2168648 DI MENSI ONALLY RECOVERABLE ARTI CLE -2- BACKGROUND COF THE

| N\VENTI ON. This British Patent Application, together with British Patent
Appli cation No.. 8600292, has been divided fromBritish Patent Applicati
No. 8400194. This invention relates to recoverable arti- 5 <cles. A '
recoverable article is an article the dinensional configuratigpn of whic
may—~be nmade substantially to change when subjected to a partii I638648
treatment for exanple heat treatnent. Usually these articles recover, "10 on
"~ heating, towards an original shape fromwhich they have previously been
defornmed, but the term "heat- recoverable", as used herein, also includes
an article which, on heating, adopts a new configuration, even if it has
not been previously deformed. The term does not 15 include articles which
can change their configuration only by changing their phase. In their nost
~common form such articles conprise a heat - shri nkabl e sl eeve made from a
polynmeric material exhibiting the property of elastic or plastic nenory as
20 described, for exanple, in U S Patents 2,027,962; 3,086,242 and
3,597,372. As is made 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
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DIMENSIONALLY RECOVERABLE ARTICLE



25 tube is expanded, whilst hot, to a dlnen5|dnarly heat - unst abl e form but, *
in other applications, a preforned di nensional |y heat stable article is

def or to a dinensionally heat unstable formin a separate stage. - 3-

In tﬁgzgroductlon of 'heat recoverable articles the polyneric material may

be cr | i nked at any stage in the production of the article that will . ..
enhance the desired dlnen3|onal recoverablllty One nethod of 5 TS
produci ng a he at-recQvesd ) shapi ng the pol yneric
material into the de —seesequent |y cross-1inking the

pol ymeric mat- erial, heatlng t he artlcle to a tenperature above the
crystalline neltin pOInt or, for anorphous materials 10 t he softening

poi nt, as the ke ifh Patente Appljicatden,dspeefhay whtharticle and
cool i ng ttﬁiﬁﬂéh(?étdﬂﬂ|E§pﬂﬂbdﬂ¥bnﬂ%50r@GGOQDQteh&S bbah 4beigedorned state
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assume its original heat-stable shape. A further nethod conprises deform ng
a substantiaJIfL#ﬁni&ﬁ&ﬁﬁﬂQQNnﬁiq&ﬂsyﬁsrrscnuseabée arti-t enperature bel ow
the ogyst@dgne nelting point or softening point of the material, fusing 20

Lot P e g el Frs e 13’ boCaBTot s ther dFupmafoet o2,

"l east onecdnfigmration of which may be made substantially to .
change when'subjected to a particular treatment for o/
examplé heat treatment. Usually these articles recover,

10 on heating, towardS'an original shape from which they
have previously been deformed, but the term "heat-
recoverable", as used herein, also includes an article
which, on heating, adopts a new'configuration, evén_if
it has not been previouély deformed. The term does not

15 1include articles which can change their configuration
only by changing their phase.

In their most common form, such articles comprise
a heat-shrinkable sleeve made from a polymeric material
exhibiting the property of elastic or plastic memory as
20 described, for example, in U.S. Patents 2,027,962; A
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 extruded
25 tube is expanded, whilst hot, to a dimensionally
heat-unstable form but, in other applications, a
preformed dimensionally heat stable article is deformed
to a dimensionally heat unstable form in a separate
sStage.



i .
heat -recoverabl e article and subsequently cross-1linking the substantially
non-cross-|inked material .- 25 - In other articles, an elastoneric
menber i's~held i-n a stretched state by a second nmenber, which, upon heapfT
weakens and. thus allows the el-astoneric nmenber to recover. :
Heat™recoverable articles of this type are described, for exanple, in
BriYi sh Patent 1,440,524 in 30.": which an outer tubular elastoneric ne
is held in a stretched state by an i mheX =t ubul ar nenber. 4
Heat -recoverabl e articles have found particular use in the environnental
protection of elongate si strates such as for exanple splices in
‘tel ecormunica- tion cables. 5 In addition to nmaking the environnental

Eeal the ﬁ' eeve lrray be Jl::_eqwé %ﬁddhd/ﬁifdiﬁtoﬁfndleat ir@&:@ﬁl&%hbgbfeasulﬁmﬁﬁ;'t her

ecause the conplete s ce enclosure i,s pres- sure test Q eaks, _as.

for exanpl e in thethe POIYRSLIE mptsnial may, be. Srogssiipked, 3k, an¥ ftage

pecause t enpera- 1bn therpsodwacivrd ofh the \artd cdreexhatawiilgnehheaae ;he

nternal pressur e adBergd Sy indfiiN RAGVRAMIIAY.C BhEcHEEnBECoEY t e
wth distr

suitable for the conditions encountere Thution splice )
encl osures, nny |BFeRucing & ARatmrAcenarable, drdd cdee coppEiggs| haping
pressurised to 15 théxpolyteric Jiateridld inNtd ttheCl@gRsived hdatleeubiewhi ch

e R U R s Mo N e e
fia&ld. erial, heating the article to a temperature above the '
crystalline melting point or, for amorphous materials

10 the softeniﬁg point, as the case may be, of the poly-
mer, deforming the article and cooling the article
whilst in the deformed state so that the deformed
state Of the article is retained. In use, since the
deformed state of the article is heat-unstable, appli-

15 cation of heat will cause the article to assume its
original.  heat-stable shape. 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
. 20 together parts of the material or a part or parts of
N .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.

25 In other articles, an elastomeric member is held
in a stretched state by a second member, which, upon
heating weakens and thus allows the elastomeric member
to recoéer. Heat-recoverable articles of this type are
described, for example, in British Patent 1,440,524 in

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



It has been proposed, in U S Patent 3 669 157 to 20 Car ol i na Narrow
Fabric Conpany and in Japanese Patent 53-13805 to Matsushita, to provide
‘heat -shrinkabl e tubular fabric articles which may be i nmpregnated with
certaisamt\hernosetting resins. However, we have found that the articles

di scl §sepl) t herein are very difficult 25 to install because they are = .
subj e o di splacenent of the resin on recovery, resulting in 1%
burst-through of fabric by #hé #esin, or delam nation of the resin fromthe
fabric. Thus these prior art articles are of limted utility and are too
craft-sensitive for use in nost tel ecommunications applications. - -5-
British Patenfleaspresavesable. aghboles, hayenfepnd pameiqularent application
oS e e o e I e 3 S e Tt 1 5
coimposite struc- ture_of _.a _heat-r Vel - |

mat or | al SEREFER,SUEh) a8y EoRcarapRls, BPLICe s otn | ke oo leat bres that will
recover wien kabled. the fibres having a recovery stress Y of at least 5 X
10 -2 MPa at a tenperature above their recovery tenperature; and 10 (b)
the polyner matrix material has an el ongation/tenperature profile such that
thefe exil8t 3dditdpperar BAking) thpj envicoamentahpinal tthe rekaamay tem

per at ur emaky bbe:é&;hieadatowhiehstsmeaatm&%m egRirdpt ri x mat e(rj | i’il h;i(s
an eIongatlgnsfgebreak.gLegreatf£t15 t han 20% an a[}wrgtsecant nmodul us

of at | eSithe KpYse complete splice enclosure is pres- |

sure tested for leaks, as for example in the Bell cycle W/
and British Telecom specifications, or because tempera-

10 tures reached in service create a significant internal
pressure. Whereas the known heat-recoverable sleeves
are quite suitable for tﬁe conditions encountered with
distribution splice enclosures, many larger telecom-
munication cables are intetnally pressurised to -

15 exclude moisture and the thicker-walled sleeves which
would be required to withstand such pressures long term
‘are more difficult and expensive to manufacture and
require greater skill to install in the field.

