2139 142 HEAT- RECOVERABLE ARTI CLE -2 - This invention relates to
heat--recoverable arti- cles. A heat-recoverable article is an article the
li mensi onal confi'gurati on of which may be made sub- 5 stantially to change
when subj ected to heat treatment. Usually these articles recover, on -~ .
heéting, towards an original shape.from which they have previously éV;EDJ
formed, but the term "heat-recoverable", as used herein, also incluoges
~article which, on heating, 10 adopts a new configuration, even if i

not been previously defornmed. In their-nbst comon form such articles
conprise a heat-shrinkable sleeve nade froma polyneric natepggggyxgggiting

the property of elastic.or plastic nenory as 15 descri bed ™ | e,
in US. Patents 2,027,962; 3,086,242 and 3,597,372. As is nade clear in,
for exanple, U S. Patent 2,027,962, the original dinmen- sionally
heat-stable formmay be a transient formin a continuous process in which,
for exanple, an extruded 20 tube i s expanded, whilst hot, to a

di nensi onal | y heat - unst abl e f o HBAAIHRECOVERABAE ABELGHEt i ons, a preforned
di mensi onal |y heat stable article is deforned to a dixensionally heat
unstable formin a separate stage.. 25 I n the pr.oducti on of heat
recoverable articles, the polynmeric material may be cross-|linked at any
stage in the production of the article that will enhance the desired

di mensi onal 'y recoverability. One method of



produci ng. a heat-recoverable article conprises shaping 30 the polynerlc
material into the desired heat-stable - 3- form subsequently
cross-linking the polyneric mat- erial, heating the article fo a &
t enperature above the crystalline neltlng poi nt or, for anorphous material S

the s ning point, as the case may_be, of the pon 5 mer, deformng s
the a le and cooling the articl® ﬁhrlst I n the deforned state so t hat
the d rmed state of the article is retained. In use, since the deforned

tate of th | t Le X th
ar 32 (o sscurbier nyentthn; BN PeR. B Br AT BT R A B s Tothod

conpri ses def or wiieg.a substantially non-crosslinked polynerlc material at a
tenperature below the crystalline nelting point or softening poinf_of the
mat eri al , fu3|n together parts of the material or a part or parts of 15
the nmateri al BeALcESCOYREBLAAX poFYRet BcaRoRDbreht $82 produce the -

configuration OB1&%nh&6§b1066nhQ§hQHth&atoEeQWﬂ@haﬁé? nétmsde Suts-
subsequent | cro; s Ilnihng t he substa t|a

N rossplil dal. In
other articles, ﬂ“éﬁ& SnﬁPlshﬁEﬁﬁer %3¥3Q§be % cfétate by
a second nenberUswhﬂdw thpeer heanchQSMEQKQWSranﬂnthmsta¢¢Dwkov¢mﬁ3 an -

SLastomerl o renBeiqlifaloSRugk. cEBR! wheERYERED) Radl ! gaftﬁoeét& Nbded Yie- ar e
described, for exanple ritish Patent 1,2440,5 %§ out er

tubul ar el ast ondPrEeRunBat téehéFHmlanaESrech?E?éh%d's?%t%‘ an inner .
t ubul ar nenber. heeatinr,eadser dhked udesi ahearbavbef ohich paoti bedaingise in t hews/

environnental prg #ﬁ%&'%nngb ebR2IgLE R YBA, SEbahoReSYEMES ABE Sa&P! €

splices in el e&8
previously deformed.

In their most common form, such articles compéise'
a heat-shrinkable sleeve made from a polymeric material
exhibiting the property of eslastic cor plastic menory as
15 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 -
continuous process in which, for example, an extruaed
20 tube is expanded, whilst hot, to a dimensionally
heat-unstable form but, in other applications, a ' el
preformed dimensionally heat stable article is deformed
to a dimensionally heat unstable form in a separate
stage.

25 in the producticn of heat recoverable articles,
the polymeric material mav be cross-linked at any stzage
in the production of the article that will enhance the

' desired dlmenslona]ly recoverabllltyn One method of

o i:produCJna a beat~recoverub4e ‘article comprxses shaplng

3q_‘,the pOIVﬂerlc materlal Lnto the deszred heat—stable_‘
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tion cables. 30 I'n such applications, afterthe heat-shrinkable article
has been positioned about the object to be  ~4- enclosed it is recovered
9y heating the outer surface with a gas torch e.g. a propane torch. It f@&as
‘been proposed, in U S. Patent No. 3,669,157 to Carolina hbrrom1Fabric(£E§)
Geripany and in Japanese Patent Specification No. 53-13805 to Matsushi to
provi de heat- shrinkable tubular fabric articles which nmay be inpregnated
with certain thernosetting resins. Howdver, we have found that the articles
di scl osed therein are very difficult to install by neanS'of an open flane

froma gas torch oy si | ar In I ' cause as
soon as the heat- é%??hkéﬂpﬁeﬁgﬁp%é gE8§§ %iH%Qn& Eg a%?h£¥9€?%€€thereln
tend to break undesridisi rhe(a\minlge(tu!eraytﬁ-cﬂ-eeso Ihbeppesewrenameowe

provi des a net hod | |n a I {yOf S
conprises: (a) sur%run ﬁ%& sai 3§E1n§ %PIE% brlngﬁglgﬁg§?ﬁéﬁs I‘Mtf‘t—(=::{':i£s/sfarabIe

at -
article conprisindghe kﬂﬂl@cﬁéﬁpo§ﬁtéh§tFG§9 paveb Fec%geF55I3°
virtue of a hﬁat-rfe.c:oqumufnlgbrtelecamamat ahhef:eei.:.ngndhéb)rhi;\ale ng the

structure \tNIth an fﬁ”ﬁhfeﬁghg?ﬁg'{e? gttfﬁégagﬁgﬁ ég to
recover into engad@ﬁaﬁ at ure
preferably is an asﬁatdenﬁtbne(anmuhseSSarh@auned@ovénabﬁerfaane BR®i ng
fibres that will r m&e%tee%@“%am'c% fiavseatf-angthswr,rsagib-of

at. least 0.1 MPa at EI r I‘ECOVEW erature,

external surface t%akiqn dfodieatr QQ§fth8faﬁGF§aﬁ 8 ﬁﬁ?&??afgs
preferably unggresseihimil ajedtoayatled3hape. A further method comprises

deforming a substantially non-crosslinked polymeric
material at a temperature below the crystalline melting
_point or softening point of the material, fusing
together parts of the material or a part or parts of
15 the material and at least one other polymeric component
to produce the configuration of at least one hollow
heat-recoverable article and subsequently cross-linking
. the substantially non-cross-linked material.

In other articles,.an elastomeric member is held
_ 20 in a stretched state by a second member, which, upon
v heating weakens and thus allows the elastomeric member
to recover. Heat-recoverable articles of this type are
described, for example, in British Patent 1,440,524 in
which an outer tubular elastomeric member is held in a
25 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-
tion ‘cables.- '

:30“T-':“-'In{such'applicatiOns,-aftertthe heat-shrinkable
article has been positioned about the object to be



mm t hi ckness, the polyneric material being softenable wi t hout flomnng when
heated to acconnndate recovery of the article By '
‘of polfymreric heat -

the r

I n general, the recovery tenperature will be the crystall

melting transition tenperature if the p8kymer is anmorphous. Wilst the
polymeric material formng the outer |ayers softens at a tenperature bel ow

the recovergndiyEey atturie ecoRerbidbbgsneatongetné ooateépvsiPradé biesn to

article wh@RShesr

recover, it shgyld not melt since of, herﬁnse It would flow or drip off the
8. ﬁf of polyneric material is fornmed
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recoverable materials is meant that tenperature at which .
ry of the polyneric material will go substantially to
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t he conple%hﬂﬁuﬂh&:&ﬂiﬂﬂhﬁ?\ﬂHSpleéﬁén&heﬁeﬁﬁearé059éde¥BFb%ubF the
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Col vel |, Chtaeerheat ~stirsodkealbdas fladirtiy aadowegsnaaeureconenabEmeﬁibggs by H.

Leadernan,

A thaPltoldrR3% iAder their own recovery forces.

The“present invention provides a method of enclosing at
least part of a substrate, which comprises: )
fa) surrounding said part with a dimensionally heat-

at

nd

recoverable article'compbising a recoverable composite struc-

ture recoverable by virtue of a heat-recoverable fibre
component thereof; and - '
(b) heating the structure with an open flame or hot-air

‘gun to cause the structure to recover into engagement with

the substrate.

