30) shows that a sample made at 191°C with a film
develops a large amount of swface damage on peeling, reflecting the
higher peel force measured for this sample. The damage is now seen to be
more even across the sample surface. Perhaps the introduction of the film

20 at the interlayer is able to even out any local differences in the way the two

woven layers fit together.

To summarise - 191°C results

® Using a film, and processing at a temperature where the oriented tapes begin to
25 melt, produces the combination of an overall homogeneous structure and
interlayer regions (the weak point in the structure) which are very well bonded.
® The level of damage (i.e. bonding) is more even over the surface when using an
interleaved film
® The level of damage for the sample made at 175°C with a film is similar to that
30 seen for the sample made at 191°C without a film, reflecting the similarity in the

peel load values.



is Fig 12: This mcrograph (x 30) shows that there is considerable surface
damage associated with the interface where the filmwas |ocated, which
correl ates wWamwovissmeasured increase in peel strength. powewesosbs1ss al so
seen that the tapes thenselves are not wek bonded to those underneath,
i.e. where there is no film 20 To sunmarise - 175C results Using a film
and processing at a tenperature above the filmnelting point but belowthe
tenperature where the oriented tapes nelt, gives a structure which is well
bonded where the filmis present, but poorly bonded el sewhere. It is clear
25 that it woul fhabe . gmbubitifdi cult for the filmto penetrate through the
woven tape |ayers. rocessing at a tenperature well below the nelting

t enper at ure of FipelTori dhisstiows 363 a peah fracisiersgrime ffarh msamgple asadpaoiro3bondi ng

t hroughout the structure, 30 1Gno. filmFLg. 13: Thigis alog

magni fi cation nicrogr aﬁ’_ﬂt g E’Sél)gm'scﬂm%ﬂ“? ﬂghg%ﬂiﬂwé aesaaﬁaf amynt ?fgéf‘\&g%to
surface. The key point thd oh Iﬂiktsal\?q\gletlﬂa& af 0IPEGHiThaGt the KRR (Ribiea 4y Gt #0804/ 103673
PCT/ GB2004/ 002184 19 of 191C, ere the surfaces of the oriented tapes are

now begi nning to nel t muchas fhayen e spapla svederaict? LBe it thadin eBheeampunhef

conpacted sheet is norees ggﬁ&g@ﬁ&g@a{%tﬁﬂ@%%g%gé%lé(g&%ﬂéa&r}] }?Sgwﬁ acted

sheet are | ess apparent t igure crograph
(x 30) shows the peel fuapluadesurS1aE evithout thdiling almpdenagadesn over thdd€a v t hout
afilm As would be expected, there is increased surface danmage conpared to
the sanple nade at 175€%CR% with nost traditionally conpacted sanples (i.e.
w thout a fidn) the surface damage is patchy: there are sone regions where

t he danage is pronounced and others where it is
193°C - with film

Fig. 18:  This micrograph (x30) which shows regions where there has been cohesive
failure within the film and regions of adhesive failure at the film/tape
interface. This suggests that the failure could be a combination of these

15 two modes.

To summarise - 193°C results

® Using a film, and processing at a temperature where the oriented tapes begin to
melt, produces the combination of an overall homogeneous structure and

20 interlayer regions which are well bonded.

® The level of damage (i.e. bonding) is more even over the surface when using an
interleaved film. It is proposed that the interleaved film is able to more easily fill
any gaps which might be present when the woven layers are pressed together.
® The level of 'damage seen on the 193°C compacted sample fracture surfaces is
25 higher than that on the corresponding 191°C surfaces (Figs. 15, 16) reflecting the

associated increase in peel strengths.

EXAMPLE SET E

30 In this example set the flexural properties of samples compacted at different

temperatures, with and without an interlayer, were tested.