It has been proposed, in U.S. Patent 3 669 157 to L
20 Carolina Narrow Fabric Compady'and'in Japanese Patent
| 53-13805 to Matsushita, to provide heat-shrinkable

tubular fabric articles which may be impregnated with
certain thermosetting resins. However, we have found
that the articles disclosed therein are very difficult

a5 to install because they are subject to displacement of
the resin on recovery, resulting in burst-through of
fabric by the resin, or delamination of the resin from
the fabric. Thus these prior art'articles are of
limited utility and are too craft-sensitive for use in
most telecommunications applications..
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(measured at a strain rate of 300% per mnute),. and at which tenperature

t he |nequaI|ty (1) iis satisfied: (1 - R is |less than one (1)
b4 R wherein R:t+s the nmean effective volunme fraction of heat- A
~recoverable fibres in the conposite structure along a 20 given direct
- based on the total volune of the com posite structure, or relevant porti
t hereof . The present invention provides an article which has an inprove
resistance to the forces of recovery and can retain its integrity so as to
produce in the appropriate 25 circunstanges as described herein an
effective environ- nental and if desired d pressure retaining seal . - ba
- Afirst aspect of the invention provides a netho i ng a,recoverabl e
conposi te struct uBelbbaprPavert Apptigati Qﬁrﬂﬁ%HQQ9°1§Hd FeeﬂvgpéﬁpetPFbres
by virtue of whi Cbrébenﬁtéplﬁli.léﬂiéh recdiriadd e, prdivileseahddménsionally

I f
Tatbri al, and tnohesER e tPEEESTRATE T ec°8ﬂf“!§*‘ A g, AR Tt BLETRY ©
aspect of the |nvenreonfpaoh¢désrep¢tﬁxabh§)fahnkﬂnagd:g”pggwpgrsppgggere

conprising a ?FOSﬁ tepkst PRéYEERIC material and cross-linked recoverable
fibres by virfue o which the conposite structure is recoverable. A third

aspect of the |nven5 Re PhOYLISS o Svd®E S %abric comprises fibres that will

: recover when heated, the fibres having a recovery stress
N Y of at least 5 X 10 -2 MPa at a temperature above their
' recovery temperature; and

10 (b) the polymer matrix material has an.
elongation/temperature profile such that there exists a
temperature (T) which is at or above the recovery tem-
perature of the fibres at which temperature the polymer
matrix material has an elongation to break of greater

15 than 20% and a 20% secant modulus X of at least 10-2 MPa
(measured at a strain rate of 300% per minute), and at
which temperature the inequality (1) is satisfied:

X (1 = R) is less than one (1
Y R

wherein R is the mean effective volume fraction of heat- "
recoverable fibres in the composite structure along a
20 given direction based on the total volume of the com-
' posite structure, or relevant portion thereof.

The present invention provides an article which has
an improved resistance to the forces of recovery and can
retain its integrity so as to produce in the appropriate

25 circumstances as described herein an effective environ-
mental and if desired a pressure-retaining seal.



15 of making a recoverable conposite structure conprising a polyneric

mat eri al and recoverable fibres by virtue of which the structure is

3bl e, which nethod conprises: (A) applying the pelyneri-c material to
bl e 20 fibres; and (b) irradiating the resulting structure;

pol ynmeric material being such that a post- irradiation recovery stress ofk‘
the fibres per se, of at least 1 a can be reached before the reco- very =
rati o of the conposite structur® Teduced 5 to a value of 70% of
that of the unirradiated com posite structure. The term"fibre" as used

herei n incl uddsfirpinafpect. of bRmoinvenkiar RovAdes 13 mefnds, and al so
stapl e filgr aakiwgrQSree_dvéa@exse dswﬁ;é@btré CSt s d&nq:rli@ favg iacl es _
accordlzg # hg |nv§n;‘éo gr ferab e‘?nfl% trhes%ya rlnk le fibres in.
the for mP8HYPPFAfeRRs® §£eﬁ' | TS E o? Areht’e at*S &overabl e
fibres uwhdchntheestructireoisthecovermbleon vﬂ'riadtermnomave a mni num :

recogerywéhbg§§e§5 of [err] nore preferably 5 X [err] and usually at
| east 1 at a tenperature above the recovery tenperature of the

fibres. There ory,no u recover tress but in
practice 200 ﬁpi Biﬁg?ﬁ Eguﬁr$§ %iﬂﬁ%él%???ﬁ??ﬁ sg;qliiMEQenornally 20
achi evabl e wi pblpmépierinatérbaks.and then

(b) cross linking the polymeric material. QJ

A second aspect of the invention provides a reco-
10 verable composite structure, comprieing a cross-linked
polymeric material and cboSs-linked recoverable fibres
by virtue of which the composite structure is
recoverable.

A third aspect of the invention provides a method
15 of making a recoverable composite structure comprising a
polymeric material and recoverable fibres by virtue of
which the structure is recoverable, which method .
comprises:

(A) applying the polymeric material to recoverable Y,

20 fibres; and

(b) irradiating the resulting'sﬁructure; the beam
response of the recoverable fibres relative to that

response of the recoverable fibres relative to that of the -~

»



The fibres are preferably formed froma polyneric heat-recoverable
material. By the recovery tenpera- ture" of polyneric heat-recoverable
materials is meant that’ tenperature at which the recovery of the poly
25 material will go substantially to conpletion. |In general, the.
recovery tenperature will be the crygtal- line melting transition
tenPerature if the polymer is crystalline or the glass transition
tenperature if the 30 pol yner is amorphous. In nost fornms of article
acctording to the i=mven--tion the-polynmer matrix wll -beconme soft at
tenpera- tures befokhehpolyvenieymatentahibeingisudhe thah a post<7 -

Lecorﬁrable f'bGQ$r§aihh&bnthécb?ﬂ?ﬁr?%bﬁﬁ?fa? sﬁevtlsﬂbé |1ﬂn?é"X ”Htfr{al
as e require secant, nodu C e | nequa

(1) is sat ISt od &AFE 38 Ee?gg% can; ke %%‘f;}’%&rﬁe §78%-  of the
fibres. The invearyonabmoludésthhoaewposxthosﬁru&ﬁnne|ﬂs\Madnceﬂ rigid
matri x natserl al lagl stgﬂhetgf f,b?rgf NS {rg&qyﬂ%d‘ca/ eeq,t oerature

range above the recogvery erature o he fi1bres an N softens so that
the fibres can r Be3I&eR. ’EU“c ure. The heat-recoverable fibres are -
preferably forned - froma polyneric material that inparts good physica

properties and, in p!h!fclrnr'fgbad'cnsepseéshcttnneinolUGQSf!tﬁannnti]efin

polyners such ag, §°'¥§BBEHEF60699 8&“¥hfﬁ€tf?ﬂ@&¥€?rsan8° Y8g le
pol yesters, acr mers and ot g mer e enp o@ed and
préfer- fibres, wxres and tapes. The abrics used in the
1M . areicles according to the invention preferably employ
the heat shrinkable fibres in -the form of filaments,

especially monofilaments.

The heat-recoverable fibres used in the article of
the - inventxon preferably have a minimum recovery strosa
15 of 10° uva. more preferably S X 10 =1 and usually at
least 1 MPa . at a temperature above the recovery
temperature of the fibres. There is in theory no upper B
limit of recovery stress, but in practice 200 MPa and
. more usually 100MPa is the highest figure normally
2n achievable with polymeric fibres.