The composite structure preferably is an article that
comprises a heat-recoverable fabric having fibres that will
recover when heated and which have a tensile strength of at
least 0.1 MPa at their recovery temperature, the fabric
having an external surface that is coated with a'layer of
poiymeric material, preferably unstressed, of at least 0.03
mm thickness, the polymeric material being softenable
without flowing when heated to accommodate recovery of the
article:

By "the recovery temperature" of polymerlc heat- _
recoverable materlals is meant that temperature at which the
recovery of the polymerlc materlal will go substantially to



"Non-1|inear Viscoelastic solids", F.S.r Lockett, Chapter 1 Academ c press.
PmﬁmaMythelmmfofpmymNiCWMeHalLsfmnmjﬂomather Wgﬁic
=«pol yner that has been cross- linked to render it infusible, forégg%ggfe
ei tther chem cally cross-1inked or cro€s | i nked by irradiation "hod
decording to the invention has the advantage that, on the one hand it

enabl esht he heyRflietiidn. prqaergbheﬁagf E%brbssovéﬂﬁhtéfﬁpéﬁﬁhtf@mﬂhcﬁﬂ hand
strength, to he use rinkable.artic ot her han
does not SLﬁféh :%H%%ginﬁaﬁﬁ ﬂ?gtgrﬁgs? é%@e# %p%€ %%é%s oftb gas torch
or .ot her har$mlymer64sheaprMQOQQV|ce which is inherent in the previously
proposed articles. The ability of heat-shrinkable articles to be recovered

by neans of sucfvnm%%wt% %Iiyhepquaaatéwslwr@:Mteéeﬁﬁ@%ﬁ&al Je&rLh
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torch index, n_prac
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least 102, more preferably at least 103 and most preferably
at least 104 poise at the recovery temperature of the
fibres in order that it will not flow or drip during reco-
very, but preferably not more than 109, more preferably not
more than 108 and especially not more than 107 poises at.
the recovery temperature of the fibres. The particular _
maximum value for the complex dynamic¢ modulus will depend on
the recovery force of the fibres, but values significantly
higher than 109 poise may prevent the article from reco-
vering. Complex dynamic viscosity is discussed for example
" in "Viscosity and flow measurement" by Van Wazer, Lyons, Kim
s and Colwell, Chaper 6, "Viscoeleasticity and its measure-
‘ment Rheology" by H. Leaderman, Chapter 1 vol 12 and in
"Non-linear Viscoelastic solids", F.S. Lockett, Chapter 1
Acadenmic press.' Preferably the layer of polymeric material
is formed from a thermoblastic polymer that has been cross-
linked to render it infusible, for example either chemically
cross-linked or cross-linked by irradiation.

The method according to the invention has the advantage
that, on the one hand it enables the beneficial properties of
~fabries, such as high mechanical strength, to be used in a
heat-shrinkable article, and, on the other hand, does not
suffer'from the inability fo be recovered by means of a gas
torch or other harsh



recoverable fibres exhibit a relatively | ow value of 20

but by lam nating the fabric in accordance with the pr esent

t he torch i ndex,

|nvent|0n it is

possi o increase the torch index of the recoverable fabric _
subst aggpdl |y. The reason for the increase of the torch index of the
articles~according to the invention 25 I s not understood since if the

| ayer of polyneric material were sinplsg=acting as a thernal
time to failure of the article through overheating and the tine to recovery

barrier the

~woul d be expected to increase in proportion to each other and accordingly
the torch 30 ihekbdngmdewﬂma e&ﬁeﬂteksthnheenatnlnc@hgt9n§v10ﬂalyher- nor e,
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10. If the Iayeraqﬁk9¥?tQR(ﬂ&ﬁ&ﬁ?%ﬂﬂﬂﬂﬂ%ﬂ?qglF} QrE&PéFB“Fh&HIEhHﬂﬁthere i s
a danger that itgawa errﬂw,eru@ewm:sctcnrecmdubew eheheotahr iadbas

reached |ts]6ec very'éégnggfg Ui prJﬁ%ﬂcﬁy% ngExgerlctgaggrkgl may be ‘\d

f or ned

- covered by means of, for example, a torch whereas a low
' value of the torch index means that the article is less
suitable to being recovered by means of a torch.

15 practice, a torch index of less than 2 is therently
incapable of torch recovery. Articles having a high

In

torch index will also find utility in high tewperature

environments and for use in installations involving

_other harsh heating.

We have found that fabrics formed from heat-

recoverable fibres exhibit a relatively low value of
20 the torch index, but by laminating the fabric in |
accordance with the present invention it is possible to
increase the torch index of the recoverable fabric
substantielly. The reason for the increase of the
torch index of the articles according to the invention
25 is not understood since if the layer of polymeric

material were simply acting as a thermal barrier the

time to failure of the article through overheating and

the time to recovery would be expected to increase in
proport1on to each other and accordlngly the torch

30 . index would be expected to remain constant.
-more,. it has most surprisingly been found that many
articles according to the ihvention'exhibit a higher
torch index than conventional heat-shrinkable sheet

products.
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Further-
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15 froma w de range of polynmers provided that it softens on heating to
accommodat e recovery of the fabric. In order to accormodate recovery of the
fi« bres the polyneric naterial preferably has a softening point of not nore
than [err] above the recovery tenperature of the fibres, 20 nore preferably
not hi gher than the recovery tenperature of the fibres itself and TN
especially at least [err] below the recovery tenperature. Preferably A
however, the softening point should not be lower than [err] below th
recovery tenperature of the fibres. 25 Exanpl es of thernoplastic po
that may be used to formthe |ayer include ethylene/vinyl acetate copoly-
mers, ethylene/ethyl acrylate copolyners, poly- ethyl enes including the
l'inear low, |ow density and high density_grades, polypropylene,

pol ybut yl ene, 30 pol yesters, pol yani des, polyetheram des, perfluorer

et hyl ene/ et hyl ene copol yner and pol yvinylidine fluoride. Considering the
second class of materialm generadn iechdgebaenyEonndrthee btie@diensh sindeane

bl ock co- pol yner, ryli | ast oner.s_i.ncl ydi th
met hacryl ates and t gfﬁecﬁﬁgfﬁﬁngPPS?éEgp§€§ggf§¥gg§$§¥%€%$§dﬁﬂqﬁﬁﬁy
2-ethyl hexyl acryl dhdckniesshioghtuenyryaceoft potyper yrenaterial cingenres.
(VAE s), poly- norhiearap1Rokyner ehhaRA8s8NdESthe CORPe £ 6 &I So Btk Bic
the like. The olynerlc.ggterlal Ysed t8 formthe | ayer %ééiﬁlt 1 S
fusible, be rehder BREeEEES Bfcdby LEREES Y- PP A MORE P %gg 3§ least
crbss-linking agentss,0 Toywn,r esgieatindbysathleashi gh1eme; gyored eespenisally gema
ﬁgy b;ad'at'onf or 1¢<t2q. 3! hfi"andNfioRe! ¥OBELEaTYCht A A0 B Y Al | AV S
matter of practice the maximum thickness of the layer
~is 2 mm, preferably 1! mm and most preferably 0.6 mm.
10. 1If the layer has a thickness substantially greater- than
2 mm there is a danger that its outer layer becomes
scorched before the fabric has reached its recovery
temperature.,

The layer of polymeric material may be formed
15 from a wide range of polymers provided that it softens
on h%ating'to accommodate recovery of the fabric. In
order to accommodate recovery of the fibres the polymeric
material preferébly has a softening point of not more
than 20°C above the recovery temperature of the fibres,
20 more preferably not higher than the recovery temperature
of the fibres itself and espeéially“at least 10°C below
' the recovery temperature. Preferably, however, the
softening point should not be lower than 40°C below the
recovery temperature of the fibres.

25 Examples of thermoplastic polymers that may be used to
" form the Iayer'include'ethyléne/Vinyl acetate copoly-
mers, ethylene/ethyl acrylate copolymers, poly-

e
AN

ethylenes incliding the linear low, low density and
high density grades, polYpropylene, polybutylene,

30 polyesters, polyamides, polyetheramides, perfluoro-
ethylene/ethylene copolymer and polyvinylidine fluoride.
Considering the second class of materials this can
include acrylonitrile butadiene styrene block co-
polymer, acrylic elastomers including the acrylates and



-transparent (at least to visible radiation) or com pletely opaque or it
may have any opacity between these two extrenmes. |f the opaC|ty S

i ncr , for exanple 15 by blending a small quantity e.g. up to 5% by -
wei g t Yedr bon black in the pol ymer material, the time taken both for the ~.
fabri recover and for it to fail appear to be reduced, presunaby due t®&/ "
the increased heating from absorptiongef infrared radiation, with 20 t he
result that the torch index is not significantly changed. As will be
appreciated, the matrix material can be selected for various other

desirabl e propamﬁharr@dh&menhnﬁnthberpcbpoéymeusereag i peb¥bubyl provi ded 25

W th various a VRS S thl ul | e t | zers,
anti-tracking }grwtls%dd%t%? ﬁﬂ'&gz %hg"ig{eggl glghﬁ Eh? ﬁPﬂ’c mat eri al
of the conp03|Wén§tr@@@G@éesGpﬁ@ﬁgmﬁ6seHéEPeeFH¥1?PSrégA 0SB0 PCPMPTover.

Preferably, thexdw&rrieaﬂe NPolguz@¥haneadnianaodill igoné alakeamérdOand MPa and
an eIonga on ﬁ% break of at least 50% preferably at |east 100% both

propert|e bei r‘ed at the recovery tenperature of the fibres. In
addition the fabric conposite preferably satis- fies the follomﬁng

inequal ity at the regQ %kﬁgh@@ﬁ%rﬁh%@%zﬁﬁ hgﬁdfhgrférmxkﬁé E&gé &S than

1, preferably |less than especi_al g ess mhereln Xis
the 20% secant ifod d$ éﬁsﬂﬁéepoP?nEFPéeﬁﬁﬁeFP Ps&ﬁéasBYeSrafsa strain rate

of 300% per ﬁlﬂumﬁhng, e.g. by chemical cross-linking agents, by =
irradiation such as high energy electrons or gamma \J |
10 radiation, or UV radiation.

The polymeric material forming the layer may be
transparent (at'least to visible radiation) or com-
pletely opaque or it may have anf opacity between these
two extremes. If the opacity is increased, for example

15 by blending a small quantity e.g. up to 5% by weight
carbon black in the polymer material, the time taken
both for the fabric to recover and for it to fail
appear to be reduced, presumaby due to the increased
heating from absorptioh of infrared radiation, with-

20 the result that the torch index is not SLgnlflcantly
changed.

