2133740 HEAT RCOVERABLE ARTI CLE -2- This invention relates to

heat -recoverable arti- cles. A heat-recoverable article is.an article the 5 .

di mensi of configuration of which nay be made sub- stantially to change

when subj &tted to heat. treatnent. Usually thesé articles recover, on

heat.i ng, Towards_ an original shape from which they have previously been de- .

formed, but the term "heat-recoverable", as used 10 herein, also includes g

an article which, on heating, adopts a new configuration, even if it has :

not been previously deforned. In their nost common form such ﬁt'igl es
33749
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conpri se a heat-shrinkable sl eeve nade froma pol yneric materi i
exhibiting the property of elastic or plastic nmenory as described, for
exanple, in U S Patents 2,027,962; 3,086,242 and 3,597,372. As is nmade
clear in, for exanple, U S.. Patent 2,027,962,. the original dinen-
sionally heat-stable formmy be a transient formin a 20 cont i nuous
process in which,. for exanple, an extruded .4ube is expanded, whilst hot,
to a dinmensionally heat-unstable formbut, in other applications,. a
prefornmed dinensionally heat stable article is defornmed to a dinensionally
heat unstable formin a separate 25 stage. In the production of heat’
recoverable articles, the polyneric material may be cross-linked at any

st age '
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in the production of the‘article that will enhance the desired di nensi_onal
recoverability. One nethod of 30 produci ng a heat-recoverable artifl e,
coffpri ses shapi ng -3- the polyneric material into the-desired \ \
heat - stabl e forn subsequently cross-linking the polyneric mat- eri
heatv-ng the article to a tenperature above the crystalline nelting point
or, for anmorphous materials 5 t he soTt%nTng point, -as the- case may be,
of the poly- nmer, deforming the article and cooling the article whilst in

the defornmed state so : _ e.of . L he ' [, T i_ned-. .
I n use, since the def otrrir]rgg gﬁg?ggégﬁfﬁgl%%c?g qéﬁe‘g{%duﬁéslfaﬁ%e,a%gpl - 10
cation of heat wikhesause the- article to assune its original heat-stable
shape. A further nmethod conprises deform ng a substantially

non-crossslinked polynmeric material at_a tengerature bel ow the crystalline-
mel ting. point or softBnPRILPELAPVBFaPHR ABEEFIQI LS faRiF e Hisget her
parts of thesmatedimensiocfnahacdbnbigprat sonfof hwhivh anaylbeammhdd duksst one

Pol | ow heat -1 covaraRre sy, sPcoRkife, Mief Bt ia o Hefl ofiinette
substantial | y nonUsueddyl thred anticles. recover, on|heahiing, drawandss anan

el astomeric menbepriigihahdshApd 8toR! WHEEh StRéE Rave SRPIBLdE/ den Wol-Ch,

heat i k dth || , I mber t .
oot -r scoverabl o SPEMERSsPHE ERPSCRER. BFeCoRRETToRabLey SR AR, i n

Bri‘t-i/'sh Paterto 1, héein4 mbs@Sinchbdes am anticle ukhich, adrmdtemtemqs, nmenber
I's heldin a adopts a new configuration, even if it has not been
] previously deformed.

In their most common form, such articles comprise

a heat~-shrinkable sleeve made from a polymeric material

15 'exhibiting the property of elastic or plastic'memory as
described, for example, in U.S. Patents 2,027,962;
3,086,242 and 3,597,372, As is made clear in, for
example, U.S. Patent 2,027,962, the original dimen-
sionally heat-stable form may be a transient form in a

20 continuous process in which, for example, an extruded
. tube is expanded, whilst hot, to a dimensiocnally |
heat-unstable form but, in other applications, a
preformed dimensionally heat stable article is deformed
to a dimensionally heat unstable form in a separate

25 stage. : ' '

- In the production of heat recoverable articles,
the polymeric material may be cross-linked at any stage
in the production of the-article that will enhance the
desired dimensional recoverability. One method of

30 proddcing a heat-recoverable article comprises shaping



stretched- state by an inner tubul ar nenber. Heat-recoverable articles have
found particular use in the environnental protection of elongate sub- *
strates such as for exanple splices in tel ecommunica- 30 . tion cables.
" -4- It has been proposed, in U S. Patent Specification No. 3,669, 157 {&
arolina Narrow Fabric Co. and in. Japanese Patent 52-25290 to Sum tono
jectric Industries, to form heat3shrinkable tubular fabric articles.
ver none of the fabrics disclosed therein are intended for, nor are

they suitable for formng articles which may, be_used in applica- tions such
as t el ecoriighirodmer igpmaserdadednsp FHE’FFﬁbr%ﬂe?%a¥h§t§%B§trate to be

covered hagprt, &b nkd ydcreBs-3iAREngNOhe ! fol fRéLi@MyasHggestion that a
prior art anticlg coul d suggLifd or Juge Quer, any one of .a wi de range of
di f f er ent I18F &1z e??rﬂ'é‘?r 85 3TTRELF, EQeft CPRADBRRF 3RS pPRRYUY S di nensonal Iy
heat - r ecawystald inebmed tihigclpoiokporsefoti bmesphdus matériakbopvery when
heat to I e tur, r rehLn e able fibres
have%g tent(si"lelr é%?tfggéa hlpéshgt' Fgagpgofé%ﬁggggts%ﬁe%? ?lé‘go ery tenperature
and have meth deforaHag tbeaar&icdft anfaroal ingchi8eca¥kickabric to recovery

]lg_ybat Iegs}q'ii%% e Rt hiee AeEd rined! beatgce?eeulateenera%ﬂéanéﬂ t he regloverabl e
eS| Dl dP R SR Mt Rhab Hmhg TeRlce GOV e
mat eri al widfiorpeds statanbifalthe aetictpl ési beatiangeablel , appki+ecovery ‘o
tempefat ure idd A neld® will cause the article to assume its |
original heat-stable shape. A further method comprises
deforming a substantially non-crosslinked polymeric
material at a température'below-the crystalline melting
point or'softening.point of the material, fusing .
15  together parts of the material or a part or parts of
the material and at least.one-other'poiymeric-component
to produce the configuration of at least one hollow
heat-recoverable article and subsequently cross-linking
the substantially non-cr0359linkedfmateriél.

20 In other articles, an elastomeric member is held
in a stretched state by a secondgmembet,'which, upon
heating weakens and thus allows the elastomeric member
to recover. Hea£~recoverab1e articles of this type are
described, for example, in British Patent 1,440,524 in

25 which an outer tubular elastomeric member is held in a
stretched state by an inner tubular member.

Heat~recoverable articles have found particular
use in the environmental protection of elongate sub-
strates such as for example splices in telecommunica-

30 tion cables.
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crystalllne neltlng tenpérature if the polyner is crystalline or the glass

transition tenperature if the polyner is anorphous. The recovery pergentage
i s*the change in a dinmension expressed as a percentage of the origi < f

di nensi'on. The extent of recovery may al so be expressed as a ratio,

whi ek case we refer to the original dinension based on the new di nension.
Thus, 40% corresponds to a ratio of 1.67:1. Preferably the fibres have a
recovery tenperature -5- of at least [err], nore preferably fromJ[err]
and especially from[err]. The heat-recoygrable fibres are preferably
formed froma pol nerlc material that inparts ﬁood Bh si cal properties

and, in particul n@@o@e@Pe@E°P8§F§vaﬁEeUt§ t haten %eckf¥ﬂ4§ﬁ?ﬂﬂ§9mws
suchI as po: yeg,f636l96;rl€57artd> @hl&)b:lena WapebynBabripoCyananiesin pJ)él.p'aEtSéﬁ S, o
acrylic poly n paly a e y be
enpl oyed. A t"tsel ?u?jazr %"%BP(;?° gﬁ?ﬁiéﬁg Ei?c%i? t{,‘@ §£,0§ sfoérgrﬁodrwbres

i s based on mﬁla;ﬂ-séltﬂiyilk@lbéeh&\&libﬁéaa é‘ehgﬁsyabtielem 0 MWQ‘{)GD omemsd cc, an

Mv of from 8Qp% [fearbrdmtso d48R1¥skar therahd apewnaénaé@nréﬁ >§1<;:0 ard tHy<10

The fibres preferahl ave, a ni mum.r ecove sfress a, nore
e L e DI liRbls fop oPmlom, SPEscies Fhleh nay “he Casnt! 1 pes Lhimmer oo
transition tannﬂnfusudh @fs mheebbhmaalciheba splluetheseq oo tipperike mt of

[ﬂeco‘e’g[y SUT Giitrd Whd BublsFhee t308VB8vaPdaRLE HENELY WA RS dfnddie
%\/ sions, nor is there any suggestion that a prior art article
could be supplied for use over ahy one of a wide range of
differently sized substrates.

