VO 98/ 15397 PCT/ GB97/ 02674
OLEFI N POLYMERS This invention relates to processes for

t he prﬁg,tb@hgm of polymer sheet materials from orient ed sd©&EBITv2E74
res

pol ymer fi and to the products of such processes.

US 5135804

describes a 1l-step conpaction process for making a film such as for a
sail, from pol yet hyl ene fibres. The exanpl es use a range of pressures,
of from4.6 10 MPa to 46 MPa. The process is exclusively for application
to gel spun fibres having a wei ght average,npl ecul ar wei ght of at | east
about 500, 000, preferably at |east about a mllion and nore preferably

bet ween about 2 mllion and aboyfrpii BbLkMeRs 15

It would be

desirable to use a conpaction process enploying a | ow pressure, for
exanple in an autoclave, for melt spun fibres but none is
avai |l abl e. Ther ehiad € invef®@iRaCt i palatesessss f pirodelsksesPUNEdi br ehe but

There 15 a suBEORNIH Clhatl PRI MR E Whsthi b OF CpriGEeel 81egn

exanpl e t be f @gldlymien Gikres eand"Fhethet productspadt ismchofpruagssesiul us
mel t - spun pol yet hyl ene fibres", H ne et al, Jnl. Materials Science 28
(1993), 316-324; 25 " I\/br-%{]ol ocgey of conpacted pol yethylene fibres", R H.

aley et al, JHS NHFG4
" Conpacti on ofmalkiigiyy Maduf UEm elsudipuaspofyet Ryl saelf i bfesm

t enper at ures ve ang_bel ow opti nunt, M A.  Kabeel et a
VBrorial s - SoldRies SN FERPLES Hits aRnIs et REasRRER

serihes 281rsyep) compgrtipm process for

orf?ﬁhylene
AE R 49§ n

conpact edohi gMbPmodu 4$ MPlat.- sSfhe procpslsy dishekenlasfivielys foriViapp 1Kaladdlonet

al, Jnl. Materdal 'er}gj?: (}12%P)nq 691- R o] ' f

pol yet hyl ene tﬂgegﬁ%hafétsg", .;t%as%%r ek gl @%g?ht %{%%grl gag%ggﬁe%rﬁge

30 (1995), 61megmht "gfe afpt ledspackbPeont 500,000, preferably at least
about a million and more preferably between about 2

million and about six million.
15

It would be desirable to use a compaction process

20

25

30

employing a low pressure, for example in an autoclave, for
melt spun fibres but none is available. There are
compaction processes for melt spun fibres, but they are 2-
step processes, employing high compaction pressures.
There is a substantial body of literature about such
processes, for example the following articles: "The hot
compaction of high modulus melt-spun polyethylene fibres",
Hine et al, Jnl. Materials Science 28 (1993), 316-324;
"Morphology of compacted polyethylene fibres", R.H. Olley
et al, Jnl. Materials Science 28 (1993), 1107-1112;
"Compaction of high-modulus melt-spun polyethylene fibres
at temperatures above and below optimum”, M.A. Kabeel et
al, Jnl. Materials Science 29 (1994), 4694-4699;
"Differential melting in compacted high-modulus melt-spun
polyethylene fibres", M.A. Kabeel et al, Jnl. Materials
Science 30 (1995), 601-606; "The hot compaction of
polyethylene terephthalate", J. Rasburn et al, Jnl.
Materials Science 30 (1995), 615-622; "The hot compaction



of pol ypropylene fibres", MI. Abo El-Maty et al, Jnl. Mat eri al s

Sci ence 31 (1996), 1157-1163. @B 2253420B descri bes a 2- step
conpaction process 5 whereby an assenbly of fibres of an oriented E

may bavines/1338Tpact ed to form a sheet havi ng good necharfG%EBI7/0207
properties. The process involves an initial processing step in which
the fibres are brought to and held at the conpaction tenperature whil st
subject to a pressure 10 sufficient to maintain the fibres in contact, the
cont act pressure, and thereafter conpacted at a higher pressure for
a few seconds, the conpaction pressure~ 2 <4 n the process a proportion
of the fibre surfaces - nost preferably from5 to 10% by weight - nelts

and 15 subseqﬁemdhyprapyiqnﬁafibses" ¥ I. ddwl iBg-Maaty et alfhidnl.
recrystalllseﬂatg%qgﬁsg &¥§§%f‘¥5¥§¥ﬂ11631he cont act
e pre era

pressure is state in t'’he range 0.5to 2.0 MPa, and
the conpaction pressure 40 to 50 NPa 20 We have now found that,

surprisingly to USG®nd2£1§|i!lQOB desdigact gdi2-ddeg heoﬂnjpsbtleﬁ o dagd i er
wor k descrlbed above, Spu g %golefln fibres be coqpacted
into 5 mon¥ PFFﬁP@’é?Tl?ﬁ%E@ g $REES AT ARG 8ES SR £ ERIY

hi gh conpactibe protssesepadbed to formla1she@tdhavengﬁgqufmechanmq&&n of

the present DS 01 FHE! BolchdUD V158 et 20T R T 1" QUG On

ro
of a nnnollthP ein FoCcess an asse

fibres of an stepntigd waighl then fp@lrmrarr% Q(Pu‘ﬁ'ﬂbj ket apdt peddc Apdee on

step wherein Eeﬂ\p%%%%rm{ytfa‘m eratdrd’ i StRidijdd itbi i rpdasHiand act
at an el evat ed erature SLﬁfl(h%) .to melt arﬂgqggrtlon of th

pol ymer , 18nd §§f§&lﬁl€d1ted:q Fal et Rdgnd Ihres i 99 d=he WPt Y 0

MPa. 35 pressure, and thereafter compacted at a higher pressure
for a few seconds, the compaction pressure. In the
process a proportion of the fibre surfaces - most
preferably from 5 to 10% by weight - melts and

15 subsequently recrystallises on cooling. This
recrystallised phase binds the fibres together. The
contact pressure is stated to be preferably in the range
0.5 to 2.0 MPa, and the compaction pressure 40 to 50 MPa.

20 We have now found that, surprisingly to us and quite
unexpectedly in the light of the earlier work described
above, melt spun polyolefin fibres can be compacted into
monolithic articles by a process which does not require a
high compaction pressure.

25

In accordance with a first aspect of the present
invention there is provided a process for the production
of a monolithic article in which process an assembly of
melt formed fibres of an oriented polyolefin polymer is

30 subjected to a compaction step wherein the assembly of
fibres is maintained in intimate contact at an elevated
temperature sufficient to melt a proportion of the
polymer, and is subjected to a compaction pressure not
exceeding 10 MPa.

35
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- 3- In certain enbodi nents the process of the invention may
enpl oy a uglfsafigagar essure throughout. I n certain rombeBdveemtds t he
process of the invention 5 nmay involve a change in the pressure appli ed,
but such t hat the maxi num pressure applied is 10 MPa. I n such

enbodi nents a | ower, contact, pressure may initially be appli ed,
sufficient to nmaintain the fibres in contact, foll oned by the higher
pressure, referred to as the 10 conpactioRg pressure. Preferably
the nonolithic article is an article which I s shape stable under its

own wei ght, for exapl€eftain Phddddmelts the proddéest 6f mtheelinvieditiRh
fibres” road sense Rﬁg&gh te . ,strands of polyolefin
t

is used hereinina .. Db d

pol yner, fTﬁWmﬁFQ%b%ﬂ§ PPLEQED PREFFUTE 3 *are formed via
nolten polyner. The nelt formed fibres may be non-woven 20 nelt spun
fibres laid in a MQB! b Ly il ofpr ksed swi. 1 hj
yarns, or nay be cpnst?%ﬁ?%%nb%mggﬁgs or éﬁ%?@????%%eg?tgggéf €§H%%&§¢He
fornmed by 5s| | mahginEpive a f eRaBESf iimsthe| presspries armi edn pPaEnsudy
?_OBSF : Itu: eg t thady ’eaagsnalgfi_xﬁm?rp&ieﬁ%ts@ié 1ié8051§ y£6 nﬁpfabandgnorsu%:‘i;

ibrillated tapes e |ai oget her or ey may be .orned_intQ a
fabric, for eﬂ%ﬂ‘g{i’%ﬁ/"%aé‘i ﬂé’ knFPP?ﬁ&?ﬂ ‘pressure s éP&BI"?lllﬁe%e
fibres used | mggkigd esenif fiivient obo mairtuweia thegiftimes aje imadtyr

00 0 4G O, |50y sl L0000 1o 0

The polyolefinm™p can
pol ypr opyifene anmpasttybom yprassuse.copol yner s conprising at |east one of
t hose ol efin pol yners. The

Preferably the monolithic article is an article which
is shape stable under its own weight, for example a
plaque.
15
The term "melt formed fibres" is used herein in a
broad sense to denote strands of polyolefin polymer,
formed by any process in which the strands are formed via
molten polymer. The melt formed fibres may be non-woven
20 melt spun fibres laid in a web, or may be melt spun fibres
comprised within yarns, or may be constituted by bands or
fibrillated tapes, for example formed by slitting melt
formed films. If comprised within yarns, or constituted
by bands or fibrillated tapes, those yarns, bands or
25 fibrillated tapes may be laid together or they may be
formed into a fabric, for example by weaving or knitting.