The fibres are preferably formed from a polymeric
heat-recoverable material. By “"the recovery tempera-
ture® of polymeric heat-recoverable materials is meant
that temperature .at which the recovery of the polymeric

25  material will go substantially to completion. In
- general, thc tccovory'temporhture will be the crystal-
line melting transition temperature if the polymer is
crystalline or the glass transition temperature if the
3 polymer is amorphous. .

In most forms of article according to the inven-
tion the polymer matrix will become soft at tempera-
tures below the recovery temperature of the heat-



ably those that are capable of being cross-linked. A particularly preferred °

c material for the fibres is based on.pol yethyl ene having a density
MnD. 94 to 0.97/gns/cc, a melght average nol ecul ar- 20  wei ght Mw of
X [err] to 200 X 103 and a nunber average nol ecul ar wei ght M of
X 103 to 30 X [err] Prejerably the recovery tenperature of the -

fibres is [err] or nore, nost preferably from[err] to 25 [err], such as¢
for exanple, 120 - [err] Wen the fibre is cross-linked by irradiation it

i s conveneeﬂvetéblﬁcﬁtboe%t%Otthﬁ%r%hs;#emﬂeﬂﬁfanxiﬂknat wanufacture of the
fibre. Tbﬁxéhbﬁﬁe CRatPx exxaeélfifsh 1fdd eéwe&@‘i) ired WTHGALR Pelow its
melting 3 unt -of fron1 0 to 2000 9%

eratyre, era
t hen subfﬁetéﬁc? tl‘F?%\‘H-‘é?l 3t e‘l’li/'égql e skneqyaldityy. ( 1)adisess preferred
way of maktngfiée wibr Ebé Stiie® sane Uske the :fedwary 'Heperiat ur@ Ccross-1link,

o tHEF14PEa iy BRTLSER 1 HOE iy BT Pt
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poIyethyFéﬁesfibrﬁblgheaptbgbiamﬁgtixrmah&nxni\MQMdSaowasahcf from about 5
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The heat-recoverable fibres afe preferably formed
from a polymeric material that imparts good physical

properties and, in particular, good creep resistance to

the fibres. Olefin polYme:s such as polyethylene ‘and
ethylene copolymers, pdlyamides, polyesters, acrylic

polymers and other polymers may be employed and prefer-
ably those that are capable of being cross-linked. A

particularly preferred polymeric material for the
fibres is based on polyethylene having a density of
from 0.94 to 0.97/gms/cc, a weight average molecular
weight Mw of from 80 X 103 to 200 X 103'and a number
average molecular weight Mn of from 15 X 103 to

30 X 103,

Prefefably the recovery ﬁempera:ure of the
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 irradiétion it
is convenient to incorporate the cross-linking stép
into manufacture of the fibre. The fibre can be
extruded, stretched at a temperature below its melting
temperature, preferably by an amount of from 800 to
2000 3, then subjected to irradiation to effect cross-
linking. A less preferred way of making the fibre is
to extrude the fibre, irradiate to cross-link, then

»”



10 preferably greater than 40% In practice, gel contents greater t
- 90% are not easily achi evabl e. Fibres produced in this way can have afh
strength after recovery. A further advantage of fibre irradiation wil

»a;n:*«-

i mentioned below in connection. with | am nation. 15 "The
heat -recoverabl e fabric can, if desired, be made sol ely of
he'at- recoverabl e fibres as descrlbed abébe can contain other fibres in

caddition to the heat-recoverable fibres. v%ere the fabric contains such

§ ot.her fi bres, Hﬁﬁgu %oglggg §%§¥{?§6¥§3k6‘%55%e ﬂtgemQQthgeQ@merable

fibre conponent rrc cah tt'ed, woven, non-wov br |ded or
the like. The recBQE¢§b¥%af$t#Q£Sk%n9f%ﬁ?nﬁkﬂqe(ﬁaqqu§W§£bFP8 ﬁP§eI €as it

is made or may beggddtéhedakibrel, Irusﬁjﬁ eferid ity pUlydttiyleneoff ibiresbasiec
~fabric. In a preferred e

f b
woven fabric can BBR 3Fﬂmt)>¥|l brﬁ%%fa?%%o%eth i ‘#ﬁceolrozfsafg\%yg%ggﬁbg’g%?al -rll-he
heat -recover gbl e 5bbuesssogegaeadsut¢rem¢m -fuom\ahoats 8 ftichabousr 25 '
filaments. The faReééfé dmggeg?*plguﬁggt &t( gﬂgu:ﬁ)gargg @bdudf l1ls, broken

twill, satin, 3 eno sac nd vari Qus weave
combi nations, in yeggredev esPeFbakly) @r%a\/%st‘?cﬂ RT3 t hree ply-

}Nfg\r/gg | rF]’r gl;]grglblrreag?lhfﬁirgbne@es g?ré\ﬂgm 6ﬁbﬂ:€ ¢t s+ lankeshifibreos abl e
direction so that gfﬁégf%pgﬁ"ags \/\Bﬁ?t ?3&9‘9 gééaqgetgo{/de% eﬂlnr'lwaﬁsﬂlhlere
dlkyptlon onltp, apdefeeabitycgreaten than 40%. 1In practice, gel contents
greater than 90% are not easily achievable. Fibres
produced in this way can have a high strength after
recovery. A further advantage of fibre irradiation
will be mentioned below in connection with 1am1nat10n.

15 - The heat-recoverable fabric can, if desired, be
made solely of heat-recoverable fibres as described
above or can contain other fibres in addition to the
heat-recoverable fibres. Where the fabric contains
such other fibres, R in equation (1) relates only to

20 the heat-recoverable fibre component. The fabric can.
be knitted, woven, non-ﬁoven, braided, or the like. The

=/ recoverable fibres can form part of the fabric itself
as it is made or may be additional and inserted after
production of the basic fabric. 1In a preferred embodiment

25 the 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. The fabric can be woven in a
pattern, for example, twill, broken twill, satin,

30 sateen, Leno, plain, hop sack, sack and various weave
combinations, in single or multiple ply weaves for -
example two or three 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
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below w1, in general, be made in terms of such a fabric. However, the
features descrlbed may be applied to other fabrics. 5 ’ The fabric

nﬁilﬁgéernatlvely be knitted if desired, either warp knitted or weft .
r%z
:

Kk If the fabric is nade solely fronrheat-recoverable fibres it will
be\régoverable in two dinensions, but if, as is preferred for the knrttedfz
fabrics, it is knitted froma Teat 10 stable fibre and a heat-recover abl.e’
fibre is either warp or weft inserted, it will be recoverable in only one

di t f ractiqgn recover bIe fibres
i InrtefreI gxge J‘gﬁéﬁrﬁitf%{ aqelov%lawr%tf'ﬁ' °é\(1\7é &g g‘k‘ﬁ g ﬁfl‘f-’ 48Bend inter
alia on bekowiwiklhi imaenenal, e made iof besmsc ofr sicht aused and t he

di r ect | oraoIe] daicUev el (RATRIY Y Wostdlii W bleolrBrisgd I 1
i nequal it é#&?agfve IS defrned herein as the nean“value along t

drrectro of the summation of the product of the
cross-sectional area of each heat-recoverable fibre multiplied by the

n _dir i vi ded Ry the total
\C/reg%grsggm)gn ar o ?"{%ra?‘(#rr%&#ﬁvg ?&& ﬁgitttgaeﬁ(} ﬁeﬁﬁé rane nor mal
to the RiEhey oary knithed af seft kmisted.t hdthahe- faboierabl e fibres lie
at an angde aédww CErdif HeUtSrdIverdib1RC EiBRes! it %Qi“&& of the

cross-sectional area of. the fibre and i ts conponent € consi dered
di recti ATV AP (b Ainengions  but; dfhpsc 48 RFgERYredhe sum of this
val ue 30for ftuhre dtriititted fdbrdosgutithyi st Ika igltede £romnal he@tt he consi dered \J

i RELE ol 4lind OBy def o Helle-HelBuRrabllS FIRES1k°eThhYg! Ur e 0i ves the

val ue R at a speclfl
warp or weft 1nsetted, it will be recoverable in only

one direction.