The present invention provides a dimensonally heat-
recoverable fabric which comprises fibres that will recovery
when heated to a recovery temperature thereof, wherein the
recoverable fibres have a tensile strength of at least 0.1 MPa
at their recovery temperature and have been stretched to an
extent that will cause the fabric to recovery by at least 50%
when heated to the recovery temperature of the recoverable
fibres. '

— By "the recovery temperature" of polymeric heat-
recoverable materials is meant that temperature at which the
recovery of the polymeric material will go substantially to
completion. In'general the recovery temperature will be the
erystalline melting temperature if the polymer is
crystalline or the glass transition temperature if the
polymer is amorphous. The recovery percentage is the change
in a dimension expressed as a percentage of the original
dimension. The extent of recovery may also be. expressed as

a ratio, in which ca:ie we refer to the original dimension
based on the new dimension. Thus, 40% corresponds to a ratio
of 1.67:1.

Preferably the fibres have a recovery temperature



20 figure nornmally achievable with polyneric fibres: The tensile
strengt-h of the fibres at their recovery tenperature is preferably

'inc'ﬁqﬁed to 0.1 MPa or higher by cross-linking the polyneric material from
whi&\e%hey are formed, either by chem cal nmeans or by 25 irradi ation e.qg.
hi gh ergy electron irradiation, ganmm radiation or by ultra violet e

radi ati on. When the fibre is cross-dgsked by irradiation it is convenient
to incorporate the cross-linking step into manufacture of the fibre. The .
fibre can be 30 extruded, stretched at a tenperature belowits nelting
tenperature, pfeébrhbagt b§'0 @, cmeet Pof Ldrald BOram 8WO® B50°fen subj ect ed

to |rrad|at|o§na g% g§£1f§0ﬁ§°? Lrelgg 1dp¢@ss preferred way of making the

fibre is xtrude t irradiate to cross-1link, then heat
the fibre, preferably to above its nelting tem perature, stretching t he

fibre, and then covhen@eahere¢¢¢éf$&mbffiutsstﬁmﬁrpkufaﬂab |ferimed ene
fibres are 5 %lFrefer trrad at edJ[V\é h%a. dos (rﬁ;mhabout 15 t o about
35 negar ads, BF eff aBP VY h?db% erta l:% u’tm%r gqatoro PUYSIFI

particul &r frpnoabntrieé’ amdabmrtparstmtghmadsgwbmeﬁp yrefsmam-'et d;oabout 18
megar ads. g%%y £iBPege! ?Pé‘f?ﬁ‘t %‘]@ché&@? dd Pd ethyidHe dnt 1

greater than % _ pr ef er ab grea er_t 30% nopst preférably greater t han

40% I n pract PERY! 3@? E%H‘P%Yﬂ' r3r BRLY RIS o PRLYISHRAS o AGUKL It hi evabl e.
The heat-recopol ghabesf ahd i stiven, poymérs heapalsld o aringfcddas nventi on,

be made So'e'¥18£eQe££y be employed. A particularly preferred ' l““
10 polymeric material for the flbres.ls based on poly-
~ ethylene having a density of from 0.94 to 0.97/gms/cc,

an Mw of from 80 x 103 to 200 X 10° and. an Mn of from

15 X 10° to 30 x 103,

The fibres preferably have a minimum recovery
15 stress of 10  'MPa, more preferably 5 X 10 ~1 and
usually at least 1 MPa at a temperature above the
transition temperature of the fibres. There is in
theory no upper limit of recovery stress, but in
practice 200 MPa and more usually 100MPa is the highest
—_ 20 figure normally achievable with polymeric fibres. The
tensile strength of the fibres at their recovery
temperature is preferably increased to 0.1 MPa or
higher by crbss—linking the polymeric material from
which they are formed, either by”chemical means or by
25 irradiation e.g. high energy electron eradlatlon,
gamma radiation or by ultra v1olet radiation.

When the fibre is cross-linked by irradiation it
is convenient to incorporate the cross-linking step
into manufacture of the fibre. The fibre can be

30 extruded, stretched at a temperature'below its melting
temperature, preferably by an amount of from 806 to
2000 %, then subjected to irradiation to effect cross-
linking. A less preferred way of making the fibre is
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recoverabl e fibres as described above or can contain 15 other fibres in

addition to the heat-recoverable fibres. The fabric can be knitted, woven

nofA- woven,

woven

fabric. The

woven f-abric can contain only heat-recoverabl e flbres

it &an contain heat- 20 recoverable fibres together with
non- heat -recoverabl e fibres or filanents:6For exanple, the fabric can
contain heat-recoverable fibres in one direction and non-heat-recoverabl e

fibers in the othe This ro- %g s a hea%#{eqﬁ¥ rabl e fagnig mh&ch S
recoverable in 25 oﬁ*?‘% $ HCH. MPAYNE FERRS P8 £8BPi cs
havi ng differentiahegtopbetfxbreuepnkﬁkrédﬁyjﬁq1auévpaﬂ¢mtmaﬂpﬁhgatbmﬁ No.
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weave
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sired, either

nitted or itt rici1s solely

braided, or the like. In a preferred enbodi ment the fabric i 4%;5\

be
d

m heat - r ecover aB?Ba lbr’é%e igely ‘F‘P"'Iﬁ"'% Qovdrenarossrlinked nenfiibre, iBut
S is prefigrregrégtet hehdi20®d preferably greater than 30%,

15

most preferably greater than 40%. 1In practice, gel
contents greater than 90% are not easily achievable.

~ The heat-recoverable fabric can, in the broadest
aspect of the invention, be made solely of heat~
recoverable fibres as described above or can contain
other fibres in addition to the heat-recoverable
fibres. The fabric can be knitted, woven, non-woven,

. braided, or the like. 1In a preferred embodiment the

20

25

fabric is a woven fabric. 'The_woven fabric can contain
only heat-recoverable fibres or it can contain heat-
recoverable fibres together with non-heat-recoverable
fibres or filaments. For example, the fabric can
contain heat-recoverable fibres in one direction and
non-heat-recoverable fibers in the other. This pro-
duces a heat-recoverable fabric which is recoverable in
only one direction. Particularly preferred fabrics
having differential properties are describedlin UK
patent application No. 8300222. The fabric can be woven
in a pattern,_ for example, twill, broken twill, satin,

. sateen, Leno, plain, hop sack, sack, matt and various

30

- weave combinationsin single or multiple ply weaves e.g.

