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FABRI CATI NG POLYMERI C ARTI CLES The present invention
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pol ynmeric strands, and in particular to an inproved
process for making such articles. 5 In recent years,
devel opnents have been nmade in processes for
conpacti ng pol nerlc strands in order to nake sheets
of hi gh HROE o LG ATTEN GAROA RAG ARTICLES
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Preci se 25 process control is needed if the article is
noplymsroee opiged paEPIedas. or "over-nelted". In WO

98/ 15397 a rel ated process is disclosed in which an
assenbly of nelt-fornmed polyolefin strands is
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melting of the stlands 1esults 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
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envi ronnent contai ning WD 20044103673

PCT/ GB2004/ 002184 2 al kyne or di ene conpounds, and
then carrying out an annealing step conprising
anneal ing the irradi ated pol yner at an el evated
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filmbut below the ing point of the fibre’layers.

Thempagioht i ng artlcles have nodest nechani ca
properties. 15 Ogawa et al., in Journal of Applied
Pol yner Science, 68, 1998, pp. 1431-1439 - describe
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v@lods® rhécagiicaprederfidte fibres is stated to be 0.69 or
0.74. However the articles are said to have

surprisingly poor properties, possibly because of weak
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(mp 14 152°C) and low density polyethy ene films (mp 118°C). The moulding
temperature is said to be between the melting points of the fibre and the interlayer
(matrix). The volume fraction of the fibres is stated to be 0.69 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.

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

these needs are met, at least in part, in a practicable manner.
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addition a continuing need fog inprovenent in

mechani cal properties in the resulting articles. It

is an object of the present invention to achieve

enbodi ments in which one or both of = 30 these needs
arecorginglyin p dagitaspert Parthe piesens ipyeasion dhasp és prnvided a pyocess for

2004/ 7 / . 4. i.ngly i :
2ORIAERL T SRR LRI B SRLIRLN, Wb
provi ded a process for the production of a polyneric
article, the process conprising the steps of: (a)

form M alPmnsaphryvinzctesstive avaperdncanel y 5 (i) a
first |ay Sﬁmmg?lr#@aﬁz Inﬁié apde st?e(nél@:%f eh bﬁ%}#t&gpolymeric material;

pol ynmeric materia a secon ayer

pol yner i c(iijat enisedond (ayek pf apolghredc neeyatalade up of

strands of __an orjented pol|lynerjc terial, erein, .
the seconfil) ay8d rthlffgléy%f TB?A&HP ?ﬁé&‘l’i‘g%e? tq1%1q1@#;@535%%'}c@1ater1al,
than that W%Exﬁiﬂ H)I% sbddnditia@R@ad Didvek;! M@fn%itin%Qel(lgérature than that of
subjecting the ply to conditions of tinme, Tenperature

and pr essthedirssanfdfthicd &ayerst o melt a proportion of the

first layer, to nelt the second |layer entirely, and
to nmelt a proportion of the third layer; and to :

Con‘pa%&ot bghjRhg t1RNPIL S0 ( EInd@si BY #Ae, ShRd and pressure
ply. "Cooling" in the Tirst and second aspects can

i ncl ude peufficient ymeher proppaioned the yirstdayegoiel melt the second layer
natural ly; forced. draught coaolings unge cooling: an )
othor -ty pEnPhaatbuREE Rarciag iR R BiPanBR e piy:
cooling. Zhe term"strands” is used herein to denote

all oriented elongate elenents of polyneric materi al

useful in this invention. They nay be in the form of

fibres.or fil nts. may be in the form of
bands?griBg%Hgaggc@§B%§?ﬁ¥8Tned for exanple by
“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

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
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 usually formed into a fabric by weaving or
knitting. Optionally the strands may have been subjected to a crosslinking process, as
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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25 slitting nelt fornmed filns, or by extrusion.
VWhat ever their formthe strands nay be laid in a

woamwosen web for the process of the inventi ORCT/GB2004/002184

Alternatively they may be fowrnmed into yarns
conprising multiple filaments or fibres, or used in
the formof a nonofilanent yarn. The strands are
usually fornmed into a fabric.b

OB TR 1t s s ey T dy BolEd t%g’ef a B pighiftion of the
97.
e
yarns or filanent yarns, or they may conprise a
mxture of fibre or filam arns and__tapes. Mbpst
ok Siandticanghe 1adS P aph S B GPReT S TP RRr Q1Y ap el or melt
q&anﬁ@bﬁkﬁ§1ﬂyb9gﬁﬁﬂguﬂg 2004/103673 PCT/ GB2004/ 002184
vén fromilat tapes, as this geonetry is believed
to give the best translation of the orlented phase

gl%\'g%?e{btl},i—ﬁ ICIS"L%]{::, g‘ﬁg&e%‘gh ocg%?rgasel fel eqt e?e%ﬁlg/n:&qggs?%% more

PhrBfepabdy atfl@zﬁst S?’)’@r@slp@m%mr Bidf@fedodre @ﬁibo@lﬁneﬁ@ i wHich at least 10% of
formn prefera 1%@nelt formng. Preferably at

H@aﬁmmg%&oﬂméaéﬁﬂbwlv sfiayed- | ayer nelts, preferably
at least 3% nore preferably at |east 5% Especially
preferred are enbodi nents in which at | east 10% of

t sy Mﬂ%‘hoi AVES thaR30% oVok/firal lagdr théltss indra@pefgrablyGot more than
Preferably not nore than 30%of the first Ia er n$lts X
n%?r% Brighl i peseryednage ermbPAimanaLn vitoh nel ey CH»%%"/@P g first layer
[ t he
P TREPEhE pb 58 Bk (PRI DR B ™ han 1506
(vol/vol of the first Iayer) 15 Preferably at | east

1% of each of the third | ayer nelts, efe

| Bardraltugat Hopel Fpicaieh @bt B B gl ReSpaBILH| lyast 3%, more

p. [ b of
1%%6?%16] g @gs$ g?ﬁbﬁg‘l ?ﬁ’ﬁf%gwﬁQ?%’F’?iél%gilé‘}?ﬁ%mt east 10% o

Prheftlarcahwr meits (voleoltdi dnrdBRY6rpf the third layer nelts,

nore preferably not nore than 20 25% Highly
preferred are enbodi nents in which not nore than 20%

of’re%}?olg/ Bt fhord ﬁ‘ﬁiﬁ ROIELL e AR §1P1@1@lt§1|rﬂlc\fe feﬂJBIthot more than
than 15% (vol /vol of the third ayer) Pr ef er abl

| 235t H%ltyf p]tem;lqgll gaermmltcghmgﬁ@ﬁreﬁ@mlynqt mp;@ag}pn % ot the third
nPaygr rgel?f er(? esp cmltly not mgle than 15% (vol/vol of the third layer).

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

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).