The mean effective volume fraction of heat--
recoverable fibres in the composite structure along any
15 given direction will depend inter alia on the size of
‘the fibre, the type of weave or knit used and the
direction considered. The mean effectxve volume
fraction R used in inequality (1) above is defined
herein as the mean value along the direction considered
20 of the summation of the ptoduct of the cross-sectional
area of each heat-recoverable fibre multiplied by the vector P
component of the fibre in the given direction divided
by the total cross-sectional area of the'composite
structure taken in the plaﬁe'normal to the direction
25 considered. Thus if the heat-recoverable fibres lie at
an angle alpha to the considered direction, the product
of the cross-sectional area of the fibre and its
component in the considered direction is given by
(fibre area multiplied by cos alpha). The sum of this value
30 for all the fibres cut by the plane normal to the
considered direction divided by the total area of the
composite structure gives the value R at a specific
point along the direction considered, and the mean
value of R over the whole length of the relevant fabric



_ p0|nt al ong the di rection considered, and the mean val ue of R over t he .
whol e | ength of the rel evant fabric portion in the direction consi
is used in inequality-(1) above and in Claim1l below In the case of
weave where all the heat- recoverable fibres are parallel to each ot
(erther 5 the warp or weft in the cag of a weave) and the direction
colRsgidered is parallel to the recoveraﬁlg “fibres (i. e, the direction of
recovery), then the nean value of Ris given by the total cross-sectional

acea of all ther f?Qﬁ?fﬂebEQ§d@t!bﬂe@oh¥1&39e&0i§|ué@d in inequality
FALEES

cross-sectional e conposite structure The heat -recover abl

fabric is preferablly ahaweeand maﬁd'adﬂ'ef ePg3PY-enbedded in, the pol ymer
na}rlx naherlal The previously nentioned advant age of irradiationws

rel evant here; if. the es, befo I e | f the fabric
are irradiated (partléﬁTg?ﬁ eggﬁgéagégg % ??L RQ gn1cal change
to their surface»rzunueraﬂteﬂfuhq;a1angamﬁnplﬂsérQOesaganthfofe%h%eﬁatr|x
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10 cross-sectional area of the composite structure.

The heat-recoverable fabric is preferably bonded
to, and preferably embedded in, the polymer matrix
material. The previously mentioned advantage of irradiation
is relevant here; if the fibres, before or after

15 formation of the fabric are irradiated (particularly in
the presence of oxygen), a chemical change to their
surface occurs which significantry improves bonding of
the matrix material. At or above the recovery temperature
of the fibres the polymer matrix material should be

20 capable of limited flow under pressure so that it

N 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 greater than 50%, most preferably

25 greater than 100% particularly 400-700%, and a 20%
secant modulus of preferably at least 5 X 1072 wpa,

. most preferably at least 10"l MPa, measured at a
strain rate of 300% per minute.

The specified properties of the polymer matrix
30 material need not necessarxly apply after recovery
although it may be desirable that the product be
flexible at room temperature. Thus, for example, the
polymer matrix material may eventually cure to a



nns.*p(eferably at least 10 1 MPa, neasured at a strain rate of 300% per
m uté" The specified properties of the polymer matrix 30 * material need

nof , d ssarily apply after recovery although it may be desirable that the
be flexible at roomtenperature. Thus, for exanple, the polyner
matrix material may eventually ~GyLe to a thernDset on heating, provided

" that the cure rate is sufficientl'y slow under the recovery conditions not&4

to affect adversely the above nentioned physical proporties of the polyner
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di cyandi &ined£ibries .poThusrk ﬂarrexannleslahecpolhme5|f¢mm1mgtﬁm§nnplastic or

an el ast I I r rix materi al
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conpatlbﬁ§°“§ﬁd"BF€PeP§SIﬁaBBPﬁecﬂ nFE%??&lﬁhHP$h§@¢d&?#%‘bﬁﬁpat|bIe By
this we sabseguentlicinbehef peesehce Of héiHtuedl mmw s and that
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10 rubber and especxally an acrylic rubber, which contains o
epoxy groups and a room temperature insoluble curing
‘agent e.g. dicyandiamide.

The polymer matrix material can be either a
thermoplastic or an elastomer. In general, we prefer
15 that the polymeric matrix material and the material of
the recoverable fibres be chemically or physically
compatible, and preferably both chemically and physically
‘compatible. By this we mean that they be of similar or
identical chemical types and that their relevant
20 physiéal properties during lamihation, installation and
use be similar or idential in particular we prefer that )
the matrix and fibres be low density polyethylene and ' o
high density polypropylene respectively. The skilled man. '
will be able to choose other pairs of compatible
25 polymers. Example of thermoplastic materials suitabe
as the matrix materxal include ethylene/vinyl acetate
copolymers, ethylene/ethyl acrylate copolymers,
polyethylenes including the linear low, low density and
high density grades, polypropylehe, polybutylene,
30 polyesters, polyamides, polyetheramides, perfluorcethylene
/ethylene copolymer and polyvinylidene fluoride. Considering
the second class of materials this can include
acrylonitrile butadiene styrene block co-polymer,
acrylic elastomers including the acrylates and
methacrylates and their copolymers, e.g. polybutyl



the matrix and fibres be | ow density pol yethyl ene and high density

pol ypropyl ene respectively. The skilled man will be able to choose oth
pairs of conpati-ble 25° polyners. Exanple of thernoplastic materials:
suitabe as the matrix material include ethylene/vinyl acetate copoly

et hyl'ene/ et hyl acryl ate copol yners, polyethylenes including the linea
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copol ymer and pol yvinylidene fluoride. Considering the second cl ass of
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opacity between theSe_two extrenes, I[f.the opacity is increased for exanple
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into the matrix, thesei kwoléxtrem&sn fIf thecopacityppeancreadsd rixtuced.
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crags-1inked, forby weight of carbon black into the matrix, the time )
10 taken for recovery appears to be reduced. Also, the
resistance of the material to heat damage, especially
by flame, and to UV damage is reduced. The matrix
material ( or part of it) can be cross-linked, for
example, a cross-linked ethylene/vinyl acetate copolymer,
1S 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-linking using, for example, a peroxide cross-linking
. agent, provided that the physical properties of the
20 matrix at the recovery temperature are as specified
~after the cross-linking step. Where irradiation is
A used a dose of 10 megarads or less, in particular from
' 3-7 megarads, is preferred. The resulting extent of
cross-linking allows the matrix to recover with the:
25 fabric and also prevents the matrix running or dripping
during heat recovery, especially during heat recovery
'by means of a torch. The recovery ratio of the composite
after irradation is preferably at least 50% especially
at least 70% of that before irradiation. These dose
30 values may regarded as typical for olefinic polymers
such as polyethylene of low irradiation, and the
skilled man will be able to select suitable dose
values depending on the presence of various concentrations
of prorads if any.' The composite structure may be
produced using a single irradiation step if the beam.




exanpl e, a cross-linked ethyl ene/vinyl acetate copolyner, 15 l'i near | ow
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| cross-linking using, for exanple, -a peroxide cross-I|inking agent,
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conditions. Thxs may allow a much less severe laminating
process, since it can obviate the need for physical

interlocking.