2 -or 3 - ply weaves. Preferably the fabric is a
woven fabric that has heat-recoverable fibres in one
direction and dimensionally heat-stable fibres in the
other direction so that the fabric-as a whole is
recoverable in a single direction only, and the fabrics



fabrics, it is knitted froma heat stable fibre and a heat- recoverable
fibre is either warp or weft inserted, it will be recoverable in only one
di r{&¢ty on. The fabric according to the invention has the advantage that it «
.rnn&ﬁggrecovered over a nunber of substrates such as cable splices and -
ot h substrates that contain transitions, that is, in which the substratesr
di nensi ons vary from one point to another, which have not been able to be
encl osed by the previously proposed fabrics. As stated- above, the fabric
recovers on heating by at least 50% _that is to say by at |east 50%of its
original dinension in the direction of recovery. |n order to achieve any
particular fabric recovery ratio the recovery ratio of the fibres will need

to be sogewhalbBaoBeLcd! HiUIhihhgeREALL , dBEI LSS eFSETW S Pfid Nnd | bres
wi |l depend also on the weave design as discussed bel ow. Preferably the

fabric r&8d688F4%By at | east 60% especially at |east 70%of its orignal
di nensi ons. The recovery ratio of the fibres. is preferably at least 3:1

e.g. at |eas : e ci ; th3: ugh s usually no
adgant age in&ﬁgv%ﬁgpgcr_ éggvéigg%‘%#]ébgﬁ ?%a%%ﬂ%{%npgoé%e{%ndd of ten ng
advant ageisher warp knitigd pR weflerkRbthedi ni S the FaRDIRriB of the fabric

for any Qb\i@gr epomch¥ablreb8virAbte FDBréabit cuPIET IS8 -réddverasia iH gh

float in.the heat-recoverable fibre.,direction e.g. float, of at | east 4

nd espadias A3agnsiBRg,-bae ¢y cahr 1S hFgheRtad for Miie Bl diadl Lroven

twill), Sfabricssatitedsakdithed 6ropl ai heakasbable efibre and a heat- v’
recoverable fibre is either warp or weft inserted, it will be

recoverable in only one direction.

The fabric according to the invention has the advantage
that it may be recovered over a number of substrates such as
cable splices and other substrates that contain transitions,
that is, in which the substrate dimensions vary from one _
point to another, which have not been able to be enclosed by
the previously proposed fabriecs.

As stated above, the fabric recovers on heatiqg by at
least 50%, that is to say by at least 50% of its original _
dimension in the direction of recovery. In order to achieve s
any particular fabric recovery ratio the recovery ratio of
the fibres will need to be éomewhat highér although the
exact degree of recovery of the fibres will depend also on
the weave design as discussed below. Preferably the fabric
recovers by at least 60%, eSpeciall? at least T70% of its
orignal dimensions. The recovery ratio of the fibres is
preferably at least 3:1 e.g. at least 5:1 and especially at
least 8:1 although there is usually no advantage in having
a rc2overy ratio of greater than 20.1, and often no advantage
over” 15.1.



preferred. and especially satin. In addition or alter- natively the

heat - shri nkabl e fibres preferably have a | ow degree of crinp, the degree-
cr*np being the 10 additional length of an individual fibre to for
given length of the fabric expressed as a. percentage of the length o
fabxic, the additional Iength of fibre being. due to the serpentine- p
the fibre follows in the weave. Thus a-=fiBbre which is conpletely 15
straight has a crinp of 0% Preferably the crinp of the recoverable fibres
i s- less than 50% nore prefer- ably | ess than 30% -and especially |ess
than 20% As will be apfy &¥dffedo MISimisApythe TREOVRE¥0IEr hReefabhies wil |

be decreased. by ifdé®eramny igiven iretova¥ynof2@he iElinke,f kRt fabADOt PLéfer-

i mportant feature is the natur.e of_.the heat, stable fibres. Preferably they
have & Ui f1ness ALk A FR £1PRE 1she Beefstepnunr kb FIBFRLSS of
the- recoverable ditwasian reg. tahifdoditspdr iaty leas258 ahdf éapesialiyl
decrease the gri My (14 AGOVeARINT cH Wald. £wllyS (2R81081A8! Broken

mul tifilament” yarns-are preferred: to nonofil|anments in view of therr
reduced stiffness,tWid sneatdn »f iSAteeny 28d,SaskyPET PLALR, WEABSHcAFe St abl e

fibres or yarns pr @Ee’iﬂaéoeg.faaw rec«ﬁpaﬁiultﬁ@eﬁ&(&in_.orml aaalilt:hag 89081 déex, a][ld
O ST MO U AR SR SR SR
to reduce the | at ckow degreeemf orimpy tbeodegxieecofi brémp being the
— 10 additional length of an individual fibre to form a
given length of the fabric expressed as a percentage of
' the length of the fabric, the additional length of
fibre being due to the serpentine path the fibre
follows in the weave. Thus a fibre which is completely
15 ~ straight has a crimp of 0%. Preferably the crimp of
' the recoverable fibres is less than 508, more prefer-
ably less than 30%, and especially less than 20%. As
will be appreciated, the crimp of the recoverable
fibres will be decreased.b§ inter alia by increasing
20 their float. . | | |

Another important feature is the nature of the
heat stable fibres. Preferably they have a stiffness
at ambient tempratures that is less than the stiffness
of the recoverable fibres since this disparity of '

255 stiffness will decrease the crimp of the recoverable
fibres. Thus heat-stable multifilament yarns are
preferred to monofilaments in view of their reduced
stiffness, and smaller fibres are also preferred, the
heat-gtable fibres or yarns preferably having a titre

30 of less than 3000 dtex, and especially less than 1500
dtex although they will usually have a titre of at
least 1000 dtex. ' '



at least at the recovery tenperature of.the fibres. Thus, preferably the
fabric is constructed so that the 5 heat -recoverable fibres will not

nove faterally by nore than 10 tines, especially not nore than 5 tinmes the «
heat | Kgcbverabl e fibre dianeter at the recovery tenperature of-the fibres _
when jected to a lateral force per fibre equal to the- recovery force of;
an 10 I ndividual fibre. For fibres @of-the type used in the Exanples
herein, this corresponds to distances of not nore than 2 nm especially not
nore than | mm This, contruction has the further advantage that the
fabric may be recovEhedfabeicsi®sadeantagesusiynicanstruntsd ismasifo in

which the di Tepgh@as. ehe! DSy SHEP!S)Enddt Yor! B EeddVUIHIY Yoy yq%fa gxanpl e

of such a substrate is Ice 1 ner having a ndri cal
portion of rel &F i%??tl aF gERYi EREREFEANTERRFAT YRS Al Yhe tiiRFPSf general |y
f rust o- coni cal TBbSDEpt\éféi‘\éBBy tive NE fbr i€l obs Xbnsthasted Y dhdeh dhee

tral rtio thou snmopt h tranS|t|o is preferred. In
fﬁlnsrgasggt he gﬁiﬁ 'ée? J(E)fl%r%ﬁ Yhe Srtﬂ)%t %&Wa%eby t he
relatively hi ghhmcbOetymeat i @Smciihbly Meloraalﬁlmrf |50rtﬂsnesMutxd1_ ext end
ci rcunferenti ahéiitafeé'&?'ef:gl?l% bfﬁf@t&am@wkvﬂ ;43. port RV ted from

shifting 25 axi al Ig ng rusto coni cal owar ds those
regi ons of smaFfBPeRRbHEE PL (The chibessicvhen jsubiartad Jp hd akeradol ved
recovery for ceﬁonéetperffbbﬂe)eqﬂ'ilb tabthe resoverylcfoe bt am nurrber of .

| Dr For o
\é\?grsrpltg {Egl ?;#&i@f era gt ag}%éﬂﬁéf?/éa?é%gbesgx : g"? q‘?ed‘l" overabl ;J
fibres e.g. atExamB e%oheﬁQﬂf%r ptlex%rmge%pontteagzo ﬁ-wmmﬁ)mfterabl y at
| east 30 fibregoper tham 21 fim MéSPeSLSELP At WL thdrP\Y YRRV E This,
' contruction- has the further advantage that the fabric
may be recovered over substrates containing transitions
15 in which the dimensions of the substrate vary.discon-
tinusously. An ex'ample" of such a substrate is a cable
spl'ice' liner .having a central cylindrical portion of
relatively large diameter and tapering end portions of
generally frusto-com.cal ‘shape which may form a r1dge
20 where they join the central portion although a gentle
or smooth transition is preferred. 1In this case the
change in dimensions of the substrate is accommodated
by the relatively high recovery ratio of the recover-
able fibres, which extend circumferentially around the
substrate, and which are prevented from shifting
25 axially along the frusto conical end portions towards
those regions of smaller diameter (which tendency is
caused by the unresolved recovery forces of the fibres).