10 less so. 191C - with filmFi g. 15: This is a | ow magnification m crograph
(x 50) of the sanple edge. It is seen that at this tenperature the |ayers
are wel | boneaslzosi/@est ructure is now i5 honogeneous. Fi @ctEB2003005584

m crograph (x 30) shows that a sanple made,at 191 Cwith a film devel ops a
| ar ge anobunt of surface danage on peeling, reflecting the higher peel force
nmeasured for this sanple. The damage is now seen to be nore even across the
sanpl e surface. Perhaps the introduction of the film20 at the interlayer is
able to even out any local differences in the vvay the two woven |ayers fit

together. To suﬁga{ r

t enper at ure where ah@‘?e rﬁ%a?%%él »f%;éggé egl nﬂ?\gﬁu I'ﬁ?ﬁ% s?ﬁ%?e?irﬁ% no{ed
conbi nati on of @wvewereaalstd.honmogeneous structure and |nterI ayer regions (the
weak point in the structure) which are very well bonded. The |evel of
damage (i.e. bonding) is nore even over the surface when using an
interleaved £ilpguth® shewethedbsutid iR Bk NENGISAGRIG FMdRx A éf?e‘égih%alhwa
filmis simlar to that 30 seen for the sanple nade at 191C without a
reflecting the @lﬁmnIS%trfhft seldctive lnerfacpemtlting afl theapuented Wpe (OB7103 6173 flexural

PCT/ GB2004/ 002184 9 t..filmFEi g. 17: Th h x30 |
fracture surfackOPF" ?ﬁ & gﬁpf‘ﬁgﬂ?ﬂ@{{]mlﬁé‘n@lg%atr%oki‘ffteléltﬁ?qs ﬁgg\s‘leﬁ VW})ﬁ@gpee
surface shows acgnpicledsadpRY KbVt til3 EERGRrdnte, the FIBAIraOftopdiBesSATRE By REEomat

191C without the film (Figure 14) but not as nuch as that on the sanple nade
at 191C with th@mnlqmrr&reww ammbntf“lexuralsmpmé@s profedie? eonpastian éempgeatireviplt h

the nmeasured; Pepdsof-qafisim 45 ¥ hiplde

EXAMPLE SET F

In this set of tests effect of interlayer thickness was studied, using the same method
15 and polypropylene material as was used in Example Set D. As with the examples

above a film of thickness 10-15 wm was vsed as an interlayer, with 0-3 such films

being used, multiple films being placed together in a stack.

Average values for stress-strain behaviour and peel strength are shown below in the

20 following table.



sanple made at 191C without the film the damage seen over the area is
patchy. 10 193C - with filmFig. 18: This m crograph (x30) which shows
regi ons whergo bdasliRsiyas been cohesive failure within th | gi ons
of adhesive failure at the filnmltape int E%f ace. This suggfg@[ﬂs}b@ﬁ%ﬁfhe
failure could be a conbination of these 15 tw nodes. To summarise - 193C
results Using a film and processing at a tenperature where the oriented
tapes begin to nelt, produces the conbination of an overall honbgeneous
structure and 20 interlayer regions which are well bonded. The |evel of
damage (i.e. bondi nq) Compactien ¢\Interlayar| t Tenstlar flaTensilaen uPedlg gn
interleaved film It ,f?sm‘rj)roposed that the i tlerleaved filmis ahle to nore
easily fill any gaps TAWEGht be prled®Ititqftiengthyatrengty drs are
pressed together. The | | off danage [seg t gd sanpl e
fracture surfaces is ZS@E;igher t han t hat gglp{)herbgg\glrﬂg)g gﬁ@?‘ﬂ@ 91C surfaces
(Figs. 15, 16) refl gcti Agl®he |adoddinat|eddihOr28dse54 h8peelogstr.engt hs.
EXAMPLE SET E 30 In thisexanplle-set the flexurgl-properties sanpl es
conpacted at different tenperatrig¥er Witk 5A@5i 19ftB aA2B4t Ilayer, were