As will be appreciated, the matrix material
can be selected for various other desirable properties
inherent in the polymer material itself or provided

25 with various additives such as antioxidants, ultra
violet stabilizers, anti-tracking agents and the
like.

‘As. stated above, the polymeric material of the
) _compoSi;g'sttuc;ure softens to epabie the fibres to
30 recover, Pfeferably;léhe maEerial-has a 20% secant
modulus'of at least 10~2 MPa and an elongation to
break of at least 50%, preferably at least 100%, both



% Is the recovery stress of the fibres; and Ris the nean effective volune
fraction of heat- recoverable fibres in the conposite structure alo

given direction based on the total volume of the conposite structur

rel evant portion thereof. In an alternative conposite structure usefuf or
tke i nvention, the recoverable fabric is used to provide the recoverable
fibres of a recoverable conposite structuge. Such a structure may conprise
a cross-1linked polyneric naterial and cross-|inked recoverable fibres by

virture of which the co 03| t§1 ulg%t e kfel ggtgﬁggc E’emﬁé’Fﬁtgt‘é esoOVE Abl e

conposi te st rRIARFe h Pyi ng°t o 0S5 recoverabl e
fibres the pofryms.c riataﬂdeutio@namehé’nb@rlssgompnmhg PRefpBR Yhersatis- -

material . gfié:br %Moﬁemﬁrr@ssinuqmaqd tyOaknehsapecbliery pedperdcamyery
strength, and a recovery stress of at |east 1MPa, preferably 1.5 to 5MPa

will be suitadf ethe 'ﬁﬂ?;ﬁﬁynerlc material is desirably cross-linked to
prevent it drlpplng or running during heat recovery, particularly by neans
of a torch. Too nuch Cr<mk-is rlessy than 1Q- prefenabpyl yeesi thant@rdal will,
however, reduce the rggovery ratio of the-conposite. This nay be a problem
since a different cross-linking treatnment may be required in the fibres and
the polyneric materand especipily jLess tdadof P8¢ the two cross- | i nki ng

steps being carri eghgndiseparatile/ I\ cahite mpdaiusmofayhar pskyderito
| glr\fgj;gr FPEKFLS)SSOL Iz?q]k%eng)aqr es&%nazse“lsre(éoe%m r 63091058 rale! B8 3888 BLr! rradiation
‘minute);
Y is:the recovery stress of the fibres; and
R is the mean effective volume fraction of heat-
reéoverable fibres in the composite structure
along a given direction based on the total volume
of'the composite structure, or relevant portion
thereof. '

In an alternative composite structure useful for the
invention, the-reco?erable fabric is used to provide the
recoverable fibres of a recoverable composite structure.

" Such a structure may comprise a cross-linked polymeric
material and crbss-linked recoverable fibres by virture of
which the composite structure is recoverable.

Such a recoverable composite structure can be made by
appl?ing td the crossglinked_recoverable fibres the
polymeric material, and then cross-linking the polymeric
material. | ' -

The fibres may be cross-linked to increase their post-
recovery. strength, and a ‘recovery stress of at least 1MPa,
preferably 1.5 to 5MPa will be sultable. The polymeric ,
material is desirably cross-linked to prevent it dripping or
running. during heat recovery, particularly by means of a
toreh. Too much'cross-linking
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.used for the fibres and the polyneric material, or due 10 to the treatnent
undergane by the fibres and polyneric material. This second effect includes
t he/Tedyged beam response of the fibres that results fromtheir orientation .,
pr gdugeg /by drawi ng to make then recoverabl e. The conposite structure nmay, -.
no pel/ess, 15 be produced using a S|ngle cross-linking step if the beam<"
respdp€e of the recoverable fibres rel'@ive to that of the polyneric

material is such that a post-irradiation recovery stress of the fibres, per
se, of at |east MPa can be reached hefar e.recover; rati o, of the

conposite 20 9F ﬁ%r@%@%é@d‘etd‘ VA é wegor st TEAYFeoFehe
uni rradi at ed coegBsede rdyieidf ehellvompelsittiee Mhds maypbesa pagbbem

produced by thgupéoﬁeyrrergr:’lefé)e% ror?%gfg 1t1*?ﬁ<1n]‘80‘2‘{-% @RI gtf h8§es and/ or

antirads in the p erre eandPnEnt'of
the invention heherdgibided iin M@ormr@ﬁemdntt@eappllarmemls maseviaibl e

conposi te $trumfil & £ U THdaYdH) £die vheC QR %Q'o%sf-qtihk(inéngtégaobiwﬁr e

matrix materia er et o, t he. recovera
conpri ses a cr?ﬁ5§%?4ﬂ&ﬂfr%ﬁﬁiﬁﬁ%ﬁiﬂaﬁ?ﬂ“ﬁolé%lnPHQPQﬁE Qa?eéﬁééFygg?ress of
1.5 to 5 MPa; wdiifferdht (dyodsd inldinigx riesponses- |(belamd respbnsbatnt he

recovery rati o ayallgpls: Mégqmra?.osaéo%g-a B b835bOTHuOhatlgl agyai | 20l e

in the free fabric neric natr
i rradiation kmﬁﬁQQEfOerhﬁnﬁkhﬁﬁﬁ’ &he Gﬁ@&ﬂﬁGﬁCowa&GGJ?QO%Pﬁeésared at a
strain ratgg of e 30106 REFe dEMUEHLE. undergone by the fibres and polymeric \os

material. This second effect anludes the reduced beam
response of the fibres that results from their
orlentatxop produced by drawing to make ther. recoverable.

The composite structure may, nonetheless,
15 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
20 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.

25 In a preferred embodiment of the invention the
fabric is incorporated into a flexible recoverable
composite structure'comprising the recoverable fabric
and a polymerxc matrix materlal applied thereto, in
whlch° - ' N '

(a) “the recoverable fabrlc comprxses a ‘cross-linked
recoverable polyolef1n having a recovery stress of 1.5
to 5 MPa; and



Irradiation, in addition to providing one neans of cross-linking, can
provi de other features in the conposite structure. If the fibres are
irradiated, 10 parficularly in the presence of oxygen, before applic
of the polynerlc material then a change in the surface properties of
f™res rfay occur (such as oxidation) which i nproves adhesion betwee
fibres and the polynmeric material. An iLgadiation step after application 15
.of the polyneric material may al so aid such bonding by formng a
cross-1linked bond between the two conponents of the conposite structure.

Al so, or instead depgndi RieOmatbeéxCosdctosssl inked sdiciehchae yiod yneric

i al lied, 2 h { f d
e por yrer i o et ieert ey B48 B0 1AL  RRCFhETERMLEFLISET A dddy o o
m ni mum r ecovery 6§t%r ofs tofat] evejilabPhembinethecfreabf3bsid erafd thePa .and _
usual I'y ‘at | east pl:l%%rx%sl?a‘i‘ﬁk"i‘kl Male?xag NB@raEea gﬁtéﬁnpﬁfé’éfﬁﬁ&f)q'}’aes tJ"e

transition tenperatdre o LS. Lh theory no u imt of
recovery streéss, QM |tﬁ'“§F§éFPES Eéenﬂﬁﬁlaﬁd°ﬁof% u%%?l’ge 2% 2t he
hi ghest figure n@urwxhy ratki efabbesw perpmigaeeic fibres. The

heat -recoverable fibres are preferably formed 30 froma polyneric
material that inparts good physical properties and, in particular, good
creep resistance to IrfﬁﬂzatﬂﬁéafFbréédltléﬂlh0p9t9mtdsn$Leﬂﬁew

pol yet hyl ene and n@tamsl Q1Fe cQ@BQLYEkai n?po&xarrp@l&s id@0b ¥IeSE CfSat Bed Y ik

Ly Ot POl ohRlst e578EPuGe Bhe ! B ERESEibted ¥Ede B £ STH Vo

10 _partlcularly in the presence of oxygen, before application.
of the polymeric material then a change in the surface
properties of the fibres may occur (such as oxidation)
which improves adhesion between the fibreé and -the -
polymeric material. An irradiation step after application

15 of the polymeric material may also aid such bonding by

' forming 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
i 20 mechanical interlocking between the fibres and the
polymeric material may be provided.

The fibres preferably have a minimum recovery
stress of 10-1-MPa more preferably‘leO-l'MPa and
usually at least 1 MPa, especially 1.5 -5 MPa at a

25 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 100 MPa
is the hlghest f1gure normally achlevable w1th polymeric
flthS. ' : '

7 T'me heat-recoverable fibres are preferably formed

30 from a polymeric material that imparts good physical

properties and, in pafticular, good creep resistance to



5 polyneri'c material for the fibres is based on poly- ethylene_having a
density of from0.94 to 0.97/gns/cc, an Mv of from 80 X [err] to 200 X

[ er nd an Mh of from15 X [err] to 30 X [err]. Preferably the recovery v
te Qture of the 10 fibres is [err] or nore, nost preferably from[err]. -
to '], such as, for exanple, 120 - [err]. Wen the fibre is cross-Iinked<"

by irradiation it is convenient to inedporate the cross-linking step into
manuf acture of the fibre. The fibre can be 15 extruded, stretched at a
tenperature belowits nelting tenperature, preferably by an anount of from
800 to 2000 % t&h§1ﬁmﬂnean(ﬂDhﬁfnnwng&EMQn§nSvsheﬁﬁePPliﬁé§¥leFPnRPﬂg A

less preferred ?ﬁ*ﬂﬁfﬁﬁpKﬁﬁgﬁvﬂ?fg b@%yygmggegxtEBQ9eghgrglbgerylieadlate

to cross-1ink, i re refera to . above its nelting
tem perature, RAMEFEHPENGHOHE @lmrtshéﬁpéeéﬁ R§ PR&NG: FEPER™Y fibre.
H gh density pO'NﬁiHéd fbéJVemalanyeraf @ra&ltlutuu.aragh prefevied a dose of

fron1about ahout 35 ar refera rom_a 5.to ut 25 25
megar ads, rp‘%é?“ﬁ TS g}aq'ﬁ; abeg)Lft t?‘ t(%llé r{]f8B%egEgr ah p892” icularly
from10 to abouteﬂﬁyken;mhakanxauﬂdQﬁ1¢UeOGEEreunDeﬂﬂ Gﬁ ﬂh87dgm§échnked
fibre is greater ad fo&P % drerablo? wraloer xt ha? 30% aADHh BECERBAD! Y

greater than 409 actice, qeb contents 30 greater tfan 90% are not
easi |y achi evablb'5 hd héft 3V abl e fabric can, if desired, be made |
sol ely of heat-recoverable flbres as described-above or can_contain ot her -

;;B;?i Lgn?g?hgion t pdd¥erabry the CbedversF Lempdlat ublePbdS tnetiere the
10 fibres is 60°C or more, most preferably from 80°C to

250°C, such as, for example, 120 - 150°C.