The fabric may be—designed:in a number of ways to
resist lateral movement of the recoverable fibres. For
30 example the fabric preferably has a high weave density
of heat-recoverable fibres e.g. at least 20, more
preferably at least 35 and most preferably at least 30
fibres per c.m. in which case a relatively low weave
density, e.g. less than 10 and preferably less than 5



density, e.g. less than 10 and preferably |ess than 5 -1 0- fibres pex,
c.m for the heat. stable fibres is pre- ferred. In any case, a higheg ~
wedve density for the heat-recoverable.fibres. than for the heat-sta Ig; /
fibres-is preferred. In order to achieve high weave densities 5 fo e
heat.recoverable fibres it is. preferred that they be distortable, that is
to. say that, at |east at the recovery PGMperature-of the fibres, they are
capabl e of being flattened.slightly, e.g.. by at |east 20% under the sane-

force- as their recovery force-. This 10 roperti i sdesirabl e since the
radi al di nensi on ofiRFe®RRR G -c£or Hhe Weat stapdaséiByeenissaRe—amunt

ag, its |ongitudi nafen]gez%t ram! srehata Highek %a’#/éa&éndeaﬁl Eb?sthe

adj acent recoverahl e fibres _ Vv

shoul d therefore B@ %&ﬂ??°?W??ﬂ?le §%FH ﬁFb%ﬁEsEegﬁ Pf%c??%ﬁes
normal to the plaris pfefidrxredabriln @xdmheycaﬁehieqaahhgu"wb;veadensihees
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are nedlun1den5|ty an et h
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is high, as descrlmﬂ xeettswzany tdmpm@r@w ItheOffleEsr,eﬁﬁlé?rabée fibres
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recoverable fibre will increase by the same amount as
its longitudinal contraction so that, for high weave
densities, adjacent recoverable fibres will touch each
other as they recover and should therefore be able to

15 increase in thickness. in a direction normal to the
plare of the fabric as they are "squashed™ by each
other. Examples of material from whcih such fibres may
conventionaily be formed are medium density and. high
density polyethylene. _In'addition, by employing a

20. weave design in which the float of the recoverable
fibres is high, as described above, the weave density
of the recoverable fibres may be increased.

Another way in which the tendency of the recover-
able fibres to shift laterally may be reduced is by
25 employing a weave design having a high degree of crimp
of the heat-stable fibres for example a crimp of at
least 20%, preferably at least 30% and especially at
least 40%. This may be achieved by using a weave
- design in which the heat-stable fibres have a low
30 float, e.g. a float of 2 or 1. A high degree of crimp
for the heat-stable fibres reduces the tendency of the
. recoverable fibres to shift laterally because the
heat-stable fibres have a more serpentine configuration
which will need to be disturbed in order for the



| east 40% This may be achi evedby using a ﬁeave design in which the

heat~sStabl e fibres have a | ow 30 float, e.g. a float of. 2. or 1. A high
deg(ié;gf crinp for the heat-stable fibres reduces the t endency of the -
reco ble fibres to shift laterally because the heat-stable:= fibres have

a nore serpentine-configuration which will need to be disturbed in order _s
for the recoverable fibres to shift.- However, this very feature can
reduce the lateral stability of the recoverable fibres if any stresses are
present (such as air pressure with-in a sleeve of the fabric) which tend to
expand t he fabecover&oldé fHibreparsishifioul dHovevers: riightveryt he cri nped

fibre by redugégﬁuEQecgﬁlP@auééughgj*gygfght ffﬂﬁﬁQﬁpl g ibres too nove

apart. C earl to a lesser re the crinp in
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within a spliE8P of*BeR W/ec TRt at TUFT W‘l?é’ al to
reduce tBe crstpadghtér thkatcsimped flbreﬁayrr&ﬂmnq che moiimps t he axi al
extensibility 1 f | Fadb\ey whi ch case
a. heat stabl 5RL?| g]r.]éo%?ﬁpﬁji’% {F:]%t m)r%ﬁt an émgsf)gn&?eafér% nore than
30% and nost E3BAEL ¥ F?lﬁo?aﬂﬂ@??ﬁntq.@@]vﬁiﬁ% R R fher® Yh®never, as

st at ed: abovecrmp if eRallabl eanss, tehétvigheaw &hgmawwsiwysuw of 20
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recoverable f
10 the smaller the tendency is for the recoverable fibres

to shift laterally. Therefore, if pregsure retention
within a splice is of primary'COnsiderat;on'it may be
beneficial to reduce-thé-crimp'of the heat stable
fibres in ord_ei:- to minimise the axial extensibility of

15 the fabric when used in a splice case, in which case a
heat stable fibre crimp of not more than 50%, especially
not more than 30% and most especially not more than 18%
would be preferred. However, as stated above, it is
desirable not to have too high a weave density of

20 heat-stable fibres since this will reduce the possible
weave density of the recoverable fibres. It has been \_)
found that a good compromise is achieved if the product
of the heat-recoverable fibre diameter and the weave
density of the heat recoverable fibres is in the range

25 of from 0.4 to 1.3 especially from 0.5 to 1.1.

The heat-recoverable fabric according to the
invention has a wide variety of uses. Por example it
may be recovered over substrates, especially substrates
having varying or discontinuous contours, to provide

30 mechanical protection or protection from the environ-
ment. Whilst the fabric may be used alone, it is often
advantageous for it to be employed in conjunction with
an adhesive or sealant or other polymeric material that
renders it substantially impervious to fluids, the
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found.that a good conpronise is achieved if the product of the .
heat -recoverabl e fibre dianmeter and the weave density of the heat \
retoverable fibres is in the range 25 of fromO0.4 to 1.3 especiall j} m
0.5 to 1.1. The heat-recoverable fabric according to the invention h

wi ds~variety of uses. For exanple it may_ be recovered over substrates,
especi ally substrates having varying or “4#3cont i nuous contours, to provide
30 mechani cal protection or protection fromthe environ- nent. v%ilst
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fabric is installed or app before sa ric us, for

exanpl e, the fabrif@D%d§ BéylHﬁréﬁﬁﬁ?%ﬂaﬁﬁghwétéu?aﬁ#%ﬁ%ﬁ%
conposi tion, s. 9. composakliengxpogy: aoanﬁableoexpaﬂyemmsai&gommnmt ionally

b- staged epoxy resij s_cu n o) rj de or
an’l socyanate’al t REDSH IaLAY; fupBFidtaTia Begt afed iy ol AW P
or isocyanat e/ phercsiried bysmgansTp§ eomlremidewa«;naanbydmde/ew are

| am nated on to t'l%oﬁ:%*&hh‘éeotaltho@bi 8€hePPhaYesi Alls NRdY | ¢! e félfdﬂ afs

e et Rabel s Foia. pent ey assLer aheyobte soblt s b B o on
polyam de or 1@n etrdeslianmayi ajktethativedtyabe rapbhaved omytdetheopfabaricei t her
to the fabric or it may be employed in particulate form as descr1bed
in U.K. patent publication No. 2104809, Alternatively
an adhesive such as a hot-melt adhesive and especially
an adhesive based on a polyamide or an ethylene-vinyl
15 acetate copolymer may be- applied either to the fabric
~ or to the substrate during installation.

Most preferably, however, the fabric according
to the invention is used in combination with a matrix
polymer layer which softens when heated to accommodate
recovery of the fabric, to form a single composite
20 structure.

