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PCT/ GBO2104572 The present invention relates to polynmer sheet material)sh W@UG
fromoriented olefin -polymer fibres or tapes, and in particular an

i mproved pr¥@&¥YSEYr naking such 5 materials. In recent PpemaBoO2asvE| opnent s
have been made in processes for conpacting polyolefin fibres in order to
make sheets of high stiffness and strength. Two-step conpaction processes
for nmelt-spun fibres ePRICEHF FERNTAGRI CBNFaLPHFRODAENE FHBET are wel | known. 10
An exanple is disclosed in GB 2253420A, in which an assenbly of fibres of an
oriented polynmer is hot conpacted in a two-step process to forma sheet
havi ng good nechanical properties. The process i nvolves an initial step in

which the fijgj e;g‘tg?eﬁ?mx@ﬁt?&ﬁ%iatésq %@{ﬂf&t é’ﬁﬁﬁ?ﬁﬁohfﬂ%én%ﬂ)ﬁfe ur e

whi | st subj ect a pressure mal n ain res rn contact,
and t her eaf tpolymernfibres ed tagesaadd gy ppmalwraa ibdprqvea-frOceb®dPr tmaking Juehv seconds
(the corrpsactr on. EFiressure). In this process a proportion of the fibre

surf aces, fv from5 to 10 percent by weight, nelt and subsequently
recrystall | se on cooling. This recrystallised phase binds the fibres
together, resulting in good nmechanjcal properties of the final sheet. 20 It
is menti oneci“rfPPe@}’%Qmmeﬁﬁt aye, beap Taded B pMﬁsseﬁefoaﬁwppasang golyalefint ypes of

ori ented pol | agu}fnpg gpe) but
that preferr % @‘ﬁjﬁ‘gfré’sﬁgﬁ"gﬁ‘%?‘?ﬁt % | ns oI ye ?E&Fgéebi&tg he only
pol yol efin precrelsses rfadmela-apmli fsbressedplpymglhighodomﬁaetmameqsms am2~5e11 knoi@.

98/ 15397, an | roverre cess,is disclosed dn which an
assenbl y1 @B?ﬂﬁdﬁsﬁ&s% F%b%%r“zé R WE} ﬁt%‘l ?Fé‘anﬁlﬁ fnﬁl?rﬁ%f)gaﬁont act
at el evat ed orteﬁféraqfo@&mes Ii(btfcf)in@hcﬁéﬁ int DtwRitep Propeése BPfdrinQshebt Habihgfddad es,

whi | st being subjected tQ a action pressure of no greater:than 10 Mra.
This si ngl e-B¢dgnicyl CRKPW%%SSUT@ PI9FGsE drvolves 38 ipjtigh sier dn the Jfibges, amR g

excel | ent rrerﬁbﬁ’gmqal arldl R84 | 88 -cotrpatohN@thp Eﬁﬁn@%}ﬁlhtbﬁﬁﬁe&% DPf&afteen

subj ected to a prior crosslinking process, re erab
sufficient to maintain the ﬁbres in contact and thereafter compacted at a high pressure

15 (40-50 MPa) for a few seconds (the compaction pressure). In this process a proportion
of the fibre surfaces, generally from 5 to 10 percent by weight, melt and subsequently
recrystallise on cooling. This recrystallised phase binds the fibres together, resulting in
good mechanical properties of the final sheet.

20 It is 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. Polyethylene is the only polyolefin

mentioned, and is used in all of the examples.

25 In WO 98/15397, an improvement to the above process is disclosed in which an
assembly of melt-formed polyolefin fibres is maintained in intimate contact at elevated
temperature sufficient to melt a proportion of the fibres, whilst being subjected to a
compaction pressure of no greater than 10 MPa. This single-step, low-pressure
process also produces products having excellent mechanical properties. If wished the

30 fibres may have been subjected to a prior crosslinking process, preferably an
irradiation crosslinking process comprising irradiating the fibres with an ionising

radiation in an inert environment containing alkyne or diene compounds, and then an



i rradi ation crosslinking process conprising irradiating the fibres with an
lonising radiation in an inert environnent containing allcyne or diene
conmpounds, and then an WD 03/ 045660 2 2 5 MAY 2006 PCT/ GB02/ 04572 anneal i ng

step conprising annealing the irradiated polyner at an el evated terrp%gwg@g\ﬁ

i n an inerty&mddsQprent containing al kyne or di ene conpou
it is stated that "the hot conpacted materials are preferggf/yl;hg% dto 5

anbi ent tenperature under controlled conditions. Rapid cooling is |ess
preferred. The nost conveni ent techniq is to allow the conpacts to stand

in the air unti] they have, cooled to amhient tenperature." The exanpl es of
GB 2253420A%52kng stersampsising appealing thejfradiated) polymerat agelgyated semperayre98/ 15397

the conpact 'h%ih@fmwmﬂmc%ﬂfinﬁﬁgeaﬁwe%ruﬁﬁ@co@wha&d_ and the assenbly was
cool ed under the conpaction pressure to 100C b passing a mxture of air

and water through the heating platens. At this point the assenbly was

renoved fro . rQ erature in.alr wWth no
pressure apgﬂ ﬁggz.zg%g%)?‘l %%dsr@?de)&?{si t{rilegifm ﬁgﬂéﬁcgeﬁpéﬁmrfgs il pﬁfggﬁlw&?leq?@bber and
Conposi t 8s Bmbieasemperatmitcuriiep tonttledeshditibls) SRapidtoalifg is\NRss preferr@d)STHH 7- 171,
specifically in relation to g%e hylene it was stated that "the final

cool i ng r at 2oglreaverient dechpiap tallow the eampacts do stapd, iy the @irgintibthel Bave; es of

the final coiBAtd EbRACRIpFHAGBON Atle SREMPIRS oP TP 2@@0@8&& Whethehttonhave
al nost identical 20 properties to slow cooled sanples..” " W have

di scover ed ce@lingu#ei ke pol yethyl ene, in the case of pol ypropyl ene the
cooling rate may have a significant effect on the final properties of the
conpacted sheet. W have discovered that post-compaction annealing nmay al so
have a siognii itieaatamgfiéseaft WQ DSAFBHT s sempstibim temeeatores ivaivpreksurer @8l t i n

| Mprovenent agglieﬁez{nhatihg agsre%?; thag “Cooled under the compaction pressure to 100°C by
passing a mixture of air and water through the heating platens. At this point the
assembly was removed from the press and cooled to room temperature in air with no
pressure applied. Cooling rate is not mentioned.

15

In Plastics, Rubber and Composites Processing and Applications, 1998, Vol 27, No. 4,
pgs 167-171, specifically in relation to polyethylene it was stated that “the final
cooling rate does not significantly affect the structure or properties of the final
compacted sheet: quenched samples have been measured to have almost identical

20 properties to slow cooled samples..”

We have discovered that unlike polyethylene, in the case of polypropylene the cooling
rate may have a significant effect on the final properties of the compacted sheet. We
have discovered that post-compaction annealing may also have a significant effect.

25 Such measures have been shown to result in improvement of certain properties,
including stiffness and yield stress, with maintenance of acceptable ductility and
related properties. Surprisingly, this promising array of properties has been found to
be achieved in certain polypropylene materials only.