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

15 extruded, stretched at a temperature below its meltlng
temperature, preferably by an amount of from 800 to
2000 8, then subjected to irradiation to effect cross-
linking. A less preferred way of making the fibre is

L to extrude the fibre, irradiate to cross-link, then

20 heat the fibre, preferably to above its melting tem- ' g~}
perature, stretching the fibre, and then cooling the
stretched fibre. High density polyethylene fibres are
preferably irradiated with a dose of from about 5 to
about 35 megarads, preferably from about 5 to about 25

25 megarads, and in particular from about 7 to about 18
megarads, particularly from 10 to about 18 megarads.
Usually the gel content of the cross-linked fibre is
greater than 20%, preferably greater than 30%, most
preferably greater than 40%.: In practxce, gel contents

-'30 "greater than 90%. are not easzly achievable.
“éhe’héBiézééé$é££E£ETEAbfié'cén;'if'aésifea;'be

made solely of heat-recoverable fibres as described
above or can contain other fibres in addition to the



such other fibres, Rin the inequality (1) relates only to the

heat -recoverabl e fibre conmponent. The fabric can be knitted, woven,
fion-woven, braided, or the like. 5 In a preferred enbodi nent the f
is a woven fabric. The woven fabric may contain solely heat-recovera
f¥bres or it can contain heat-recoverable fibres together with ‘
non- heat -recoverabl e fibres or filanents. For exanple, the fabric can
contain heat-recoverable 10 fi'lbres in one direction and

non- heat -recoverabl e fibers in the-otBer. This produces a heat-recoverable
fabric which is recoverable in only one direction. Exanples of
non-recoverabl e fibres include glass fibres, carbon fibres, wire or other
metal fibres, pohpast-gecovarehibei £ibses.poNhere sthe nfaksiambntsing cs.
Particularly prefsgchedchak e¢pras§ ﬁe§ﬁrt96d1h@q&¥i9@%eﬁf)fﬁﬁléﬂEﬂJAHY& Nos.
18300219 and 8300222. The fabric ca i m? I n ern,_ for E#H)
twill, broken twte th&y Fﬁt‘ESFEEﬁraE fof1BFg; Fom Rbek, Thedab t and

vari ous 20 weav:encbabknaueas wovennghenewom;lmtadﬁq, venveheed ikear 3

ply weaves. g Prefar ?b%etfpgrgabéhs?&§?gﬂg gﬂa\'\’@é&pxé heg h&‘a& J&F%’gﬁg@ €

fibres have a h|% Btal ne
satin weave, sin @etHp§eap§é§Féct@aYeaﬁnFélan5¢h%¥2%&&§F1¢#Q9V94ﬁh$@ 25

I3tI is al SOf p?sgl tf'l%trE%{ otrhetar:ahchnEQmaueae-pééusfétéaa@ffintgyegsrf sm)reg 2 or
ers of fabric are_separa rom one_apot her 0

Iéy.g)r/s of pol ynerP8¢ ﬁgfé'r ?' gﬂ %‘595?‘8‘?%)‘5?%’@%QL%?%r?%IfW%soonded

to 30 one S|deﬂomlyxampﬂbe hbet fabrbvecanl eohtdin chedt-eecorerablesi t her

adhesi vely hgndet; pblal thSoh@ §a¥eb i egh&a@omhgg%% véysgfeceﬁbers

interaction, or by nechanical Inierloc ref er owever
heat-recoverableLPaEhFc°t§e§nbeHHéa PﬁoﬁH@eﬁoﬁyhﬁﬁttIQCOVQrable fabric

which is recoverable in only one direction. Examples
of non-recoverable fibres include glass fibres, carbon'
fibres, wire or other metal fibres, polyesters,'ardmatic

15 polymers, imides and ceramics. Particularly preferred
fabrics are described in UK patent applications Nos.
8300219 and 8300222. The fabric can be woven in a
pattern, for example, twill, broken twill, satin,
sateen, Leno, plain, hop sack, sack, matt and various

20 weave combinations.in'single'or multiple ply weave eg 2

/. or 3 ply weaves. Preferably the fabric is one in which
the heat-recoverable fibres have a high float for
example from 6-20, as may be obtainéd'by a satin weave,
51nce this appears to lead to an increased torch index.

25 It 1s also possible for the article to have a plurality
' of layers, eg 2 or 3 layers of fabric that are separated
from one another by one or more layers of polymeric

materxal. '

. . The layer qf polymerig maﬁgrial may be bonded to

30 one side only of the héat;recobéfable'fabric'if de-
sired,. either adhesively bonded, that is to say by
chemicalipr physical surfaée interactioh; or by
mechanical interlocking. Preferably, however, the
heat-recoverable fabric is embedded in the polymeric



-14- material, that is to say the polynmeric material sur- rounds- a major
portion of the fibre surface area. Most preferably the fabric is totally
surrgurded by the polyneric material and especially so that there is a 5

fini Lhi ckness of polyneric material on each side of the fabric. In this.-
case - Y\he/t hi ckness of the polyneric:layer for the purpose of the present g
i nvention is defined as the thickness -dfg4t hat part of the |layer |ying above
the fabric. In the preferred articles 10 according to the invention, the

t hi ckness of polyneric material on the internal surface of the article,

that is on the shakewiak hehatbrit 6 FRY tthe RO Lymes ich fatRitirleSP&ri ence

the torch flane, pdhdds- e mEFSH eg?;tﬁmx JTe thd EibRES sirflake peRlwner Meskayer
on the external 15 surface. e polyneric .materials faormng %he | ayers
on opposite side%r%ﬁe¥$k}¥e§§ﬁ<; D 5?‘59“H§?dgkyf§ *Tom one
anot her, and | anpabgnesr id mAddrirantambleapacialllyy sos timy lthewreedsoa one or
both sides of thg; o | ffer JHLNEER oL pal.y C

materi al s o% eit ]'egrﬂts)él dée:h]bc%lm’f[?ghéeg fJa rEFJ(}(iﬁnay e oneeg(}%lngpeg% ht ﬁggFoPFowi ng:

a difference in e ckaReic. a 1 e masy rhendhiichnesgpofothsl prdymesig a
di fference in copppemdidy €he (gfFdE o OftHd reventcNaveatliochyRe. There are
two, perhaps con l#ctlgg qg?3|q$r tions %é reggrgln%- h% ﬁrOVISIQn of
the pol ynmeric ned®fingd 3§ /e \FRLCRNGAS 9k thet, P35t PtadS ot ¥RE side of
the fabric that lyingfaeve hesdatriol Heatthen prederred iartricdes the torch.
e he TR TANGRIR TS IR Al TRA G AR L O R TRLE |
of the fabric. mMaeeTh3leron dhhgtithRrndatsurfasssiofafing article, that .
is on the side of the fabric opposite the side that
will experience the torch flame, will we greater than
the thickness of the polymeric layer on the external
15 sufface. The polymeric materials forming thé layers on
opposite sides of the fabric may be thc same as or may
differ . from one another, and laminates of different
polymeric layers may be used on one or both sides of
the fabric. The difference between the polymeric
20 materials on either_side of the fabric may be one or
more of the Eolloﬁing;:a differencé in thickness, a
difference in chemical ty?e of'plymer, and a difference
in compounding or treatment of thé same chemical type.
There are two, pérhéps-conflicting, considerations
25 regatdihg the pfovision'of the polymeric material.
Firstly, a layer is to be provided on the side of the
fabric that will_faée the source of heat in order to
increase_the torch index, and secondly a matrix material
may be provided (for example to render the fabric