The heat-recoverable fabric is preferably bonded
to, and preferably embedded in, the polymer matrix
material to form a true composite structure . At or
above the recovery temperature of the fibres the

25 polymer matrix material should be capable of limited
flow under pressure so that it retains the integrity of
the composite structure without substantially impeding
recovery of the fibres. It preferably has, at the
aforesaid temperature, an elongation to break of

30 greater than 50%, most preferably greater than 100%
especially from 400-700%, and a 20% secant modulus of
preferably at least 5 X 10‘2 MPa, most preferably at

least 10~ MPa, measured at a strain rate of 300% per



he substrate during installation.. Mst preferably, however,. the
fabricatcording to the invention. is used din conbination with a natrlx

pol r Jbayer which softens when heated to acconmpdate recovery of the -
£fo forma single conposite 20 structure. The heat-recoverable
Is preferably bonded to, and preferably enbedded in, the polyner ._.
matrix material to forma true comd@site structure. At or above the
recovery tenperature of the fibres the 25 pol ymer- matrix material should
be capabl e of Jgted flow under. pressure so that it retains the integrity
of the corrpos"r"te ST ucture. without substantially inpeding recovery of the
fibres.. It preferably has, at the aforesaid tenperature, an elongation to

break of 30  greamey deyan u‘ip%frﬂh%t mtefigr ﬁn'%':\éz%iai-.%r fibanwﬁgﬂ%

especrally from 400-700% and a 20°osecant nodul us of pref erablg at |east 5
X [err] , heated naed 9% nacessanily. AppiypaL tﬁEa§&F88e§V 318peugh rate
of 300% per it -nlddy be Fddsirable ahdt ttheofpriddactabel flertibleaktt o f| ow when
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under the recovery condi tions not to the materi al L p of

fabric duri ngs (TS "7'%/&13? Jrecovery con J.tl.ons not to cause the |
material to drip off the fabric during the recovery of \d

10 the fibres. Thus, for example, the polymer forming
the matrix material may contain grafted hydrdlysable
silane groups which are capable of crosslinking the
material subsequently in the presence of moisture.

Examples of such materials.are given in U.S. patent No.

15 1,286,460 to Dow Corning Ltd. Alternatively the matrix
material may include a polymer, preferably a rubber and
especially an acrylic rubber, which contains epoxy
groups and a. room temperature insoluble curing agent
e.g. dicyandiamide. o '

20 The polymer matrix material can be either a
thermoplastic or an elastomer. In general, we prefer
that the polymer matrix material and the material of _
the recoverable fibres be chemically and/or physically
compatible. By this we means that they be of similar

25 or identieal chemical types and/on.that their relevant

" physical properties during lamination, installation
and use be similar or identical. In particular, we
ﬁrefer that the matrix and the fibres be of low
density and high density polyethylene respectively.
The skilled man will be able to choose other pairs of

30 compatible polymers. Examples of thermoplastic
materials suitable as the matrix material include
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10 the fibres. Thus, for exanple, the polyner formng the
material may contain grafted hydr ol ysabl e sil ane groups which
of “crosslinking the. materi al subsequently in the presence of
Exanpl'es of such'materials are given in U S. . patent. No. 15

Dows~Corning Ltd.. Alternatively the nBtEIX material may include a polyner
preferably a rubber and especially an ac §I|c rubber, which contains epoxy
groups and a room tenperature-insoluble curing agent e.g. dicyandi anm de.
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el ast oner. I n gene r ne mat naterlal and the
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we prefer t hat t hpolwetheranddeke £1iborepbdlymérs osy dgenspexyfhmrdﬁegihydam/ty
pol yet hyl ene respegl | I e ;ﬂgpse ot her
pairs of 30 corrpa%‘ygpeng cg lfhbk sgxng%}grhh¥£¥a§§@ 2 astic materials
suitabl e as the nﬁﬁqs}d#ﬁtléﬁl shej serond classiaf “‘%??\5'/} /ShiF1caet at e
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| i | ow, | d d I '
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© per f | udio- emethaceylates and their copolymers, e.g. polybutyl
acrylate, and poly 2-ethylhexyl acrylate, the high
vinyl acetate copolymers with ethylene (VAE's),
polynorbornene, polyurethanes and silicone elastomers
‘and the like. The matrix material can be cross-linked,
15 for example, a cross-linked ethylene/ vinyl acetate

copolymer, a linear low density or high density grade
polyethylene or an acrylic elastomer. The material can
be cross-linked by irradiation or by other means such
as chemical cross-linkinq using, for example, a peroxide
20 cross-linking agent, proéided that the physical properties
- of the matrix at the recovery temperature are as
specified after the cross-linking step. Where irradiation
is used a dose of 10 megarads or less, in particular
from 3-7 megarads, is preferred. The resulting extent
25 of cross-linking allows the matrix to recover with the
fabric and also to prevent the matrix running or dripping
during heat recovery, especxally by means of a torch.
The recovery ratio of the composite after irradiation is
preferably at least 50% especially at least 70% of that
30 before irradiation. The dose values given may be
regarded as typical for olefinic polymers such as
polyethylene of low orientation, and the skilled man
will be able to choose suitable dose values depending
on the presence of various concentrations of prorads or
antirads, if any. We have found that excellent physical



et hyl ene copol ymer and pol yvi nyl i dene fluoride. Considering the second
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, acrylic elastoners including the acrylates and 10 : ¥
ates and -their copolymers, e.g. polybutyl acrylate, and poly .
xyl acrylate, the high vinyl acetate copolynmers with ethylene
(VAE' s), pol ynorbornene, -pol yur et hangg-and silicone el astoners and the

|ike. The matrix material can be cross-Ilinked, 15 for exanple, a
cross-1linked ethylene/ vinyl acetate copolyner, a linear |ow density or
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The heat-recoverable fabric is preferably bonded
to the polymer matrix matefial; and this bonding may be
adhesive, that is to say by chemical or physical

15 surface interaction, or mechanical interlocking.

'Most preferably, ihe heat-recoverable fabric is
embedded in the polymer matrix material thereby forming
" a composite structure. By "embedded" is meant that the
polymer matrix material surrounds at leas: a major
20 portion of the fibre surface area of the fibres making
up the fabric. :' '

The fxbres are preferably totally surrounded by
polymer matrix material, however it is possxble and at
times desirable, that substantially less than the total

25 fibre surface area be surrounded by polymer matrix
mate:ial. Suffxclent fibre area should be bonded to
the polymer matrix material to result in a com9051te
structure which retains its integral nature during
recovery of the article.

30 _ .Prefefably the polymer_matriiﬁﬁaterial at least
on the surface of the composite structure facing the
source of heat is substantially unstressed and has a



-15- properties of the conposite structure (particularly as regards "M:\\
integrity during heat recovery) can be achieved with retention of hi
retovery ratios, if suitable materials and suitable cross-linking t
are 5 chosen,” as explained herein. W prefer that the recovery rafio of
t hesgonposite structure is at |least 40%nore preferably at |east 65%
especially at |east 70% of that of the~#$8e fabric. The recovery of the
conposite structure is preferably at |east 45%(i.e 10 a ratio of
LO7L), ore P ehickiekshnb8@otna0tapElesk At V1dlad i3 Sidre e
heat -recoverabl e Tabric I's prefrerabl onded to the polyner natrix
material, and thiPsesenabAy riyleastidhe@?vandtespesially skgomyd chermical or
phyflcaL|15 fﬁerﬁﬁ,lBEehéﬁblQ?;d?éﬁﬁ?é&@ﬂhcﬁ% %ﬂ&ﬁﬁéo rmba§¢sﬂ No.t _
preferably, e -recoverable fabric is_enbe in ol ymer .matrix
nat eri al therebygﬁgbﬁ'ﬂﬁg éscg 85?"!‘8‘8‘(?50?5?@.“?1%/“e‘?’r%e@’b%o“‘y“f%oﬁfe%?nt
t hat the polSyner staructurentor bal heatr necdeerned | essng aa neproreriongdort i on of
the fibre surfac (o] fibres making up the fabric. The fibres are
preferably total??agﬁgfosﬁggg°by pol ynmer matrix material, however it is
possi ble and at tines desirable, that substantially less than the total 25
fibre surface area berputheugdngoByt@osyrectibé )i theutftidlof e fi cient
fibre area should he bonded to.the polyner matrix terigl . to resylt in a
conposit e st ruot JPA A, BRerpian, B, FRe AEanTErcoteTBAEE Alunds SRt ' o
théwarticle. 30 fabric tBr sher abtglt velpmeyotsthetconposite &8 usudldast
10 at least about 0.01:1, preferably from about 0.1:1 to
~ about 0.8:1 and most preferably from about 0.2:1 to

about 0.4:1

In the composite structure the heat-recoverable
fibre volume in any'given unit volume of composice may
20 dependent on the fibre strength, polymer matrix
strength and the integrity of the fibre/polymer matrix
structure under recovery conditions. We have found
that an acceptabie recoverable composite ptéduct may be
obtained if the inequality (1) is be satisfied:

25 XUO-R) ¢ 4 (1)
| Y R ’ |

wherein X is the 20% secant modulus of the polymer
matrix material and Y is the recovery stress of the
fibres, both at or above the recovery temperature of
30 the fibres, and R is the mean effective volume fraction
of heat-recoverable fibres in the composite structure
along a given direction based on the total volume of
the composite structure, or relgvént portion thereof.