tested. WO 2004/ 10373—PCT-GB2(04/;002184, =2t ~Th npkerpreparati on was as
descri bed previously. The ASTMrt ggﬁchsg Fﬁebﬁ\?ﬁrofgdfb b%gﬁ rg used. 5
Figure 19 shows the [results Tor Bojfad Nes fd £68&ET 130PGT U3, 300 4 Tjexur al

strength. Below theg onset of gel ective surface {nelting o? the driented

tapes (--187C), the [fl ex03da pr dpeiin €348 + 0120 |i ier ey esi+Risemh sanpl es are
better than the convientionally

llayer |3.18+0.09) 1734 | 13.7+35
2layers |3.22+0.18§ 144+5 | 9.6+23
3layers {3.01%x0.37| 16029 | 11.714.3

The results indicate that the tensile modulus falls for both temperatures as the film
5 thickness is increased; that the tensile strength peaks for the single layer filin thickness
and then falls again as the thickness is increased; and that the peel strengths are similar
for all layers of film thickness, and all significantly higher than the comparative

samples without an interlayer.

10  The results, taken together, snggest that the single layer is the optimum, giving the
maximum increase in peel strength for the minimum loss of tensile modulus, and with

retention or slight improvement in tensile strength.

EXAMPLE SET G

15
In this example set SEM microscopy was used 1o study peel fracture surfaces using the
same materials and processing as described in Exampie Set B but baving multiple
interlayers. The processing temperature was 193°C, so the figures of Example Set D
which provide comparisons are Figure 17 (no film) and Figure 18 (one layer of film).
20  Figures 20 and 21 are views of a corresponding peel tested product, but having two

and three layers of the 100GAO02 polymer film, respectively. By way of comparison,



conpacted sanples. Above this tenperature, the flexural properties of the
two sets of sanples are very simlar. Flexural properties peak at a

conmpaction t agpR6foss7e of 10 195C for both sets of sanmpl gsychaolbiBsSET F
In this set of tests effect of interlayer fhickness was studied, using the
sanme nethod 15 and pol ypropyl ene material as was used in Exarrpl e Set D. As
with the exanples above a filmof thickness 10-15 mwas used as an
interlayer, with 0-3 such filnms being used, nultigle films being placed

together in a sné&eﬂ@mgd@/tzwa@@mm okEigf by oEExampe Set Rignetsenasd bedilmdayepek|

t th | t 200
SLTenoLh 21 3R SARA U Sy RpLOBIERY, YA 210 2000 0ASTR o
Tenperat ure mda&emﬁilﬁﬂhghhgeséﬂtﬁmgﬁﬁple él@rl}Eslio%’al)e filng M?al)F (INhteDnmithin th91C No

film3,410.25 1548 4.981.6.1 |layer 3,13 1688 12.3 4.1 2 layers 3.17
0.15 135T9 8. 8 samplg, and |ﬂ°af‘y§}r§ leyes . 8% 1?3#3‘“ asegipelf. 1 bapprggs fthatpfaiturg hasg g

158 7 7535 3:2decded AYEE pdint Broclyfind ple Fimd MBS Snidogpn 0- 18
a5 06 5 3P ee‘iﬂeay%rsgg it Brocdptistndy thyodby die fmdayer. Fo@HES rictogph D -

the tensile rmdmﬂ o fealtha th@ldamagduqnenp@caltemveﬁmaﬁlethmmybm Fig. Ehisbéoness | s
I ncreased; that_t.he nsil.e strengt e for the single,l ayer fil

Lhi ckness  and TeHiBhof P PwiksRhhTIE e BER e Rlarl M 2o RES B tFee il s ¢ e
peel strengths Rreeddafiab@fonefi®hovikdenltayemactothirdniel ah MedvoRAFiimandiieks.
significantly higher than the conparative sanples wthout an interlayer.

10 EXAMPLE SET H

This example set examined the importance of the type of film used. In some of the
tests the interlayer was made from the same polymer as was used to make the oriented
tapes (PP 100GA 02 material as described above). In other tests two further interlayer

15  films were investigated, namely.
1) A (30pm thick) polypropylene film of m.p. 163°C, obtained from ICI. .