Preferably the fibres used in the present invention
have a weight average molecular weight in the range 10,000
30 to 400,000, preferably 50,000 to 200,000.

The polyolefin polymer <can be selected from
polyethylene, polypropylene or polybutylene, or copolymers
comprising at least one of those olefin polymers. The

35 polyolefin polymer used in the process of the present




35 polyolefin polyner used in the process of the present WO

98/ 15397 PCT/ GB97/ 02674

-4- i nvention may suitably be a pol ypropyl ene honopol yner or a
copol ymer W@@8st®hing a mmjor proportion  of pol BEFERITRAY.
Advant ageously it may be a pol yet hyl ene honopol ymer or a copol yner
containing a major proportion 5 of polyethyl ene. A

pol yet hyl ene copol ymer conprising a rmajor proportion of

pol yet hyl ene as defined herein is one conprising nore than 50% by
wei ght of polyethylene. 10 Preferably, -i4 <onprises nore than 70% by
wei ght of pol yet hyl ene, nost preferably, nore than 85% by wei ght of

pol yet hyl ene. invention ma¥y pmiifabhiyehe polppiyprapylaefriendtbiepeal ymemyobe 15

unsubsti tut ed or, %?Hq | 4ut e npl e by |l ggen .@ggj
preferably B uori e %o%fj 2?1 %%fg%ré?'ﬁaat o"rgns.. HE\% nsul?sﬁ?‘?cg{e of
pol yet hyl ene polyRropYdenhenoneddvaptagecuedy it may be & polyethylere

copol yner  CORBhoboIgmed diaJé)rcaﬁol?ﬁéﬁpbthai%fin@maVQH%xeri@r@?dr@?dﬁ! one
or nore d%ffer nt opol ynmers, foll ow ng copol ynerisation of ethylene
with, f or P&x RJYET * nore of propyl ene, butyl ene, but adi ene,
vinyl chloride, styrene or tetrafluoroethyl ene. Such a pol yet hyl ene

roferred pol yor hyPenolSlyERBI IR, Eonclinls’) CRmBaaRl BP0 4EREr A

having a pEPRorrieor ofonpPeflyedhydems epé afefingdnohegedpor isorcne

pol ypropyl enecomp3dsing mdrePOkWRAHOPBO&NELYCOREE AR ofONPH1péEilyléne T8) OF

Proportiop of ol RLIRY 2N 25aeLrI2d " NSED 'hdl® 708 by weignt of
polyethylene, most preferably, more than 85% by weight of

polyethylene.

A polyethylene polymer as defined herein may be

15 unsubstituted, or substituted, for example by halogen
atoms, preferably fluorine or chlorine atonms.
Unsubstituted polyethylene polymers are however preferred.

A polyethylene copolymer comprising a major

20 proportion of polyethylene may have one or more different

copolymers, following copolymerisation of ethylene with,

for example, one or more of propylene, butylene,

butadiene, vinyl chloride, styrene or tetrafluorocethylene.

Such a polyethylene copolymer may be a random copolymer,

25 or a block or graft copolymer. A preferred polyethylene

copolymer is a propylene-ethylene copolymer, having a

major proportion of polyethylene and a minor proportion of
polypropylene.

30 A polypropylene copolymer comprising a wmajor
proportion of polypropylene as defined herein is one
comprising more than 50% by weight of polypropylene.
Preferably, it comprises more than 70% by weight of
polypropylene, most preferably, more than 85% by weight of

35 polypropylene.



corrbri sing nore than 50% by wei ght of pol ypropyl ene. Preferably, it

conprises nore than 70% by wei ght of pol ypropyl ene, nost preferably,
mor e than {eésh¥sgrei ght of 35 pol ypropyl ene. WO 98/ 1&8HEB97/02674
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pol ypr opyl ene pol yner as defined herein nmay be unsubstituted, or
substituted, for exanple by hal ogen at ons, preferably fluorine or
chl ori ne at ons. Unsubsti t ut ed pol ypr opyl ene pol ymer s are
however 5 preferred. A polyprgpyl ene copolymer conprising a
maj or proportion of polypropylene may have one or nore different

copol yners, followzg gf md¥ ORY! eAer Yhéd: ke rmg?a
one or nore of ethylepe, butylene buta i ene vinyl chlor] rene

or tetrafl uor cHISRPShEtUted h or 'subsitiess erfé"'coﬁ?f?}}‘ﬁ’ére ey B@%Pg%!hdom
copol yner, or a@oms, bl opteFer@isAly coam{mmhe Aonarefeme@hael ypr{gpmene

I cethyl I h t
Oy TeT oo SRR SERERor  hhelhy T80 o a%é?%eﬁm endre” Ve o7

i norgani c 5 i | lrerefeteedal nay be present. inorganic filler
material, when present, may be present in 20 an anount up to 60 vol % of
the article, preferably 20 to 50 vol % An inorganic filler materi al

may, for exanple, 2 [RolE@ReREHEREoMAARNGENSY 5] €omprdSing: aphi t araiex al
oxi des, car boSSorloRYSt O¥b Besrapg1anat hh§, nhoe &xandt Qnore dlfferent
hydr oxyapati t oconp O?)e calciu hosphat cer?ﬁnﬁ]

accordance\MthR?i&Tﬁﬁﬁe 9¥ﬁpgbﬁqﬂ4;¥¥ sa (ﬂﬁf&¥*ﬁﬂ%ﬂﬁ¥ﬁqn
pol yner mmnol ifidr pepap ke, i one oramdaﬁcm:h/ylénéhemmym Muttdieiene,
Invention, as \pleri%feghlorlﬁgovest;pene or tetddel AL 1onLNe GRIRACY

the descri ptioni
polypropylene copoclymer may be a random copolymer, or a

on

block or graft copolymer. A preferred polypropylene
copolymer is a propylene-ethylene copolymer, having a

15 major proportion of polypropylene and a minor proportion
of polyethylene.

An inorganic filler material may be present. An
inorganic filler material, when present, may be present in

20 an amount up to 60 vol% of the article, preferably 20 to
-50 vol%. An inorganic filler material may, for example,

be selected from silica, talc, mica, graphite, metal
oxides, carbonates and hydroxides and apatite, for example
hydroxyapatite, a biocompatible calcium phosphate ceramic.