-



on the surface of the conposite structure facing the sSource of heat is
substantially unstressed and has a t hi ckness above the fabric of at

| eagt (03,03, nore preferably at |east 0.07 and especially from0.2 - 2nm or~
nnr§t8§ydescrled in UK patent application No. 8300217, as this inproves the
abi |1 of the conposite 5 structure to be heat recovered using a s
conventional propane torch.. In the conposite structure, the ratio of the
vol.une occupi ed by the heat-recovenad1ailbres of the fabric to the total
vol une of the conposite is usually 10 at |east about 0.01:1, preferably
fromabout 0.1:1 to about 0.8:1 and nost preferably fron1about 0.2:1 to
about 0.4:1 In the conposite structure the heat-recoverable fibre volune in
any given un|t e may 20 dependent on the fibre

- strength, pol yrreeér)é § P}L stre Qrs %1) ard Q. maate priefier@bliyhg 10i-85¢/ pol yner
matrix structure under recqyerw{conditions. W have found that an
accept abl e recoverabl e conposite product may be obtained if the inequality
(1) is be satisfied: 25 X(1-R < 1. (1).

Y Rwherein X is The cifpcsipatstmmtdurse @s‘art hxe (folryedr fiort exempdeer i al
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of heat -recovenagerial b¢%sth€h hmmna@l@t rﬂ?(hru-rce alSwff igignten

directiongbasege 28 i présBurd®! 4™ Keferably applied so that at
least a major part of the fabrxc is bonded to the
polymer matrix material. The result is a composite

structure which on application of heat recovers. as a

o’

unit.

Other methods of bonding the fabric to the
matrix can be used, for example, impregnation, solution
- 10 coating, slurty coating, powder coating, reactive
pre-polymers, e.g. acrylic prepolymers activated by UV
or peroxide, and the like. In any bonding method
employed'sufficient heat to cause the fabric to recover
to any significant extent should -be avoided, unless the
15 fabric is suitably restrained from recovery. ;/

In one embodiment the fabric of the invention provides
the recoverable fibres of a recoverable composite
structure cbmpfising a cross-linked polymeric material
and cross-linked recoverable fibres by virtue of which
20 the composite structure is recoverable. '

Such a recoverable composite structure can be made
by applying to the cross-linked recoverable fibres the
polymeric material, and then cross-linking the polymeric
material.

The fibres may be cross-linked to increase their
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t he conposite structure, or relevant portion thereof. Preferably X
(1-R) < 0.5 nost preferably < 0.05. Y R The conposite structure c n\Qe
fotmed for exanple by lam nating one or nore |ayers of polyner nmatry
material to the heat-recoverable fabric. Sufficient 5 heat and
is {preferably applied so that at |east a major part of the fabric
bonded to the polynmer netrix material. -<THe-result is a conposite structure
whi ch on application of heat recovers as a unit. CIher met hods of bondi ng
the fabric to the matrix can be used, .for exanple, i nation, solutlon
10  coati ng, sl UPPSETHREPVREY i3 bl @ FES g ﬁ €58 Pfer s,

acrylic prepol yneas beastat apdy @tﬁemﬁ]qxllda tand MPa willd. bbnsamyable.

bondi ng method e £ iﬁgi 199 ; egqver to
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structure comprising a cro s_11inked po ric .material and oss i nked
recover abl e flbreg h%l?? F Leui Efgga ﬁk} i&Fa § g

recover abl e. Suchrecoeenyetaibi@ e nyhos | dompasite,ur hdan may mnda byohmpinyl ng

to the cross-1i nkggn%gcgvgigpé M br&saﬁé'an gﬁ&@e@& te%l’tl ﬂ:' and t hen

cross-linking the neric erlal e Cross- I|nked to
i ncrease their . be requlred in the fibres and the polymerlc material.

-KJ; 10 This is a reason for the two cross-linking steps being

carried out separately above. The problem may arise due
to different cross-linking responses (beam response in
the case of irradiation cross~linking) of the materials
used for the fibres and the polymeric material, or due

15 to the treatment undergone by the fibres and polymeric
material. This second effect includes the reduced beam
response of the fibres that results from their orientation
produced by drawing to make them recoverable.

The composite structure may, nonetheless,
20 be produced using a single cross-linking step if the
beam response of the recoverable fibres relative to that
of the polymeric material is such that a post-irradiation
recovery stress of the fibres, per se, of at least 1 MPa
can be reached before the recovery ratio of the composite
25 structure is reduced to a value of 70% of that of the
unirradiated composite structure.

The relative beam response may be produced by the
presence of prorads in the recoverable fibres and/or
antirads in the polymeric material.

30 - In a preferred embodiment of the invention the
fabric is incorporated into a flexible recoverable
composite structure comprising the recoverable fabric
and a polymeric matrix material laminated thereto, in



-18- post-recovery strength, and a recovery stress of "at |east 1 MPa,

preferably 1.5 to 5 MPa will be suitable. The polyneric nmaterial is
des{HgBly cross-linked to prevent it dripping or running during heat
recv , 5 particularly by neans of a torch. Too much cross-1linking of.

ymeric material will, however, reduce the recovery ratio of the .
conposite.. This may be a problem sijgce- a different cross-1|inking :
treatment nay be required in the fibres and the polyneric material. 10

This is a reason for the two cross-1linking steps being carried out
separately above. The problemmay arise due to different cross-linking
responses (Qﬁg. S esponse in the case of irradiation cross-Ilinking) of the
material s use or the fibres and the polyneric material, or due 15 to the
treat ment undergone by the. fibres and polyneric material. This second

effect inclydes dree ﬁmm@amabeaaoeaﬁpefisbaeaf tB68§-1bakedesul ts from
their_orientation produced béﬁdraMAn nmake t hem recoverable. The
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Cross- I|nM|upsﬂ(uraffamﬁe beanlresponse of the recoverable fibres relative
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stress O I pres, per a can reac before the
recovery reuq&tkﬁ dWﬂ;hﬁQ#ﬁodmt@hESC9m99§ﬂﬂﬁelﬁsatedsé§§ 68%z0fathdt of 70%

of that of tfRiubleadinaleted mwe;belatruﬁawtﬁe BBeEyheLAL! NgePERM I ESpPONSeE
may be produced by .t he presenc% in the recoverable fibres and/a#
tertal, per se, after lrra zatxon as a room temperature
.elongation of 400-700% measured at a strain rate of 300%

10 minute. :

Irradiation, in addition to providihg~one means of
cross-linking, can provide other features in the composite
structure. If the fibres are irradiated particularly in
the presence of oxygen, before application of the

1S polymeric material then a change in the surface properties
of the fibres may occur (such as oxidation) which
improves adhesion between the fibres and the polymeric
material. An irradiation step after application of the
polymeric material may also aid such bonding by forming

20 a cross-linked bond between the two components of the
composite structure. '

Also, or instead depending on the conditions
under which the polymeric material is applied, some
mechanical 1nterlock1ng between the fibres and the

25 polymeric materlal may be provided. '

The heat-recoverable article can be used in
numberous applications. It is particularly suitable for
enclosing elqngate substrates such as pipes, conduits,
cables and the like. The heat-recoverable article can
be coated on a surface thereof with a layer of a sealant
or adhesive composition., The sealant can be a
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antirads in the polyneric material. 30 In a preferred enbodi nent of

the invention the fabric is incorporated into a flexible recoverable
corfposite structure conprising the recoverable fabric and a polyneric
matrix material lam nated thereto, in -19- Which: (a) the recoverabl

f abft conprises a cross-linked recoverable pol yol efin having a recovery
stress of 1.5 to 5 MPa; and 5 (b) the-R@t=rix is cross-linked such that
the recovery ratio available in the conposite is at |east 65% of that

available in the free fabric, and the polyneric matrix naterial,_ per se,

after irradiation
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By appropriate selection of the polymer matrix
material, the polymer matrix material can function as
an adhesive to secure and seal the recovered composite
structure to the substrate. The fabric can be embedded
in more than one polymer matrix material to provide
desired properties. For use in enclosing elongate

-substrates, the fabric can be laminated with a layer of

matrix material on each surface of the fabric, the _
surface which will be the inner surface when in use ‘can
be laminated to a polymer matrix material which has.
adhesive properties while the outer surface is lami~
nated to a material which does not. As will be readily
apparent the matrix material can be selected for
various other desirable properties inherent in the
polymer material itself or provided with various
additives such as antioxidants, ultra violet stabili-
2ers, pigments, anti-tracking agents and the like.