The heat—recoverable fabric is preferably bonded
15 to the polymer matrix material, and this bonding may be
adhesive, that is to say by chemical or physical
- surface interaction, or alternatxvely mechanical
Lnterlockzng may be provided.

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

25 The fibres are preferably totally surrounded by
polymer matrix material; however it is possible and at
times desirable, that substantially less than the total
fibre surface area be'surrouhded by polymer matrix
material. An instance where this is possible is where

30 a fibre -matrix bond is formed. Sufficient fibre area
should be bonded to the polymer matrix material or
interlocked therewith to result in a composite structure
which retains its integral structure during recovery of



A further feature of post- lamnation cross-linking (particularly by
irradiation) is that a cross-link bond may be forned between the
recoverable fibres and/or any other fibres which can help to maintain [fh&
structure 10 as a true conposite, particularly under 'severe recovery
conditions. This may allow a nmuch |l ess sewgre | am nating process, since it -
cam'obvi ate the need for physical interlocking. The heat-recoverable fabric

is preferably bonded 15 toth ol ynmer_ matrix mater.i d.thi ondi ng
may be adhesive, t¥B# ?%5*?}%ayﬁ%8'é%@hﬁ&%lqﬁFcﬁhfgiggﬁgguigaé% héré
interaction, or alsedtedittedty thec e ala tivivedlsocsiedg toajnbéugeonatiedia st
preferably, the he C ' | 5G4l dednin o] r '
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of the fibre gurfaggreded &f the f4briRs BRKid nek phaetehtiecth@Sinterstidés
fibres are preferably _totally. surrounded by polynmer matrix material;
froat

however it is poss? | §8% %1 mes desirabl e, that substantially | ess than
the total fibre surface area be surrounded by polynmer matrix material. An
i nstance where this is Posferably sthehardyer matriizr aategipilxagorgaps on

formed. Sufficientgfhébierpded sMotld dsnpy¥idd deeuotareolrieBhgnehei X
material or interlocked thfremnth to result :in.a CO”QPSItedStBHCLUEe whi ch
retains its integr3PUsee LF%FEhﬁﬁrﬂf9§ﬁiﬂﬁ$%l¥ﬁ unstressed and nas a
\Q‘ 10 thickness of at least 0.03mm especially at least 0.01
mm, more especially at least 0.2, particularly from 0.2
to 2mm as described in UK patent application No.8300217,
as this improves the ability of the composite structure
to be heat recovered using a conventional propane
15 torch.

In a preferred embodiment of composite structure,
the ratio of the volume occupied by the heat-recoverable
fibres of the fabric to the total volume of the com- -
posite is at least about 0.01:1, preferably from about

20 0.1:1 to about 0.8:1 and most preferably from about
0.2:1 to about 0.4:1, '

S»/ In the composite structure the heat-recoverable
fibre volume in any given unit volume of composite is
dependent on the fibre strength, polymer matrix

25 strength and the integrity of the fibre/polymer matrix
structure under recovery conditions. We have found
that an acceptable recoverable product results if the in-
equality (1) is satisfied:

< 1 (1N

wherein X is the 20% secant modulus of the polymer



the article. For the avoidance of doubt it is here stated that the term
matrix is used to include materials which surround (partially or totally)

t he FAdhres and al so those materials which are nerely affixed tto a 5

e} of the fabric but do not penetrate the interstices of the fabric.
ly the polynmer matrix nmaterial at |east on the surface of the -
fte structure facing the¥®ource of heat is substantially unstressed™
and has a 10 t hi ckness of at |east 0.03mmespecially at |east 0.01 mm

nore especially at | east particularly fromQ.2 ' as described in
UK pat erff@tRh% i%ﬁ%‘?‘i\l&'&%&)?ﬁ,&‘ s‘FﬁPg‘F%%%g?st %g § Flity of the
conposite structure to be heat recovered using a conventional propane 15
torch. | ef ed..e 'ﬁpgp cq b ekl Yebdy8--Lhe ratio of the
vol une ofchcbﬁrpefgéd bg{/trq gaet. %(}t(LI ecg\}gfrraebﬁgg%&b'rgest %f t he ?glb_r-i_c to the total
vol une diemprratome mbithe ifibnescand Rodsgt theomean gfLegEdBRy from about
20 0. 1! lydrund Okt adt ionl o theltsir ddiovierladlley fibe@sahauth@. 2: 1 to about
0.4;1. In the conpgsite structure the heat-recoverable fibre volune in any
gi ven urffmBRRFLRR: r?é%ﬂﬁﬁ?ite i s dependent on the fibre strength, polyner
matri x 25 strength and the integrity of the fibre/polyner matrix
structur de¥iedpEcovery Sggndi tions. W have found that an acceptable
recover abl e probdlt}f:}t \r/’_teas(ul_r_-c?_ i i€ thé mestepraiferabldy) <j 8.98sisfied: X (1-R) <
1 | Yy(1rY R o
- L | o’

10 The composite structure can be formed for example
by léminating one or more'layers of polYmer matrix
material to the heat-tgcove:able fébric. Sufficient
heat and pressure is preferably appliea so that at
least a major part of.the'fabric is bonded to the

15 polymer matrix material, or so that a significant
amount of mechanical interlocking occurs. The result is
a composite structure which on application of heat

. recovers as a unit.

Other methods of bonding the fabric to the
20 matrix can be uéed, for example, impregnation, solution
coating, slurry 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
25 to any significant extent should be avoided, unless the
' fabric is suitably restrained from recovery.

_ The heat-recoverable article can be used in
numerous applications. It is particularly suitable
for enclosing elongate substrates such as pipes,

30 conduits, cables and the like. The heat-recoverable



wherein X is the [err] secant nodulus of the polyner -15- matrix
material and Y is the recovery stress of the fibres, both at a tenperature
" T above the recovery- -tenmperature of the fibres, and R is the nean .
-effective volune fraction of heat-recoverable fibres in the 5 co
structure. Preferably X (1-R) < 0.5 gt preferably < 0.05. Y
Tha—conposite structure can be formned o exanpl e by |aminating one or nore
| ayers of polyner matrix material to the heat-recoverable fabric.
~Sufficient heat and_pressure ably t | or
part of the fabri Ertg"SSnﬁgﬁ Fg gégégé QJ, a@%ﬁ?&%ﬁé}?&[ euléqeaas la%el}aj
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exanpl e, |npregnaFﬁGHSLgSIﬁPFBnaﬁoﬁtlhﬁg @?ﬁ?r§§Qﬁﬁ&V?m] oating,
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cause the fabric t écover I cant exten
avoi ded, unl ess t fachapdhesivesyaraprg 1e§%¢!ﬁneﬁ°¥r%ﬁﬂﬂ \age, U

heat - recover abl e 2iaklept® 8G8.DA ,0380738, NW[e8 )BT RPPL £ Cés Dred éthéat—
particularly suitable
: curable adhesive may be used for example as described

U 10 in U.K. patent publication No. 2104800.

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

15 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 of its surfaces, the surface
which will be the inner surface when in use can

20 be laminated to a polymer matrix material which has

' adhesive properties while the outer surface can be

K?f laminated to a material which is not. As will be
readily apparent the matrix material can be selected
for various other desirable properties inherent in the

25 polymef material itself or provided with various
"additives such as antioxidants, ultra violet stabili-
zers, pigments, anti-tracking agents and the like.