25
In accordance with the present invention there is
provided a polyolefin polymer monolith prepared in
accordance with the process of the invention, as defined
above.
30

In relation to the compaction the description in GB
2253420B 1is still broadly applicable to the modified
process of the present invention, for example in relation
to treatment times, temperatures, proportion of material

35 which is to melt, the assembly of the fibres and molecular



2253420B is still broadly applicable to the nodified process of the

present invention, for exanple in relation to treatnent tines,
tenperatures, proportion of material 35 which is to nelt, the assenbly of
the fi bresvawnsiisset ecul ar WO 98/ 15397 PCT/GB97/02674

PCT/ GB97/ 02674 - 6- wei ghts and the
description of GB 2253420B may be regarded as incorporated into the
present specification by reference, insofar as it applies to the
production of pol yol efin articles. However the pressure conditions are
5 different, as described bel ow. - 6 -1 n conpactions in accordance
with the present I nvention the conpaction pressure applied (which is

t he si ngl wejpgbssuandapheéi ddscniphéont ef GB022534€20Brmandod egapdedim

pressure appligd i, 56¥i tis p e ' lets bt

range 0.1 to %g g{ p é?é%a y 6ﬁgstgﬂﬁﬁ§ EﬁfE%?"EDSF§S?§ gﬁggﬁth.S to 4

MPa. It is espéergnee, ingpfrer@sd LRateRMEef ekourtde oPrpgRriuan of
pressure, is sdtlolefihhakrtiika ddy.0CefiswdBlr the Pridsashrtcdrit i onl eateive

or in 15 _a belt press or other a t in which the assenbly is fed

t hrough a®co éﬁFEEﬁn enéS; ﬁ%ﬂﬁ?ﬁygaebéfQMbjected to sai d el evat ed
tenperature and said pressure. Thus, the process may be operated as a
continuous or sem =cont] . proces : f er...di ence -
bet ween the pr esenggi nvaen %o%}lons angﬁt hg%’cé?d&g‘:SZS?ﬁ}g‘B :gsﬂ.thaq.ldégnét e
process of thaénventignerthenceonpagtdpor frassyre RPPLigRe(WRAFEh ifelthe | s

suitably 10 tg;R@%ebyppekelite 2Bpplied in ldhe2EA¥Plapegdciskhsa §£COEKe
aspect of the présent I nventl on %here is provided a process for the
e

productidf ~ MaAXIPUR REEASWNR ARRIIeReiPntHAI OF SHHP REXTIAOF
melt formed fibreaithbdy dn ehmecdgrey d £ ito pod WMRE, ipraferably eti2deo a

ot mate cont Sofia MCEFepEPEARIYLY 0t o wed XM Cle! S TRAPAIRAY T
preferred that the pressure, or maximum pressure, is such
that the process may be carried out in an autoclave or in

15 a belt press or other apparatus in which the assembly is
fed through a compaction zone in which it is subjected to
said elevated temperature and said pressure. Thus, the

process may be operated as a continuous or semi-~continuous

process.
20
A further difference between the present invention
and that of GB 2253420B is that in the process of the
invention the proportion of the polymer which melts is
suitably 10 to 50% by weight.
25

In accordance with a second aspect of the present
invention there is provided a process for the production
of a monolithic article in which process an assembly of
melt formed fibres of an oriented polyolefin polymer is

30 subjected to a compaction process in which the assembly of
fibres is maintained in intimate contact at an elevated
temperature sufficient to melt a proportion of the
polymer, and is simultaneously subjected to a single
pressure throughout the process.

35



tenperature sufficient to nelt a proportion of the polymer, and is

si mul t aneously subjected to a single pressure throughout the process.
35 WO 98537397 PCTPCHEBINR26744

-7- If wished the fibres may have been subjected to a
crosslinking process. It has been found that this can | nprove the
conpaction process by meking the conpaction tenperature less critical,
and can favourably alter sone 5 mechanical properties, in particular by

i mproving failure strength at el evatedytenperatures. When a
prior crosslinking process is enployed it may be a chem cal

crosslinking procegg, wistdyi BHel 8 BIEEs Oha0 nav€ NBEERAISUIPANSEg WbCh
forms reactive radhﬁ%k§ under predetermned initiation conditions.

Suitably the FERQGE 1NgyRFIRLSS cumd, oBREN FPund)ehat ghisorcan
exanpl e DMIBHimprowe XM compastliane prfatesxabpl makitigythéi tenpaction

preferably vi silgng. ef bly jt [RY, o)
i rradi ation c{raéls“ I NKi nge plr oces%_lﬁl@én\f;%_géi’ng‘;‘gp c%églnifm ng‘flbgbi.gt SSQSEnﬁPF“?i ng
i rradi atibg thechapicalnpriepertiind siiny particylari by, impdoviog £ailure

anneal i ng st ep+EaRBLHS 'atd ARRRA Ik empetABuibEadi ated pol ymer at an
el evated tenperature. Irradiation crosslinking is believed to be

particularly 20 suitable. For general information on known
crosslinki ng PHhees 3¢ pricaf el ivlyihg prdeess Dl baplédyed [tohay

pdvances 13 B0l TeShMBlonnE! 3¥ec 0 1 A0 Fhog R pR0E"S
A preferted iaralienionl cresgentki wigiphodsswusy reagbive radic¢alshender
defined. 30 predetermined initiation conditions. Suitably the reagent
may be a cumene compound, or a peroxide, for example DMTBH
or DCP, or a silane, for example a vinyl silane,
preferably vinylmethoxy silane. More preferably it may be
15 an irradiation crosslinking process involving an ionising
step comprising irradiating the fibres with an ionising
radiation, and then an annealing step comprising annealing
the irradiated polymer at an elevated temperature.
Irradiation crosslinking is believed to be particularly
20 suitable.

For general information on known crosslinking
processes, reference may be made to Sultan & Palmldf,
"Advances in Crosslinking Technology", Plast. -Rubb. and

25 Comp. Process and Appl., 21, 2, pp. 65-~73 (1994), and to
the references therein.

A preferred irradiation crosslinking process will now
be further defined.
30
Suitably, the environment for the annealing step
which preferably follows irradiation is a Ggaseous
environment.



Suitably, the environnent for the annealing step whi ch preferably

follows irradiation is a gaseous envi ronnent . WO 98/ 15397

PCT/ GB97/ 02674 - 8- bly
the irradi WO ep is effected in an envi ronnment whi cﬁciré&ﬁ;o%ﬁ
substantially free of oxygen gas. For exanple it could be performed in
vacuo or in the presence of an inert liquid or gas. Preferably however
5 the environnment for the irradiation step conprises a nononeri c
conpound sel ected from al kynes, and from al kenes having at | east two
doubl e bonds. Preferably, the 8annealing step which follows
10 irradiation is carried out in an environnment which is substantially

free of oxygen gasBmefemakdy cther iimadiationpsseer iis c8ffeGEadsdiNecRRd
from al kynes, e%'%qudrﬁdarﬁi kﬁHQ&h is haubBgaatikh@agt ﬂxVéla deﬂbkﬁ:ﬁy@iﬂsgas 15

There is no necessit e enV| ro nents to be same I.n
i rradiation aﬁ&’ran‘ﬁ%%ﬁ“?ﬂ pSould e(? rfo I“Wéi 3§5|1tny ?l&?
sai d nononer i @r@ymmcbﬂsad 1nezch1r1rtg.11dheorr gagi.at |R:meﬁem1p hewewersane

o cocon R 8 A RN U hgilaes,

mononer i ¢ co irradration s ep could 'aced 1n
whol e or in pacndnerigiicddmpamd msileaied fron adiyeesd ABA f-ﬁ@ma*‘h?a]éal‘?ﬁg

st ep. Fb“evehdéﬁ?dsé¥”ié%@@ two 48@b1khgonagperti es desired of said
nononeri ¢ conmpoun the irradiation step will generally be the sane

as those 25 required in the annealing step, so there wll generally be
no necessity to effratdfera®ny e orchpart aahendphgcensgp whidkbst follows

conveni ently, .thergefqr th n S a
t hr oughoE%J 1Fr¥q§i§r#%%{§e§%hg@m£f)§éh O%wg}{ %r{ e%‘élg%{‘ﬂgggus loc suppl y a
further chargeufstsaitiablynéree 389 gamgann(gasasb\@hewbﬁ%!ewfmlb’e%%%sa

monomeric compound selected from alkynes, and from alkenes
having at least two double bonds.

15 There is no necessity for the environments to be the
same, in the irradiation and annealing steps. Indeed
there is no necessity for said monomeric compound used
during the irradiation step to be the same as said
monomeric compound used in the annealing step; the

20 monomeric compound used in the irradiation step could be
replaced in whole or in part by a different monomeric
compound for the annealing step. However it is believed
that the properties desired of said monomeric compound in
the irradiation step will generally be the same as those

25 required in the annealing step, so there will generally be
no necessity to effect a whole or partial replacement.
Most conveniently, therefore, the monomeric compound is
the same throughout. In some cases however it may be
advantageous to supply a further charge of said monomeric

30 compound, as the process proceeds.

For either or both steps, a mixture of monomeric

compounds could be employed.