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.
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not nmore than 20% and nost preferably not nore than
15% (vol /vol of total ply). 30 Preferably the ply
conprises a plurality of layers of the type defined
above as the second |ayer, for exanple from2 to 40,
preferably from4 to 30, each such I ayer being

ef |k .
¢ 2@@%@2 Fﬂlgggﬁl‘ﬂ% JJ gs%\r%gggwlesééﬁ?se%fj u%ﬁ‘&‘?ec?ﬁ’&\ﬁ%eﬁé material
POT t1eB2B804d D028 dyerS may caniraen mc:femﬁly’rmay somdisttdfe polyethylene,
i nv ntiOﬂ:the strands of an(ﬁ§|ented yneric

mEPSPFAY engs PRk yrataylengef 1 %E?r,vas)@ 1§gﬁﬁ§?0@8%1¢lm§é copolymer
pro?ft Qﬁlh‘)ér Tey6169 le'bi%'hdgfa d ﬁlﬂe'dy Il%n(%uld be employed in certain
pol yp opyl ene, pol yoxynEt yl ene or yest

i eolbodinmegtsas Honmpp&cyaibfr prefapetiylemboammnta euhpolsgmrﬁis are of a

Pol bl ends and filled po rs could be enpl oye
- roEpRue i entnoSt | RRIIEES 4l P raRgRIo Polyethylene
e%@g@ gﬁﬁkg the strands are of a honopol yneric

mat er | nost preferably a pol ypropyl ene or
polyethylene honopol yner. 1o In certain enbodi ments

thb i;lge\é? td#g%}qt%hﬁ Stﬁ%tm Hon g o{(}gte & 8{1];? )fafe? rmz{y %gmpmse -
PoleraBRY heiye comt ygﬁ)“"@b@l‘ih@fé‘%e of, ol}@%ﬁy‘fé}%e rpolyoxymethylene or
I ncl udi ng as_honopol yner, copol yner "or terpolyne
PoPYyeEer, BIcidiag an ompp<pllqur mpglmes ot trupalyiver. erllyoyeblendb and
| ml)l%g p&)@nli]esﬁ ?‘?ﬁgll{gg&n é’ ‘?@1(1” aI lb%flfo &F o fn éspecially preferred

or ea
hepbpimensr it wat @{chabecoﬁ@slhyerlﬁs @T ef Qfo@hip)ég';\nenc material, most
pol ypropyl ene or pol yet hyl ene honopol yner referably
t RETeRblyta pohypropylene grappdveshydens homapgbymeeine type of
polynmeric material (eg both polypropyl ene).
Preferably the or each second |layer is of the sane
t Ppderablyphe firennd thivdehgers ade.of Msdanis t9peofyill ymehie material (eg both

eac second | is of the same chem.cal 20
By 68\% aﬁyﬁ?@'i‘bébﬂ d1e encaspreqan lpyse i elcthespme tyre qfspolymeric

ﬁeﬁ%‘t‘tegﬁgtbl {a(/ldgt véé@fé@di)lf rthengratidpn sec()ﬂﬁ dla?éi‘r: N iy %% same. chemical

r terrperaturethant st a
| agm@pesjition 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
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.

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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Scanning 25 Calorimetry (DSC)¢ of the constrained

pol ynmer fibres extrapolated to zero intersects the
tenperature axis. Preferably, the tenperature at which
the fibres are conpacted is no greater than the

c oIV Rl alpfbm@fqr@bmematoa eachosechd tayﬁlglsaxre{fw@edwm@m laid onto
¢ %Epﬁ% G glto Em dp15§ Iy hg or e%ch Secéllnlel a&&%%!cﬁﬁ% é %ﬁ%ém\l\@ iy QUL i ands of

the e erm es | est " poin
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third Iayer for exanple by dellverlng the polyneric
e denmad g0 YRS epmpisite suiihe fijageats @rdfifrpp or used in the form of a

PSR i DSBS s - con
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| Baliaf QHBﬁxﬁFoﬁérﬁaﬁ&Lﬁﬁﬁtlﬁ M Pcrfga%&é bul lé‘lﬁ:h that the degree of
polymeric materi al e str coul lai d

nonemuv@nww!btyplcﬁﬂgy)e aml,dhdessbhalf thanetthe ntr ancgsamlnsh make up the first
ts or fjbre

Fhldli%:#ng%fs lré ﬁ{)ﬁ%ghl l g y§F a4y, begia & HR of a1p ahty of films, for

eéﬁd’fﬁﬁ;l@ 2f3 Ib@ﬂﬁrﬁefmbnsaonémlafe% WA $i8:10Fihapes - could
be formed into'a fabric by weaving or knitting. Most

preferably however, the or each second |ayer

' f --afilm. The fil
CHRESBES i, B ELh R n Rk S Rt sinibhy I0t biess nor
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of orientation wl ically be miuch I'ess than

OEXQdﬂélnthIOandiwﬂlllchlemkeo up thibleeks when tnderandprdssiod in the ply,

| ayers. The or each second | ayer nay be made up of a
EMPFSF‘“GF%F forhits mElSing teMBGTATE)2-5, but is

preferably constituted by a single film Preferably

the or each second | ayer (however constituted) is of

t Riefémblyshaot eacb)sccemdilmgl U88vqyey comstientqal) éf efftalakyessat least 5 um,

exceeding 40 m and npst preferably not 15 exceedln%
207K (RO Ly BAe 1P ol éthh| tkerencs Wheits ihigkpess when under

bel t
EPEPESADER e ol Pufteley iRl URREARBEE CT Socond

| ayer (however constituted) is of t hi ckness at least 5

nore preferably at least 10 rn (wWwth reference to
nl’gef@ﬁlplézgﬁ thickpgesOf gaslepf 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.

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

preferably exceeds 100 pm.

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

preferably does not exceed 400 pm.



20 conpression in the ply, but belowits nelting

tenperature). Preferably the thickness of each of the
woizowt10z418l third | ayers exceeds that of the or PeaaiB2004/002184

second | ayer. Preferably the thickness of each is at

least 5 tinmes that of the or each second layer. 25

Preferably the thickness of each of the first and

third | ayers exceeds 50 pm and nore. preferably

ekesdegblynibe Oﬁrathseﬁerdaleyfgr hena Pedk EichingeicmpoiaaEn Holeagt i96'C lower
f t I
P B AL 3R B SHE G5 e oy e

POT. /"(Gﬂiix@émtr@@raireférab'!y Rrledse 281! pwiehe or each second

| ayer has a peak nmelting tenperature at least 5 C

| ower than the peak nelting tenperature of the first
5 afdist fbfedreli AUST ?fre HH?rc%ngJ'é@r gll%lcé(ssa(gf he QE{/entl%g Lges a compaction

| ower’, nost preferably [ east 20C | ower. I'S

ppm‘smm‘: et ehegedingel hdfPx oltpacalso prajerosie gme af s1mg1e pressure is used

vent i uses a conpacti on essure not exceedin
S0t 1 RE 6 SrpParR pucrerhablog B et Dl SuEute tetveon 1 and 7
usgeh ok QUEROYEWERE Nakd GONpaAct rtora, Iﬁ’éfé?l%sthat'\@x%t hot compaction
preferred pressures are between 1 and MPa,
pareswe isamnhiptaeadbemg Zoal. 5 MPa. |t |s preferred t hat
the hot conpaction pressure is maintained during
cooling. 10 Preferably the polyneric materials have

NPtefOBY 1He PoBMER hoteAals HASS hbikdeN%buBfc0RaSSs a &Bisﬂﬁkitng process
conpaction, for exanple of the type described WO

9grigsRoompactips, ppgrample @étthet WQe phe@g@ﬁd in .wer&sr bﬁﬁ%97 It is found

£ r rature ndow
iR B O R ehbr 1 Bt e B G" bl g withoun
peley¥ed ifer ofddsEnkiaks have not been subJ ected to a prior
corona discharge treatnent prior to conpaction. Mre
15 preferably the polyneric materials have not been

S 9Fgf§ﬁf)ﬁfd[hé Bol?H{ePi@%'ﬁatél{aGr’saﬂe[@%tot Béél]osqrb}egteﬁqgg%?itol' 88ona discharge