¥

o

30 impervious) which must not prevent proper recovery of
| the fabric. The'iayer facing the heat is desirably
‘cross-linked to prévent'it::unning or dripping, but
_.cross-linking of the matrix in general will ishibit
' fecbverﬁ: -In a.éreEeEréd émbodi@ent'bf'thé'invention,
thérefore, a different extent of cross-linking is
provided béﬁween a surface of the polymeric



cross-linked to prevent it running or dripping, but cross-linking of the
matrix in general. will inhibit recovery. In a preferred enbodi nent of t he
. «invention, therefore, a different extent of cross-linking is provi
between a surface of the:polyneric -15- material facing the hedt’,
tNae remainder. This [err] be achieved for exanple by providing a
outer cross-linked layer, or by providing a cross-linked | ayer on one si de
of the fabric and a.non-cross-linked 5 | ayer on the other side.: Such
a thin outer layer may be achieved by use of irradiation with very little
penetration, such as electron curtain isadi ation, or by lamnating a thin
cross-linked layer ontao a surface of -a conposite material whose matrix is
non-cross-linked 10 or cross-linked to a |l esser extent. The differential
cross-1linking inmatenifalt Hacd ngnithei ineats ead bbeacrbmayrdeby sThhesean
cross-|inking st S S a 15

g stepy J&he%ge' éo%y ggﬁe b?\@?ob?d%& ERA 6’#&

different extent. pre err to"achieve this result by
a single cross-|i$HQsRr Rﬁ?d é@ﬂ@GWaPFberpﬁﬂV&FPBﬁ at fresenhipkedione i f
; _hfef beam r elsé ponsequent hmhdsrref lerxmt dfayties flabrﬁ.er ah8 aadgnt-e:bes-smrlt@dal y

I fferent. re t u t matri y ene
(whi ch does %ot C |ﬂﬁﬁ%d% |s ﬁgﬁe *and §u PagEYPaS%?QL ?épg% one -
side of the fabr|MﬁXthoth;qwﬂdebeN§#eOGwhrGhdmﬁFﬂOOrUsshlVﬁky lpptbe her

route is to Ioad JK%&EHH#B#S'éﬁ@ﬂ“ééMdlgcﬁ&@haéﬁrﬁﬁgﬁOiréQéiééﬂénasor
afpr opri at e. Eh* rther feature esive or seal ant which
f

a
may be fusible, tang ﬁothﬁ@lFrgﬁﬁeiﬂﬁeeﬂr?éyﬁﬁs??ﬁ? faupbice

provi ded of a composite material whose matrix is non-cross-linked
10 or cross-linked to a lesser extent.

The differential croés-linking in-any of
these embodiments can be achieved by separate cross-linking
steps for each layer that is to be cross-linked to a
15 different extent. It may be preferred, however, to
achieve this result by a single cross-linking step,
especially irradiation; this can be done if the beam
response of the different layers is (or is made to be)
suitably different. For example the bulk of the matrix
Y . 20 may be polypropylene (which does not cross-link ip this
way) and a surface layer only (or one side of the
fabric only) be polethylene (which will cross-link). An
other route is to load the various layers with prorads
and/or antirads as appropriate. As a further feature a
25  layer of adhesive or sealant which may be fusible, for
example a hot-melt adhesive or a mastic, may be provided
on the internal surface of the article. It has been
found that increasing the thickness of the polymeric
material on the internal surface of the article and/or
30 providing'it with a layer of sealant or adhesive also
increases the torch. index of the article.

Examples of hot melt adhesives that may be used
. include ethylene vinyl acetate copolymer based adhesives
and polyamide based adhesives, Such adhesives are well



‘on the internal surface of the article. It has been found that increasing

the thi.ckness of the polyneric material on the internal surface of the
articlesand/ or 30 providing it with a |layer of sealant or adhesive al so v
[ the torch. index of. the article. Exanples of hot nelt adhesives --
be used include ethylene vinyl acetate copol ymer based adhesives ¢
and poryam de based adhesives, Such adhésives are well =~ -16- known, and

are described for exanple in US Patents Nos. 4018733 and 4181775. |If

desired, a heat-curable adhesive may be used as the adhesive. One such
adhesive is desd&nowad andURrPadeRFrpReAi £9Fi 8XaDBHAgHD, U Patents Nos. se

the heat recovewm%fntahanar 4i1ghe9s5acceeddesigedy hhreatveniablei s due to

the recoverabilit the fibres fabric,

whol e need not 13 ﬁgﬁcﬁéﬁ ﬁrpﬁggnﬁﬁqugtéageah&eéo ?%g 7 é%rg%ﬁiéﬁ

pol yneric mat eriial desprﬁeeduhatantPatbytupgbleseedont&hﬁ4$%040 to say it
exhibits little or no tendency to recover of its own accord when heated.
Thus, the articles accord- to the invention_have a further flcant
advant- agé t hat the@eéﬁésﬁaﬁgél99Pﬁséﬁ§PYPF¥ PE Ehe AFbLEhER %ﬁcg
surface scratchqpgt hadt thRy ineeadisad 1bydn60to15he baedbeagbohtineoart icle

Chat have: been FSAMSISR8E. BPRIRe B, SRRo a0k ERg, sHE BFOREL 2R, £ HhoLE o

Cross I ¢ Sheet
subsequent expamae@nno&r@efsmmdtcbeﬁadurbygtmanuﬁgcuurengnﬁeay t@%oh%w§r|¢f—

even very Snallé%%. eEQQah%Q%§1%&e grEﬁdSQBsEQﬁkia§P§faﬁgtrJEEEd, that is™
heat - r ecover abl gm ric can be coate ayer g nmeric nmateri a
by a nunmberl®of B BRYs it exhxblts little or no tendency O tecover ©

its own accord when heated. Thus, the articles accord-
ing to the invention have a further significant advant-
age that they are largely insensitive to the presence
of small surface scratches that may be caused by poor

15 handling of the article before installation. In
constrast,'conventional heat-shrinkable articles that
~have been formed for example by cross-linking polymeric
sheet and scbsequent expansion, are found to fail by
tearing during heat recovery if even very small

20 scratches are formed on their surface.

The heat-recoverable fabric can be coated with the
layer of polymeric material by a number of methods.
For example, for articles that are made on a piece-by-
piece basis it may be desirable to apply the poly-

25 meric material onto the fabric by a press lamination
process, or if the articles can be formed from an
indefinite length of fabric it is preferred to use an
extrusion lamination technique in which a hot polymeric
material is pressed onto the fabric and immediately

30 | quenched in order to prevent the fabric recovering, the
operatlon belng conducted as a contlnuous process. In
either case, sufficient heat and pressure must be
applied so that at least a major part of, and sub-
stantially all, the fabric is bonded to or interlocked



For exanpl e, for articles that are nmade on a piece-by- piece basis it nay
be desirable to apply the poly- 25 neric material onto the fabric by

Ppress | am nation process, or if the articles can be formed from an
- indefinite length of fabric it is preferred to use an extrusion |la on

tbéhnlque in which a hot polynmeric material is pressed onto the fabr and
i mredi ately 30 quenched in order to prgwent the fabric recovering, the
operation being conducted as a continuous process. |n either case,
sufficient heat and pressure nust be applied so that at |east a major part

of , and sub- stantwﬁﬁﬂykﬁglpoﬂ didbmakerS dgnded to or interl ocked -17-
mnth the polyneric material. her methods of coating the fabric with the-

poly- nmeric material can be used, for exanple, inpregnation, solution
coating, slurry coatirmptnanmmathnﬁsﬂomgco&tingreaetEubrpcewpphyﬁbes;ebyg
acrylic prepolyner C § 0 e he . y
bondi ng net hod enpl© er'al%:l sutf%lgaﬁ'e% eat utso a)uése F gﬂgl% Jnkgg?%(g:g{'fg
any significant ex® t iR taday Glaeay @ﬁﬁéSQQUheoﬂdbrlGOBSlebtany

restrained from r ecoa@d e Ifre-polymeds,t féegcoaklzwlt:egbabewﬁe%edcu-
extrusion ftamna- tion,i,s ferred si.nce, F@ﬁo g oi ﬁ reasons, it a e rs
€0 iCH8ex 1XRp

to lead to articl eS8 (T'h§ra BREQES t efDt ABY f BPRE
coated with the pomatnnd(empioyedﬂsaﬁﬁﬂcxemheheatembabauee thenfhbric to

i nked, f&d l.ect.r, r |
FRE;3|aLPoﬁ aﬁgepré?n+5%I to a%i?%ﬁ?é?%Pﬁékngng %?QP§E 88 36?9§%§3Nrads
especially from 1 Ylesp I\Pr%sfa@s’-ﬁed-lsalslu}tﬁbém 32$tﬁégapéd§randrﬁ9@very-
especially from1l '

10 - - Of the coating techniques used, extrusion lamina-
tion is preferred since, among other reasons, it appears
to lead to articles exhlbltxng a higher torch 'index.

After the fabric is coated with the polymeric
15 material, the material can then be cross-linked,
preferably by high energy electron irradiation or gamma
| irradiation, and preferably to a dose in the range of
from 0.5 to 15 Mrads, especially from 1 tO'JO Mrads,
especially from 3-7 megarads and.most especially from 1
\_i - 20 to S Mrads.