For either or both steps, a m xture of nononeric conpounds coul d be

enpl oyed. - WO 98/ 15397
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envi ronment enpl oyed for the irradiation and/or t he annealing steps is
preferably constituted entirely by sai d nononeri c conpound, but may

al so conprise a mxture bei ng said nononeric conpound together with one
or nore 5 ot her conponents, for exanple an inert gas or |iquid.
Suitably the said nononeric conpound is gaseous at | east under the
treatnment conditions enployed and is enployed in the irradiation

and/ or anneal i ng sThps eaivixqiresstir enpboyed fomﬁmﬁeﬂiﬁ&&ﬁﬁ&tﬂohnahb?oease
of a mxture, J . 0.2 Olerr]lPa -.4 x
10[ err] Pa), pF%geéggﬁéiggg-%&ey% a%mé%é%é%éS?g égﬁgfég?Fﬁé Englkeﬁy by
10[ err] Pa), nesidpmehemeriic (z@ugound, abibs piaaT ElS® commf bse]| Ramixture
10[err]Pa). peing said Rh&ASHE ﬂc”‘&:’&ﬁ’rﬁd{%&of > QLREE {R%nUShd Eodfhﬁore

present 15 inveftion, In either of eirradiation and, .
anneal i ng® st epkhesr coprgnRRts and o Kexavrlayidy dnardasgas or ¢ pdauddel e

bonds, which shkeapsyathe@aisuibabhérbedcbyompour@licgajaséons. at Ibgytare
desirably gaseo

s_upder the treat.nent conditi o enpl,oyed and shoul d
e abl e 1o 200 EFI HBE FHESPRBS,GPOLERERS SOFARYACARS 00 P LaXere AD
condi ti ons enpheyéurafieftdore carat foxnauheailingestaide/ s a pressunkkenes
|.e. alkynes ﬁérgg?c“??e%ﬁ%euans%%t 2ae?lleY a mj t%%',”ikxytl?ﬁé By é%g‘c’s? and
carbon at ons. a es are unsubsti tuted serr] al kynes, préterably
havi ng ohPy ofe224 atppppPBersfd (2 Kok OBanpl% addt JrénePTAELKPR1YC O Peéne,

di methyl acetytgfBsphBeet! Nyl xaqeiphenea(Qf 10M&£)), SREEt freferadtt ¥l 60E IS
preferred) and, unsubstituted al kenes havi ng at | east two double

er,r
bonds, pref er abPGSBREY efud ° XPHIHB%brelbﬁhaéfP?br exanpl e 1, 3- but adi ene,

1, 3- pent adi ene, 30 1, 3- hexadi ene, 1, 4-hexadiene and 1, 3,5-hexatriene
(of whi ch SpeCE%gféf%gﬁﬂﬂﬂﬁéﬂg}ié égﬁggﬁﬁgg)for use in the present
15 invention, in either or both of the irradiation and
annealing steps, are alkynes, and alkenes having at least
two double bonds, which alkenes are not substituted by
halogen atoms. They are desirably gaseous under the
treatment conditions employed and should be able to
20 diffuse into the polyolefin polymer under the treatment
conditions employed. Preferred are unsubstituted alkynes
or alkenes i.e. alkynes or alkenes made up substantially
entirely by hydrogen and carbon atoms. Examples are
unsubstituted ¢, alkynes, preferably having only one
25 triple bond, for example acetylene, methyl acetylene,
dimethyl acetylene and ethyl acetylene (of which species
acetylene is preferred) and unsubstituted C,; alkenes
having at least two double bonds, preferably only two
double bonds, for example 1,3-butadiene, 1,3-pentadiene,
30 1,3~hexadiene, 1,4-hexadiene and 1,3,5-hexatriene (of
which species 1,3-butadiene is preferred).

One preferred class of alkenes for use in the present
invention has at least two conjugated double bonds, thus
35 including 1,3-butadiene, 1,3-pentadiene, 1,3-~hexadiene and



One preferred class of al kenes for use in the present I nvention has .at

| east two conjugat ed doubl e bonds, thus 35 I ncl udi ng 1, 3- but adi ene,

1, 3- pent adi ene, 1, 3-hexadi ene and WO 98/ 15397
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1, 3, 5-hexatri ene. Preferably the conjugation extends t hr oughout the
| ength of the conpound, as is the case with 1, 3- but adi ene and

1, 3, 5-hexatri ene. 5 Anot her preferred class of al kenes for use
with the present invention has doubl e bonds at |east as the

term nal bonds in the conpounds, thus i«ciod+ng 1, 3- but adi ene and

1, 3, 5-hexatri ene. 10 A particularly preferred class of al kenes has
at | eastl}3ps5ehakagatiededoubl Rréfedablpr efkeabtoningatioe extends

doubl e bonds a : onds
Conpounds of 1h3sbugpdiengsandclude Srhexatzieng adi ene and
1, 3, 5-hexatri ene. Preferably said al kyne or al kene having at

| east two doubl e bonds is the sole crosslinking agent enpl oyed ,n

the irradfation st®POEREFoPTEHETHALFIITE s?gp‘."‘ggﬁngs or us c“é%@? i s
an especi al | yppegéatr efintrendieni chas doabpeuntohds uat | hedaht passetie

i nventi on. |y cet yl,ene | S t ani.j he, sple
sai d nonomer i gé]%;“ﬂ_‘ggorr%?)ﬂ%a g)o'fh)qhn"pt P?Iectﬁ‘lp:é?lgl |§:ft [ g#B%t egﬁg%hiy‘ﬂgt ﬁle'
anneal i ng 25 butadpene and 1,3,5-hexaliniende irradiation step is effected
at a tenperature not exceeding 100[err]C, preferably not exceeding

8oferr] CiOA pref er E\edparggggullasr%r50pc1::"efn£1§1¥'e£r %fl%rsasbl Xf15a_1%94r?e[sr] g’as at

bt bonds SHERLEBLIERHONONsch By EAEBobokhl, g 46 RO Mge ik

least two conjugated double bonds, preferably with the

conjugation extending throughout the 1length of the

compounds, and double bonds at least as the terminal bonds

of the compounds. Compounds of this type thus include
15 1,3-butadiene and 1,3,5-hexatriene.

Preferably said alkyne or alkene having at least two
double bonds is the sole crosslinking agent employed in
the irradiation step and/or the annealing step.

20
Acetylene is an especially preferred monomeric
compound for use in the present invention. Preferably
acetylene is used as substantially the sole said monomeric
compound both in the irradiation step and in the annealing
25 step.

Suitably the irradiation step is effected at a
temperature not exceeding 100°C, preferably not exceeding
80°C. A preferred range is 0-50°C, most preferably 15-30°C.

30 Conveniently the step is effected at ambient temperature.

In carrying out the process of this invention, any
ionizing radiation can be employed. In practice, however,

the types of ionizing radiation which can be used with



30 Conveniently the step is effected at anmbi ent tenperature.

In carrying out the process of this invention, any I oni zi ng radi ation
can be enp®y®s3gi n practice, however, the types of i oRCIIGRP702TRat i on
whi ch can be used with WD 98/ 15397
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practicality are el ectron beans, ultra-violet radi ati on and,

especially, [err]-rays. The radi ation dose is suitably in the
range 0.5 to 5 100 Mrads inclusive, preftegabLy 1 to 50 MRads i ncl usive,
nost preferably 2 to 20 MRads i nclusive. For many applications a

radi ati on dosgr&dtdsto ghthdpes1iagl uste e electaftireabeanel,y havpa-e¢hbget 10
Preferably the gg%gol efin_polyner J nneal ed at a tenmperature of at

| east 60[ err ¢ 18PaBPG 2 FR Yt u¥e3¥S-in the range 80 to

120[ err] C i ncl usi ve. Preferably the polyolefin polymer is

anneal ed at an. 15 pAgNgaldig {GIDLBLUIE dhudEAsty 2PhCRELC DRlQU L8 o |

mel ting poi nt, “nost preferably at an anne t enperat ure” whi ch
bel ow i t $ nel19®gMBafst implasistperpraferabivedetiq £0 MRady inelpgiye, 20

to 50[err] C HostUspyrerePRBIyPr £f ekgblye Hkdd:s indiLivdC | Rehushupy 20
The period for which annealing is carried out is not t hought .t o be
critical, pr APRLECRERAPISHE afetatlon doggy F’lfci3eﬁ"t° 3R} %?Jg?agf‘f’%}‘ﬁﬁv&l I

of the pol ynedppbaeh kragy favduasibleysadi ated to reach the said annealing
tenperature 25 and for substantially all of the radicals forned to have
react ed. This can be assessed by trial and error foll ow ng ESR
or mechak® cal testPrgfetrablyaditae epodi@lefin pobyner dsmannealert pkedence

of unreacted ¢aghbeahur® of at least 60°C, preferably at a temperature
in the range 80 to 120°C inclusive.