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



for enclosing el ongate substrat'’es such as pipes, 30 conduits, cables and
t he . The heat-recoverabl e -16- article can-be coated on a surface
thefegh mith a | ayer of ‘a seal ant or adhesive conpositiron. The seal ant can

be tic and the adhesive can be a heat activatable. adhesive such as a
_hot - t adhesive. Hot-nelt 5 1‘7ao|he5|ves whi ch can be used include B
pol yani de and et hyl ene vinyl acetate copol ymer based adhesives. Such ot
adhesi ves are wel I known, for exanple see U S. Patents Nos. 4,018, 733,
4,181, 775. | Tp dgsde %&JE‘@J&&%@QJ@ @ﬂ%@ afk Rgewsed for exanple as.
descrlbed 10 In U at ent gﬂtlcatlon : 21 4800. By appropriate -
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impervious and have sufficient hoop strength to resist QJ

rupturing under about 70 KPa pressure (the pressure
typically used in pressurized telecommunication systems)
at the operating temperatures of such systems.

Where a cable splice case is to be formed, the

1S sheet of the invention will be used in conjunction with
some kind of internal support, such as a generally:
.cylindrical liner having tapered ends. The liner is
preferably shaped in this way such that its larger
central section fits around the bulky cable splice, and

20 its tapered ends accomodate the transition in size down
to the cables. The liner may be of the wrap-around
type, in which case it preferably comprises half-shells : S
having crowned or other end supports, or it comprises a
sheet of stiff material which may be rolled around the

25 cable splice and again crowned ends may provide the end
supports which can be taped down onto the cables. In this
way, a pressure vessel may be built around an object
(such as a cable splice); the sheet material providing
an impermeable, creep resistant and split resistant

3@ surround, and the liner providing impact resistance,
axial strength and other mechanical requitements.

'If the splice case or pressure vessel is intended
~ to retain pressure during use, rather than merely be
pressure tested for integrity before use, certain other



addi ti ves such as antioxidants, ultra violet stabili- zers, pignents,
anti-tracking agents and the like. The heat-recoverable article of tkh
i nvention~is typically-a sheet but can be of any configuration 30 /g
tubul ar, including nultiple tubular portions interconnected, for ex
br eak- out structure for cable splices waqge one cable is spllced to TWo or
noke ot her cables, or where two or nore pipes are joined together. -17-
A heat - recoverabl e sheet in accordance with this invention can be used to
forma cable spli cfeataxrms may be prgvided.or Apraiverenyvether BECSRYE? | bed
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vention b d
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A second feature desirable in a pressurized
splice case is some means for preventing any bond
between outer sleeve and cable being put into peel
by the internal pressure. We have obtained satisfactory
15 results using a strip of material having one surface
which abuts (and preferably bonds to) the cable and
another surface which abuts (and preferably bond to)
the sleeve, such that the two surfaces can open out.
The strip'of material preferably has a U-or V-shaped
20 cross-section and is installed with the re-entrant side
| facing into the splice case. '

Othet uses for the composite structdre include
environmental protection or repair or insulation of a
ﬁide_range of substrates in the telecommunications,

25 high voltage, electfonic, oil and gas, and process
industries. For example in addition to the production
of cable splice'cases, cables jackets may be repaired
by the idstallation of the new composite, with particular
benefit due to its high strength, flexibility and

30 abrasion resistance. Also, pipes may be protected from
corrosion or other damage, 1n which case a sealant,
particularly a mastic, coatxng on the composxte is
desirable. Pipe insulation can also be built up by
means of the composite, optibnally with some other
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5 of a valvé or other device which nmust pass though the sheet, since

splitting is less likely to occur. Even if sonme fibres are broken when t he
val ve is i n¥ertt afdothee daeagé theubdmpositer badfomnsectirimye i s taken a
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apart. feMUre sira PEs -
cable onto an elongate substrate. Where pipes or [

cables have to be held secure under adverse conditions
10 some tight and'environmentally resistant fixing is
needed. One partlcularly 1mportant example of such a
use is for the protectxon of e1ectr1ca1 wiring extendxng
along the external surface of a helicoptor rotor blade
spar. In certain instances it may be necessary for
15 electrical wiring to extend along the external surface
of the rotor blade spar before it passes into the
~blade. Such wzrxng may, for example, be used to
transmit electrical power for heating elements located
along the leading edge of the blade in order to prevent
20 the blade icing. 1In this instance the wiring is
retained along the spar surface by recovering thereon a v
heat recoverable article aCéording to the invention.
It has been found that the fabric recoverable articles
are particularly suited to this application in view of
25 their relatively high abrasion resistance which ptévents
or reduces any damage thereto that may be caused'by
exposure to the elements. In addition, the rélatively
high forces exerted on the substrate by the insgalléd
heat recoverable article prevent or reduce any'movement
30  of the electrical wiring caused by the centrifugal
- force or other forces when the blade is in operation.
Furthermore, the fact that the fabric articles have
relatively high split resistances enable them to be
.recovered over protuberances on the spar such as nuts
and bolts.




splice case is some neans for preventing any bond between outer sleeve apd .
cabl e being put into peel-by the internal pressure. W have obtai ned 4>
's_atisfactory 15. results using a strip of material having one surface /
- which abuts (and preferably bonds to) the cable and another surface which
‘abuts (and preferably bond to) the sleey such that the two surfaces can
opshA out. The stri-p of materi al prefera'kﬁet{? has a U-or V-shaped 20
~cross-section and is installed with the re-entrant side facing into the

- splice case. O her us or. the ¢ 146 UrE, ol € W&N¥| ment al
~protection or repair géeih% ] oﬁgg%f}sgl\% e lré?r?ges%gkagt%gt Pgt ég&?% t he
t el ecommuni cat i onsne 26nd &f grhiah timyat@ched &9 theoirptagdbdade grarbBPEcess

industries. F . o \ ¢ .
i ndustries or ér?ém&n%lcgfemgi@cﬁégg hfay bl uriradgedl atahgetaplice

cases, cables jac repal red by the jnstallation,of, the new
conposite, with pheagthief Hhmereading ¢499 t°5€ H’Ii@“l r§ttP§n§11ﬁ,def Fexibility
and 3ﬁ Sbrgm onpf@@mﬁﬁt al¢ing of he [blmie mandeher ellectedchlopowerr d8i on
or other damage, | n_which case e " ' oY a2 Wigat | ting on
the conposite is h’ég‘i‘?'&b < Fﬁ%?‘}sengrlu%ﬁnﬁ%cggr?cg@ggbea bui Ithuggnge}gr'reans
of the conposite, inperdenl tg retaindihe harness sepurelysnathgn Spater Ral

such as a foan nopgBELshAinkdBIEE "W apdEB i LVoMpdditd sttudieairiecismay be
provided. A further use for the Gonposi tte. 1S dd t_.rhhe sora%dua(itoin%nw?lficnolthgw
articles for housFﬁ?&ﬁﬁe‘gr%T'é%téb?l HOLE IRy LT the sp
\", ' 10 harness extends. The composite structure is preferably
formed from a laminated heat-shrinkable fabric in which
the laminated polymeric layers are unirradiated and the
recovery ratio of the composite structure is approximately'
2:1, It is, of course, possible for the laminated
15 layers to be irradiated or for the recovery ratio to be
varied. The cover is preferably formed as a wraparound
article and is provided with a rail and channel type
closure arrangement. The under surface of the cover
may be provided with a layer of a hot-melt adhesive

20 e.g. an ethylene/vinyl acetate copolymer based or
polyamide based adhesive in order to secure the cover
to the spar and to prevent ingress of water along the

N} harness. Depending on the use of the cover, it may be
desirable to coat the entire surface thereof with the