10

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.
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t hrough a conpaction zone whege it is subjected to
the required el evated tenperature and pressure. Thus,
the process may be operated as a continuous or
sem -conti nuous process. Cooling is preferably
effected whi | st the conpacted web is restrained
0 e
Hl%g dscej ofrffgr?: I?%%th &i’zeﬁﬁ@r gr%c})e %Bp unl aXI a:rt?ﬁ mechanical

b Ipﬁ)peﬂidsycxcedfdlﬁ)g tiak nghish Ivlfduldu rbéeﬂsbtaned) rsiagt d Qﬁnventlonal process
pressure The restrai nt nmay assi st_the  maintenance

gdtechiless ik eaplaym melied sscond dayeph ks gartiplar eqlisy P@gtbrepd failure
f
i Eré%@%‘éaﬁd%ﬁﬁlg%fﬁ%%’“éﬁ%&@wﬁﬁééﬁ RSB By ool prpiptained at o

preoceksel.derived fromfull nelting of the second

| ayer and partial nelting of the first and third

| ayers, and an oriented phase, being the unnelted
MRy QkcobdABO Wlﬂh%nse%ncf Nediioh ﬂ%}ar@genﬁ ﬂﬁlerfrtﬁdhstthe@rlg fd%d’eq an article

| ayers. WD 2004/ 103673 PCT/ GB2004/ 002184 By Re ,
ofnadhdyprreeenss of the émstiagpecar ti cl es can be nade Wi th

certain nechanical properties exceeding those which

woul d be obtained using a conventional process which
d%@'ﬁcl@@‘ina%%yoﬂ‘re? 1BEdst @ 18 pREcht! 1ﬁyﬁftron| e RAHABIE Yb@forming into
peel strength and failure 5 strength may be

s slkgpief by a prdogssi aaprashad sulbsiequent nennieactionl (Rassfdyeing)-

mai ntai ned at a good |level. In accordance with a

second aspect of the present invention there is

PP YEsHedhnad vaiht 4 Bif as{f&d%fbﬂe e@errﬁqlersesu@ﬁ thidde i proSided a process
aspect. 10 Articles nade by t process of the present

i Frdermios asshapes artigls|by tbeapﬁleamm@f haat and & plapéng feycedo an article
pr - [ C

( ng-{%:ctﬁ%g ?ngﬂ;]eéf& tﬁgbéeé%g?rg\%ﬁggﬁ E?Iha%ﬁ)y?% aﬂa&g of the thncil aspect may
t be apfleseieet hmyeetshaped heick may, pﬁo@\ékﬁhﬁﬁleabarbeﬁes;arveanomed or
for form ng a shaped article by the application of

heHerHise nan-PIEai-ng 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

s iapedrdantt elig anfoysthfaspecexithp lpesseitenbanion tbere vepiovided an article

daned ar
?ormed%lto 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 (c) of

the first aspect.

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

examples, set out in sets.

In these examples standard test methods were used.
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aspect. In accordance with a fgfth 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 (c) of 25 the first aspect. The
i Avesilei m@dmumandown@ke ﬁtmrxgﬁerweé&élﬁwmmeédfolmng the protocols of

r ef €4l O t S
32\51%: esSe ELE:ESI lar% h arc%?f{} ke%sfotll Vhe %lotocgfd%. of ASTM
V‘D720,04/ 103673 PCT/ GB2004/ 002184 9 Tensi I e m)dul us

and tensile strength were determned foll ow ng the

protocols of ASTM D638. Flexural strength was

d r i I I/

ngg gs%&gﬁlg?ﬁg V\(}(a%{é\4r hﬁX nedbgbﬁ/ egérﬂﬁ-@% < tg% fiSTM big76.
TSE’@@lesti@Sttes%@TM:ﬁl&ﬁﬁm wSiH‘r‘pthleﬂmm tless iang wae gested using a

10m wi de and d were tested. using
c Frsgvad dresse @ﬁ?g m@uﬁma‘ﬁwesm a8 Seftfgl waspae%l#eﬂ.t%dhe warp

OUlreRBypal | eI to the warp direction. 10 In all cases
t hree sanples were tested and the results averaged.
The percentage of materi al nelted was determ ned by

renti.al Scannin SC rried out
i ol EERE It ey e T and Lt EReSR T A Rabri ¢

| ayers were woven, in a plain meave, from CERTRAN, a
250 deni er nultifilanent yarn of melt spun filanments .
offher p@mré@gdwmfopmtgr@r neltgb| wast Higleeminedapyi IRifferenfialoPeanning

R e AR AT S i B AGRuR Tt 2

Modul us 2% secant

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:-

Molecular weight Breaking strength Tensile initial | Modulus 2%
secant

M,) (M) (GPa) (GPa) (GPa)

130,000 12,000 1.3 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
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



(My) (M) (GPa) (GPa) (GPa) 130,000 12,000 1.3 58 43
Sanpl es, using two |ayers of woven cloth, were

wonroeaes@s in a hot press using a two stage pPES&B2604/002184
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process. An initial pressure afp 0.7 MPa (100 psi) was

applied while the assenbly reached the conpaction

tenperature. After a 2 mnute dwell tine at this 25

tenperature, a higher pressure of 2.8 MPa (400 psi)

WA CER A W fcth andrihen pEocgERSA at W6 EHabqVeethe ﬁ@ltags@m%f the film
e r

t oot §88k e Thelfink T B BERHERLTIELYS EREIPE ydye v mace by

Fﬁﬂtﬁﬂé@inng)W}ki&«fﬂofCﬁhmlaERE @ibmetetweent thapebdaysre obfwoven cloth and

138C. Secondly, a layer of the LDPE filmwas |aid

b BERRESINE e ENBEToBORIN63673 PCT/ GB2004/ 002184 10

| ayers of woven cloth and then processed at 126C

(above the nelting point of the film but bel ow the

nmdhe iresgltpof theseabsts e sbowem ta tihlbbelsyw. Finally a

sanpl e was made by interleaving one |ayer of the LDPE

filmbetween the two | ayers of woven cI oth and

FOCeSKapmIal a (e Fios a7 4360 —ot—
hese tggg)s are ghown ﬁ% the tazbl e beel é%‘é’tﬂ Tensile

onpacti on % fi brje t@lepératureengt meltedsi e(Nﬂeﬂnma) atl urmodulus
nmelted (N 10nm) rmdul (O |materi.a GPa) Standard
onpaction 138 26 L8553)2 t(—:cm’ﬁ'tﬁﬂél (ponpari son) (GPa)

Cc

V . e . d-
(Dytgﬂdd}’&:cgﬁl?&{%g\ﬁle J.Ab Li3§ 8 31T ert aveo,7 ?UI—’I: Il m9_2
|

QO—~©o

conpari son n PE cloth 4 136 14 11
I nt er | teehnéghel DPE

(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

For the standard compaction technique without the film, a compaction temperature of
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
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
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film For the standard conpaction technique w thout
the film a conpaction tenperature of 10 138C was

wobamadosasbe opti mum for giving a good nodul usPameB2004/002184

reasonabl e | evel of interlayeribonding (pee
strength). This optinumtenperature was very close to
the point where nmajor crystalline nelting occurred,

at_ 139C. ing.an interl eaved f.il ut pr.ocessi at .
et ke iadgnns Begurprereryhuy o Hitte RIPSFRRyRR@! metting

f iR bbb tfoec. surfaces of the fibres, good

i nterlayer bondi ng was devel oped but nodul us was poor

15 due, presunmably, to poor interfibre bonding as it
 §%&@§#§5Ei§fu|t for the nolten material to