Preferably the polyolefin polymer is annealed at an
15 annealing temperature at 1least 20°C below its melting
point, most preferably at an annealing temperature which
is below its melting point by a temperature differential
in the range 20 to 50°C, inclusive, most preferably, 30 to
40°C, inclusive.
20
The period for which annealing is carried out is not
thought to be critical, provided that the time is
sufficient for substantially all of the polymer which has
been irradiated to reach the said annealing temperature
25 and for substantially all of the radicals formed to have
reacted. This can be assessed by trial and error
following ESR or mechanical testing of irradiated and
annealed samples; the presence of unreacted radicals is
believed to lead to chain scission and diminution in
30 mechanical properties.

Suitably the polyolefin polymer after the irradiation

and annealing steps has a gel fraction at least 0.4,
preferably at 1least 0.5. Preferably the polyolefin

35 polymer after the irradiation and annealing steps has a



believed to lead to chain scission and dimnution in 30 nechanical

properties. Suitably the polyolefin polyner after the

i rradi ation and anneal ing steps has a gel fraction at

pref erabl yWO8/153%5st 0.5. Preferably the polyolefin 35¥€'8%#R7%82f&7%f ter
the irradiati on and annealing steps has a WO 98/ 15397
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no greater than 0.85, preferably no greater than 0.75. A particularly
preferred gel fractionis in the range 0.55 to 0.7, nost preferably 0.6
to 0.65. 5 The process of the pre&@nt invention is a sinple |ow
pressure process giving nmechani cal properties which range from good

to excel | ent.9el %Ha&&MHQnﬂngreQ¥E¥ hpacO-85, mEgfsmakly opo greater

pO{YPr08y|enetghﬂQ@ﬂSﬂﬂmecgérbﬁddrérlyl é@@ﬁﬁea;ngeﬂﬂgfﬁmdwgi%Sig

out st andi ng. e.nvenjiaon now ur.t her scri bed, by
vy or eBREl BangRL R -Ph Sebrid 1 FTE BXEREFRELVNPCA F8I PoRe-

Pol yet hyl ene exanpl es 15 Sanpl e In the first exanples, the
material ysed was Al gﬁg s OF | I

honopol yrr%ri c 20 ggfygtr%y ene??cﬁ% S aé%qﬁéﬁiﬁlﬁf%lg%ﬁ%eyé?%,
under the TraB¥eRERKECPRPRENS THY ipW waghankra bipreperphes whigh range

characteri sedragnf ohbe¥sS: to exdbheenkar VeightpaPtoefsar, Ehaakhmgact

Tensil e Mdul us 25 rength Initial 2%
res%stance of polypropylene plaque produceg by %he

process of the invention is outstanding.

10
The invention will now be further described, by way
of example, with reference to the examples which follow.
Polyethylene examples
15

Sample

In the first examples, the material used was a
commercially available oriented melt spun homopolymeric
20 polyethylene, sold as a 250 denier multifilament yarn,
under the Trade Mark CERTRAN. The polyethylene of CERTRAN

is characterised as follows:

'Molecular Weight Process Breaking Tensile Modulus

25 Strength Initial 2%
Secant

Mw) (Mn) (GPa) (GPa) (GPa)

130,000 12,000 melt spun 1.3 58 43
30

Experimental

Samples were prepared in a 55 mm square mould in a

35 bench press. 10 layers of CERTRAN woven cloth were

assembled between aluminium sheets in the mould and then
placed in the press. The contact pressure was applied and
maintained as the assembly heated up. The assembly was



Secant (My)  (Vn) (GPa) (GPa) (GPa)

130, 000 12, 000 melt spun 1.3 58 43 30 Experi nent al

Sanpl es wewe gsnepared in a 55 nmsquare nmould in a 35 benchP@F/E887/02674.0

| ayers of CERTRAN woven cloth were assenbl ed between al um ni um sheets
in the nould and then pl aced in the press. The contact pressure was
applied and mai nt ai ned as the assenbly heated up. The assenbly was
WD 98/ 15397 PCT/ GB97/ 02674

- 13 - given a 5 mnute contact perd qg under the contact pressure
starting fromthe point where 138.0[err] C was achi eved. The tenperature

ilgg i 8? thfccog]g?@h ?ﬁsi mdn:a&& &ahltra@imt riod lmeid@.erthtle%di{t%rdd prd¥hure
err er e ont a eri,o (6] ClLIl On essure was

appl i ed. §3ﬁ§tdé‘§estclf?ﬁs ppon‘qzt P{g’%’é?relaé Bpffg Yt agf”‘ﬁf’égsur e&heng

in some casestempelnag:hafe dird repnian | @oriRsts Upe el Maday aimfaeichtasi ide

assenbl y was %Q‘Ek«%% Qqh@[ SB&] G3lg o@e pé??ér ghe B%tkta%"d o exiod 1{1?]

pressure was remved € assenbl’y ¢co00l e 0 room
air. 5 T@Q!nmg:tlon pressurghwakongpplididral Ihesonal cnrsdn;l dshiandvas

longi tudinal ihe 58X s SHIRNIHbHHadt e p3H A% Wehad e§}16dsomg"vcb§§éé pS

were cut fromeach plaque and tested as foll ows Due to size
linitations t REIPeFques TAGUIGPTRACHEON Pressuke ¥as Asimtaingdiapgs the

The equi prrentassumxiy was ZdoleaMpld awio . wethi A S8k s Angl tH Beh B itit
bendi ng was u%%e pressure was removed and the assembly cooled to room
10 temperature in air.

Testing

The longitudinal flexural modulus and longitudinal
15 flexural strength of the samples were tested. Two strips
~ were cut from each plaque and tested as follows.

Due to size limitations the plagues could not be
tested to ASTM standards. The equipment used was
20 compliant with ASTM D790, and three point bending was used
as described in method 1 of this standard. The dimensions
of the specimens were

Span 30 mm
25 width 10 mm
Thickness governed by plaque

In general the thickness to span ratio was around 16
to 1. The rate of crosshead motion was 1 mm per minute in
30 all cases.

Initial longitudinal flexural modulus was determined
by taking the slope of the initial part of the curve (with
due allowance for "toe in"), and using the following

35 formula



as described in nethod 1 of this standard. The di mensi ons of the

speci nens ‘were Span 30 mMm 25 Wdth 10
nm Thi ckness governed by pl ague t he

t hi cknessM®8353% rati o was around 16 to 1. The rate ofﬁévgggﬁ&gg;cf
notion was 1 nmper mnute in 30 al |l cases. Initial

| ongi tudi nal flexural nodulus was determ ned by taking the slope of the
initial part of the curve (with due all owance for "toe in"), and using
the followwng 35 fornula WD 98/ 15397
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Modul us = ( Load ) x ( Span

Def |l ecti on 4 x Thi ckness| efqr, W dt h Fl exural strength
was determni ned byMPaKiHE fh%dé*fgigicgion] d‘éd?%‘qlgﬁ‘%ﬁy?ﬁ;gmﬂng t he
followng formula 5 Strength = x LCoad X "Span

4 x Wdth x Thi ckness[err] Errors quoted are derived fromthe
followi ng formul a

Flexural strength was determined by taking the peak
load before failure and using the following formula

5
Strength = 6 X Load x :9'pan
4 x Width x Thickness?
Errors quoted are derived from the following formula
. = Standard deviation
Jynumber of samples tested
10

The results are shown in Table 1 below and Figures 1
and 2. In Figures 1 and 2 the first pressure for a two-
stage result is always 0.7 MPa.