The heat-recoverable article of this invention is
typically a sheet but can be of any configuration such
as tubular, including multiple tubular portions inter-
connected,; for example, a break-out structure for cable
splices where one cable is spliced to two of more other
cables.

A heat-recoverable sheet in accordance with

d



néehenical i nterlocking between the fibres and the 25 polynmeric naterial
‘be provi ded. The heat-recoverable article can be used in nunberous
cations. It is particularly suitable for enclosing el ongate substrates
such as pipes, conduits, cables and the like. The heat-recovérable article
‘can be coated on a surface thereof\MQFIa.Iayer of a seal ant or adhesive .
conposition. The sealant can be a -20- mastic and:the- adhesive can be

a hot-nelt adhesive. Hot.-.nelt eS| i.C S |.ude

pol yam de and %f/lléhve'\ﬁ"r%ﬂ & etaeieu\é%o%po%yrrer %ggggugg ggcégéurguch
adhesi ves ar e agldesaqmibed fior UK patieats applisatigneos R390223018n733, and
4,181, 775, NS Wik difi1iClo R IfatRiR0bR! @dnReECEBaBYsE EECT ence.

| f desired a.heat-curab esi use exanp as descri bed

in U K patenttnRf iRene 548 "¥£;°E$%f§ﬁlﬁf1&§prGgﬁngePgéFéePﬁoﬁ°of t he

ARSI PR il gt il aiiv i s v Loty iuyity pptryis i
T eacol'% 5 S ;[?eﬁgir%e%%gn%‘lm%%@%ﬁ s péh %%E?ie‘é Eﬂﬁm .

substrate.: ¢ can
materi al to priabnie dwrsfenred meﬂtﬁoﬁrﬁsémmcéﬂél ggu ﬁgaeﬂ-eﬁgat e

substrates, t%é@bz‘ééb\f‘eaéhﬂl% |a%'€1%ﬁl.fe%d a}@cUi'd@..nbaltﬁr tﬁfe 'ﬁ\béhhgﬁt erial on
each surface of the f abr ] qgﬁ 5 urface which will |, |nner surface
t

when in use cdfWH %ﬁﬁ & PARFHC UhRE LYy SH&F@PF’&I URehis
adhesi ve propesddirss iy |® dpid caitbetween’ pressurized: telecomum.catz.on .

cables. The recovered article is exceptionally resistant
to the effects of pressure and preferred embodiments
have sufficient hoop strength to resist rupturing under
about 70 KPa pressure (the pressure typically used in
pressurized telecommunication systems) at ambient
temperatures of such systenms.

_ Usually, it will be desirable for the compo-
" site structure to contain a single fabric embedded in
or bonded to the matrix polymer. However it is quite
15 possible, and in some instances it may be preferable
for the composite structure to comprise a plurality of
fabrics, e.g. two fabrics having a layer of the matrix
polymer therebetween. Articles that employ more than
one fabric are especially useful for enclosing'Sub-
20 strates that have high internal pressures or for use in
cases in which the article may be subject to particu-
larly severe mechanical abuse.

The following Examples illustrate the invention:

Heat-recoverable fabrics were prepared by weaving
high density polyethylene monofilaments into fabrics of
- 25 © variocus weave patterns and subjecting the fabric to
irradiation. The fabrics were irradiated using 6 MeV
electrons in air at a dose rate of 0.24 Mrads/minute.
Properties of the fibres and fabrics are listed in
Tables I and II respectively.
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nated to a material which.does not.. As will be readily apparent the matrix __
material can be sel ected for varlous ot her desirable properti-es inherent in
the polyper material itself or provided with various additives such as
antioXidants, ultra violet stabili- zers, pignments, anti-tracking agents \_—
and.t he Li ke. The heat-recoverable article of this invention is typically a
sheet but can be of any configuration suel2as tubul ar, including nultiple
tubul ar portions inter- connected, for exanple, a break-out structure for
cabl € splices where one cable is spllced to two or nore other cables. A
heat -recoverabl e sheet in accordance wiIBBLE L. 21 - this invention can be
used as a wraparound encl osure as described in UK patent application No.
8300223. In general, the- ability aé %ﬁ%&gg & fabric conmposite to be
penetrated w t hout spllttlng, al lo Hﬁﬁ Y5 be- j oi ned together (for
exanple to forma w aparound) by a nechanical joining arrangenent that

penetrates the fabric preferred arrangenents are stitches pgijatiaP pBSage titads)

recoverabl e ggdd C é,.ordl ng to the |nvent| on have bgen found tg be 32
partlcularly-STnt Dr. use_in en splice b €en press Zed-
t el econmuni cal i on10@#pMedulus. (MFa) ra&:g%rced articie is §r¥7\§pti onal | .3 0.4
resistant to the térdsite steéngtheqe@a)ecatri@0lC eferred enbodB nents havie4 1.4
sufficient hoop styen t, ok U under ut 70 KPa ssure 754
(t he«pressure- tyh# ?&g’hg%JE§SE rés@%ﬁ?ggg telecoﬁggnlcatlon s?%fens) at >
ambiént Gel Content (%)* 27.0 58.0 67.C
Recovery Force (MPa) (peak value) 1.17. 1.2 LR
Recovery (%) : 89 88.5 ~ 88.¢

Diameter = 0,35

2 100% Modulus (MPa) at 150°C 0.27 0.21 0.

Tensile Strength (MPa) at 150°C 1.36 1.93 2.¢
Elongation to Break (%) at 150°C 752 487 ™
Gel Content (%)* 10.0 40.0 61.
Recovery Force (MPa) (Peak Value) 0.57 0.6 . 0.¢
Recovery (%) ' 89 | 87 85

Diameter = 0.29 mm

N * Obtained by refluxing in xylene
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site gtructure to contain a single fabric _
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fabrics, e.g. tw fabrics having a |layer of the matrix pol yner \J
therebetmeen Articles that enploy nore than one fabric are especially
useful for enclosing sub- 20 strates that have hlgh |nternal pressures or
for use in cases in vwg:mthe a”ég,\r S bjgc particu- larly
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Recovery Force (MPa) (peak val ue) 1. i‘k““—-~_~1g_~_5

Recovery (%

885 Dj anmeter = 0.35 mm 2 100% Modul us (I\/Pa)ﬁ””\wr ” JM
0.27. 0.21 0.34 Tensile Strength lﬂ

1. 36~ 1.93 2.98 Elongation to Break (% a [err]

752 487 777 Cel Content (9%

10.0 - 40.0 61. 0 Recovery Force- (MPa) (Peak Val ue)

0.57 ‘ 0.6 - 0.65 Recovery /@

89 87 85 Dianeter --0.29 mm* btained by refluxing in
xyl ene [err] -24- CLAIMS 1. A dinenS|onaIIy heat -recoverabl e fabric
whi ch conprises fibres that will recovepLyhgg heated to a recovery tem

perature thereof, wherein the recoverabl@ TTbres have a ten- sile strength
of at least 0.1 MPa at their recovery tenperature and have been stretched
to an extent tt,hata Wilencdvwnalllge hbabrecbverabbeefabyiatwh batstcdniiyh ideen

heated 10 thecaqvqhy ol YIRS $pUbGR! yhlE REGPUR! EDI £ L PSry Zen A fabriC

as clainmed in am thé recovera €s are Ccross- Tlnked 3.
A fabric as deflaters theirgio, 1 WhaRpdR FBeoveegvepable| BhRre3MAVheh tRMt ed.