ﬁé fibre bundles. Finally, the sanple nade

wth the interlayer filmbut processed at 136C, where

selective nelting of the oriented fibres occurred, )
showikese hexdhplhe spartigbe| meltadeipenelishig artighsd WesRiuprgeared, using

¢ BRRESAY rstlPoSFBRER i pURBer BT Pl fttusties, USA,
{hk @A MEN 2 ORALAOBRIES PCT/ GB2004/ 002184 11

wi thout the film w dening the processi ng wi ndow as
there is less risk of over nelting at a tenperature

ﬁt 1s§9§fre X MPLE IS§EP§ 5 1In these exanples partially
TG "o ithicarticles were prepared, using

TENSNE Ndanisent eddgpePyet hyl ene tape produced by

§énphetic I ndustries, USA, having the follow ng

cherigtt eristics: 149 Tensile st rength 1.5 GPa Tensile

nodul us 88 GPa Denier 720 This was woven into a

fabric. For the interlayer a polyethylene of closely
SThislvads womee intbm fabsc. dot shenimeerlaFei5oBAyéthyleng phdesdly similar type

Borealis AS npnar k, [ ti i nt 0C. .This. . o
eWe ggt@a]efin}f%{ig%f : W@B%&@g& ggx(egﬁé 'Ai%,_lé%nrﬂ,?xﬁnmleﬁm\éapsomt 130°C.
g’:ﬂéﬁ KPRSSeruled o 8 fhappasGmaikly 10-@X ik ctethidiess! Lbift a standard

film extruder and film die.

Compaction experiments were carried out at a range of temperatures between the
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/m?) 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 rubber sheets and the ply being compacted. Dwell

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.

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
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conpaction range for this materd al (148 - 156C). The
woven cloth was thin (areal density 83g/n2) and to
obtain an even pressure over the assembly during

conmpacti on rubber sheets were used inside the nornal

mepEPal sogPastian e ider theyrthe SHpdRer srprodpeins higher levels of bonding
al Y.

ol T LA TrEHIRRR sl HRAFLpSIEThS: #GLEE Riokmount of
wasl20 Glandrial ptadutdie first series of tests, sanples

wer e conpacted over the tenperature range 148 to

156C, with and wthout the interleaved film Figures

1:Thé pR&CstrdnSRONY th@@nt&ﬁ&%bcﬁ %m@éﬁ%&%ﬁ@%@ b) &t Higﬁ@ttﬁroughout the
and tensile strength of these sa wll be

s éampefratora BN gay cempareth &t navirah cempaatioer | ayer |s used,

the tensile nodulus shows a nonotonic decrease with
tenperature, as opposed to the peak seen with WO

2994/1d 036 "PreREih EBAROH) 0021 8thilat FoN M B0 @ﬁ'ﬁﬂ@é’t ddABern that this
W infer that 'the interlayer is producing higher

| evaglesy ofighidrediontpromisedl byvuecoeiphe titotnyeewpe pidtyad es

meki ng the properties | ess sensitive to the anmount of

nelted material produced. 5 The peel strength of the

| Wehheaueddpeli m sar@hascd midex (BI)2h dnSatféhq%% discern the optimum
t hroughout the tenperature range, conpared to nor nal

c éﬁ@h@ﬂﬂ@m of theecommastiefl shegt pegngrites( Hi we ﬁ@nsg)er \iegstensile modulus E,

S peNN t hat t

o sl feghlts o B0 PR ny PRl 6P Rl ouppegyels cauatty
@l!ta{r@ytﬁﬂ is d&tind8 abaypwievel oped a perfornmance i ndex
5) in an attenpt to discern the opti num conbination

of the conpacted sheet properties. If we consider the
tensil e nodul us E, the{qinsil étr P16 gnd the
peel strength, Peel, as EWHQ % Ev;[qe-}peH"—y is equally
i mportant, this 'P? _dl%()l Bmna an brax

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
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.

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
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
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the 20 performance index are shown below in Figure 4.
Fromthis it is seen that the interlayer sarrpl es show

a |l ess variable conbinati on of properties,

phterayer samplgyiadg atdépterwhiel pﬁe?liqUéQ tatmfrlbcb@rmterlayer but not any

WPERaLe NS EANE B i B P AR B e (et

| ower conpaction tenperature can be used when an
nterlayer is enployed, giving processjng_advantages

5 EXANPDRISET C|Thassesddy df t Hieel exapl deesisl oyled Tensile

vorfrme R 1 orfHRITY SRRCOR HSRES | strengtn

roperties of corrpactﬁeg)sheetsNVMQn)BO at(Gtpay ee (MPa)
enperatures: a normal conpgcted sanple made at tlhe

t Stnnibrdicappaatiom|t enpédht urg ofl0ISUT, an29.6te3 Payer 53555
arrpl(}g%(gade at 15%2C and a cdgnpari son WD 2004/ 103673
’(5%1”502184 13 interllayer sanpl g nmade at 135C,

|c cd z@fg@,%x)g to nmelt thejinterlayer| but not any
art _of the TENSYILON tapes. |{The results are sho

el Waversaliploth Asgenbl y5Peel |Telbsd £d.5Tens2p 8+ 1.6 483 £ 28
onf i Ig\ll;’” tion tenperature stirength nodul us strength
O ( ) (Gpa) (MPa) Stlandard conpaction 154 10
7w%9er{5PE3109h 53~ 55134 echri qs@ H6.oNpar i $8my 2 7\vengs + 25

E cloth + 152 10.6 1.5 26./18 1.6 483 28 inter|l ayer
interlayer

TV o mMm—~DN ™

%

1'] N O OO

(comparison)

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 100GAO2, was obtained from BP Chemicals, Grangemouth,
UK.



Wven PE cloth + 135 5.9 0.9 14.5 2.7 283 25

interlayer (conparison) 5 Conpacting at a tenperature
wousd4/1akose the nelting tenperature of the inteciaB2004/002184

but below the nelting range afy the oriented tapes

(135C) gives nodest mechanical properties. The sanple

made at 152C with the interlayer shows conparable

val ues of tensile nodulus, strength and peel

st hefiljnhad gherfoHe WHSHTOPETESR: nor mal conpacted 1o sanple

made at 154C. Using the filmtherefore gives the

prospect of |owering the conpaction tenperature 2C,

i Mor easi ngg,1d@ w dth of the processing w ndow.

EXAMPLE SET D 15 Tests were carried out to investigate

tﬁ@”lnpac@a%QmLS|ng interl eaved | ayers of

p pyLene ilmin conbination with the nornal
> g?)ég{ép vvov%% Ilapes. The PP filmthis tine was

the same polyner grade as used for the drawn and woven

RERT O R R e R AT L
Pgérﬁﬁ;%gtgpd Wé Elﬁrusmescfe'vd {ﬁlch@%dt st @ and 4.6 m/min)
properties = 360, 000 '5 "Densi t 910
Kg/etﬁ%cﬂosema@h ehedt mtfdmothuﬁmssg oﬁaﬁfr&bﬁﬁﬂsﬂy 1Siunol & Iﬁcmmd.
extruder and a standard filmdie set to a tenperature
10 of 260C Ext rusi on screw and wi nd up speeds (8 rpm and

4 e 11&% o o gnlf%ﬁﬁ‘% 6‘%7%| staF1 e%ng/i[ﬁ itﬁr)]ef film as an

apprOX|na el S pro uce

t Reerddyedyanasvittouieoompatsohy ® nekRge thé igmapl e, anwiidtbrlayer on

the filmas an

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  melting 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 used was a fabric woven tape, formed from a slit film, 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 5.