15



St andard devi ati on [err] nunber of sanples tested 10 \

The results are shown in Table 1 below and Figures 1 and 2. In Figures
1 and 2 tRgefogfsde7pressure for a two- stage result is alowgssib2g74ViPa.
15 WD 98/ 15397 PCT/ GB97/ 02674
- 15 - TABLE 1 Cont act Conpacti on
Longi t udi nal Longi t udi nal Pressure Pressure Fl exur al

Fl exural 5 Modul us Strength (MPa)
(MPa) (GPa) ( MPa) -~ 1507 0.7 4.5
0.2 94 4 1.35 1.35 4.9 0.3 103 [err] 6 10
2.7 2.7 : 0.6 Tﬂﬁﬁm i 0.7 1.35

5.1 0.2 108 3 6.0 0.3 102 1
0.7

under | i ned arg Q(ir uq__\éereﬁi’%scﬁug 6 sepég rag]lngf%c“ﬁn@tﬁgéef

strips naghlne om 3 plraques not undej, t he
average o (2 (Mpaptrlps fronk ’ngle plaquq

Experinments have aI so been perforned to corrpare t he perfor mance of
sanpl es produgeg in a ngfched netal noujds 4+ g.YsSing aghywo-stage process,
and in a presg.glsave (ayge of 25 aug leavgg usingidxyed g ively I ow

range of 100nmpactzi on Qressur es. 5.3 + 0.6 109 + 1
0.7 1.35 5.1 + 0.2 108 + 3
0.7 2.7 6.0 + 0.3 102 + 1
0.7 6.9 5.0 + 0.1 109 + 3
185

Figures underlined are the average of the 6 separate
mechanical tests (2 strips machined from 3 plaques);
figures not underlined are the average of 2 tests (2
strips from a single plaque).

20

Experiments have also been performed to compare the
performance of samples produced in a matched metal mould,
using a two-stage process, and in a press clave (a type of

25 autoclave), using a relatively low range of compaction

pressures.

In these experiments 12 layers of CERTRAN were laid

in a matched metal mould or a press clave. The contact

30 _pressure was applied as the assembly heated up, and the
assembly was given a ten minute contact time once the
temperature had reached 137.5°C. This temperature was
maintained constant during the contact time. - The
compaction pressure was then applied for one minute before

35 the assenbly was cooled as before. The results from tests
performed as described previously are shown in Table 2

below.



In these experinents 12 | ayers of CERTRAN were laid in a matched net-al
nmoul d or a press clave. The contact 30 pressure was applied as the

assenbly heated up, and the assenbly was given a ten m ct
time once ‘P’ﬂé’s’“”g tenperat ure had reached 137.5[err]C. T#ép}(?segﬁr’pag&r‘gture
was mai ntai ned constant during the contact tine. The
conpaction pressure was then applied for one mnute before 35 the assenbly
was cool ed as before. The results fromtests performed as descri bed
previously are shown in Table 2 bel ow. WO 98/ 15397
PCT/ GB97/ 02674 - 16 - - 16 -
TABLE 2 Process Cont act Conpacti on Longi t udi nal
Pressure Pressure Fl exural MpdulTABEE 2 ( MPa) ( MPa)
(GPa) Mat ched 0.7 6.9 9.87 0.54 nmet a
nmoul d 10 Presess (@ohtact Icdifipaction orBfighendlinal?6 Cl ave
0.7 0.7 Preasiidecr rirdsdire Flexural. ¥odulus 1. 35
9.70 0.18 15 Not e{MPa) (MPa&he noduli qGPe8d in Table 2 are
hi gher than those 20 quoted in Table 1 because of the |ower
conpaction Mateimedr at &-¢ used i rép?oduci ng the AaB@ritall.84ed in the
tests of Tabl ®eRal Reducing the conpaction tenperature reduces the
proportigg of ®PH&df i bre nelted, which neans

Press 0.7 1.35 9.86 + 0.26

Clave 0.7 0.7 9.73 * 0.40

1.35 1.35 9.70 £ 0.10
15
Note

The moduli quoted in Table 2 are higher than those
20 quoted in Table 1 because of the lower compaction
temperature used in producing the material used in the
tests of Table 2. Reducing the compaction temperature
reduces the proportion of the fibre melted, which means
that the moduli are higher since more of the original
25 oriented fibre remains. A second reason is that the Table
2 tests used a sample of 100 mm span whereas the Table 1
tests used a sample of 30 mm span, causing shear effects
.in the latter. Such shear effects cause a reduction in the
modulus measured.
30
Provisional conclusions

A single pressure process performed at a pressure of

0.7 MPa produces samples with good flexural properties.

35 If the pressure is increased then the evidence points to

an improvement in properties, which approaches the values
seen with a two-stage process.



that_the nmodul i are higher since nore of the original 25 oriented fibre
remains. A second reason is that the Table 2 tests used a sanpl e of

100 mm Sp%%?ffs as the Table 1 tests used a sanpl e of PRA/CBITOPEM,
causi ng shear effects in the latter. Such shear effects cause a

reduction in the nmodul us measured. 30 Provi si onal concl usi ons

A single pressure process perforned at a pressure of 0.7 MPa produces
sanpl es with good flexural properties. 35 If the pressure is increased

t hen the evidence points to an inpro gment in properties, which
approaches the val ues seen with.a twd-stage process. WO

98/ 15397 : % ropvlene examples PCT/ GB97/ 02674

- 17 - : Sanpl e 5 The conpaction
behavi our of a pol ypropyl ene fabric with a relatively high initial

nodul us was sgggggg. The pol ymer fabric chosen for study was AMOCO
fabric type 6. This is woven from pol ypropyl ene tapes, the sane
type for both warp and weft, with an initial tensile 10 nodulus of 4.8

0.2 ?Pad sdThe tap@ﬁearcﬁ:ﬁpgxdmﬂbzbybehavﬁjduﬁ iof a Galypmmpybeneyifabe ik | m
I n standard mapper . . [i ak s l.nd t ' | al
B8] &, mete ey fEGA3kni £330 moduidl &L ELARICH. ONhe al s

were perfor me* . quar € noul a bench press
descri bed abopelyfkeer fabmisemdiosams fioal dshedyharamnAHOCOprEakEie &ydeng

initial hggbisNg URH{iL §BeiR/BeT Ao e pBaYpreRRIthel 82a 0] M ke Mantdhi s
type for both warp and weft, with an initial tensile
10 modulus of 4.8 * 0.2 GPa. The tapes are formed by
slitting a drawn polypropylene film, in standard manner.

Experimental

15 Initial compaction trials were performed using the 55
mm square mould in a bench press as described above. The
assembly was held at the contact pressure during initial
heating until the temperature had reached 182.0°C. At this
point the assembly was held for ten minutes, with the

20 temperature being maintained between 182.0°C and 183.0°C.
The compaction pressure was then applied, and the assembly
cooled under the compaction pressure to 100°C. At this
point the assembly was removed from the press and cooled
to room temperature in air with no pressure applied. 1In

25 most cases the compaction pressure was equal to the
contact pressure, but a test using a two-step process
involving a substantially higher compaction pressure was
also performed.

30 Flexural modulus and strength tests were performed as
described previously. The results are shown in Table 3
and Figure 3 below.



point the assenbly was held for ten ninutes, with the 20 tenperature being

mai nt ai ned between 182.0[err]C and 183.0[err] C The conpacti on
pressure was then applied, and the assenbly cool ed un
conpact i oWQ8853%re to 100[err]C. At this poi nt the ass%ﬁg%fz\?\gs
renoved fromthe press and cool ed to roomtenperature in air wwth no
pressure applied. In 25 nost cases the conpaction pressure was equal to

t he contact pressure, but a test using a two-step process

i nvol ving a substantially higher conpaction pressure was al so

per f or med. 30 Fl exural nodul us -ankB strength tests were perforned as
descri bed previously. The results are shown in Table 3 and Figure 3
bel ow. WD 98/ 15397 TABLE 3
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TABLE 3 Cont act Conpacti on Longi t udi nal Longi tudi nal 5
Pressure Presént£ct  Comp&¥tish Longdttidinal Longitudinal
Mdulus 5 pr&isergt hpressabba) Fyexural El&mral ( MPa)
0.7 6.9 3.6 MoSli® 0.7 Strength

2.9 (MBY) {MB8) 1.35 (GPa) 3.0 (MPa) 68 2.7
2.7 3.7 87 6.9 6.9 3.0

80 15 F® o¥i si onal 6e8ncl usi ons f o -Mol ypropyl ene 87

Reasonabt® pr@pérties cBm7be obtained @sithg a single 89 pressure process

at 0.7 MPa. lg¥ter prdpdPties for a %Og singl e presé@re process are

achi eved usim7a singlé-7 .
r§‘9 9 6.9 3.0 80

15
Provisional conclusions for Polypropylene

Reasonable properties can be obtained using a single

pressure process at 0.7 MPa. Better properties for a

20 single pressure process are achieved using a single
pressure of 2.7 MPa.