2) A PE film made in-house: this employed the Brabender single screw extruder and
20 the same film die used to make the PP film described above. This used a
BOREALIS PE (Film grade FL5580) and the final extruded film was between 10

and 15pm thick.

Compaction experiments were carried out using the same woven PP cloth as desciibed
25 above (10:1 drawn tape, 6060 style, 100GA 02 polymer). Experiments were
conducted at two compaction temperatures: 175°C, for comparison, enough to melt
each film but not enough to melt the surfaces of the oriented materials and 193°C

which is in the optimum value for normal hot compaction

30  The results are shown in the table below.
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1 comparisons

The results indicate that the best samples are those made with the matching PP film.

EXAMPLE SET 1

In this example as assessment was imnade of the application of the invention to

polyester (PET) mater

ials.

Woven PET fabric, and polymer of an identical chemical composition, were supplied

by KOSA, GmbH and

Co. KG.

The polymer and fabric details were as follows

Polymer

Fabric weight

Oriented shape multifilament bundles
1100 decitex

Type TS1 - IV ~ 0.85, Mn ~ 22,500
200 gfm2



20 the sane filmdie used to nake the PP filmdescribed above. This used a
BOREALI'S PE (Fi |l m grade FL5580) and the final extruded filmwas between 10
and 15m t hi clwo oempagi on experinents were carried out uspPgcBisysRE®m woven
PP cloth as described 25 above (10:1 drawytape, 6060 style, 100GA 02
pol ymer). Experinents were conducted at two conpaction tenperatures:
for conparison, enough to nelt each film but not enough to nelt the
surfaces of the oriented naterials and 193C which is in the optinmm val ue
for normal hot VWEHEABHS on BBioTWeaVEesul ts are shown in the table bel ow. WO
2004/ 103673 PCT/ GB2004/ 002484, g,N#,%a e Peel Sample Film (GPa) (MPa)
strength thickness thickness f 10m) (mm ([Lm 175C no filml 2.99 67 5
0.6 0.64 matchilegk 81.99 1002X0°6.2 0.64 10-12 PP filnt I1Cl PP 2.45 86 1.3
0.72 30 filmt PE film 2.51 92 0.7 0.68 10-15 193C no filnt 3.43 155 15
7.5 0.47 matching 3.18 173 20 13.7 0.51 10-12 PP filmIC PP 3.08 103 23
8.7 0.58 305 110w ffn {1 15 Hid ¥as &kt o fhe DAlykidr dling b sRANRAIEANS alde

esults indicate that the best sanples are those made with the matching PP
film die. A second PET film, of a different chemical composition to the woven cloth,

175C,

;
film
was also used in these tests: this film was slightly biaxially oriented.

The work reported looked at the application of the invention to the woven PET
10  material, both with and without an interleaved film. Samples were made using both

films.

The table below shows a comparison between the stress-strain and peel strength
behaviour of samples made with and without the film of the same composition at 257,
15 258 and 259/260°C. As is seen all the samples made with the film showed increased
tensile modulus, tensile strength and peel strength over the samples made without the

film, at a given temperature.

Compaction Sample Tensile Tensile Peel
temperature modulus strength strength
(°C) (GPa) (MPa) (N/10mm)
257 No filmf 4.51+0.18 88+ 18 1.2+0.2
Same film | 5.69%0.52 178 £ 16 5.1£0.6
258 No filmt 496+ 0.4 1205 2004
Same film | 6.65+0.69 175 %5 59t 14
260/ No filmf 6.41+0.77 138 £ 16 72%1.2
259 Same film | 7.27X0.64 1888 69109

1 comparisons

20

As a further experiment samples were also made, using a compaction temperature of
257 °C, using no film, and both PET films, and tested in the manner described

previously. The results are as follows.