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

the interlayer.

30

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

these had been reduced in any way.



interlayer, and w thout (conparison), to assess the
i npact of an interlayer on conpacted sheet

wonropaonsd7es. DSC tests, carried out a heating Par&B2do4/002184

10

15

20

25

30

10C/ mn, showed that the pealkgmelting point of the
filmwas 162C, while the constrai ned peak 15 nelting
point of the oriented tapes was 194C. Conpacted
sanpl es were therefore nmade at a tenperature of 175C,
hi gh enough to nelt the filmconpletely but not high
eﬁ?HQ&uft?a&% 560 AN¥: Jbtdmpf the oriented phase. The
erira use vvasa ric woven tape, fornmed froma
slit film drawratio 20 nomnally 10:1, woven in a

6060 style. A si ngle pressure process (4.6 MPa) with a

dvist Jhopingig [igurs Gy ithia Shegepsivental S5aHar &9 w@cwtsdéffereme was
c e 1 1 ] fe ¢ 9 . d
SRSt 0 Al s e 0 B9 sl
cotah tovimtrelativély @ogitantietheat 191gandl BX78@ Sor Ecﬂhlsetstdf @amples. Thus
first set of tests, 4 |layer sanples were nade for

neh Hi ehehtestsithe H&rqdﬁ@t&q %i’e‘fhm BRAT SarERh b veeR FIWgwoven layers
t ?\gs n(;r disP&fib1d fe?ﬁ%mﬂi?ﬁeffe%? Yh bR c%'hﬁ)agﬂeg @5111#)1@ n%cﬂﬁ‘ﬁ

seen t conpaction“tenperatures,
peel strength is higher when using the |nterlayer 30

TiFer aRxtensleagiRny@sesidisiepaaurie Fifige St thesSwat & dleArer difference seen
behavi our of various materials to see if these had

béeiveee diie 1O | s§tsaply sanaples. \igsro gba samBley 3nade with the film showed a

PC

6%%%99%&%ﬁ%%h?%%%% g?r[els%%dt Tor aﬁy fﬂg&gl){feg?fce qu a§§est at the

S t@vdraemperasirgnilidnched isl hftfeeyuﬂ’a&emm g db tlmemEnl&et tapsnHowever,

the initial tensjle nodul us of the t wo

s &K Bsthe ToRimpRLEqTaPICHON Egh, the THha S.aapgqslsv |S§)0W a slightly higher

C?eﬂﬁfl@mren% ween 191 and 197C for both sets of

sanpl es. us in this set of tests the introduction

of athin filmof material between the woven | ayers

h n scerni bl e detri nent eff on the ¢ cte
i‘ﬁsﬁﬁéﬂﬁéa@mgresqn& EOVIRY Pgﬁ’&f%}l fétffoé]h @‘%%tefleg%nﬁ%spee? strength

S RN AT FEHoBOIE b rh%[é%i m%e)a i @%Ie&rofqiefsf ﬁFe?l@Fhe t§n‘%ﬁ@ modulus,

between the two sets of sanples. he sanpl es made

witarisile kigenigih andsflhidwwe dtrain.

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

E, | O | B |y Peel,
Ell'la‘i Gmax Smax Peelmax
PI =100x ‘ - :

4

follows

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
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
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This difference is largest at the |ower tenperatures
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tapes. However, even in the 7gptinmunm conpaction

range, the filmsanples still show a slightly higher

15 tensile strength. The table bel ow presents a

summary of the results fromthe tensile and peel

sﬁaréﬂ@% fvhep eapakysehgr vhis r 6% It SVisl thio Pesd %@g@) showing the most
t; strength, tensile nodulus, tensile

S ?@%@t aﬁgﬁgéflure strain. 20 In an attenpt to

di scern the optlnun1conb|nat|on of the four paranEters

ment j oned above, assess the, inpact o

i Hewil Reaseer that the PIt‘ﬁ’S’ef tﬁ%m@ewa@wn%e@an%%& the invention,
ved:

eg{l}k }9?[?% %g{l)frnt %n?tdaﬁtai&g]e?geeggﬂ: tﬁ&f&fé\?\g&dﬁlﬁﬁsﬂcﬁﬁ}ﬂuvgl%e at each

) gived c¢ompae(ioPaehperfiure=10lhe Emixpeﬁifu),rmnc@ w,aa)achieved when some

Peel , , ,, 4 re the subscript T re to

R AT1he BOHR PG ORI, BOP o A GORREN oiSrps are of around

Ma¥01167 &F S ThOPI PAnERAE H%mmlth@“ﬂ%ﬁa wWredahpe, al | the

sanpl es. Val ues of the performance index are al so
shown in the table below and in Figure 8. It is seen
. °Ooi’ﬁ1ﬁ1fchaﬂ€ r TemiRl esrdigile | FdiRirt ¢r  REeRNCEPBfformance
ngl%m 1Rd thedd1ie | eeRgth |Vrdii04 dPSfiR Index
4] 54 |40 (eplp! eIMPS] 6::@' Y3 eQ/iotb!| S (PD)
I IC FCC t _Ilg 11OV Y lIIC
'ﬂprng I?g i l7|seen that éf$; val ue 38
q anplqgonade |93Qccard@gce W tih the Iinvention, 4¢
5 enploylng a filmlas inter|ayer, |exceeded the
¢orrespondi nd87 no f|i | &24val uelZ eacHS gilven.89 55
(:Or‘r'pactl oh—t-epper-atiut The—best per for ..B—Fh’:—e—ﬁ?as
achi eved| wh Egg ngﬁgln Fﬁ%he wdVen |fabiic tpok ©°
pl ace, nptabliyjat a cqmpacti ofx4 enpengture afgg@aropind 74
193 3.43 155 15 7.53 77
195 3.4 138 21 7.2 80
197 3.39 137 20 > 7.2% 79
200 1.4 29 20 >7.2% 49
with film 175+t 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 3.49 136 20 > 16.6* 94
200 1.4 29 20 > 16.6* 63

* samples too well bonded to be tested in peel test

T comparisons
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189-197 C. The PI value was higher in the "interlayer”
sanpl e. Conpaction Tensile Tensile Failure Peel

t enperat ure nodul us strength straCn/GB2004/002184
strength Index (C E (GPa) criy(MPa) F, (N 10nm (PI)

No filmt 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 76 193 3.43 155 15 7.53 77 195

3.4 138 21 7.2 80 197 3.39 137 20 > 7.279 200 1.4 29

B s 7 o phopleR ripsylfdulfilyd 0 25 g0 31

163 18 11 84 191 3.13 168 18 12.3 87 193 3.18 173 20
13,7 195 3. 44 15Q 19 _16. 197 3.4 >
1dhg sampls Coppicedyiiy Spd Lt 1 B Cterd seledan o Tbypicroscopy of

WBlelr fP&ﬁq@guﬁ&eQ?oﬂo%h% edl 'ﬂasﬁﬁ%' Tﬁ@ﬁmé)'lés FORPRTHIRANS
WO 2004/ 103673 PCT/ GB2004/ 002184 17 SEM i mages of

pol ypropyl ene peel fracture surfaces The sanpl es

e—at—1#5—1 91t and—193C6-were—setected—for—SEM
fnpgfggggpy%‘&pﬁ)'lé) 7" Compaction” Details
temperature
O

comparison 175 No film

comparison 175 1 layer 100GAQO2
comparison 191 No film

invention 191 I layer 100GAQ2
comparison 193 No film

Invention 193 1 layer 100GAO2

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

Compaction Without film With film
temperature
O
175 0.63+0.12 5.21+£0.98
191 498+ 1.6 12.3+4.1
193 7.53+3.52 13.7+£35

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

as follows.