Polypropvlene impact tests

25 A 6 mm thick, 180 mm square panel of compacted AMOCO
polypropylene woven fabric 2036 formed from tapes was
prepared for IZOD impact tests. The manufacturing
procedure was as follows. The required number of layers
of polypropylene cloth were placed into a matched metal

30 mould which was set to the compaction temperature of 183°C.
A pressure of 2.7 MPa was applied to the mould, and once
the assembly had reached the compaction temperature it was
left for 10 minutes. A pressure of 6.9 MPa was then
applied for 1 minute, after which the sample was cooled to

35 80°C. The pressure was then released and the sample was
removed from the mould. The IZ0OD tests were performed
according to ASTM D256 test method A. The results from
six tests gave an average value of the impact energy of
3090 * 660 J/m.

40



pressure of 2.7 Mra. Pol ypr opyl ene i npact tests 25 A 6 mm

t hi ck, 180 nm square panel of conpacted AMOCO pol ypropyl ene woven
fabric 203QofgneRd from tapes was prepared for 1Z0D »CHGBY7/026EEL S.
The manufacturing procedure was as follows. The required nunber of

| ayers of pol ypropyl ene cloth were placed into a matched netal 30
nmoul d which was set to the conpaction tenperature of 183[err]C A
pressure of 2.7 MPa was applied to the nould, and once t he assenbly
had reached the conpaction tenperature if jwas left for 10 m nutes. A
pressure of 6.9 MPa was then applied]for 1 mnute, after which the

sampl e was cogha¢ipi end Uil fouhprapassicsagnd hen released and the
sanpl e was Frenove romthe nou ests were perforned
according to ASTM D256 test method A. The results from Si X tests gave
an average val ue ofpsigirimgited EReNgY Ofcarried09@utb60td/ madfess tha\O

98/ 15397
- 19 - P& Fﬁﬁﬁﬁiﬁ%ﬁ%}%ﬁﬁﬁlﬁﬁSﬁ& pﬁﬁ?ss exaé%?@Zégzgz%cedqu(farﬁ%nts

were car 6i ed comitinuans agpsesessihe The testabwene eArmiedngut sissing a
conpaction pr ey gﬁegl oLy 5%1-&9@“ RS RIAGESS. b hen&ﬁgt?@Hwnwar ré£d

out using a e belt press manufactured by
Bi el ef | ed, GePi@heilmtd ffedeanks The Pregs: vasesstute & temp%as‘flélf?]‘tf
and for a preagare, oAnd. fow pHESsAEESEEVAST MPE. I Dhe préssevas anlertal

600 nm wi de. 10 gaégrlal used for these tests was a woven
fabric av£QQﬁﬂ%?fW§ﬁﬁ§h% RoliB; Mit8€-as Propex Geotextile fabric
type 608320 This is woven fromtapes which have a tensile strength of 40

kN'm (nmeasured by Q%% ﬁ%éﬁg¥gf used for these tests was a woven fabric

available from Amoco Industries as Propex Geotextile
fabric type 6082. This is woven from tapes which have a
tensile strength of 40 kN/m (measured by test standard

15 DIN-EN~-964-1). The tapes are produced by slitting a drawn
film in standard manner, and are used for warp and weft.
Initial experiments were carried out using two layers of
the woven cloth, with the press running at a speed of
approximately 1 metre/minute. Successful hot compaction

20 was achieved using these parameters, with well compacted
sheet produced on a continuous basis for over an hour at
a speed of 1 metre/minute. Subsequent trials using four
layers of woven polypropylene cloth were also successful
using the same process parameters.

25

Dumbbell-shaped samples of 26 mm gauge length were

cut from the compacted sheets and tensile modulus and
strengths were determined at 20°C using tests performed at
a nominal strain rate of 20% per minute. Table 4 below

30 shows a comparison of these results with measurements on
samples cut from material compacted in an autoclave using
a single pressure of 0.7 MPa, and samples cut from
material made using a matched metal mould in a single
pressure process of 0.7 MPa.

35



15 DIN-EN-964-1). The tapes are produced by slitting a drawn filmin
standard manner, and are used for warp and weft. Initial experinents
were carried out using two |ayers of t he woven cloth, w Ss
runni ng avQ¥e¥EY of approximately 1 nmetre/ mnute. Su\(/:\%{é@g};gﬁoﬁgf
conpaction 20 was achi eved using these paraneters, wth well conpacted
sheet produced on a continuous basis for over an hour at a speed of 1
metre/ m nute. Subsequent trials using four | ayers of woven

pol ypropyl ene cloth were al so successf ul usi ng the same process
paraneters. 25 Dunbbell-shapéuz§%ﬁbles of 26 mm gauge |l ength were
cut fromthe conpacted sheets and tensilé Eggulus and strengths were
determ ned at 20[err] C using tests per at a nomnal strain rate
of 20% per mnute. Table 4 below 30 shows a conparison of these results

W th neasur effefts on S|aTTpT €S LLWW

aut ocl ave using a si ndl e pPdtBigse of |0. 7 Awteclavgnd shnp¥atched metdl o
material nad¢ using a natchied netal nmouldjin a single pr 888Mr e prpcess
of 0.7 MPa. 35 . 98/ 15397

O T oy a6 Y2 Tensile Modultd 337+ 0.1 3240, 3.5 + 0.1

TABLE 4 ° (GPa) Bel{ Pregs Aut-oclave Mat ched—mey al
noul d Terwmbiteestpgl Us  1123+% MPal | 3. 21regrip 0.1 1865 frerr] 0.1
5 ( GPd) MPayTensife Strength 112 [err] 6 MPal 117 [err] 10

106 [err] 7 ﬂ=========€hﬁa?===?6=======FFHVF§FEEEF=€EEEFEﬁﬂﬁﬁ?========’

10
Provisional Conclusions

The continuous process makes material that has
15 equivalent tensile properties to the batch processes.

Compaction of crosslinked CERTRAN

The above experiments were carried out on polyolefins

20 which had not undergone any pre-treatment. If wished the

polyolefins can be given a cross-linking pre-treatment.

We have found that prior cross-linking may make processing

easier by reducing the criticality of the moulding

temperature, as well as improving certain mechanical

25 properties. Preferred cross-linking is carried out by

irradiating in acetylene at ambient temperature and then

annealing in acetylene at an elevated temperature.
Accordingly the following experiments were carried out.

30 10 kg of woven CERTRAN cloth, 107 cm wide, was placed
in a purpose built cylinder, which was first evacuated and
then pressurised to 6 x 10'Pa with acetylene. Irradiation
was carried out using y radiation to a dose of 1.8 MRad at
ambient temperature. After irradiation the cylinder and

35 cloth were repressurised to 6 x 10°Pa with acetylene and
annealed at 90°C for 8 hours. After annealing the cloth

was removed from the cylinder and scoured to remove any



The continuous process nmakes material that has 15 equivalent tensile
properties to the batch processes. Conpaction of crosslinked CERTRAN
The above wopenssw®nts were carried out on polyolef ins 20 wETEBhHOR6MDL
undergone any pre-treatnent. |If w shed the pol yol ef ins can be given
a cross-linking pre-treatnent. We have found that prior cross-1linking
may make processing easier by reducing the criticality of the noul ding
tenperature, as well as inproving certain nmechanical 25 properties.
Preferred cross-linking is carried out hy 5,4 - irradiating in acetylene at
anbi ent terrper ature and then annealing in acetylene at an el evated

t enperat ure. ~-prSLi s NGk Yehae c&@'s'sq\fﬂmﬁrﬁj(%*fbﬁﬁﬁés wqrne é‘dﬁi’éf@n oyt

30 10 f ot 107
pur pose bui | t g ¢ ﬁag%/‘gnvﬁ% Wﬁ?lﬂuﬂ‘btc@“)&?ﬁ?ﬁé@ s acq”t%‘é?ld pllé:-SStP?SEd
to 6 x 10[err ]s?a-ﬂaddn af etlyé erlboth | waadl dghtly abradesi corer el andpspey

[err] radiati d i g. After
irradiation t%e%\%: eﬁind%?ﬁ]' % gg I\mﬁé]\?\erre mroé{gr)egs&rl sggg%ig‘é&%n%[%}(r] Pa
with acetyl en@mﬂllctS- Theealesd aenbehér 4 the Surpsbinkadt @latimewhsng

the cloth nedB Vs b remt he cylinder and scoured to renove any
WO 98/ 15397 PCT/ GB97/ 02674