5 EXAMPLE SET | In this exanple as assessnent was made of the application of
the invention to polyester (PET) materials. Wven PET fabric, and poI ymer
of an i dent ig@boog@pizcal conposition, were supplied by :g Bz@mb-h

KG The polynmer and fabric details were ag.follows 15 Polymer Type 1 - IV
- 0.85, M - 22,500 Fabric weight 200 g/m6 Oiented shape multifil ament
bundl es 1100 decitex WD 2004/ 103673 PCT/ GB2004/ 002184 25 Wave style
Plain weave 9/9 threads/cm Peak mp. 250C 5 PET film (- 15 tmthick) was
cast fromthe polynmer using a standard extruder and a filmdie. A second
PET film of a different cherri cal corrp05|t|on to the woven cloth, was also
used in these testsi—tHt ...'v"va" n.y Haxtat-y—ertented "'he wor k
reported | ooked at % leati o Teﬁ% vem?’lf‘ﬂ €t ot he Péflven [PET to
material, both with| and WlthOUt ar i e8RS avied strepsth sappiterigtler ¢ made usi ng
both filns. The taple bhelow sho a GRAari v;nn(MEﬁ}/\pen (Wéom)e s-strain
and peel strength pehavNeddmof samf}lSés‘:(Hﬁje wi 88+ dBd Wi thoh0.1¥7he fil m of

t he sanme conpositiop abDifBsat filh5 258.85000.259) 2646+ 18s s seen.@l || t he

sanpl es made with the Tighmesiawed [i BEHeRE S engg ke emod uly§¢d@n5| |l e
strength and peel stremngthrover the sanpies made wthout—thef1tm at a

gi ven tenperature. Conpaction Sanple Tensile Tensile Peel

5 It can be seen that in this experiment the mechanical properties were significantly
boosted by the presence of either film; and that the films gave rise to enhancement of
different mechanical properties. Namely the tensile modulus of the sample with the
different film is higher than with the identical film, although the tensile strength and
peel strength are higher with the identical film.

10
A significant finding is that these mechanical properties were achieved using a
compaction temperature of 257°C. The optimum temperature for compacting PET by
the prior method (no film) is regarded as 260°C. With PET the processing window is
narrow, which could inhibit the commercialisation of hot compaction processes as
15 applied to PET. A lowering of the compaction temperature to 257°C, yet with

achievement of good mechanical properties, suggests a significant practical benefit.

EXAMPLE SET J

20
SEM images of polyethylene peel fracture surfaces

Peel samples were manufactured as described in Example Set B using woven
TENSYLON 10:1 PE lapes (6060 style). Samples were made with and without an
25  interleaved film. In these tests a film of the same grade as the oriented tapes was not

available and so the Borealis FL5580 material, a similar grade, was sourced.

8 samples were studied, having been compacted at 135°C, 148°C, 152°C and 154°C,
with and without an interlayer film, and subjected to the peel test.

3c



tenperature nodulus strength strength (C (GPa) (MPa) (N 10mm) 257 No
film 4.51 0.18 8818 1.2 0.2 Sane filmb5.69 0.52 178 16 5.1 0.6 258
Nof i hnt 4. 96W0h0l405%72. 00. 4 Sanme filme6.65 0.69 175 5 ﬁcﬂggiwﬂ,mgm/
Nofilmt 6.410.77 13816 7.21.2 259 Same fidsm 7.27 0.64 1888 6.9 t
conparisons 20 As a further experinent sanples were al so made, usi ng a
conpaction tenperature of 257 C, using no film and both PET filns, and
tested in the manner—described hI"A\II nllQ'AL The resylts are as fall ows. WO
2004/ 103673 PCT/ GB2004/ 0§ompactions Sanpl e TWF\@PFE Tensi | Witlddilm nodul us
strength strength |[(GPa) 10mm 4.510.18 8818 1.20.[17
Different film 6. 85 0.35&%%?&% 3.9 igw fillm5.69 0.52 178 16 5.1
0.6 s It can be seen that i§Chhis exp(=r| rrent t he neghani cal properties were