175°C — no film
Fig. 9:

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

Peel fracture loads (N/10 mm)

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

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




5 their fracture surfaces follow ng peel testing. The
sanples were as follows. Sanple Conpaction Details

woenpaonzd7sire (C) conparison 175 No film conmpRCTAm®2004/002184
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175 1 layer 100GA02 conparisory 191 No film invention
191 1 layer 100GA02 conparison 193 No film Invention
193 1 layer 100GA02 The neasured peel strengths for

t hese sanples are as shown in the table bel ow
CHighd €t i ohhipvipiegiaPhi(x AP fhowsthe prel frapkyes wrigee fqrde sample made

172,053 o0k B, PR 86, 0 Uit g i e

associ at ege SENNHIG QG amb fgﬂa[pﬁs Fth@amoAnd 8f s|PRIFBRAMSg® Borrelates
t hese m crographs are ollows. is 175C - no film

Fig. 9: Trrg wedl with B nealgitiengtbats bsingie dense s ithe sy of energy
showi ng t{%a?@me L%Peqt%e A Pcteﬁrﬁ‘ﬁﬁ LByt &é}%?ﬂe g&ilﬁ%ﬁded the

point 1Is IS conpacti on tenpera

75C, the faipespiabetds hetwayahs laes smsihgpiae Idyinia%@@lﬁdia low peel
WO 2004/ 103673 PCT/ &B2004/ 002184 18 FI .
ni cr ogr apiRag-xI3bg layEvare trrdl prrgled ﬂhﬁcf@ﬂl'ﬂré Féad? hag o meye into the

the sanpl g %éﬂ‘?&ﬁqg% &71%55%} H}H]b Phibh lifredSE e 1hleIIBRY and the

little surface
samples then show a much rougher surface appearance.

175°C - with film

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

Fig 12:  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 underneath, i.e. where there

is no film.

To summarise - 175°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
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.

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



seen fromthe [ater m crographs, the amount of surface

damage correlates very well with the peel strength,
waohaosg3evi dence of the anmpunt of energy 5 neeu&mB2003/002184

separate the surfaces. If the ypoven | ayers are poorly

bonded, the failure proceeds between the |ayers

causing little damage and a | ow peel load. If the

| ayers are wel | bonded, the failure path has to nove

into the ofob918Rs etheraphessurigpest ofethe jorieniedytapes axpinet beginning to

I ncreases_t

mch r oughtl- whnrsze aopR e SEURER SR iR Gea sheet i

Fig. 11 ﬁbieshdlﬁog'knle&w MR@Nintividial @pesiit fRUoAAcY shEd: are less
of the sanple edge. It is seen again, that at this

t enper at uar@ateﬁétl1aaytéi7s,5°§3r(ﬁlgua®é@ are |n gener al
ded 15 Fi

s PRAL ' or DR BiicrgRuaph &y 301 o8k et RGeS Bk @ifble made

with the intogrdaagmorhgrBmt B8 Wddlamuasy é&&atue&e i feRsed surface

correlates wth the neasured |ncrease i n peel

st r engt h. dddoage\cempitedits tizd sinpdesiade hiat75C@eAs mafhemost traditionally

t hensel ves are not wel |l bonded tqg those underneath,
i e. wher@mmigied samplesbi-¢ .w%oumﬁ*m) g FpRgesdamage sgatchy: there
results .
above theéil?i P%e?rrg 1|tO %l%hg%:jtrl?t C@ﬁﬁgé be %@vg?%gh%%t%y%em itis
10 tenperat uless sshere the oriented tapes nelt, gives a
structure which is well bonded where the filmis
present, but poorly bonded el sewhere. It is clear 25
t Rg{od+L Vwﬂygﬂnbe very difficult for the filmto
penetrate through the woven tape |ayers. Processing
afFig 15enpEiaisy Bwwehgnifiedtow rhiceo gnadht (xr50) bémaemapldareelgeflt is seen
the oriented tapes, and uBlng no fil gi ves E
bondi ng ttﬁﬁfoatgi#&ﬁenamgﬁ%l@r g ilieEs argowe P@n edyghe js lwme is now
15 Fig. 13: %&h eh§ R | ow magnification mcrograph (x 50)
show ng the sanp e edge

Fig. 16:  This micrograph (x 30) shows that a sample made at 191°C with a film

develops a large amount of surface 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.
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the oriented tapes are now begignning to nelt, the

| ayers are now nmuch better bonded and the conpacted
sheet is nore honbgeneous. The individual tapes in

the conpacted sheet are |l ess apparent than at 175C
(Figure 10). 5 Fig. 14: This mcrograph (x 30) shows

t el . e surface for the sanple nade at 191
Cﬁﬁfgﬁbhykéefﬁ#ﬁ As woul d be expected, there is

| Wy, @dsed Talsrshawe (x3daapge fernpasethcedrdnhe ssapleleadead €93°C
at 175C As with nost traditionall conpact ed sanpl es
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there ar r NS reqé
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Fig. 15: Tiick ak thadoh dw saagie rhadfaettllélhﬂnvuhmky’rﬁ}nﬂn The &OYunt of
of the sanple ed i.S see

t enper at uf f%%@ﬂ?@g%?@le&?tss el it aﬁaﬂwép%ql japde-yfig with the

i s now 1g ﬁﬁg‘ﬂ%@%m@l"d:\h%ouﬂ-ﬁle f-lmi $heHah{-28 "s@é?lrb\[e%(the area is
30) shows that a sanple made at 191 Cwtha film

devel ops aatchy.ge anount of surface danage on peeling,
reflecting the higher peel force neasured for this

sanpl e. The danage is now seen to be nobre even across

t ho3gaRie Mpl f ace. Perhaps the introduction of the

film20 at the interlayer is able to even out any

| &egall8di f Thiseniceagriph (KB whigh shews wgiongwihere thelyzehas b¢dntcohesive

h 191C. |
i m ana BPBE ST RS PRy eediaye Telle e e mmape

oriented §RpescebEiN sl gﬁbestg 5he[f&hé failti® dU§lE et H€ombination of these
conbi nati on of an overa honngeneous structure and

i nterl ayefwe 8Widens (the meak point in the structure)

whi ch are very well bonded. The |evel of danmage (i.e

bonding) is nore even over the surface when using an
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

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
higher than that on the corresponding 191°C surfaces (Figs. 15, 16) reflecting the

associated increase in peel strengths.