The articles may be formed in a number of cphfi-
gurations depending on their intended use. Preferred
uses include;environmental protection of cables and
pipes or splices and joints therein. Thus, the articles

25 may be tubular in shape or have multiple tubular
portions for example as in the case of a cable break-out.
If the article is intended to enclose part
of an elongate substrate of which the ends are not
readily accesslble, the article may be formed as a

30,5_sqfcal;ed.grapargundﬂartxcleﬁtg which the coated fabric-
has an open cross-section, e.g. it may be substantially
in sheet form, and have two opposed edge portions
extending perpendicularly to the direction of recovery,
which edge portions are capable of being retained

o
.Y



20 to 5 Mads. The articles may be fornmed in a nunber of confi- gurations
dependi-ng on their intended use. Preferred uses include, environnental

prot egtsph of cables and pipes or splices and joints therein. Thus, the >
artic e /25 may be tubular in shape or ‘have multiple tubular portions for.
exanpl as in the case of a cable break-out. If the article is intended to%<
“encl ose part of an el ongate substrate afigwhich the ends are not readily
accessible, the article may be forned as a 30... so-called waparound

article in whi t he caated. tabric o] S it may

be subst ant%E957E ™ 387 S% 3ﬁ1r§ﬁav ?nggg égsg eggékPgrt?g%%

ext endi ng paTtievid mnarﬂlynptlc' tbleerIaIPOGldl enoe;f!dr éhgvélﬂpstmteht@d@% portions

are capabl eerp;flola%dﬁcwdetﬁlen%@ e pola%iohgg%heétagaéaseogéehéﬁcgaewaé or ces
of the fabrlc rticle can si npl % Eﬁ g g 8 g bstraje to be
encl osed arfd? R&ﬁif porltli S8SOHETT & ﬁpné €t 8 ?ﬁé? th Re i herm?i te
will recoveslauua)dduth%ubﬂﬁxuﬂuatunntb@ heanlofWaapbeeuedomrthela@plication

of heat. R 1403 AP QR bARE bG8 BNd  Fith BB e &) UK S

arrangerrents t re are descri n nore
Appl i cati orfa®e BIOGEEPribed Ha @as'e detailr 4palfukd BﬂF?GFeAPh]-W#EhO@ he

coated fabrjg, isgdopsheetin @@ calke oftar aala ayﬁﬁaCSreicweli&a@m&nl s
defined as being the Eyrface of the fabric ds_.once

GrUiCle hasRRdPaHath I Priaco i i SheaboLPEle SR ERECHBRbCBATEAYE Pbr & ons
have been angﬂgmxbrldrlayﬂuﬂuﬂed se ballingi tyeobuafaabr b€, the fabric o

conposi te, ec{%aéﬂ%(a;e%%etor k,g%@ *agtét t%e' wleaeahggv“@eeﬂrwabs&a L Po B84

. joined tog exa

the substrate and the opposed edge portions have been
engaged. In general, the abllxty_of a fabriec, or fabric’
composite, to be penetrated without splitting allows por-
tions to be joined together (for:example to form a wrap
around) by a mechan;cal joining arrangement that penetrates

the fabric. Preferred arrangements are stitches or staples.

Two forms of article for use in the method of the inven-
tion will now be described by way of example with reference
to the accompanying drawings in which:

Figure 1 is a partly cut away perspective view of one
form of article;

Figure 2 is a partly cut away perspectlve v1ew of a
second form of article, '

Figure 3 is partly cut away view of a third form of
article; and

Figure 4 is a graphical repreSentation of the recovery
forces against time of the fabric according to the invention
-and of a conventional heat-recoverable artic.e.

Referring to Figures~T to-3fof'the accompanying
drawings, Figure 1 shows one form of fabric article in which



around) by a nmechanical joining arrangenent that penetrates the fabric.
Preferred arrangement's are stitches or staples. Two forms of article f
yse in the nethod of the inven- tion will now be described by way of -
exanple with reference to the acconpanying drawi ngs in which: Figure 1%
pertly cut away perspective view of opg-formof article; Figure 21is a
partly tut amay per spective view of a second formof article; gure 3is.
partly cut awdyfdPBiF ol 2RIEH FIRRT NS Degtc recoysgapilgurara Fé ges 1

gr aph:jcal r epaﬁaeméat;mwie twwrt]g efibreyy ¥ Arcedargd Ritht arraeaE| sbe-fabric
according to - entq entJ o ra c,le.
Referring to S ng qg{igéfﬂg'ﬁﬂgﬁhgggﬁbgﬁﬁ:$¥t %%ﬁ s%??é% ?ighhé

one form of fab¢V% ar¥i%ika¢rfwﬂﬂkﬂ1Wh1Chm9lﬂaaﬂébﬁﬂ@nl lﬁhPEHVééﬁﬁrWSEB

heat recover theuH\@éﬁlgfi@é eﬁasﬂeran\d Jrealandsahiles \A@fitgufrleb@esnawsSacgaﬁ.eﬂawth
a heat sof- tenable_p

e er 0 ts rnal, sur
shows a sinil&PF 'Faﬁflir%h?£?1 b‘il » df%ﬂ Itqes%ﬁ 8£&e\l5j?datb ©aR® EH@EFW ng
| ayer 4 of adbagewe3l GkgmNQSSbslmww¢h£sﬁabﬂnn'dbommlmb ancapkalbte thewhich

the heat softenapie apLyPRI}C | A %ini el by lhquibhenkaRbigygheas Lo

encapsul ate t ric entirel form o ticle the refevant
t hi ckness of Phécbﬁ?§%n?fctWQnR91XQ9ﬁ4ﬂaRQﬁ%ﬂ<ﬁéb§tht@H&ﬁ“ﬁ&Pt°8ftPﬁé | ayer

that |ies aboggrtherfedsi Laydieci ol [ 100Gl RS flalbrdet,r at e t he
invention. In the Exanples the torch index was determ ned by the foll ow ng

pracedure: A Squa{ﬁesﬁgfighfﬁgti%%éﬁfg§xklfﬂgﬂﬁéé§ ﬂyeWQQ% %Qioﬁoonﬁh the
Examples the torch index was determlned by the follow1ng
procedure:

A square sample.of the coated fabric of dimensions 100mm
X 100mm was placed between the jaws of an Instron (trademark)
tensometer with the recoverable fibres extending vertically
between the tensometer jaws and with the external surface of
the fabric fécing a propane gas torch positioned approxima-
tely 128mm away from the surface of the fabric. The ver-
tically extending side edges of the fabric sample were sheilded
from the torch by metal plates so that only a central por-
: tion of 96mm width was exposed to the torch. Before the
o torch was lit a temporary metal plate was positioned to
obscure the sample from the torch entirely. The torch was
lit and was caused to_move'continuously from side to side
across the face of the sample with a length of travel of
about 260mm and a speed such that the torch passed the
sample about once per second. The temporary metal plate was
removed and the force exerted by the recoverable fabric on
the jaws of the tensometer at constant jaw separation was
plottgd as a func;ion of time; .



X 100mm was pl aced bet ween t he jaws of an Instron (trademar k) t ensonet er
trﬁthe recoverabl e fibres extending vertically between the t ensonet er

\ with the external surface of the fabric facing a propane gas torch

pasi?igned approxima- tely 128nm away fromthe surface of the fabric. The .~

t'ically extending side edges of the fabric sanple were sheil ded from &

the torch by netal plates so that-oppy-a central por- tion of 96mm wi dth

was exposed to the torch. Before the torch was lit a tenporary netal plate

was positioned to obscure the sanmple fromthe-torch entirely. The torch was

lit and was caused td wWoicabrarzehuiey the medakeny foimbe againstt he face

of the sanple V\’cixﬁeaxseél%xlih Ofntiti’é/eacégmm @%%d é%e%%a%UCh that

secon

the torch passed the s about once per e ‘tenporary

plate was renovETCARE? ef%‘?'&"e“'ex%?]t%"d by andk ﬁ%’ccﬁ/&%e@tﬂ-&@l&l«@@n the
jaws of the tenseaetsirixkablstsindet ayplstpalBt.] OMThiaS gtlapht Q@pi\-gs@nftgnct I on

Chown'Tn the s Sypiatdd Bt Ol BE IR I LRI R R ATRS T )

and for a conveR@abmshri %Qwﬁ?ﬂk’eﬁﬁ €Cagfean (Yhleoicenttral Poirs ignaplf
represents 5 thdiespPiée wiere ﬁﬁé RpildeE RagddP Ylsd n@% %qrtcgg Q‘\éc@ver
heat - shri nkabl e spllce C portion_of spli.c t he

e central
splice case is Hot? a%*%"f%?ﬂﬁmﬁé?“ﬂf a“"sWd‘rﬁ“T |°c‘-ar\'1hee>&eéﬁt“vﬁl\‘ll é\ﬂ/’-’EP t he

relatively | argbiafetaxt e9f dfhe hmemaral gonyiidn @F ehet Bplirki.ce. 10 -
As the article is heated by the torch the recovery force of the article \u/

I ncr eases unt|I It reaches a maxinmum val ue (points AA') and then decreases,
the rate of9decr easr®thragt iddg Hishdieatadybyukhealtosch the tecovery

force of the article increases until it reaches a
maximum value (points A,A') and then decreases, the
rate of decrease of force reachxng a minimum value
(points B,B') shortly before failure of the sample.

15 Failure of the conventional article in sheet form is
observed as an abrupt decrease of the force to zero
(point C') as the article tears, whereas failure of the
article according to the invention is observed as a
substantially linear decrease of the recovery force

20 (range C) as progressively more fibres snap.