significantly boosted-by—thepresence of ei-therfihlm filns
gave rise to enhanclement of 13%ifferent rre@;ﬁ%tﬁloc%ll proper5t34@09$\larrel y the
tensil e nodul us of te—sanp wth—the |||| gher—than with
the identical filmj| alt houglkll he tensile Jgﬁé t&h 83)@ g{lgengt h are

hi gher with the identical Tikgm 10 A $i gn5_5-5§qm5 il rdl N g &+ylkat these
mechani cal propertiles were achi eved using a

154 10£2.73 13.4+33

Peel fracture loads (N/10mm)

The associated SEM micrographs are Figs. 22-37 herein. Comments on these

micrographs are as follows.

Figs. 22-25: These figures show low magnification micrographs of typical fracture
surfaces from samples made without a film at 135, 148, 152 and 154°C
respectively. As the compaction temperature is increased the level of
surface damage increases. At the lowest temperature, where there is no

10 surface melting of the PE tapes, there is no bonding of the tapes.
At 148°C, where the surfaces of the tapes are just beginning to melt, the
tapes appear better bonded although the peel surfaces are clear of
damage.
At 152°C surface damage has increased, reflecting the increase in the
15 measured peel load. As with the PP studies, the areas of surface damage
are variable when a film is not used.

At 154°C the damage is further increased.

Figs 26-29:  These four micrographs show samples made with a film at 135, 148,

20 152 and 148°C respectively. All show increased surface damage
compared to the equivalent samples made at the same temperature.

Uniike the PP studies, the film is still visible on some of the fracture

surfaces, particularly at 135°C. As the compaction temperature is

increased the amount of damage increases. Only at 154°C is substantial



conpaction tenperature of 257C. The optimum tenperature for conpacting PET
by the prior nmethod (no filn) is regarded as 260C. Wth PET the processing
w ndow i S ngbhevoYes ch coul d inhibit the commerci al i satp@ingindddbiss
conpaction processes as 15 applied to PET.,,A | owering of the conpaction
tenperature to 257C, yet with achievenent of good nechani cal properties,
suggests a significant practical benefit. EXAMPLE SET J 20 SEM i mages of
pol yet hyl ene peel fracture surfaces Peel sanples were manufactured as
described in Exanpl e Set d®nagsi s¢gn Wathih theTigsied dppesi¢. @Rhe dgmperitaGoehesey| e) |

Sanpl es were made with apd. %%Ji\%%nmglfgélha&%&ﬁ é/@dgeél Im In these tests a

filmof the same grade as orirente vai l abl e and so the
Boreal is FL5580 materi al Fomthelamﬁmlnlgrantm theefsihee miaiedeerfls saligyk @scuned eit

studi ed, havi ng been co ed at 1 48C, 152C and 154

wi thout an interlayer flnﬁ’r‘h 15%0%%3@ {SBEfage ¢ ?i’ébPa’T’%ls?d%e%W%um e
2004/ 103673 5PCT/ GB2004/ Ofgst rfoﬁﬁan@@nipatﬁéx’efbi’e \é‘éﬁﬁ}%i&i W Elhccfn'lthﬁﬁtlohe&fpﬁfrﬁt ure
Film(C 135 0.720.31 5.940.92 148 4.23 0.78 9.02 1.18 152 5. . 05

10.6 1.5 154 102.73 13rm:31rtzan@@@llurrgrcé@hqm@crmdgrf(mmom The assom at ed

SEM m crographs are Figs. 22-37 herein. Comments on these mcrographs are
as follows. 5

Fig. 30: 135°C no film: shows one tape going underneath another at 90° to it,
and confirms no bonding between the tapes at this temperature.
10
Fig. 31: 135°C with film: this high magnification micrograph shows surface
| damage and tearing of the interleaved film, but that failure has occurred

between the film and the woven layer in some instances.