30 Accordingly in a first aspect, the present invention provides a process for production of
a monolithic article from a web of fibres of oriented polypropylene homopolymer or
copolymer having a weight average molecular weight (My) of at least 250,000, the



including stiffness and yield stress, w th maintenance of acceptable
ductility and related properties. Surprisingly, this promsing array of
properties has been found to be achieved in certain polypropyl ene met&MARDES

only. 30 AcwOlslh4zgdoy i N a first aspect, the present inventign provides a
process for production of a nonolithic article froma me%cg'fc[g’?’g‘fsé% of

ori ented pol ypropyl ene honopol yner or copol yner having a wei ght average
nol ecul ar wei ght (My,) of at |east 250,800, the 2 5 MAY 2006 WD 03/ 045660 3
PCT/ GB02/ 04572 process conprising the steps of subjecting the web to

el evat ed t erB5eqest GPIBPESiRE ther 8i6B% 08 sybjpqting| batweb torelevatgd plemperereo andf ¢ he

pol ymer and ' | ' ' ..t ri X
Phase.  and & oue subient & NG fobrEl bf e plll 4 Tefiba 1 B0 bieRudi, |
conpact ed weiln ariented pktse autbalmatdxephafe, emabdffentingioheat treatmenteelected fromenper at ur e
at or below the te rat.ure at which the recrystalljsation of t matrix is
conpl ete; and (i(]?)) hg‘ﬁ’ﬁeé:iéf%ﬁ'ﬁcf’ﬁ’é’a@ gl?:t[o&fe(%%aateg 9 W OHRFET i ng
tenperat we. Theedipehit@e £an thfowakiStemperfire St whithl Be RES§QAIEsatioR of @8NP €
solution or gel or nelt 10 formng, preferably by nmelt formng. The term

"fibres of ori ek isePPpleH¢ndne honopol yner or copol ynmer" is used herein
to nean all elo t l"ﬁ?‘? ' ' lSH%;' ey may be in
the formof st ?fg)ﬁdgn%r Iglrér%n ggafﬁ%;gp%ﬂaég‘g%&%%iﬁg%ftor %‘-‘mbands, ri bbons
or tapes, 15 fornmed for exanple by initially slitting nelt formed fil ns.
What ever thelr formthe fibres may pbe laid in a non-wven weh for .the
process of ﬁ{? éWeW%@aAﬂ%%Wa?¥9@F?mcfeﬁetf’rrf'ﬁmB@ s\ﬁ@m@r g T el

conpri sing rotohing) peefbiably®s, mélf fonaid. i n the formof a nonofilanment yam The

fibres are usually fornmed into a fabric by weaving or knitting. Optionally
the fibres may have been subjected to a crosslinking process, as described

20 i n WO 98Ta3eh «iput ofiglbh myg@gylmm@ayﬂm ¥r ddpblybiy 1 uiddhelef M Of

anents, or they nay conprise a m xtur ibres in the form
of strands dp mhéanzmahleglongate elements which comprise polypropylene. They may be in the
form of strands or filaments. They may be in the form of bands, ribbons or tapes,
15 formed for example by initially slitting melt formed films. Whatever their form the
fibres may be laid in a non-woven web for the process of the invention. Alternatively
they may be formed into yarns comprising multiple fibres, or used in the form of a
monofilament yarn. The fibres are usually formed into a fabric by weaving or knitting.
Optionally the fibres may have been subjected to a crosslinking process, as described
20 in WO 98/15397. Woven fabrics may comprise only fibres in the form of strands or
filaments, or they may comprise a mixture of fibres in the form of strands or filaments
and fibres in the form of tapes. Most preferred are fabrics which are woven from flat

tapes, as these have the best mechanical properties.

25  “A retarded rate of cooling” in this specification means cooling under conditions such
that heat is lost from the compacted web more slowly than if it were cooled from the
elevated temperature to said lower temperature under ambient conditions, that is, in

still air at ambient temperature, typically 20°C.

30 The following paragraphs further define or describe the heat treatment variant (i), of

subjecting the compacted web to a retarded rate of cooling down to a lower



and fibres in the formof tapes. Mdst preferred are fabrics which are woven
fromflat tapes, as these have the best nechanical properties. 25 "A
retarded rate of cooling" in this specification means cooling under 25 MAY 2006
condi ti ons at heat is lost fromthe conpacted web_nore slow y than
If it werev?:&og%étﬁpromthe el evated tenperature to said Fgwpoy%ﬁ?erature
under anbient conditions, that is, in still air at anbient tenperature,
typically 20C. 30 The foll owi ng paragraghs further define or describe the
heat treatnent vari ant (t;; , of subjecting the conpacted web to a retarded
rate of cool leEmpeaBEmat @ helavyihertemparatymyat herggystdlinton af thewaeBo®’/ 04572
t enperat ure @Gm;ﬂéte.bel ow the tenperature at which the recrystallisation of
the matrix is ‘“conplete. The retarded cooling step (i) preferably takes

pl ace inmmedi ately after conmpaction. 5 Mire preferably, it takes place

I medi ately after coppaction w.thouyt the conpacted weh having been renoved
from the congg%ﬁtgﬁe‘gg‘ﬁiﬂn&tm (15 W#ﬂ?@yﬁ%lﬁfrﬁ?“}cﬁmat Ar h{’g"(‘%“‘?‘he nean
cool i ng rgt e Mor®pietdisblf, GIRRES place iniBERREIR aBELCcaHRYHti&P witbt thO¥ehpdcRaper at ur e
is suitably not greater than 10C/ mn, 10 preferably not greater than 5C mn,

nore pref er aWeYh#ving bpe sregved from thecorpackioriappasaiseci al | y, not greater than
2C mn. Wiilst the preceding definitions are of mean cooling rate,
preferably the cooling rate is retarded for the entire cooling regi ne, down
to sai d | oneln tispeatttientanent 5/afiantf @) thé ymeani codlingerate drmerthe Wwompactionel ow t he

tenperature at which the . recrystallisation of. the matrix I.S | et e.
Suitably it °§’Pﬁf§ht‘% Ao, tg i Toef gerpee TFe g S“‘F@P%Bmt R ag 0T o o1 abl y
said | oweo t preferabdy otegrestet thah IBECmeiigMorkOfteftbidly. ndlOgrbatey o B3et/min b 20

| ower tenperature is 100C. The f%{lpwi ng. paragraphs further describe or

define the hePecialhspohgreateg tﬂé’b‘ % n. ilst the preceding definitions are of mean
cooling rate, preferably the cooling rate is retarded for the entire cooling regime, down

to said lower temperature.

15 Preferably said lower temperature is below the temperature at which the
recrystallisation of the matrix is complete. Suitably it is up to 5°C lower. Preferably it
is up to 10°C lower.

Preferably said lower temperature is in the range 100-110°C. Most preferably the
20 lower temperature is 100°C.

The following paragraphs further describe or define the heat treatment step (ii), of

annealing the compacted web at an elevated annealing temperature.

25  Preferably annealing takes place within 15°C of the temperature at which the matrix
phase is completely melted, more preferably within 10°C of this temperature, still more
preferably within 5°C of this temperature, and most preferably within 3°C of this
temperature.