25 adhesive or 6n1y to coat marginal portiéns extending
along the edges thereof.’ o

For many useé. the recoverable composite structure
of the invention is preferably prbduced open as opposed
to tubular. The sheet is easier to manufacture

30 that way, and also easier to install since a free end
of the substrate to be covered need not be accessible.
The problem that results, however, is how to secure the
sheet in the wrapped configuration around the substrate;
what is required is some means whereby the recoverable
fibres at opposing edges of the sleeve be trapped



5 variety of conponents. Yet another use of the conposite is for
se_uklng together two or nore articles, for exanple a pipe or a cable onto
an{/gl,gngat e substrate. \Wiere pi pes or cabl es have to be-hel d secure under
adwﬁﬂge conditions 10 sone tight and environnmentally resistant fixing is
neettéd. One particularly inporgfpt exanpl e of such a use is for the
protection of electrical wiring extending along the external surface of dv”
hel i coptor rotor blade spar. In certain instances it nmay be necessary for
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with continuous sheet materials due to the problem of
splitting. With a fabric based material, however, split
resistance may be extremely high. Examples of this

15 type of closure include stitching, stapling, riveting,

the use of pre-inserted catches such as press-studs or
the use of means which may be posxtxoned adjacent a lap
joint in the sheet and which has a pluralxty of projections
which penetrate both thicknesses of sheet. This second

20 type is mentioned in more general terms below. The
third broad type of closure involves forming or
building up opposing edge portions of the sheet in
order that they méy be held together by some form of v/
clamping means such as a channel of C-shaped

25 cross-section or by a re-usable tool. This may
be achieved by bonding material to the edge portions or
by folding the edge portions back on themselves (optionally
around a rod running lengthwise of the sheet). The
resulting edge portions of the sleeve may then have a

30 shape similar to the rails of the classic rail-and-channel
closure disclosed in UK patent 1155470. '

The fourth technique to be mentioned comprises
forming the fabric in such a way that the recoverable
fibres do not terminate at the opposing edges to be
jointed, but instead double back. An example is to use
recoverable weft on a shuttle loom and insert



-20- Helicopter rotor blades are supported by spars one end of which |s
attached to the rotor blade gearbox. A number of heating pads nay be
~arranged along the length of the |eading edge of the rotor blade to
- prevent icing of the blade, and the electrical power is transmtted
heating pads along a wire harness. in o%ggr to retain the harness s&cur
on~he spar, a heat-shrinkable w aparou conposite structure is recovered
onto that portion of the spar along which the 10 harness extends. The

- caenposite st ructghglohgrgrﬁ ﬁB@P' YnEBrEEQ ;,ém st aFAR &S dieat - shrinkabl e

~fabric in which I'am nat e yneric ers are unirra |ated and t he
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recovery ratio t vari The cover ra or aroun
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based adhesive in_or secure _the cover to t ar an to prevent
i ngress of matera&FBHggﬁthﬁﬁiﬂﬁgg InCESEMS; Af !FFY%@ er, it
may be desirabl emutaadds tbeoehérrEabutéacsnéﬂﬂeieaira\idél al’(ﬂa l&ﬁts.adhesi ve
or only to coat marginal portions extending along the edges thereof. For

many uses, the recoverable conposite structure
U _ Several of the above closure techniques are

10 described in UK patent application 8300223.

Where the recoverable sheet of the invention
is used in the wrap-around form, it may be desirable to
- employ a flap under the opposing edges which are
brought together. Such a flap, which may be integral
15 with the sheet, will improve environmental sealing and
if need be, pressure retention.

The second technique for maintaining the .
sheet in a wrap-around configuration may now be returned
to in more general terms. The ability of the recoverable

(U 20 composite to be penetrated allows portions of it to be
' joined together to form not ony a tubular structure, -
but also form wvarious shaped hollow articles such as
bends and tees and also to form diverging branch-offs
in simple cylindrical articles. 1In general terms
25  therefore two or more pdrtions of the cbmposite structure
may be joined together by means of a mechanical
joining arrangement that penetrates the fabric. The
joining arrangement is preferably one or more lines of
_ stitches or one or more staples. The portions joined
30 together may'be discrete or may merely be sepafate
portions of a single piece of composite material. Where
stitching is used each line of stitches preferably has
from 200-800 stitches per metre, and the line of



of the invention is preferably produced open as opposed to tubular. The
sheet i s easier to manufacture 30 that way, and also easier to install

' “a)free end of the substrate to be covered need not- be accessible. The
that results, however, is how to secure the sheet in the w apped
uration around the substrate; what is required i s some neans whereby-;
the recoverabl e fi‘bres at opposi3®dr edges of the sleeve be trapped -21- W
together. The solutions can be regarded as of four broad types. Firstly a

| ap or other bond may be nmade between Opposi edges of the sheetoptionally
with a pabehtehes, StHd %5&% qﬁgt,;%ﬁv;nﬁ%&dﬁ 5 85§§e6ﬁgﬁy recovery.
Here the $opsratdd Hrdmerehdty ddged dyvan lieas thfourc eowal ofhe opposi ng edge
portions, ne si{.there ; re that, .t Ishre reqoyery force is
properly f@ﬂ%%_t?'{e% i oérlﬂ{ h%gegﬁ?ﬁ?g‘. tﬁ%aﬁa?%b%lgts tsﬁgg'\e'ggdges. Secondl y
sonme neansateens yhere rthedigh flpat dire@erpepdiculardtoatbehere the fabric
Wi llghe digfet] ind 'WHpRind LU 1Rast! B TowaC MaydIe Weereekelssible with
cont il nuous sheet_materials Qfe to the, probl em of. zpllt i ng. Wth a fabric
based mat BriSwikhgRrresrgid tq A setdﬁp?c é"’ﬁt&'g‘al?e° x Bte Iagthi gh. Exanpl es
of this 16~-10tmpe pfefdrablye athdesst Si6 loxhi20y mmsifae! ithe, fabrdétei ng,. the use
of pre-i - SUGH S- t whi ch may
be posit Péo%éd;%@fé?c.en a | ;A;; lfegll' ﬁ_a?'n ﬁleé%gﬁ%reet' taﬁ%d'ﬂi\%ﬁrgheﬁggﬂg plurality
of proj ecehbhswivht cingrease the ghicknassefs she Fabiecewhithi dnsecond )
: 10 general is not desirable. In order to reduce the N\

possibility of breakage of the heat-recoverable fibres

by the stitching or sewing (or stapling) operation, the

needles ( or staples) should be very sharp at their

tips and have a maximum used diameter of the same order

15 of magnitude as the distance between the heat-shrinkable
fibres of the fabric.

An advantage of stitching or stapling arises as
follows. When the fibres recover by'shrinking axially,
their diameter or titre increases. As a result the

20 perforations in the fabric through which the stitches.
or staples pass close up and the fabric grips the
stitches or staples, thereby increasing the strength of e
the join. 'The reduction in size of the perforations
also helps any adhesive layer or matrix material to
25 £ill the perforations completely and so reduce the
possibility of leakage of fluids'though the recovered
article, this being particularly useful in articles used
for environmental sealing, for example cable splice
cases or corrosion protection for pipes or pipe insulation.