EXAMPLE SET E

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

temperatures, with and without an interlayer, were tested.
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Fig. 17: This shows (x30) a peel fracture surface from

a sanple nmade at 193C without a film The fracture

surface shows a simlar anount of damage to 5 that on

t t 4
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the sanple made at 191C without the film the damage
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18@;@b?¢g§du%[ﬁ Sﬁg Alti:ﬁ)é/@ ghlg‘?‘elﬁnef@ gfeo%%@é ?1 wgwgq‘flés of the two sets of

t empplesatary eemymrrelat hléemraleptoedrtieameak e corhmctiorltémperature of
produces  t conbi nation of an overall honbgeneous
stPds &IQO s S F2MREEr | ayer regi ons which are wel |
bonded. The |evel of damage (i.e. bonding) is nore
even over the surface when using an interleaved film
| EXASMPILEEBEEE that the interleaved filmis able to
nore easily fill any gaps which m ght be present when
the woven | ayers are pressed together. The |evel of
u ag ééte&fnteﬁp cHb& éf%ﬁ@ﬂ%?émﬁfcﬁ(ﬁ&s%ﬂpu&dﬂ %ﬁr{g fhe same method
and polypropylene material as was used in Example Set D. As with the examples

above a film of thickness 10-15 pm was used 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

following table.
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The results indicate that the tensile modulus falls for both temperatures as the film
thickness is increased; that the tensile strength peaks for the single layer film 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.
The results, taken together, suggest 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

In this example set SEM microscopy was used to study peel fracture surfaces using the
same materials and processing as described in Example Set B but having 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).
Figures 20 and 21 are views of a corresponding peel tested product, but having two

and three layers of the 100GA02 polymer film, respectively. By way of comparison,



1 layer 3.13 0.05 168 8 12.3 4.1 2 layers 3.17
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3.180.09 1734 13.73.5 2 layersg 3.22 0.18 144 5 9.6
2.3 3 layers 3.01 0.37 1609 11.74.3 The results
indicate that the tensile nodulus falls for both
tenperatures as the film 5 thlckness iS increased;
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Set B but having multiple interlayers. The processing

t r r s 193C, so the figures of Exanple Set D
conpari sons are Figure 17 (no film and

Figure 18 (one layer of film. 20 Figures 20 and 21

are views of a corresgondlng peel tested product, but
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1) A (30pm thick) polypropylene film of m.p. 163°C, obtained from ICIL. .

2) A PE film made in-house: this employed the Brabender single screw extruder and
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 described
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

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 made of the application of the invention to

polyester (PET) materials.

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

Type T51 -1V ~ 0.85, Mn ~ 22,500

Polymer

Fabric weight

Oriented s

hape

200 g/m*

1100 decitex

multifilament bundles




mat ching 3.09 100 7 5.2 0.64 10-12 PP filmt
2.45 86 1.3 0.72 30 filmt

ICl PP
PE filmt 2.51 92 0.7 0.68

wWoQoMAE036193C no film 3.43 155 15 7.5 0. 47 nmat ebamaB2004/002184
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3.18 173 20 13.7 0.51 10-12 PRR filmlIC PP 3.08 103
23 8.7 0.58 30 filmPE film2.70 113 28 2.3 0.53
10-15 t conparisons The results indicate that the
best sanples are those made with the matching PP film
5 VEsaxRsEe SETPlain weaysi s exanpl e as assessnent was nade

of the applicgl he invention to polyester
(PET) materi a?}sgl.tﬂlrlé(%&)%ben PET fabric, and pol yner of
eseea cal

aPealdmni.i cal conposition, were supplied by
KOSA, GmH and Co. KG The polyner and fabric details
were as follows 15 Pol ynmer Type T51 - IV -- 0.85, M -

5 bk | . _ / . |
24530y 208 8 M40 0 SR IR B s
PG @82 084 O0ShAIBET filkh, ofi aiffersit yhemichladiompueiva to the woven cloth,

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
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,
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
O (GPa) (MPa) (N/10mm)
257 No film7 4.51+0.18 88+ 18 1.2+0.2
Same film 5.69+0.52 178 £ 16 5.1+£0.6
258 No film7 496104 120+ 5 2004
Same film 6.65 £ 0.69 175%5 59+14
260/ No filmT 6.41£0.77 138+ 16 72112
259 Same film | 7.27+0.64 188 £ 8 6.910.9

T comparisons

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.
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The results are as foll ows. WO 2004/ 103673

PCT/ GB2004/ 002184

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
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

SEM images of polyethylene peel fracture surfaces

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

available and so the Borealis FL.5580 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.
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manufact ured as describéd in Exanple Set B using woven
TENSYEONhd Orehs PRllavapes (6060 style). Sanpl es were nade

with and without an 25 interleaved film In these

tests a filmof the sane grade as the oriented tapes

W sN@i_25av Q'htaﬁbhgu@é" ShiP 18 enBartratibs nfik@288hs of typical fracture

material, a simlar grade, was sourced. 8 sanples were
studi ed, hawiufgeebéom gompercned: withagsdiin 4835, 142 E53rdd 154°C
154C, with and Wi t hout

interlayer film
subj ect ed t &°SPRENSBRIAY @gtcompﬂCUOHY

surface damage increases. At the lowest temperature, where there is no

and
empelatme is 11lcleased the level of

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
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,
152 and 148°C respectively. All show increased surface damage
compared to the equivalent samples made at the same temperature.
Unlike 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
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1.5 154 102.73 13.43.3 Peel fgacture | oads (N 10m)
The associ ated SEM m crographs are Figs. 22-37 herein.
Comments on these mcrographs are as follows. 5 Figs.

22-25: These figures show | ow ma%gl fication
ni cr ogr aphs 98Mags seesia thingtbe priented fApescd S ff Bip SEppIaBge Where

made Wi t houtpaa, fs Ju t%tl&l%&fac%z}ﬁeltlﬂ%%f He upjegd'

respectively. e conpaction tenperat

i ncreased t er tlmvcﬁheldiampsmtlfranmecfaﬂlngenmdwreeﬁs es haﬁet occurred at
t he | owest te ture \/\41 there i.s no 10 sur

nel ting of lt}F? Oé(ﬁ‘é§] Rwiace; se-rd 1etshanriig! @hetsﬂ’é “Hailure. The

tapes. At 148 ?mﬁﬁnééﬂ@s M RELSoRMirni e al BPESmBIGtion of film

just beginning to nelt, the tapes appear better
bonded al t hoeding dnel ipeléshg slithedgesowaresudhear of

damage. At 152C surface damage has increased,
reflecting the increase in the 15 neasured peel |oad.

Agignisph t he 1?&@55@11&3 ,shéxhﬁoﬁé epe BlnSHdRAERIIRBREE at 90° (o it,
are vari abl e when a Imis not used.” At 154C t he

damage i s fuand b@rﬁrmmoé:aménh.g betvgsn2le Afes Ahleis eerhpausiture.
m cr ogr aphs show sanples made with a filmat 135, 148,
20 152 and 148C respectively. Al show increased

syfd 8¢e damagsC 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.

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).

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.

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.