30 In principle it could be possible to anneal the compacted web at a temperature at or
above the temperature at which the matrix phase is completely melted, because of the
stabilisation provided by the oriented phase, which melts at a higher temperature.



anneal ing the conpacted web at an el evated annealing tenperature. 25
Preferably annealing takes place within 15C of the tenperature at which the
matrix phase is conpletely nelted, nore preferably within 10C of thi 55 20
t enper at ur gyo didasdsor € preferably within 5C of this tenpggatse .gand 2006
preferably within 3C of this tenperature. 30 In principle’it cou"lS be
possi bl e to anneal the conpacted web at .a tenperature at or above the
tenperature at which the matri x phase is conpletely nelted, because of the
stabilisati | ded b he ori.ented ase, ich nmelts at a hi.gher

t enper at ur e%a&g"/’ gﬂ\g&%%» © ?@M&E?%%EW& gfotﬁ%’??aﬁfee?te‘?’lgﬂ?{}]‘?
however, thematnr@hiseigcdngpl@elyahelted. i s bel ow the tenperature at which the
matri x phase is conpletely nelted. Most preferred, therefore, is an

anneal ing tenperature which is within 3C of the 5 tenperature at which the
matrix phasemMost GefERALE! BL¥rdE! isSh alidhlingSlefpelaifd l“lﬁh%H)Fsr @t tess"csdylﬂiﬁfa“

anneal i ng tenperature has been found to give excellent resu Preferably a

heat treal melempertupe (af i Whick &ff metriad phase it corapletelyl melteds dut helsiverthds| y f or
at least 2 f I [ | m.nut es n st
preferably f%pgg%ﬁfeéa%qaﬁﬁﬂgﬁ rgeaﬁﬁli%f%g. &E%%gfe%af?’e% trgr’e%’e %’&cglﬁen?feg'flgoﬁay be

effected i mmedi ately after conpaction. Alternatively it is possible to
tenporal ly spage.the. c action step apd eat treatpent ste i), in
accor dance V\]g ‘F‘r?“lbﬁka B?‘g ﬁ'tmqngétﬁﬂ t(lﬁ\)g‘ﬁ ?{:}ﬁ% P"F at legst |, s Pmﬁergmg SW) at
conpaction tRieg niiﬁut@é,@ﬁ‘&g?&@erhﬁl? fE QARG BaHinWRE, dnd nfi&@b%rﬁlﬂm%forraﬂ_}hﬁﬁ not
necessary in_accordance with heat treatnent step (i), but ich is later
heat ed f st BWeSheat treat ment step (ii) then to be carried out, is not
excl uded. One enbodi ment of the present invention enploys only a retarded
cooling step (i). 20 The retarded cooling is suitably carried out

i mredi at el y Afhegitreatmeptstep (i) mayi beleffietted inmestiately afterconpactieny i Adteriaéizely c ool ed

first. Thus, ittish;?osgigle S" e%p%rfﬁlyosfpaée e &())m a%ﬁ&ne&eﬁ/\gﬁ)d a heat treatment step (ii), in

accordance with the present invention. That is, a process in which compaction takes
15 place and the compacted web is cooled by a regime not necessary in accordance with
heat treatment step (i), but which is later heated for such a heat treatment step (ii) then

to be carried out, is not excluded.

One embodiment of the present invention employs only a retarded cooling step (i).
20  The retarded cooling is suitably carried out immediately after compaction, without the
compacted web having been cooled first. Thus, the temperature of the compacted web

is allowed to fall from the compaction temperature to the lower temperature.

One embodiment of the present invention employs only an annealing step (ii).
25
In one embodiment of the present invention both a retarded cooling step (i) and an
annealing step (ii) are employed. For example an annealing step (ii) may be followed
directly by a retarded cooling step (i), with the starting point of the retarded cooling
step being the annealing temperature rather than a compaction temperature, and with
30 the annealing temperature and said lower temperature providing the temperature end

points across which the mean cooling rate may be determined. In another example



Is allowed to fall fromthe conpaction tenperature to the |ower tenperature.
One enbodi nent of the present invention enploys only an annealing step (ii).
25 In one enbodi nent of the present invention both a retarded cooling ZsiPdM 2006

(i) and anw@pMaddsonNg step (ii) are enployed. For exanple nneal i ng step
(ii1) may be followed directly by a retarded cooling stepp??l)c,%owgﬁ t he

starting point of the retarded cooling step being the annealing tenperature
rat her than a conpaction tenperature, afid with 30 the anneali ng tenperature

and said lower tenperature providing the tenperature end points across
whi ch t he mEeampagioniinfplioged byed refardefoeasting piep ()4 follawed by latescechentisg 20 5 MAY

2006 WO 03/ 5%19@ 04572 conpaction is followed by a retarded
cool i ng ste%ﬁ%@aﬁg{ﬁ%\e 37'Iater reheating to effect an annealing step
(ii). It is preferred that the hot conpaction process of the invention uses
a conpaction, .5 essu 0 xceedi.ng 10 MPa. . It. is .also preferred that a
single pr esglﬁl‘sepﬁ%é"“ﬁé éjéia%t"ﬁ? i‘ﬁg ﬁ%?”bﬂg pF%FSSC%—n%géPYCB'Ho’E) MEEed ggmmggx?n
preferred priesueabt excelink WOENPa. a0ds fiso Wferrddothhi & Whipld prebpieBamed and 5
MPa. It is preferred that the hot conmpaction pressure is maintained during

cool i ng. 10 trieeeheuhihebet eampackon proeesat Mest erpferma Prespirescare heiween bandbnt act ed
| s pref er abi yph Miclarty hir ed Qeaﬂdeﬁ‘ig%?, %18 prRlerdel T AW HBP clpaBBR U €0 DY

Differenti al Ing “Calorinetry (D he constral ned potyner fibres
ext r apol at edpressurg éxroaintaingd dudngcodling. t enperature axis. Preferably, the
tenperature at which the fibres are conpacted is no greater than the
constrai ned peak tenperature of nelting at the anbient conpaction 15
pressur elo i The mihibourh enfipesaine ae which i fitted shouldridabhtacted isprefoablyl thathat ghest

poi nt. The rooportion,of the filres ich is nelted during. the hat
conpact i on p‘plBE‘g_§ e ilga%b‘g‘n@& 19 8’Se ﬂ%“&?ﬁﬂ“&‘ﬁ&eg’ééﬂ? _§ﬁ§P‘BH¥.
Pr fef er iabl Y tORodihdiye@®SOEEf tHe ddnSirddhiedSmdr TRy &X3RApHIaE t8 ¥R igitiseaty er age
mol ecul ar

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

15 pressure - i.e. the temperature at which the endotherm reaches it highest point. The
proportion of the fibres which is melted during the hot compaction process is generally

between 10 and 50 percent by weight.

Preferably the fibres used in the present invention have a weight average molecular
20  weight (My,) in the range 250,000 to 450,000, most preferably 330,000 to 400,000, as
determined by the method hereinafter described. The polymer is preferably a
polypropylene homopolymer, but may be a copolymer comprising polypropylene.
Generally any copolymer containing polypropylene such as those disclosed in WO
98/15397 may be used.
25
Preferably the fibres have not been subjected to a prior crosslinking process, for
example of the type described in WO 98/15397.