15  Fig. 32: 148°C no film: this micrograph shows a junction between tapes and
indicates much better bonding between the tapes. However there is
minimal surface damage suggesting the surfaces were fairly easily

separated (i.e. low peel strength).

20  Fig. 33%: 148°C with film: shows increased surface damage but still adhesive

failure,

Fig. 34: 152°C no film: increased surface damage on this sample compared to
the lower temperatures made without a film.
25
Fig. 35: 152°C with film: shows adhesive failure.

Fig. 36: 154°C no film: optimum temperature without a film: substantial
damage of the oriented tapes produced during peeling.
30
Fig. 37: 154°C with film: this sample gave the roughest peeled surface seen,

which correlates with the highest peel load measured. At this



Figs. 22-25: These figures show | ow magni fication m crographs of typical
fracture surfaces fromsanples nade without a filmat 135, 148, 152 and
154C respeciiog/nbifioséds the conpaction tenperature is incrpapegdoldgohsvel of
surface damage increases. At the | owest tepperature, where there is no 10
surface nelting of the PE tapes, there is Tio bonding of the tapes. At 148C,
where the surfaces of the tapes are just beginning to nelt, the tapes
appear better bonded al though the peel surfaces are clear of damage. At
152C surface danmage has romopastisrdgmpesdtiiredhd fagjuterappeans te bs eolienivehdhe péece

measured peel load. As w the PP studies,...th reas. of surface nmage are
vari able when a filmis H%BI%%&E‘E fft Sﬁé‘ﬁﬁ?’ﬁ%‘%&ﬁﬁ’bﬁ%’ﬁagp?iﬁ ?ﬁ&e’l "’?ﬁ’i?’%‘ﬁéed.
Figs 26-29: These four nmgeoegtiRhBersidesanpl es made with a filmat 135,

148, 20 152 and 148C respectively. Al show increased surface damage
conpared to the equival ent sanpl es made at the same tenperature. Unlike the
PP studies, sthe filmis still visible on sonme of the fracture surfaces,
particularly at 135C. As the conpaction tenperature is increased the anount
of damage increases. Only at 154C is substantial WO 2004/103673

PCT/ GB2004/ 002184 28 damage seen wthin the oriented tapes (i.e. at the
tenperature where there is substantial surface nelting of the tapes). For
the other tenperatures the failure node seens to have occurred at the
filmwoven cloth surface, i.e. at |least partial adhesive failure. The 5
best performance is therefore confirnmed as a conmbination of film nelting
and nelting of the tape outer surfaces. Fig. 30: 135C no film shows one

t ape goi ng underneath another at 90 to it, and confirns no bondi ng between
the tapes at this tenperature.



10 Fig. 31: 135C with film this high magnification mcrograph shows surface
damage and tearing of the interleaved film but that failure has occurred
between the filmand the woven | ayer in éﬂne i nstances. 15 Fig. 32: 148C no
film this mcrograph shows a junction bétween tapes and indicates nuch
better bondi ng between the tapes. However there is mniml surface danmage
suggesting the surfaces were fairly easily separated (i.e. |ow peel

st rengt h)- ﬁﬁw$ﬁg. 33: 148C with film shows increased surface damage but
still adhesive failure. Fig. 34: 152C no film increased surface danmage on
this sanpl e conpated, to .the | ower.tenperatures made w thout film. 25 Fig.
35 1850 WATOTRF i laf Bl Ao SR B S prOBES <ot o5 st Bt mum
tenperature without a film substantial danage of the oriented tapes

produced FARES hibne 3R cEsBre 1avers. AagiGywi th film this sanple gave the
roughest(gg%ledgsgg*acen%eeﬁ,s ﬁh%%ﬁ%corrglates wi th the highest peel |oad

measured. At this WO 2004/ 103673 PCT/ GB2004/ 002184 29 conpacti on

tenperat ure t iy affirsd layed nagdip@drof strands@f af bfisity@polyerip heRial;Gkletiel foan t he
| eft shows_evidence of material peeled off the adjoining tape on the other

sur f ace. Polpwopylang; pyoxymethylaeaad pelyestehe production of a pol yneric
article, the process conprising the steps of.