- 21 - by- products of the crosslinking process. In addition it was
found that opti numconigection axseriherredvéte tdwrriedsout aoe 101f4°t:h@s£h9t h

was lightly abraded 9ver a _sandpaper overed roller t _ renoye
any crossli nklah &"“(S’&uclf OCaR2 8(5f|t c ht BRESSHEEn S € és Hﬁ[?ed“%?%th
was masurtéxi'dtrgﬁmnﬁ.?% Dumbbell- shﬁpeﬂacstampﬂ.es(pwemmm:stmmncathéed
out at 144[6“335ﬂ5£€5& sheets and tensile modulus and strength were
determined at 20°C and 80°C, using tests performed at a
nominal strain rate of 20% per minute. Table 5 below
shows a comparison of these results with results of
15 compacted crosslinked CERTRAN cloth using a two stage
process (compaction temperature 144°C, contact pressure
0.35 MPa and compaction pressure 7 MPa, also lightly
abraded before compaction) and results of compacted non-
crosslinked CERTRAN cloth (compaction temperature 139°C,
20 contact pressure 0.7 MPa and compaction pressure 7 MPa,
non-abraded) .

Gel content was measured by the method described in

the Journal of Polymer Science: Part B: Polymer Physics,

25 1993, Vol. 13, p. 809 (R.A. Jones, G.A. Salmon, I.M.
Ward) .



a single stage process with a pressure of 0.7 MPa used 10 throughout.
Dunbbel | - shaped sanpl es were cut fromthe conpacted sheets and tensile
nodul us and strength were determ ned at 20[err] C and 80 ng
tests perf%?ﬁ%‘s'?‘gt? nom nal strain rate of 20% per m n%?gfdngw"l)'ﬁh

bel ow shows a conparison of these results with results of 15 corrpact ed
crosslinked CERTRAN cloth using a tw stage process (conpaction
tenperature 144[err]C, contact pressure 0. 35 MPa and conpacti on
pressure 7 MPa, also lightly abr aded c?f ore conpaction) and results of
conpact ed non- crosslinked CERTRAN cl 6fh~(conpaction tenperature
139[err]C, 20 contact pressure 0.7 I\/Parﬂ'i%cgrrpactl on pressure 7 MPa,

non- abr aded) . Gel content was mieasured by the nethod descri bed
in the Journal of Polyner Science: Part B: Polymer Physics, 25 1993,

Vol . 13, A, sal non, .M . rdaj.. VO

98/ 15397 Non-crosslinked | Crosslinked | Crosslinked

PCT/ GB97/ 0267k Compaction Temperature 139°C 144°C 144°C - 22 .
TABLE 5 5 Contact pressure 0.7 MPa lQo"?? MPass| ihkdP2  gr ossli nked
Crossl i nked CompactigBEsS i dn Frerrpgr%ﬂ’&re MPa ] 39[‘%:7#‘?23l

l44[err] C l44[err]C 5 Contcct Dressu 0.7 MPa
0.35 MPa : s on 7 IMPa

N N.= T W T A BT
9.8 GPa 10| 1TeRle Strength (20°C) [Tensi00eMPB r er|gt200(NIB4 el r |p MPa 400 MPa
200 MPa 220 WPa. 10 Tensir e voagrus (SU[efT]C) 2.7 GPa
5 3 GPa 10 Teppije Modulus (80°C) 2.7 GPa 5.3'GPa not

measur ed Tensile Strength (80[err]d) 20| nvpagasured 400 MPa

107 Mra Tensile Strength (80°C) 20 MPa 100 MPa | 107 MPa
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-23- CLAI M5 1. A
process for the production of a nonolithic article in which process an

assenbly efoo®misseforned fibres g | yol ef i n polRGHGBL742674
subjected to a 5 conpacti on pﬁ HHI"\"BHH@ 'ﬂfe assenbly of fibres is
eva

maintained in intimte contact * ¢ att amn e ed tenperature sufficient

to nelt a proportion of 10%to 50% by wei ght of the polyner and is
subj ected to a conpaction pressure of 0.1 MPa to lp=M3a- “géab A
process as claimed in Claim!| wherein theshibres hhTHISSWEEGHAS e 10
mol ecul ar wei ght in the range 10,000 to 400, 000. REPLACEDA progess as
clainmed in Ceaeraxrfiswherein the fibres have a wei ght™average nol ecul ar
wei ght in the range 50,000 to 200, 000. 15 4. A process as clained in
Claim1 wherein the polyolefin polyner is selected fromthe group

conpri sing pollypr opy peoedsendral yWohe produwpolgneef canmanailighic articlej or
proportion of polyRrogsehcp-BRLKE! Bl 838 TIPS JRN AR RAEL of

containing a major proporti pol yet hyl ene. process as

claimed i A O ai m 12khi eRippbeds PRIYPISE1RN RObMeR| d5 i Fhkbdected to a
mat erial such that copalddilcd priode£s amtierdihhtheoapaendd ynofolfidyies is

article in an .anmount up fo 60 _vol %9of the article 6. A
process as clai med™a+ a&'lnrﬁdi vﬂ‘fére?ﬂ¥fﬁg%8r eSO, 1A%t 8™ ot G40 5
25 MPa. temperatukepregificient! diavenelh @ gmorbiorni oft Hehe
pressure s in thep%T%ﬁ%é}:%ﬂg is subjec@@@'to a compaction pressure
10 not exceeding 10 MPa.
2. A process as claimed in Claim 1, wherein the fibres

have a weight average molecular weight in the range
10,000 to 400,000.
15
3. A process as claimed in Claim 2, wherein the fibres
have a weight average molecular weight in the range
50,000 to 200,000.

20 4. A process as claimed in Claim 1, wherein the
polyolefin polymer is selected from the group
comprising polypropylene homopolymer, a copolymer
containing a major proportion of polypropylene,
polyethylene homopolymer and a copolymer containing

25 a major proportion of polyethylene.

5. A process as claimed in Claim 1, which process
employs an inorganic filler material, such that the
filler is present in the compacted monolithic article

30 in an amount up to 60 vol% of the article.

6. A process as claimed in Claim 1, wherein the pressure
is in the range 0.2 to 5 MPa.
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8 A process as clained in Caim1 whercin the assenbly of fibres is

subjected to

a single pressure during the process. 9. A

process ag claimed in Caim1l wherein the process is carriegepidipot/brsdd

aut ocl ave Y8 I 1PY belfeprmmm————
1 wherein the procesg YVEHFE >

conpacti on zone and
t he conpaction zone,
10 el evated tenperature and said pres
the production of a monolithic artlcle

! % ng apparatus which has a

5

A process as clained in Caim

HeRALERY o e assenbly l ' hr ough
I ch the assenb[y of fibre 'miwuﬂg Q sald

sure.
ﬁgghlch process an assenbly

f It f f
Compact i on prcessh (0 RTER The Aeaind Wy T 80 Wi eld SRR @

conpacti on priocess
inti mate contact 1B lnathaanNGeaDeéIhﬂnﬁﬂMRQHe sufficient to nelt a

proportion of the polyner and is

subj ected to a single pressure

t hr oughout the process nnnollthlc tlcle @E pr odu

process as cl®i HECIAIW%.‘FI?S%F%SO?I%}%?%J‘I‘ Claim)l, ¥ ﬁ

assenkly

article as clai mredof NnfEbies 1k Websebtele tar ta ckénglei Ipxtdnsdmsr mlmxflmg
pol ypr opyl ene plaqtt:Jhe process.
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9.

l10.

1.

12.

A process as claimed in Claim 1, wherein the process
is carried out in an autoclave.

A process as claimed in Claim 1 wherein the process
is carried out using apparatus which has a compaction
zone and means for feeding the assembly of fibres
through the compaction zone, in which the assembly of
fibres is subjected to said elevated temperature and
said pressure.

A process as claimed in Claim 1, wherein the
proportion of the polymer which melts during the
compaction stage is 10 to 50% by weight.

A process for the production of a monolithic article
in which process an assembly of melt formed fibres of
an oriented polyolefin polymer is subjected to a
compaction process in which the assembly of fibres is
maintained in intimate contact at an elevated
temperature sufficient to melt a proportion of the
polymer, and is subjected to a single pressure
throughout the process
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