Compaction of the polypropylene may be carried out in an autoclave, or in a belt press
30  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



20 weight (My) in the range 250,000 to 450,000, nost preferably 330,000 to
400, 000, as determ ned by the nethod herei nafter described. The polyner is
preferably a pol ypropyl ene honopol yner, but may be a copol yner conprising

pol ypropyl ene. Generally any copol yner containing pol ypropyl ene suchl%%MAY&MS
t hose di sclweasodspsoND 98/ 15397 may be used. 25 Preferabl MH&S‘@%KH?S have
not been subjected to a prior crosslinking process, for exanple OF the type
described in WO 98/15397. Conpaction of,;he pol ypropyl ene may be carried out
in an autoclave, or in a belt press 30 or other apparatus in which the

assenbly is fed through a conpaction zone where it i s subjected to the
required el eWﬁ‘([ii% t € B?céﬁduwgg)&n@srf?ﬂ@és%?l@?t ‘$W?§§’°quléhﬂgﬁp@§ §?‘1’¥B@1"B’é'
operated as BigDRbltaNScRlio® Ailicie ARy b UBRANBEGAR: o BLAING of byReigr abl ¥

effected WO 03/045660 2 5 NMAY 200.; ] 04572 whi |l st "the Conpadcted web
i s restrai nedilhyden gtcogipaetipni prefghrec A gestramg mayxassipl e maint¢ranegyofigdod under

t ensi on, whi gljaPémgs imhéa&ﬁ)énite%dpf%@. axially or biaxially, or by being still
C

under a conp I'ONn ‘pressure. e restraint nay assist the naintenance of
good properties in the oriented phase. 5 The nonolithic article may be

regarded as ol ypt | ene conposit de of a ol ypropyl.ene tri
bhase whi ch JBemonelRicaTicls maybe e et ol vpayiane Bomadsio Bpde e of dor e
phase, a propslypropyles ﬂ'm:{'iﬁhPl!i@U whiehV W8 §26dué8d Seir{ndC thePrddefld: anddfal Si NY

fromthe process. The properties of each are of significance in achieving a
10 nonol it hi Bolypropyene Gre phasey & properdign of whishtmaysshoyriglectivesurface meltiggf i ned,

and studi ed, ,:Sep t f . Y ' f. t r.i X phase
is at |east 6"53'@3%35 %Xpéo °%S?e?§€§{?¥§/&‘§f°ﬁ géggtgar%o gg el# ﬁnr%g)rué ag@&ﬁg%a"m y 1.5
GPa, andlerosmopelighieratitly ofitthd regsiredlprépertics, @ih they may be defined, and studied,

separately.

Preferably the Young’s modulus of the matrix phase is at least 0.9 GPa, more
preferably at least 1.2 GPa, more preferably 1.5 GPa, and most preferably at least 1.7
15 GPa.

Preferably the failure strength of the matrix phase is at least 20 MPa, more preferably
at least 25 MPa.

20 Preferably the failure strain of the matrix phase is at least 5%.

Preferably the Young’s modulus in the longitudinal direction (which may alternatively
be called the draw or axial direction) of the fibre phase is at least 4 GPa, more
preferably at least 6 GPa.

25
Preferably the failure strength in the longitudinal direction of the fibre phase is at least
250 MPa, more preferably at least 350 MPa, and most preferably at least 400 MPa.

Preferably the failure strain in the longitudinal direction of the fibre phase is at least
30 5%, more preferably at least 8%, and most preferably at least 12%.



Preferably the failure strength of the matri x phase is at |east 20 MPa, nore
preferably at least 25 MPa. 20 Preferably the failure strain of the ﬁtrjx
phase is at |least 5% Preferably the Young's nodulus in the |ongitudi | MAY 2006
di rection | y alternatively be called the draw or | lr,ection)
of the fi b%%‘gg&gﬁi s at least 4 GPa, nore preferably at Pﬁg}a@bz@%&a. 25
Preferably the failure strength in the |Jongitudinal direction of the fibre
phase is at |least 250 MPa, nore preferably at |east 350 MPa, and nopst
preferably at |east 400 MPa. Preferably the failure strain in the

| ongi tudi nal direction of the fibre phase is at least 30 5% nore
preferably gixAMppE §¥paand nost preferably at least 12% 2 5 MAY 2006 WO
03/ 045660 P B EXAMPLE SET A The effect of cooling rate was
establ i shed by exam ning the cooling of a conpletely 5 nelted fabric, to

simulate th ] MeRe t t en found

that the praperrraeof ol pfd 36 ctdbedty SAHRAGE e GAR of » b

properti s afeltetdabaic, ¢ siadulare therrheldd fduie phiselin arteit cbmpadtedosheétaske has and t he

portion of the figr S \é\l/nich ar e r;el Eed‘éﬁhe ri x phase)., Ther fl?re by

exami ni ng. et fasa, hirtetie aronerics gt a hot; cammicteqyshest aha wEbinasigpof dhes;

di fferent r%E@%m&bfﬁ&&@ﬁl@ﬁ&néﬁi&é#ﬁk&?ﬁ\f&rbﬁg phikep fah@ e pRkticiOHthe19 a hot
e

conpaction sheet at different rates. abrics used were nade from a

nunber of diffbresrvdrich areimelted (the maisis|Phpsed pTiasefere horaméing e srapertiss peal i n
Tabl e 1 Dbel gy B8] CHRER rh%%@@%@éﬁ%t Bgfér&ﬂtr%tiqgsﬁﬁéﬂﬁle% sithd1f¥e Ghd T OM

whi ch the fabric I's woven. yner
Rei nf or c@ne rffhétlof cbolingradhnit Eothpactibrasheetfdt differempedidsat t ape

The fabrics used were made from a number of different melt-formed polypropylene
homopolymers detailed in Table 1 below. The reinforcement type indicates the type of

fibre from which the fabric is woven.

15
TABLE 1
Polymer No. 1 2 3 4
Reinforcement | Multifilament | Fibrillated | Flat tape Flat tape
type bundles tape
Young’s 9.5 10.9 6.2 6.8
modulus '
E(GPa)
Failure 453 350 370 422
strength
or_(MPa)
Failure strain 12 6 16 16
ex(%)
Density 907 912 932 910
p (kg/m’)
M, 38,500 55,800 56,100 78,100
M, 191,000 290,000 325,000 360,000

Myand M;, were measured by Rapra Technology Limited, of Shropshire, UK. Details

20 of the testing are as follows:



t ypebundl est ape Young' s9. 510. 96. 26. 8 nodul us E(GPa) Fail ure453350370422
strength a (MPa) Failure strainl261616 eP k Density907912932910 (k nB)
Mh38, 50055, 80056, 10078, 100 M 191, 000290, 000325, 000360, 000 MV and M were
measured by Rapra Technol ogy Limted, of Shropshire, UK. Details 20 p§ MAh?OOG
testing argyaes/dssdshOWs: 2 5 MAY 2006 WO 03/ 045660 PCT/ GBogép@ggMgn '

I nstrunment Waters 150CV Columms Plgel 2 x m xed bed-B, 30cn 10 m crons

Sol vent 1, 2-di chl orobenzene with anti -([)%i dant 5 Flowrate 1.0 m/mn
(nomnal) Tenperature 140C (nom nal) tector refractive index and
differential pressure GPC systemcalibrated with polystyrene 10 Wven

cl oths nmade of each of the above polyners were conpletely nelted by heating
two | ayers dstramehth i n Wateed 190C8ss at 200C. The pressure applied was 2.8
MPa, alth(():%gr since the sanples were conpletely nelted this was not
critical. Ums was EeHiZevmired beBr 3Qep 10 smigtpfig t he sanpl e and pl ungi ng

It into wat gplvestuenchi nf) gQhidrdbenzene with anti-oxidant
5 Flow-rate 1.0 ml/min (nominal)
Temperature 140°C (nominal)
Detector refractive index and differential pressure

GPC system calibrated with polystyrene

10 Woven cloths made of each of the above polymers were completely melted by heating
two layers of cloth in a hot press at 200°C. The pressure applied was 2.8 MPa,
although since the samples were completely melted this was not critical. Cooling was
achieved either by removing the sample and plunging it into water (quenching) or in
the hot press by passing a coolant through the heated platens, after switching off the

15 heating. Depending on the rate of cooling required 100% water, or air containing
water droplets, was used as the coolant. In this example fast cooling in the press
means a cooling rate of 20-30°C/min. The slow cooling rate, 1-2°C/min, was achieved

by just switching off the heating and allowing the assembly to cool naturally in air.