The point on the t1me axis correspondlng to the

Lntercept of the horlzontal tangent touching the curve
at maxlmum recovery force, with the straight line
exttapolatlon of the max imum gradlent of the curve

25 (point D,D' )18 recorded as the "recovery tlme . The
point on the time axis corresponding with the abrupt
decrease in recovery force (poxnt E') in the case of a
conventional article, or, in the case of an article
accordxng to the 1nventlon, the point of intersection

3Q___between the tangent at mznxmum rate of decrease in



(points B, B ) shortly before failure of the sanple. 15 Failure of the
conventional article in sheet formis observed as an abrupt decrease of ~the’
~force to zero (point C) as the article tears, whereas failure of the/ —*
article according to the invention is observed as a substantially Ii
¥ecrease of the recovery force 20 . (range C) as progressively nore f
snap. The point on the tinme axis corresponding to the intercept of the
hori zontal tangent t.ouching the_CLwWK;EH- maxi mum recovery force, with the
straight line extrapol ation of 'the maxi num gradi ent of the curve 25
oint DD )is re a nre B eal oi : he tne
ggi s corr es)pondi nggémgf%“f h%f%{k?utpr{e g@cﬁ%s.ge{aﬁ'nr 'ézgo\r/%g'ra f‘%&’égg( E&fn%’gE ) in
the case of a convese¥ded|asirthe|failyre itimehe case of an article according
to the invention, the point of intersection 30. between the tangeniat

mnimumrate of decreage in r cqye%$\g£h t he Laq ent of geﬁrease LN -
21 - recovery after thE%%R tﬁﬁd F AP HIGHT 28 USeE PBESIBedSas the
failure tine. Thedéediméd i asiche infg atheartatiloe ofs theedE alidurien tiimedébi nbd as
being the ratio o i ' t ; recoyer e .o hat
article (or, gas s%%%@?%ﬁtkgﬁgréadpﬂ%?{#e J\/yf';t':ll'u%el('!of(‘:%/C'X;éfa é?g’#pgfég %htgo 6 A
broken twill fabrdcaples §Rf el ye o (E/2 -nm di aneter hi gh density

pol yet hyl ene nonofilanments in the 10 warp and 75 ECG glass yarn in the

weft. The fabric_ had a weave nsity of (80/12) (i.e. 80 warp fibres per
iRoh/ 12 weft fibrS8PeR2ihetd—br 31.5/4.7 in cms).

A broken twill fabric was formed from 0.29 mm
diameter high density polyethyiene monofilaments in the
10 warp and 75 ECG glass yarn in the weft. L The fabric had
: a weave density of (80/12) (i.e. 80 warp fibres
per inch/ 12 weft fibres per inch, or 31.5/4.7 in cms).
The fabric was irradiated to a dose of 15 Mrads of 1.5
MeV electrons at a dose rate of about 100 Mrads per
15 minute. As a result the polyethylene fibres had a gel
content of 37.3% measured after refluxing in xylene,
and a 100% secant modulus of 0.50 MPa at 150°C. The
fabric had a thickness of 0.6 mm. The fabric was

. _ torched by the procedure described above to determine
20 its torch index and the results are shown in table I as

Example 1.

The fabric was press laminated with clear low
density polyethylene (M.F.i.=3.0; number average
molecular weight Mn=14,800, weight average molecular weight
25 Mw=114,800) with equal thicknesses of polyethylene on each
. side of the fabric and“was'then”irradiatéd with high
'_'éhéégy.éléééfons tszs ﬁurthef'dose of 3 Mrads to form
i the products of Examples 2 to 6. ' The torch index
.ivaluesqare;shown-inhtabis_J-frqm.which it can be seen
that the coated fabrics are substantially more torch-



The fabric.was irradiated to a dose of 15 M ads of 1. 5 MeV electrons at a
dose T at.e’ of about 100 M ads per 15 mnute. As a result the pol yet hyl ene
3d a gel content of 37.3% neasured after refluxing in xylene, and a
2cgant nodul us of 0.50 MPa at [err]. The fabric had a thickness of 0.6~
fabric was torched by the procedure described above to deternmine 208/
iIts torch index and the results are shown i'n table | as Exanple 1. The

fabric was press lamnated with clgagplow density polyethylene (MF.I.3.0,
nunber average nol ecul ar wei ght M=14,800, wei ght average nol ecul ar wei ght

25 Mrv=114, 800) with equal thicknesses of pol yethylene on each side of the
fabric and was then irvradi ated with high energy electrons to a further dose
of 3 Mads to formt roduct s _of The t.or h i.nd

val ues are. showﬁg]i" Fﬁﬁgetﬁef?’bﬁ?%‘%h%?ﬁ% 'b%otsrbee ?%3} ’trﬁf %
fabrics are substaninategsapwithotithckness @Pf thalpal gdihy dne mma&ated

fabric and the torch index tends to increase with thickness of the

pol yet hyl ene coat. TABLE I ExanRIe g _ Tot al Layer
Torch 5 I iEkness  Thi ckness | ndex ()
(mm 1(conparative) - 0.6 0 2.9 2
0.8 0. _ 5.1 3 : .07 0.24
5710 4 Example L3 Total o Jayer FED
- 1.47 5 0.44 6.4 6 Thickness Thickness5  Index (.48 -
6.4 - ' o/
. (mm) {mm)
1(comparative) | 0.6 _ 0 2.9
2 0.8 0.1 5.1
3 ' 1.07 - 0.24 5.7
10 4 1.3 " 0.35 4.6
5 1.47 0.44 6.4
6. 1.55 0.48 6.4
The uncoated fabric (Example 1) exhibited a poor
index and also it recovered and failed over -a period
15 of only a few seconds which made it unacceptable in

practice.

Examples 6 to 9

.The procedure of Examples 2 to 6 was repeated with the
_exceptxon that before press lamxnatxon, each side of
the fabric had been extrusion laminated with the same
20 clear low density polYethylene (from a melt temperature
" of 260° C) and 1mmed1ate1y quenched to prevent ‘recovery
1of the fabric.. The: thxckness of the extrusion lamina- .
. ted fabric was 0.75 mm. . The results .are shown 1n_'
”table 1T from whxch it can be seen that the extrusxon
25 laminated samples.ln general exhibit somewhat higher
torch index values than the purely press laminated
samples.



p .

The uncoated fabric (Exanple 1) exhibited a poor index and also it
recover ed<and failed over a period 15 of only a few seconds whic
w1t unacceptable in practice. Exanples 6 to 9 The procedure of Exarn —2 to
"6 was repeated with the exception that before press |am nation, eal ' -
®f the tabric had been extrusion lam nated with the same 20 cl eart
density polyethylene (froma nelt tenperature of 260-C) and.i medi ately

guenched t-o prevent-recovery of the fabric... The;.thickness of the
extrusion lamna- ted fabric was 0=783nm The results are shown in table
Il fromwhich it can be seen that the extrusion 25 | am nat ed sanples in
general exhibit sonmewhat higher torch index values than the purely press

| am nat ed sanpl es. - 23 - TABLE Il Exanple : Tot a

Layer Torch * conpaaBLe IIthickness | ndex Thi ckness-===0f each
5 : (mm | ayer (mm 6

0.75 : 0.08 5.2 7 0. 95 0.18
7.1 8 Example 1.1 . Totalgp. 25 Layer 5 5 dlorch

1.38 0. 39 7.3 10  EByapBsetelO tRid#ndds Pragsgdyre of

Exanples 6 to 9 was repeated with the_exception that the [ow density
pol yet hyl ene that was press | am nat ed TBAEENEAE 1 aBFi 83€B form the pol y-
~meric layer sontained 2% by wei ght carbommbl ack sbayer (mm)

LJ

6 0.75 0.08 5.2
7 0.95 0.18 7.1
8 1.1 0.25 5.5
9 1.38 ©0.39 7.3

10 Examples 10 to 14

e The proced&re 6f Examples 6 to 9 was repeated with
the exception that the low density polyethylene that
was press laminated onto the fabric to form the poly-
meric layer contained 2% by weight carbon black so

15 that it was black and completely opagque. The results

\_/ are shown in Table III.
TABLE III
Example Total Layer Torch
composite thickness Index
20 : Thickness of each
(mm) layer (mm)
10 0.95 0.18 4.8
11 1.1 0.25 6.4
13 1.47 0.44 5.7
14 1.6 0.5. 6.7



15 that it was bl ack and conpl etely opaque. The results are shown in

Table 111.7TABLE Il1 Exanpl e Tot al Layer, Torch
conpost, t hi ckness | ndex 20 ' Thi ckness of

- each v | ayer (mm . 10 0.95 0.18 —
4.8 1§/§ 1.1 | . 0.25 6.4 25 12\
1.4. 0.4 6.4 13 : . 1.47 0.44
5.7 14 . 1.6 0.5 6.7 - 24 -

Exanpl es 15,to 16 Exanple 10 was repeated with the exception that two

di fferent weave designs were used,_?‘{)lgi n weave and a satin weave. The
results are shown in.table IV from which it can be seen that the satin
weave exhibits the highest torch index. TABLE IV Exanpl e Wave

Fabri c. Tot al \laves 1 Torch design: density conposite
t hi ckness Indegi%%Ples 3 2 Thi ckness of
each (mm) ~ layer (nm 10 Br oken 0. 95

0.18 4.8 Twi txaple 105vas repesifdd 'with the exception tBalStwo
0.18 ' 6.

lorr] Bxanpl e 179EEREIR: e RU€ aniana e ol A BIRorerg 2t 10

a satin weave. The results are shown in table IV from

S which it can be seen that the satin weave exhibits the
highest torch index. : (W
TABLE IV
Example Weave Fabric . Total Layer Torch
design: density  composite thickness Index
10 .. Thickness of each
(mm) layer
(mm)
10 - Broken ' 0.95 0.18 4.8
- Twill
15 15 Satin : 0.95 0.18 6.8
16 Plain 6.95 0.18 5N/
Examgle 17

Example 15 was repeated with the exception that
"the low density polyethylene press laminated layer was
20 replaced with a medium density polyethylene. The torch
index was 3.2.

Example 18 to -20.