Fig. 37: 154°C with film: this sample gave the roughest peeled surface seen,

which correlates with the highest peel load measured. At this



conpared to the equival ent sanples nade at the sane
tenperature. Unlike the PP studies, the filmis stil
woieidloss7en some of the fracture surfaces, PCT/GB2004/002184
particularly at 135C. As the eggnpaction tenmperature is
i ncreased the anmobunt of dammge increases. Only at 154C
is substantial WO 2004/103673 PCT/ GB2004/ 002184 28
damage seen within the oriented tapes (i.e. at the )
t enper at ur ecoipecsiontprap@aiuse garwstapagars e pacehesive. The piece
mel ti ng of ta . t ‘o
a1 ure modt CUbAB TR il oS Rhbgo bRpRL Bl P acoining
cl oth surfaege oh.tlgs othtr duefasd. partial adhesive failure.
The 5 best performance is therefore confirned as a
conmbination of film nelting and nelting of the tape
5 outer surfaces. Fig. 30: 135C no film shows one tape
goi ng underneath another at 90 to it, and confirns no
bondi ng between the tapes at this tenperature. 10 Fig.
31: 135Cwith film this high magnification m crograph
shows surface danage and tearing of the interl eaved
film but that failure has occurred between the film
and the woven | ayer in sone instances. 15 Fig. 32:
148C no film this mcrograph shows a junction between
tapes and indicates nuch better bondi ng between the
tapes. However there is mniml surface damage
suggesting the surfaces were fairly easily separated
(i.e. low peel strength). 20 Fig. 33: 148C wth film
shows increased surface damage but still adhesive
failure. Fig. 34: 152C no film increased surface
damage on this sanple conpared to the |ower
tenperatures made without a film 25 Fig. 35: 152C
with film shows adhesive failure.
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this sanpl e gave the roughest ypeel ed surface seen,

whi ch correlates with the highest peel |oad neasured.
At this WD 2004/ 103673 PCT/ GB2004/ 002184 29
conpaction tenperature the failure appears to be
c8HAIMS  The piece of filmon the left shows

evi dence of material peeled off the adjoining tape on
the other surface. 5 WO 2004/103673 PCT/ GB2004/ 002184
30. ClaApiEest.foAtherpao@ssioh @f at fudyrperiduticle) theoprodess comprising the
polymeric article, the process conprising the steps
ofteP$0fa) forning a ply having successive |ayers,
nanely (i) a first layer made up of strands of an
oriented polynmeric material; (ii) a second |ayer of a

pol ymen)i formger plphavi(g sugeessivenyats,lmyety made up of

strands of.an qriented pol ric materia wherein |
the second | aﬁg‘I‘St HET J Sﬂén?bté%ﬂgs ﬁt?‘i‘ PH@‘“?%F@W pogif material;
than that pf ats&%nﬁ 4yt oﬁzﬁ‘ﬂol&ﬁiehg n{a@éﬁ%ﬂ s; (b)

subjectlng the ply to conditions of time, tenperature

and press(rg sutifd l@y@nnadetup Qﬁsh‘an@ qtfratn[Imentedrpotbfmetrt@enaterial,
first Iaye t o.nel rl er enjre

15 nmelt a &F{?ﬂ}b}hﬁsgff?ngf a}feﬁglaﬁ # q,vber g%pﬁ t%&e%/l’Ber%trl]Jge tth%n that of

conpact t R fpkdandangd (§krsco0l i ng the conpacted ply. 2.
A process as clained in ciaim1 wherein the strands of

an oriented polyneric
(b) subjecting the ply to conditions of time, temperature and pressure 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
(c) cooling the compacted ply.

2. A process as claimed in claim 1 wherein the strands of an oriented polymeric
material of the first and third layers are of polyethylene, polypropylene,

polyoxymethylene or polyester.

3. A process as claimed in claim 1 or 2 wherein the second layer is of polyethylene,

polypropylene, polyoxymethylene or polyester.

4. A process as claimed in any preceding claim wherein the first, second and third

layers are of the same type of polymeric material.

5. A process as claimed in any preceding claim 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.
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wherein the second | ayer is ofzipol yet hyl ene,

pol ypropyl ene, pol yoxynet hyl ene or pol yester. 25 4. A
process as clained in any preceding clai mwherein the

first, second and third |ayers are of the sane type )
of- poAVRECES Fa¢lained) in any plegpding shimsWhesimig seqonthiayer is of

pﬁﬁéﬁﬁéﬁﬁﬁﬁéa%ﬂkﬁgﬁbﬁhﬂ-the second | ayer has a 30

pea atre at least 5C | ower than the

peak nelting tenperature of the first and third

| ayers. WO 2004/ 103673 PCT/ GB2004/ 002184 31 6. A ‘
procedsPEsess| ai plaidnddninasiy preseding répie] whercihgeeiegonchtayer is of

Sﬁﬁ%&%aiﬁﬂ&ﬁtg ©Of thickness not exceeding 100 .Lm
7. process as claimed in any preceding clai mwherein

the second layer is of 5 thickness at least 5 m 8. A
process as clained in any preceding claimwherein the
sécond PRyes S<Climed ip gnprgdcceding qlaimy WoRted theesepprdstayer is pre-
ot hiyrd ' £ (a) .:9. ocess as cl ai ned

O Fort U the JAEnd fhe Hritfor Bl 13 8) lg;?te B im0, A

process as clainmed in any preceding claimwherein the
conpaction pressure ., does nof exceed 10 MPa. 15 11. A
pgoceéspl‘ageSé PaFlRkERPd i Cfﬂw Spwé%‘@ali tﬁ@ SEPad FRYRhE A t he
strands are in the form of tapes. 12. A process as

claimed in any preceding claimwherein at |east 1% of

edfh df ptohess asiclamedmu ahpipratediag edaimewhere(nvibk /coolpactfon pressure

I er). 20 rocess as clained in claim12
mﬁé@s‘%eﬁFﬁanQ@p % of each of the first and third
| ayer nmelts (vol/vol of |ayer).

11. A process as claimed in any preceding claim wherein the strands are in the form

of tapes.

12. A process as claimed in any preceding claim wherein at least 1% of each of the

first and third layer melts (vol/vol of layer).

13. A process as claimed in claim 12 wherein at least 5% of each of the first and

third layer melts (vol/vol of layer).

14. A process as claimed in any preceding claim wherein not more than 30% of each

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

15. A process as claimed in claim 14 wherein not more than 20% of each of the first

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

16. 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).



14. A process as clainmed in any preceding claim
wherein not nore than 30% of each 25 of the first and

wohoostodayer nelts (vol/vol of layer). 15. A pPOTEBR0EN02184
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| ayer). 30 16. A process as clained in any preceding

cl ai mwherein the proportion of the ply which nmelts .
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oriented regions which are the unnelted portions of

t a1l gqojesk seapwfl tappy @epthglewyh dhimated Mga%ol%a?@ﬁgs @htherfirst and
sed of the nelted and cool ed second | ayer

?%%gﬁﬁgggmﬁth the nelted and cool ed portions of the

first and 5 third layers. 18. A process for form ng

an article with a shape, by the applicatjon aof heat

ARY oA RRESF ey TOBPEE AoHOISON i PEPo bY the applicalipi, phgat and a

i i 2&1%1 i@ bd Ghfnddh et h a shape by

aﬂgﬁg éggéggaégllnéﬁ%?ﬁ c 5?w118. L20. A ply having

successive layers (yet to be secured together), nanely

(1), el U TR e B s BASDR B

pol ynmeric material; 15 (iii) a third | ayer nmade up of
strands of an oriented polyneric material, wherein the
s2¢ond plageving agcesshwieyerpesk tonks secwgd tegegeranamelyt han

t hat the first nd third. ayers.21.. A,process, f.or
fabri Bhe | s ot padf Poobifaper &Y gy fapie el
artlchg t@g@oﬁ@hg@g@fa y@eRs hakddagl | y as herei nbefore
described with particular reference to those of the

acconfiihyi Hyrddrzarmrasie untnif sharilsd ap peieptgdl polyiericapatental,
? %g%:%hg{k{eg%gé%f ﬂ‘}j/elphaarstal I%lwer ri'a%l\ll hﬁgtilpgf teﬁ’l%loala% Whn that of the first

and third layers

21. A process for fabricating a polymeric article, or a polymeric article thus formed,
substantially as hereinbefore described with particular reference to those of the
accompanying examples which describe full melting of an interlayer and partial

melting of adjoining fibrous layers.