20 Mechanical properties

The stress/strain behaviour of the above cooled films was measured using an RDP
Howden servo-mechanical tensile testing machine. The tensile tests on the compacted
sheets and the melted films were carried out following ASTM D638 using a dumbbell

25 shaped specimen. A normal strain rate of 102 s was used for all the tests. The
sample strain during the tests was measured using a Messphysik video extensometer.
Five samples were tested for each material at a temperature of 20 + 2°C and a relative
humidity of 35 + 5%.

30 Typical stress-strain curves are shown in Figure 1, for each of the four polymer tests.
The results show that for all four polymers, the quenched samples were ductile and

drew in a stable manner with the formation of a stable neck region. Strain for these
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sl ow cool i §@ sRiRso 1-2C/ M n, was achieved by just sw tchdgehflosdrhe heating
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formof stress-strain behaviour is often ternmed necking-rupture. Two
i nt er nedi at edrawing difl gt stabilige and rupture occurred at ~25% (0.25) strain. Only the highest

molecular weight Polymer 4 (Graph 4) showed stable drawing following application of

15 this cooling rate.

All the samples made by slow cooling showed necking-rupture or brittle behaviour.
The failure strains of the original fibres were mostly between 10 and 20% (0.1 and
0.2): therefore if the matrix fails below this value then a hot compacted composite
20 would see premature matrix failure before the reinforcing phase can reach full load
carrying capacity, leading to premature delamination. It is seen that at the slowest
cooling rate, none of the polymers reached this desired failure strain. In particular, the
low molecular weight Polymer 1 showed brittle failure at a low stress. It may be seen
that ductile-type behaviour became more pronounced as My, increases; the highest
25 failure strain was shown by Polymer 4. In most cases the initial slope of the slow-
cooled samples was higher than either of the other two cooling rates, indicating that
slow cooling gave highest Young’s modulus. The failure stress for slow-cooled
samples of Polymers 1 and 2 was less than for the fast cooled samples, but the failure
stress for slow-cooled samples of Polymers 3 and 4 was approximately equal to the

30 fast cooled samples.



sanples (Polynmers 2 and 3, Gaphs 2 and 3) showed the formation of a neck
but drawi ng did not stabilise and rupture occurred at -25% (0.25) stg&iMay 2006
Only the highest nolecular weight Polymer 4 (G aph 4) showed stable draw ng

followi ng appljcation of 15 this cooling rate. All theslq{f% e by sl ow
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the original fibres were nostly between 10 and 20% (0.1 and 0.2): therefore
if the matrix fails below this value thédd a hot conpacted conposite 20 woul d
see premature matrix failure before the reinforcing phase can reach ful

| oad carryiBensitgpacity, leading to premature delanmination. It is seen that
at the slowest cooling rate, none of the polyners reached this desired
failure strain. In particular, the |ow nolecular weight Polyner 1 showed
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sl ow cool ed showmph &gblef. Pol yners 1 and 2 was | ess than for the fast cool ed
sanples, but the failure stress for slowcooled sanples of Polyners 3 and 4
was approxi mately equal to the 30 fast cool ed sanples. 2 5 MAY 2006 WO

03/ 045660 PCT/ GB02/ 04572 11 Density ThaBOBnsities of the original oriented
materials and the conpacted sheets were neasured using a density col um.
The columm was made froma m xture of digycidyl 5 ether and isopropanol to

giv$AngegsaBy r angd Fllymn& OMAterial In@ cdoBhE Fegime'© | Density (kghhg | Shown in Tabl e
1 Original fibres 907
Melted film - quenching 911
Melted film - slow cooling 915
2 Original fibres - (cloth D) 912
Melted film - quenching 920
Melted film - slow cooling 924
3 Original tapes (cloth E) 910
Melted film - quenching 920
Melted film - slow cooling 925

10
Modulus
The Young’s Modulus was determined in the initial linear region of the stress strain

15 curve following the guidelines of ASTM D638. The results are shown in Table 3
below.



Modul us Pol yner Mat eri al
fibres907 Melted film -

fibres -

i near

and cooling regi meDensity (kg/ n8) 1Oi gi nal
quenchi ng911 Melted film -

(cloth D)912 Melted film- quenching920 Melted film - slow
cool i ng924 03845664l t apes (cloth E)910 Melted film - quemnchicuedadvel t ed
film- slow cooling925 The Young's Mdul us was determned in the initial

region of the stress strain

ASTM D638. The results are shown in Table 3 below. 2 5 MAY 2006 WO
03/ 045660 PCTI GBQ2/ 04572 12 TABLE 3 5 Pol ynmer Young' s nodul us E (GPa)
Quenchi ngFast Sl ow cool i ncooling 11.040.021.850.052.080. 13

21. 000. 031.580.061.71 0.11 31.000. 091ITABDEAR91. 330. 01

40. 950. 061. 220. 101. 370. 08 Tables 2 and 3 show the density and Young's

nodul us of the various nelted fil ns.

10

15

20

sl ow cool i ng915 2Or

Polymer Young’s modulus E (GPa)
Quenching | Fast Slow
cooling cooling
1 1.04+0.02 | 1.85+0.05 | 2.08 +0.13
2 1.00+£0.03 |1.58+0.06|1.71+0.11
3 1.00+0.09 |1.24+0.09|1.33%+0.01
4 095+0.06 {1.22+0.10| 1.37 £0.08

Tables 2 and 3 show the density and Young’s modulus of the various melted films.
Both of these properties can be used as a measure of the crystallinity of the films, as
one can attribute increases in either parameter with an increase in crystallinity. As the
cooling rate is increased, the density of Young’s modulus for each polymer type
decreases, suggesting the expected decrease in crystallinity (and associated

improvement in ductility).