(i1) a second layer of the same polymeric material as the first layer, which second layer is

in the form of one or more films or is in particulate form;

(ii1) a third layer made up of strands of the same oriented polymeric material as the first
layer, wherein the second layer has a lower peak meiting temperature than that of the first and

third layers;

(b) subjecting the ply to conditions of time, temperature and pressure sufficient to melt 10 to 30%
(vol/vol) of the first layer, to melt the second layer entirely, and to melt 10 to 30% (vol/vol) of the
third layer; and to compact the ply; and

(¢) cooling the compacted ply.

2. A process as claimed in claim 1 wherein the second layer has a peak melting temperature at

least 5°C lower than the peak melting temperature of the first and third layers.



(a) formng a ply having successive layers, nanely (i) a first |ayer nmade up
of strands of an oriented polyneric material; selected from polypropyl ene,
pol yoxynet hyl ene and pol yester (ii) a seggnd | ayer of the sanme pol yneric
material as the first |ayer, which second layer is in the formof one or
nore films or is in particulate form (iii) a third |layer nmade up of strands

of the s oriente ol y.eric erial as the first ayer,, erein the
second | PIREESS 35 &B&B‘?dylﬁgé'berrfgﬁ‘ﬁe}“ﬁ‘@?toé L e Steﬁ%ﬂd llai{ﬁtls B%qif@eﬂsinf’gt and
third | aysessdiddddoosuR] ecting the ply to conditions of tine, tenperature and
pressure sufficient to nelt 10 to 30% (vol/vol) of the first layer, to nelt
the second | ayer entirely, and to nelt 10 to 30% (vol/vol) of the third

| ayer; ant A procesapaclhindieinpiny prezading claim edieteig thehecondripas sl thicknes? at 18ast 5
process as clainmed in claim1l wherein the second | ayer has a peak nelting

t enper at P at | east 5C | ower than the peak nelting tenperature of the
first and third layers. 31 3. A process as clainmed in either of clainms 1 or
2 whereingt [ nj LNg . 4., A
orocess. as e g ae b ol oRoclith SSHTIMGRG) neREETATR st B

t hi cknessondé tHedRsitor hirdVayerSn s®pipcess as clainmed in any preceding claim
wherein the second layer is pre- forned, and laid onto the first or third

| ayer in step (a). 6. A process as clainmed in claim5 wherein the second

| ayer is @ A plopgssms alapherd ialdaim owvhéreintbe secpnd ayprisaddm as dumlityed filmscl ai m 6
wherein the second layer is a single film 8. A process as clained in any

pr ecedi ng,7 cl ai m wher ej n(g_he c_%g(bpacti on pressure does. not exceed 10 MPa. 9.
A process’ aSPEFES #g alamedinelHmd whsRE the secandies 8 sigle Gands are in the
formof tapes. 10. A process as clained in any preceding clai mwherein the

first andﬂ.tAh f-nrogesls A Eafiné & Jn?’%gc(é\&ing W, r@vlfege?rmlfel c%}nptagt?(%spressure does not exceed
10 MPa.

9. A process as claimed in any preceding claim wherein the strands are in the form of tapes.

10. A process as claimed in any preceding claim wherein the first and third layers are fabrics

woven from flat tapes

11. A process as claimed in any preceding claim wherein the proportion of the ply which melts in

the process is in the range 1-35% (vol/vol of the total ply).



11. A process as clainmed in any preceding claimwherein the proportion of
the ply which nelts in the process is in,the range 1-35% (vol/vol of the
total ply). 32 12. A process as clainmed™n claiml in which the second

| ayer is of the sane conposition and grade as the first and third |ayers.

12. A process as claimed in claim 1 in which the second layer is of the same composition and

grade as the first and third layers.