4. A fabric a3 elAirggtn ofl akMiasvher ¢i ApANgL T EROVRT FééSvery
. temperature and have been stretched to an extent that will
.KJ’ cause the fabric to recover by at least 50% when heated to
the recovery temperature of the recoverable fibres.

2. A fabric as claimed in ciaim 1, in which the recoverable
fibres are cross-linked.

3. A fabric as claimed in claim 1, which recovers by at
least 60% when heated.

4, A fabric as claimed in claim 1, wherein the recoverable
fibres comprise high density polyethylene monofilaments.

_ 5. A fabric as claimed in claim 1, wherein the recoverable
A fibres have a recovery ratio of at least 3:1.

6. A fabric as claimed in any one of claims 1 to 5 which is
a woven fabriec.

7. A fabric as claimed in any one of claims 1 to 6, which
includes dimensionally heat-stable fibres. '
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fibres conprise high density polyethylene monofil anents. 5. A fabric as

gd in “‘I““mm‘ﬂlnit he recoverable fibres have a recovery ratio of
7Pepst 3‘ “H clained in any one of clains 1 to 5 which is¢

a en fabrict 7% A'fabri‘c as claimed in any one of clainms 1°to 6, which_.

I ncl udes di nensionally heat-stable fibres. -25- 8. A fabric as '
claimed in daim?7, wherein the heat-stable fibres lie substantially
perpend- icularly to the heat-recovepgble fibres. 9. A fabric as
claimed in daim7 or Claim8, which 5 Is woven so that the

heat -recoverabl e fibres have a float of at |east 4. 10. A fabric as

clainmed in ang.one oA €hbtri® dstoldimedi thh Chaimrs) rwiodmslirsctehat t he

heat -recoverafle, fi ' t Vg Y, g fhan 10 tines 10
t he heat-recosssgbkggsfﬁmgkéfggm {TQ %%E%&gi gop{iggeen ateral force per
fibre equal t@cuheriECOOetyefbeeé- QCQmetakﬂqlﬁukﬂeﬁecoverable fibre.. 11.
A fabric as clainmed in any one of Clains 7 to 10, mhlch S mnven SO that

t he heat-recoyerable fib es 15 aye yeaye. f at 0 fibres
per centimetrés 12. A Féﬁr?ﬁ tab?% ¥ﬁa %.éi éﬁ heat
recoverabl e fiilr eevbnveoathaavehdeneat-yre)éowérélsbstfﬁ&:és raee per
centinetre. Af apr |l ainmed in any one of Clains 7 to 20 12,
which is move%lgattﬂatgph%gﬁggvg density of re- coverable flbres is greater
than the weave density of )

10. A fabric as claimed in any one of Claims 7 to 9, ~
which is constructed so that the heat-recoverable
fibres will not move laterally by more than 10 times

10 the heat-recoverable fibre diameter when subjected to a
laterél force per fibre equal to the recovery force of
an individual recoverable fibre.

11. A fabric as claimed in any one of Claims 7 to
10, which is woven so that the heat-recoverable fibres
15 have a weave déns;ty of at least 20 fibres per centimetre.

12. A fabric as claimed in Claim 11, wherein the
"heat recoverable fibres have a weave density of at
least 30 E1bres per centimetre.

13. A fabric as claimed in any one of Claims 7 to

20 12, which is woven so that the weave density of re-
coverable fibres is greater than the weave densxty of
heat-stable fibres.

14. A fabric as claimgd in any one of Claims 7 to
13, wherein the heat recoveable fibres are laterally
25 distortable under their own recovery force.



heat-stable fibres. 14. - A fabric as clainmed in any.one of Clains 7 toy 'r'w
13, wherein the heat, recoveable fibres are |ateral u“ulﬁu!ulnﬁl“ tlﬂ l e un ,g,')
t Reir own recovery force. -26- 15. A fabric asl u e of
clainms“7 to 14, which is woven so that the heat-recbvérabl e"fibres have a
crinmp. of not nore than 50% 16. A fabric as clained in claim15, wherein
‘the heat- recoverable fibres have a crinp of not nore than 20% 17. A
fabric as claimed in any one of clainms 7 to 16, which is woven so that the
heat-stable fibres have a crinp of at least 20% 18. A fabric as clained in
claim 17, which is woven so that the heat28table fibres have a crinp of

| east 30% 19. A fabric as clained in any one of clains 7 to 18, which is
woven so that the heat-stable_fibres have a float o or,2. 2 A fahric
as clai med inSanyt 53OTIC @Sarh@imefoiRgangyPRA ?é %%%é%?s% E?wi%trﬁ?kﬁ duct
of the weave idengivien @b tthatheéae- heabvweeabierabbe efibmess thave ali@niaterof s
In the range of f t .3. 21. Afabric as clained in any one of
clains 1 to fﬁ? ﬁﬁ?@hQPé“p 8érded with a sealant or adhesive. 22. A fabric
as claimed in claim20, which is provided with a heat curabl e adhesive.
[err]3. A comgosiy FabirildCladr @ 1968 ¢ANBLAERS 16 aAbkhérdbn Ctivé MshiH any one

of claim 110 deverdble A15tes"BhVE A cR1RR ¥ ABE' SoFT" tndn "HE! ' 2

A 17. A fabric as claimed in any one of claims 7 to 16, which
is woven so that the heat-stable fibres have a crimp of at
least 20%.

18. A fabric as claimed in claim 17, which is woven so that
the heat-stable fibres have a crimp of least 30%.

19. A fabric as claimed in any one of claims 7 to 18, which
is woven so that the heat-stable fibres have a float of 1 or
2.

20. A fabric as claimed in any one of claims 7 to 19, which
is woven so that the product of the weave density of the
heat-recoverable fibres and their diameter is in the range
of from 0.4 to 1.3.

21. A fabric as claimed in any one of c¢laims 1 to 20, which
is provided with a sealant or adhesive.

22. A fabric as claimed in claim 20, which is provided with
a heat curable adhesive.

¢<3. A composite structure which comprises fabric as claimed
in any one of claims 1 to 20, and a heat softenable poly-
meric matrix material.



< 24. A conposite structure as claimed in claimed in claim23, wherein
' trixummmm' s-linked. 25. A conposite structure as clai ned
aim 2 ""mm”.x has been subjected to an irradiation dose

Q7
ofN40 negar dds®ort | éss Sto*cause the cross-linking. 26. A conposite
structure as clainmed in any of clainms 23-25, having a recovery ratio at .
| east 65% of that of the free fabric. 27. A conposite structure according’
to any of clains 23-26, having a recovery of at |east 50% 28. A nethod of
environmental |y protecting a substrate of non-uniformcross-sectional size
whi ch conpri ses positioning around tt@ substrate a structure according to
any of clains 23-27, and causing recovery of the fabric. 29. A nethod
accordln to C | %f t cabl li.c pi pe
joint. b L%%gﬁegg{%l&ﬁ%&la Su %{n?(g corﬁaJLr eﬁg é‘o lﬁé‘maaéondwt or
a cabl e Hhﬁtﬁleohb¢|E%EPpbsmitﬁmlmb B9 B Hdmeskt rate a fabric according
to any of clains 1-22 or a con} p05|te according to any of clains 23-27, -
and causi recovery, of t abric.

Egg A compoglte s ructure as claimed in claim 24, wherein

the matrix has been subjected to an irradiation dose of 10

megarads or less to cause the cross-linking.

\

26. A composite structure as claimed in any of claims 23-25, -

having a regovery ratio at least 65% of that of the free

fabric.

2T7. A composite structure according to any of claims 23-26,

having a recovery of at least 50%.

28. A method of environmentally protecting a substrate of

non-uniform cross-sectional size which comprises positioning'

around the substrate a structure according to any of claims

23-27, and causing recovery of the fabric.

29. A method according to claim 28, wherein the substrate is

a cable splice or pipe joint. . s

30. A method of enclosing a substrate comprising a pipe a
conduit or a cable which comprises positidning around the
substrate a fabric according to any of claims 1-22 or a com-
posite according to any of claims 23-27, and causing recovery
of the fabric.

L4