It is clear from the results in Example Set A that the cooling rate of the hot compaction
process is a key process parameter, because it has a significant effect on the
mechanical properties of the matrix phase, probably due to changes in crystallinity.
The above results show that slow cooling may lead to good Young’s modulus and
failure strain properties, but compromised ductility; but that for polymers of higher My,
a useful level of ductility may be achieved, especially for uses in which stiffness and
failure strain are of primary importance. In general, slow cooled samples appear to
show higher stiffness values than fast cooled samples, but may be brittle if the
polypropylene is of low molecular weight. However, samples may show reasonable

ductility if the polypropylene is of higher molecular weight.

b S 006

15 gyrve follow ng the guidelines of



Both of these properties can be used as a neasure of the crystallinity of
the filnms, as one can attribute increases in either paraneter with an '
increase in crystallinity. As the cooling rate is increased, the den32§¢M%QMG
Young's no each polymer type 10 decreases, suggesting the expected
decr ease iﬂﬂ%¢@§%§§linity (and associated i nprovenent ianﬂggVMFFV). It is
clear fromthe results in Exanple Set A that the cooling rate of the hot
conpaction process is a key process paraneter, because it has a significant
effect on the 15 nechanical properties of the matrix phase, probably due to
changes in crystallinity. The above results show that slow cooling may | ead
to good Yourg, | and failure strain properties, but conprom sed
ductility; %§¥i4g§§SEgﬁipolyners of higher MV a useful |evel of ductility

may be achi eved, especially for uses in which stiffness and failure strain

are of primgry inportance. | eneral , sl ow cool ed sanpl es appear, to 20 show
hi gher sti { i dhese & Py Heked g olithi astigles svere, prepage- PR 9o 11 ¢ ho

pol ypr opyl emahsleFet OWadTRIAC WA RO woldVENE in RASRhSRISPYSRNY,
reasonable ductility if the polypropylene is of higher nolecular Wweight. 2
5 MAY 2006 Wompa¢tmsweditiogs mengtesSE 9B CPa CRoRpB4ET pressure he48 @Baanpl es
partially e | &t L iad par P Exanpl e
Set A vas udie eopBRRt oW Codtaby B KPR oPlaSRRb e (EBCHIRD s et o)
Conpact i on aedatctibedria EdmplerfienAt es at 193C and a conpaction pressure of 4.8
GPa were enployed. Slow cooling (20-30C/ mn) or fast cooling (1-2C/ mn) was
effected as described in Exanple Set A 10 Figure 2 shows the

t enper atigr e/Figuie?2 BhdWssthé RimpehurbAithe HRItoR the tivb sWinbles. PR Wil ®8 sédiakatire f ast
cool ed sanpl e undergoes very rapid cooling to 150C. The sl ow cool ed sanple
t akes about fgstcorled, sasaple yndpreges fvenmapid sooking tpsHHB’C.adde slyucoodd sempl es t o

drop from %aﬁ&ht %gqglnutes to drop from 193°C to 150°C, and about 80 minutes to drop
from 193°C to 100°C.

15 Melting points

The melting behaviour of the hot compacted sheets made using the two cooling rates
were measured using Differential Scanning Calorimetry. Peak melting points of the

matrix phase and oriented phase were thereby determined. Results are given in Table

20 4 below
TABLE 4
Cooling Peak melting point of | Peak melting point of
matrix phase oriented phase
C) (C)

Fast cooled 162 177

Slow cooled 168 179
25

It will be seen that with the slower cooled product the peak melting point of the matrix
is substantially increased whilst that of the oriented phase is increased only a little.
Given that the aim is to improve the microstructure of the matrix phase, preferably to



15 Melting points The nelting behaviour of the hot conpacted sheets nmade
using the two cooling rates were neasured using Differential Scannlﬂg v 206
Calorinmetry. Peak nelting points of the matrix phase and oriented p §e¥ !

wer e therg@x 9@%‘%n1ned Results are given in Table 20 4l dARE 4

Cool i ngPea I'ng point of Peak nmelting point of matrix phaseoriented phase
(OO Fast cool ed162177 Sl ow cool ed168179 25 It wll be seen that wth the
sl ower cool ed product the peak nelting ﬁ int of the matrix is substantially
i ncreased whjlst that of the orlented phase is increased only a little.

G ven that tPfemersmhighly srystaing, and a6 A JETEFT, GVEFAES GFYSEah SIaeuRils Mhase,
preferably t@pgafiay ool NRAMABEONRETA FRARIASAL 14 be more hi ghly
crystalline and to %ave a | arger average crysta ze whil st not
substantially affecting the oriented phase, this is a promsing result.

Stress-straig festing 5 Table 5 bel ow shows average results from nechani cal
$E?§;mr1nmnﬁgés.

testing of t TABLE 5 Cool i ngMbdul us Strength Failure strain

(GPa) (MPay
Table 5 below shows average results from mechanical testing of the two samples.
TABLE 5
Cooling Modulus Strength Failure strain
(GPa) (MPa)
Fast cooled 30x0.1 130+ 10 132
Slow cooled |3.3+0.1 141 +6 11+1
10

It will be seen that the mechanical properties of the slow cooled sample were good, in

showing improved modulus and strength without significant loss of ductility.

Peel Strength

15 Experiments were also made to assess the peel strength of the slow and fast cooled

samples, and the averaged results are shown in Table 6 below.

TABLE 6
Compaction Cooling Peel strength
N/10mm
4.2 MPa/193°C Fast cooled 7.5+3.5
Slow cooled 7.7+19

20

The measured peel strengths were all quite high, with the slow cooled value holding up

well in comparison to the fast cooled value.



Fast cool ed3. 00.113010132 Sl ow cool ed3.3 0.1141 611:t 1 10 It wll be seen
that the nechanical properties of the slow cool ed sanpl e were good, i

showi ng i nmproved nodul us and strength w thout significant |oss of duc?? IMMQQ%
Peel Stren periments were al so nade to assess the ngt h of

t he sl ow a%ﬁ?%@f"%gool ed sanples, and the averaged resul Fgﬁgbg%s“%ﬁm I n
Tabl e 6 bel ow. TABLE 6 Conpacti onCool i ngPeel strength N110mm 4. 2

MPa/ 193CFast cool ed7.5 * 3.5 Slow cooled¥®7 1.9 20 The neasured peel
strengths were all guite high, wth the slow cool ed value holding up well

I n conpariso S cool ed value. 2 5 MAY 2006 WO 03/ 045660

PCT/ GB02/ 04572 15 EXAMPLE SET C Peel Strength 5 Next, sanples of a hot
conpacted conposite material from Polyner 1 were nade as described in
Exanpl e Set BeellStergthi e only partially nelted, and subjected to peel
strength testing. The averaged results are shown in Table 7 bel ow. TABLE 7
10 ConpactionCool i ngPeel strength N 10mm 4.2 MPa/ 193CFast cooled3.0 1.6

-5 Next, samples of a hot compacted composite material from Polymer 1 were made as
described in Example Set B above, ie only partially melted, and subjected to peel
strength testing. The averaged results are shown in Table 7 below.

TABLE 7
10
Compaction Cooling Peel strength
N/10mm
4.2 MPa/193°C Fast cooled 30x1.6
Slow cooled 1.8+0.6

Both values are low but slow cooling is shown to be disadvantageous, a finding not

applicable to Polymer 4, having a much higher molecular weight.

15 EXAMPLE SET D

Our results indicate that slow cooling can lead to high stiffness and high yield stress.
However with polypropylene of low My, the trade off of loss in ductility is severe; such
materials are brittle after compaction and have a low failure strain. However with
20  polypropylene of higher M,, ductility, and associated properties such as peel strength,
may be acceptable. Thus, use of a higher My, polypropylene with slow cooling after

compaction offers the prospect of an article with an attractive blend of properties.