* . Example ‘10 was repeated with the addition that,
before torching, a 5 to 6 cm long scratch was formed in
the external sutface of the article by pulling across the
fabric in a direction perpendicular to the direction



the Iom1den5|ty pol yet hyl ene press |am nated | ayer was 20 repl ace
medi um density pol yethyl ene. The torch index was 3.2. Exanple 18 t
yExample 10 was repeated with the addition that, before torching,
cmlong scratch was fornmed in the external surface of the article _
Bul li-ng across the fabric in-a direction perpendicular to the direction
-25- of recovery a 405 grame wei ght hapgng a snooth flat surface from

whi ch a sharp knife blade protruded by 0.13 to 0.14 mm By way of

conpari son a conventional heat- 5 shrinkabl e sheet used for

t el ecommuni cat i cof cedtavepy | £ of0 Svagr smme haxightddraviing sasmooshdifliaens. The

Coratohed (exampPst SRS SR Sffin "Ll WA LB RCE clatRE |

be seen that not04b3 tend syl 4ovm. t he unscratched fabric article aceerding to
the invention have a higher torch index than the conventional sheet but

also it is considerab%g nor e nsenS|tJve to the presence of a scratch
“whereas the conventio I“'%%e% FYRILFUDI 2 B |§§'§d\?&a§
scratched. FABLEshrinjeaiple sheet used ﬁduerékdcommunlcaSQDatchble Torch

| ndex 10 ' spl§p§?a$§g éé%ﬁﬂéﬂsgﬂfe§*¥he same cd%d§t%%n€. Ege

Coated fabric
19( conpari son) p§?959@$+9pggmggaterrznkable sheet; was unscratched

(example 19) and scratched (example 20). The results

\" . are shown in take V from which it can be seen that not
10 only does the unscratched fabric article according to
the invention have a higher torch index than the
‘conventional sheet but also it is considerably more
insensitive to the presence of a scratch whereas the
conventional sheet is incapable of récovery when
15 scratched.
TABLE V'
Example ' Material - Scratch - Torch
Index
N7 , .
10 . Coated fabric No 4.8
18 Coated fabric Yes 4.25
20 (as Ex. 10)
19(comparison) Polyolefin sheet No 3.75

20 (comparison) Polyolefin sheet Yes 1.29



20( conpar i son)—Pelyetefim sheet Yes 1.29 -26- CLAIMS, 1. A

nmet hod of encl os] rt of a substate, which conprises:- (a)
surroupei\ng salﬁm“m ﬁmm“\mensi nal |y heat- recoverable article T

conpr i ar conpdsite struc- ture recoverable by virtue of a
heat - erable fibre conponent thereoF?Génd (b) heating the structure o
wth a pen flame or hot-air gun to cgyagMshe structure to recover into

engagenment with the substrate. 2. A netfhod according to claim1, in which

the conpositge styucture. comrises. .a falri ving.fihres Leh,owi | 0-
very when heﬁtedﬁeﬁ%ﬁ%ﬁﬁtﬁ1tﬁﬂéi%fqﬁghgﬁlé%égieﬁagﬁ 8? §tsp§§§?tgﬁlaﬂéégai
their recoveegmpreigaFature, the fabric having an external surface that is

coated with a | ayey OfrRAldBId G Yalrd! WQltndla h%%hs@h%\}\gﬁh&&'tckness,
the poly- neric material bej nl[g% sof t enahl e wi t hout fglagvm n n _heated to

en.
acconpdat e reRIVEFEARYE 1A kS QABPra s 1R8 & [5G4 &?ng°FB°EF5?n?§Fu°‘
wherein the tayerredoysdtablarery or imettuer icfl ah&ead -rbicokseadlef fabreeast 0. 07

mm 4. A ne rading 10 ¢laim3, wherein the polyneric |ayer has a
t hi ckness ofééégﬁégéﬁ)%géﬁhéfg;gﬂaA met hod according to claim4, wherein the
pol yneric |ayer f&s heathinkrides diruatyreastl th. 2nnmepes. FAamet ABdhakeadtdi ng

to any one ofuf! @ NEadsd xre Wk ddie R WeRGiverl Ayt Bagagbmekveastrf not
nore than 2nm 7. nmet hod according to any one of clains 2 to 6 wherein

A
the pol ymeri%8% B38PS¥EA S softening point bel ow the recovery tenperature of
the fibres. -
2. A method according to claim 1, in which the composite

structure comprises a fébric having fibres which will reco-
very when heated and which have a tensile strength of at
least 0.1 MPa at their recovery temperature, the fabric
having an external surface that is coated with a layer of
polymeric material of at least 0.03 mm thickness, the poly-
meric material being softenable without flowing when .heated
to accomodate recovery of the article.

3. A method according to claim 2, wherein the  layer of poly-
meric material has a thickness of at least 0.07 mm.

4, A method according to claim 3, wherein the polymeric layer
has a thickness of at least 0. 1mm. '

5. A method according to claim 4, wherein the polymeric
layer has a thickness of at least 0.2 mm.

6. A method according to any one of claims 2 to $ where the
polymeric layer has thickness of not more than 2mm.

7. A method according to any one of claims 2 to 6 wherein
the polymeric layer has a softening point below the recovery
temperature of the fibres.

8. A method according to any one of claims 2 to'T'wherein
the fabric has a layer of polymeric material on each side thereof.

/



. 8. A wethod accor di ng to any one of clains. 2 me, '
| ayer of polyneric material on each side ther ’H‘]H

fab 163: s a
’ Jﬂ&r?ﬁéﬁ?ﬁggial

r according to claim8, wherein the fabric has a*l ayert o ps
on its internal surface that is of greater thickness than the |ayer of’

\90Iyné}ic material on its external surfa®®& 10. A method accordng to any

one of claing, 2 f Getn¥ieaticdrdife 8¥eb12inP8! YiBE &1 ABERS | Al ook s 2
external surface of_ the

he fabric conprises an ethyl ene honp-or copol yner
having a derd%er Gif RALYRSTEc: MREEB18Y GRcAty. 145ernahet WP Sk Chah e t o
any one of cdfaigreaelro thdckinessi nhahethel yagercof ayel yiersibastepidl exh t o
the fabric t%?guﬁgpggwgy g%rgggging process, by spray coating by dip
y S cet Fani ’

coating, or am nation. 12. A nethod accofding to any one of
clains 2 to 11, wherein the heat-recoverable fibres are fornmed from high
density pol yEt-hyA diedhof3 acgoRdngodoadidr APAgef ochaimdne W TIWIsRe to 12
wher ei n t he frabriaydmduges ylieraasnasakliylheat t5é abk€efndl esur fidbe A fret hod

according tq,cl aiml3 er t he di s.siopally heat-s fibres lie
SUbet ant Lal P dAREY GHRRrERes Ba PREVhate PansTel cdpesi iR e Ad RERE 4

met hod accordensg) tyo efhynodnaore hannd.24t 8 ¢d~Werein the fabric i s woven
with a plain, twill, broken twill or satin weave. 16. A nethod according to

claim 15, whereig ddihJiaRicdcoridngatdabhy ¥WREVEF dYaids MBIEQIIRGAAEND tO

any one of clains 2 to 16 wherein the pol [i terial of the layer is

Cbst ant | al |58, RALVEETSE LB Sranas: REARaREBE AR AolE othy Bt b kI3 e 2 to

17 wherein extrusion coating process, by spray coating by dip coating, or
by sheet lamination.

12. A method according to any one of claims 2 t¢ 11, wherein
the heat-recoverable fibres are formed from high density
polyethylene.

13. A method according to any one of claims 2 to 12 wherein
the fabric includes dimensionally heat stable fibres.

14, A method according to claim 13, wheren the dimen-
sionally heat-stable fibres lie substantially perpen-
dicularly to the heat-recoverable fibres,

15. & method according to any one of claims 2 to 14 wherein
the fabric is woven with a plain, twill, broken twill or
satin weave. '

16. A method according to c¢laim 15, wherein the fabric has a
satin weave.

17. A method according to any one of claims 2 to 16 wherein the
polymeric material of the layer is substantially unstressed.

18. A method according to any one of claims 2 to 17 wherein
the structure is tubular in configuraton.

19. A method according to any of claims 2 to 17, wherein the
Structure is in the form of a wraparound device having



t he structure | S tubuI configuraton. 19. A nethod according to any of e
cl ai &m‘ M iﬁtructure Is in the formof a waparound device '
havi n ortions which extend substantially perpen- i
di cul y to the dlrectlon of recovepg-of the structure and which can be N
retai ned together in-engagenent. 20. A nmethod according to any preceding Rt
claim in whopbosbd edgpopotreishsuchiitic eotend sesbst g Haley @ermleni-x
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structure is recove faci ng surface of
mat ri x naterﬁaﬂcbepﬁg é?o§§tﬁihkédt°8®t%¢ﬁré%t%#gﬁﬂﬁ%ﬁﬁtthan t he remai nder
of the matrix material - 21. A nethod according to claim 20, wherein the

matri x material, iASmetRsa- hhakedlbg térazdj—a;tﬂ'mdmg At hoth aaG@rdithe t o

claim 21, wherein_t LEf nt n ros kln resul t fram

di fferent beﬁﬁ?ngﬁgﬁsggrggEgr §Y£?§% o%k tﬁf %ﬁ%?ﬂ%iiﬁfﬂﬁl af§ A
met hod accor erg-recamgrpbéeecdi hgeel By ny hewes rof heh imibstheateompmirtieses a
pipe or a calkeu@tupel @5Nr@bo?RbhBEet NS BAPer at an outwardly facing

surface of the matrix material being cross-linked to a
greater extent than the remainder of the matrix material.

21, A method according to clainm 20,.wberein the matrix W/
- material is cross-linked by irradiation.

22. A method according to c¢laim 21, wherein the different
extent of cross-linking result from different beam responses
of different regions of the matrix material.

23. A method according to any preceding claim wherein the
substrate comprises a pipe or a cable or a join or splice
therein. '