On the basis that a similar blend of properties might be achievable by holding the
25 compacted article at an elevated temperature for a dwell time, annealing experiments

were carried out.

The first annealing experiments were carried out on the fully melted Polymer 4, to
make an article with, in effect, 100% matrix material, as this is the phase that is most



Sl ow cooledl.8 0.6 Both values are | ow but slow cooling is shown to be

di sadvant ageous, a finding not applicable to Polyner 4, having a mﬁh%

hi gher nol ecul ar wei ght. 15 EXAMPLE SET D Qur results indicate that si YAY 2006
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pol ypropyl ene of low M the trade off of loss in ductility 1's severe; such
materials are brittle after conpaction and have a low failure strain.
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properties such as peel strength, may be acceptable. Thus, use of a higher
M pol ypr opy likele tovibehaffected; emdlany gifaéts should bapasy it intedpfatr sSTHehannpalingpect of
an article with an attracti end of pro LES. . the basis that a
similar bl enfFe8Resst N%lg‘ﬁ{?ajﬂ{ﬁbeem%ﬁf %‘%%g{ﬁtoe‘?ﬁ‘gim“& %9 the 25 conpacted
article at an elevated tenperature for a dwell tinme, annealing experinents

were carried_out. The first annealing experinments were carried out on the
fully neltedDiffrshial sganning cplgriEmetny a?StQ)chéldﬁﬁltth? resplisf fne ciable 1 BobRloMat r i x

mat eri al , cas;t#i.5d | : 0 16
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i nterpret. Teathapyeat thegrystd gizedindichted bp theypeale meBiRg point), And/thanthe highsr and
160C for 5 m nutg@k Eifferential S? ing calorinmetry (DSC) vyielded the
results in THBIETEIR RADCTEPIPIHIPER TG t hat anneal | ng can substantially
affect the crystallinity (indicated by the enthal py) and the crystal size
(indicated by the peak nelting point), and that the higher tenperature has
a nore pronounced effect. TABLE 8 10 Eﬁpﬁglgpy Peak nelting point

10
Enthalpy Peak melting point
J/g 1% °C
As made 634/31 164
150°C/5 minutes 70.1/34 163
160°C/5 minutes 85.3/41 169

The articles were subjected to tensile testing at 20°C and at a range of elevated

temperatures and the results are presented in Figs. 3 and 4.

15 From the traces in Fig. 3 it was determined that the modulus of each article was as

follows:

Fast cooled (no annealing) 1.37 GPa

Slow cooled (no annealing) 1.85 GPa
20  Annealed, 160°C/5 mins 1.9 GPa

Annealed, 150°C/5 mins 2.2 GPa

The change in crystalline morphology is reflected in an increase in modulus, and also
in yield stress, although the material annealed at 160°C still remained pseudo-ductile.
25  Finally the DTMA temperature scan shown in Fig. 4 (scan from 20 to 160°C in 5°C
increments, tested at frequency of 1 Hz using a dynamic strain of 0.05%) shows the
160°C annealed sample to have significantly better higher temperature performance.

In Fig. 3 comparisons are shown with the slow cooled and fast cooled samples of



J/I 9% As made63.4 / 31164 150C/5 minutes70.1 / 34163 160C/5 m nutes85.3 /
41169 The articles were subjected to tensile testing at 20C and at a raSnﬂEY

of elevated tenperatures and the results are presented in Figs. 3 an(} 47t 406
From the tr kDoFig. 3 it was determ ned that the nodu f h article
was as 20 fo FSZ(\);\‘EQOI.N GPa Fast cool ed (no annealing) Sl ?Aﬁ/gﬁg}@g%( no
anneal i ng) 1. 85 GPa Anneal ed, 160C/5 m ns1l.9 GPa Anneal ed, 150C/ 5 m ns2.2 GPa
The change in crystalline norphol ogy isifeflected in an increase in nodul us,
and also in yield stress, although the material annealed at 160C still

remai ned psekxhmpiuBetiA. eln Bi§. 4-a nainparisbinés Showi\ withraneosginal’ stice) tibbeingi n Fi g.
4 (scan from 20 tlo ltg,%ggt, /5C | ncrenepts, tested at frequency of 1 Hz using
a dynamic st $%iRolgE 3t /§ THLAET EHBPACHYBHC anneal ed sanpl e to have
significantly better higher tenperature performance. In Fig. 3 conparisons
are shown with the sl ow cool ed and fast cool ed sanples of 2 5 MAY 2006 WO
03/ 045660 17EHA) 572 Exanple Set A. In Fig. 4 a conparison is shown
with an "original” article, this being one cooled at 20-30C /mn after
conpaction. EXAMPLE SET E 5 In these tests, woven |ayers of Polynmer 4 were
used for t helnnthesaftests, worernlaypardfi Pollymyer 4 were used for the manufacture of partially

[

melted hot compacted articles having an oriented fibre phase and a matrix phase. The
conditions were 193°C for 5 minutes, at a compaction pressure of 4.2 MPa. Annealing
was as described in Example Set D.

10
DTMA temperature scan testing as described in Example Set D was carried out. The
results are shown in Fig. 5. The trace marked “original” refers to a sample cooled at

20-30°C/min after compaction.

15  The relevance of the Fig. S results is that stiffness as a function of the temperature at
which the tests were carried out is an indication of expected creep or high temperature
performance. It is likely to depend on the matrix phase, between the oriented phase. It
will be seen that there is an improvement in the performance in the annealed sample at
temperatures above 40°C, relative to the fast cooled sample.

20
OVERALL CONCLUSIONS

Use of slow cooling and/or annealing, applied to compacted articles made in
accordance with the present invention, comprising polypropylene of M, at least

25 250,000, offers advantages in terms of high stiffness, high yield strength, high failure
strength, good maintenance of stiffness at elevated temperatures and surprisingly good
ductile-type properties such as peel strength and failure strain. The good balance of
properties is surprising having regard to the brittleness and/or low yield strength of
corresponding articles made using polypropylene of My, less than 250,000.

30



mel ted hot conpacted articles having an oriented fibre phase and a matrix
phase. The conditions were 193C for 5 mnutes, at a conpaction pressure of
4.2 MPa. Annealing was as described in Exanple Set D. 10 DTMA tenpe[]ﬁ ure
scan testing as described in Exanple Set D was carried out. The result&A4206
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| ess than 250,000. 30 2 5 My 2006 18 CLAIM5S 1. A process for production of

a monolithic article froma web fibres of oriented polypropylene

honmopol yner ci%ra&@ﬂ? st the process conprising the steps of subjecting
the web to elevated tenperature and pressure sufficient to nelt a

proportion of theeorpatednpslygropylemerhaadpadlymert bre cagoyynyérchadi mgvedght civerapé ed phase
and molecular weight of at least 250,000; and in that

the heat treatment is subjecting the compacted web to a retarded rate of cooling
down to a lower temperature at or below the temperature at which the
recrystallisation of the matrix is complete under conditions such that the heat is
lost from the compacted web more slowly than if it were cooled from the elevated

temperature to said lower temperature in still air at ambient temperature.

2. A process as claimed in claim | characterized in that the mean cooling rate from
the compaction temperature down to said lower temperature is not greater than

5°C/minute.

3. A process as claimed in claim 2 characterised om that for the heat treatment step
(ii) the mean cooling rate from the compaction temperature down to said lower

temperature is not greater than 3°C/minute.

4. A process as claimed in any preceding claim characterised in that the heat

treatment is carried out with the web restrained against dimensional change.



a matri x phase, and effecting a heat treatnment characterized in that: the
ori ented pol ypropyl ene honopol yner or copol yner has a wei ght average25

nol ecul ar wei ght of at |east 250,000; and in that the heat t reat ment £iPSMAY 2006
subj ecting the conpacted web to a retarded rate of cooling down to a |ower
tenperature at or below the tenperature at which the recrystallisation of
the matrix is conplete under conditiond such that the heat is |ost fromthe
conpacted web nore slowy than if it were cooled fromthe el evated

tenperature to,said |ower, tenperature in still ai t anmbient t erature.

2. A process: a8 Pé?csﬁwﬁﬁ lﬁlegﬁgiﬁm XEW&?%?P&? in,that tg‘ﬁﬁ?arﬁé‘leaWQt ﬁ@%ﬁ%ol i ng
rate from thewsp#RAGHIpated &P ANI: WiBiodOWN t 0 said | ower tenperature is not
greater than 5C/ mnute. 3. A process as clained in claim2 characterised om

that for the heat treatnment step (ii) the nean cooling rate fromthe
conpaction t : I . i . r than
Samnut e, £ R sosel AN b0 S chitiibrisch BREYBLER el SIBRLEC T
t hat the heat withdatovripacted wehlitetaifell intthe vunigactibreappaiatusest r ai ned agai nst

di mensi onal change. 2 5 MAY 2006 19 5. A process as clainmed in claim4

characterised in that the heat treatnent is effected wth the conpacted web

under tensi on. AbroRsPALABARA IS afty Fleb&lihg dlaifl HaPacRrisEPIARAGhE E&ifpdcllod hat the
heat treatnment i's effected wth the conpacted web retained in }t)he

conpact i on apppiessurgsdoey noyexgeadcldMPas cl ai med in any preceding claim
characterised in that the conpaction pressure does not exceed 10 MPa. 8. A
process as clainmed in any preceding claimcharacterised in that the weight
aver age nol e uAaprovsss glatcldiined He ahy preeding dlaimt Eterdcierzed 20 0h4 Qhe weigh©0, 000.

9. A process as clained in claim@8 characterised in that the weight average
mol ecul ar wei ghYerage i %C#arm@tpggﬁﬁ{]bf%és m&heg@n%%?% tPé%@@?-ooo.

9. A process as claimed in claim 8 characterised in that the weight average

molecular weight of the fibres is in the range 300,000 to 400,000.

10. A process as claimed in any preceding claim characterised in that the fibres are

melt formed fibres.

11. A process for production of a monolithic article from a web of fibres of oriented
polypropylene homopolymer or copolymer which have not been subjected to a
prior cross linking process, the process comprising the steps of subjecting the web
to elevated temperature and pressure sufficient to melt a proportion of the
polymer and compact it, thereby yielding an oriented phase and a matrix phase,

and effecting a heat treatment
characterised in that:

the oriented polypropylene homopolymer or copolymer has a

weight average molecular weight of at least 250,000; and in that



10. A process as clainmed in any preceding claimcharacterised in that the
fibres are nelt fornmed fibres. 11. A process for production of a nonolithic
article froma web of fibres of oriented polypropylene honopol ynmer q@r5 MaY 2006
copol ymer whi ch have not been subjected to a prior cross |inking process,
the process conprising the steps of subjecting the web to el evated
tenperature and pressure sufficient t@0nelt a proportion of the polyner and
conpact it, thereby yielding an oriented phase and a matri x phase, and
effecting a heat treatnent characterised in that: the oriented pol ypropyl ene
honopol ymer or copol ymerthpfgat freatipsntis anngpling e capipacied web flea gmpesiurat | east
250, 000; and in th : : i ing the
conpact ed web at aa%eéﬁwpg}eﬁpégﬁ%e%gvv{ﬁ {hﬁgpﬁg%#eﬂr%%ggegp le\%{%f@'ﬁﬁﬂe mat ri x
phase is conpletely nelted. 12. A process as clained in claim11l

characteris iKn that fqr. the heat .treatnent .st t onpact ed bis
within the glgf ﬁrPé&cef%ﬁspé?lg{earlg ¢ aémglg Qﬁ?)rraag’ilseldéﬁglfat §orﬁﬁﬁ§?agggea%pt “Brocess
as claimed in geabiipdcledWeb BOYithih SR Wefifed tBaberhfe fahige foeat lehst SaingLE. t he

el evated annealing tenperature is within 15C of the tenperature at which the

matri x phase is conpletely nelted and bel ow t hat tenperature. 14. A process
as clainmed in claim 11 characterised in that for the heat treatnent step
the el evated annealing tenperature is below the tenperature at which the
matri x phasld. Asprocasphetleimednipl daio, 1 lachdragerisal ihOBatfer dw lidattredtmanptethat ur e.

15. A process as clained.in claim1l chara ised in that for, K the heat
reatmont st epteviies aiNcalre TP s oY 12 ot Bk EResRlinar 4plPans: whi ch
the matrix phagRtrixphasoisRb@pRlety Aekédshd LRIV that teRpératu&s bel ow t hat
tenperature. 16. A process as clained in claim 1l characterised in that for

the heat treatment step the conpacted web is within the defined tenperature
range for at4 eqss |sUMifSd jntdlainf) PERERERis@PinGth& hBardfRhtniAes@f ! al ms
11 to 16 chalr act ir?cgseg(?si lrtlglt%a% tlﬁlgﬁheat is8Pin‘th&' {BFfhe e e ?S%

the elevated annealing temperature is below the temperature at which the matrix

phase is completely melted, and up to 10°C below that temperature.

15. A process as claimed in claim 11 characterised in that for the heat treatment step
the annealing temperature is below the temperature at which the matrix phase is

completely melted, and is up to 5°C below that temperature.
16. A process as claimed in claim 11 characterised in that for the heat treatment step

the compacted web is within the defined temperature range for at least 5 minutes.

17. A process as claimed in any one of claims 11 to 16 characterised in that the heat

treatment is carried out within the web restrained against dimensional change.

18. A process as claimed in claim 17 characterised in that the heat treatment is

effected with the compact web under tension.



treatnment is carried out wwthin the web restrai ned agai nst di nensi onal

change. 18. A process as clained in claim17 characterised in that thg q§qt
treatment is effected with the conpact web under tension. 2 5 NMAY 20 é 2006
19. A process as clained in claim 17 characterised in that the heat

treatnment is effected wwth the conpacted web retained in the conpaction
apparatus. 20. A process as clained ilany one of clains 11 to 19
characterised in that the conpaction pressure does not exceed 10 MPa. 21. A
process as clainmed in any one of clainms 11 to 20 characterlsed in that the
wei ght aver ddeA nﬁqoe?,sawércmeahm daim tlﬂechﬁsasﬁeaged. i that thee heat fEratmend 1900 t o

400, 000. effected with the compacted web retained in the compaction apparatus.

20. A process as claimed in any one of claims 11 to 19 characterised in that the

compaction pressure does not exceed 10 MPa.

21. A process as claimed in any one of claims 11 to 20 characterised in that the
weight average molecular weight oof the fibres is in the range 250,000 to
400,000.