30 Usually, it will be necessary only for the compo-
site structure to contain a single fabric embedded in
or bonded to the matrix polymer. However it is quite
possible, and in some instances it may be desirable,
for the composite structure to comprise a plurality of



- 20 type is mentioned in nore general terns below. The third broad type
of closure involves form ng or building up opposing edge portions of ﬁ%ﬂ
- sheet in_order that they may be hel d together by some form of clanpifd '
- rfeans such as a channel of C shaped 25 cross-section or by a re-uga
“'tool. This may be achi eved by bonding material to the edge portions
f ohdi ng the edge portions back on thensgdv¥es (optionally around a rod
~running lengthw se of the sheet). The resulting edge portions of the sleeve
: may then have a 30 shape simlar.to the rails of the classic .
" rail -and- channel fabaricse di.gcl bwedfahr Uksphaehrg 1askayex ofhLhematrix
technique to be fRAyngacdnepaBREYERn] OBRANGPE IGndPDY i6n IShe Unh worlos hate

I bres

~the recoverabl e do not term nate at he,0£€25|n q%@gi to he
jointed, but instsswazddy £agipg. SUREagsefip Betic u"sté‘gk?e P heft on
a shuttle | oom anghanNoplet fabrid2are ebpavialbpnisefultfor henalzsingat each

edge, or to enpl oy, special |Lyedges. . A fu ST RN I St
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acconmodat & cl 05yt wiads 491,06096E°REEAAN SRR Boibe. These i deas, al t hough
mentioned in terms of weave$S, apply nmutatis nutandis to other fabrics such
as braids and knits. Several of the above closure techniques are 10

described i n UK pat entrhap[inveatiion 830@a28her illustrated by the
- . accompanying drawings in which:

10 Figure 1 is a perspective view of a wrap-around
article according to the invention with the thickness
of the composite structure exaggerated for the sake of
clarity; ' '

Figure 2 is a section through part of the article
15 of figure 1;

Figure 3 is'an exploded sectional view showing
the edge regions of the article shown in figure' 1 after
it has been wrapped'around-a substrate; and

. Figures 4 and 5 are exploded sectional views
20 showing edge regions of modifications of the article
shown in figures 1 to 3 after they have been wrapped
around a substrate.

- Pigure 1 shows in perspective an article according
_ to the invention which is in the form of a wraparound
25 device suitable for enclosing an elongate substrate
" such as a splice in a telecommunication cable. The
article is forméd from a'composite sheet 1 comprising a
fabric having heat-shrinkable filaments 3 in the warp
direction and multifilament glass yarn 4 in the weft
direction.



Where the recoverabl e sheet of the invention is used in the w ap-around
form it may be desirable to enploy a flap under the opposing edges which
ught together. Such a flap, which may be integral 15 .with the
f'“mnll i nprove environnental sealing and .if need be, pressure

i on. The second technique for maintaining the sheet in a wap-around.
Fguration may now be returned to in nore general terns. The ability ol
t he recoverabl e 20 conposd 128 t«0 be penetrated all ows portions of it to be
joined together to formnot ony a tubular structure, but also form-various
shaped hollow articles such as bends and tees and also to form diverging

br anch- dl‘tfes fabriiqis entiinedyi embeddedcliosa matgdmepalymerns 25 therefore
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means of a ani ca ii ol ni ng arrang@o t hat enetrates “the fabric. The
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exhibit the de51red flow characteristics under the ' Ly
10 chosen recovery conditions. After the compoSité sheet
has been formed, a rail is formed along each of
the edges that extend along the weft direction in order
to provide means for retaining those edges together
after the article has been wrapped around a substrate.
15 Before or after the rails have been formed in the
article, the composite sheet 1 is provided with a
layer 10 of a sealant or adhesive, e.g. a mastic or a
hot melt adhesive. The article has been found to have
significant advantages over prior art articles. 1Its
20 ability to withstand hoop stress, resulting for example
from internal pressure is higher; it can be heat-shrunk _
using a torch with reduced liklihood of damage, it is v
abrasion resistant; and it is highly split resistant.

Figure 3 is an enlarged exploded sectional view

25 showing the closure rails of the article in their
disposition after the article has been wrapped around a
substrate Each rail is formed by wrapping a marginal
portion of the composite sheet around a rod 12 formed
from a high melting point material e.g. nylon, press-

30 ing faces 13, 14 or the marginal portion together to
form a wall between the rod 12 and the rest of the
sheet, and heating the marginal portions to set them in
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5 join line a spacing of at |east 6 rows may be preferred. This mnll

. correspond to an edge overiap of at least 8-10 nm preferably at '3ﬁ
~or 20 nmfor the fabric types preferred. A hem may, of course, W
- but this Will increase the thickness of the fabric which in 10
. not desirable. In order to reduce the possibility of breakage of the
heav-recoverable fibres by the stitehpggg-or sew ng (or stapling) operation,
. the needles ( or staples) should be very sharp at their tips and have a
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conprise a pIureﬂatQAeﬁe is then recovered.

Figure 4 shows a modification of the article

shown in figures 1 to 3 in which the composite sheet is
bent back along each edge portion and a separate

15 polymeric sealing member 15 having a sealant layer 16
is provided. The sealant member may be formed from
rubber or other elastomer, polyethylene or the like.
Figure 5 shows a further modification of the article in.
which the sealing member 15 is bonded to one of the

20 edge portions during manufacture. '

Example 1

Heat-recoverable fabrics suitable for use in the
heat-recoverable article of this invention were pre-
pared by weaving high density polyethylene monofila-

25 ments into fabrics of various 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.
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Jirection and rmultifilament giasé yarn 4 in the weft d¢irection.
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m. pt. 220°C
*C

= 840 denier polyester, m.tpt. 220

Polyester A = 1000 denier polyester,

Polyester B



di sposition after the article has been w apped around a substrate Each
rail ~4s formed by wapping a marginal portion of the conposite sheet around

ar (R formed froma high nelting point material e.g. nylon; press- 30 .
i ng|fades 13, 14 or the marginal portion together to forma wall between

t he d 12 and the rest of.tjye sheet, and heating the marginal portions to;
set themin -26- the configuration shown and to allow partial recovery™
of the fibres in the wall. As shown in one of the edge portions the
conposite sheet is bent bBxamplei2self while in the other edge portion the
sheet extends 5 - beyond the rail to forman underlying sealing flap.

After the device has been wapped around the substrate the two edge
portions are BeatmhecovRrabie cORRISitRshanks Here RR@PA™&hannel , for
exanpl e pg shayRatind K 6021 @n{ 25063 9 ciaf it )Newillll Fabkd@ is slid over .
10 the rails.to retﬂ%nttth edq?e 'Eoélfcﬁ%lséa tq:(rar .and the article is then
r ecover efOVERN o BF M PRE¥SED LI $RR FIRQ T i Lanent (jentifiad, a%oun in figures 1
to 3 in fhbeh 1hincoeoasbowe séronpls, beitth Eodlymdmmatedxh edge portion and
a separ : 21 PO Y. i " E;qigaé%' a\g | I lc,ayer 16 is
pr ovi deg{nsﬁ“%glgjéa?gnéwéﬁeﬁ%ﬁ?%nggﬁe rorme %H rr%ﬁ@ersﬁgrcqﬁeﬁgr el ast oner,,
pol yet hyhanengrlitkle; kbf #MPurrradiakion. 1 FhedamifAtionamagn of t he
article tondibtéd imcaspréssbetwdei il idodwndibdro sheatdl the 20  edge
porti onsuggé{,ngorr{g{jg{ggé uégpropriate for the particular pol_irmer v
matrix material used. The laminating conditions are

shown in table III.

TABLE III

Laminating Conditions

Composite . .
No.  Folymer Temperature (°C) Pressure (ky/cm2) Time (mins.)
1 EVA 460 . 105 45 5
2 EVA 250 100. s 3 R
3 Low density 150 . . 22.5 S
polyethy-

lene



Exanple 1 Heat-recoverable fabrics suitable for use in the heat-recoverable
article of this invention were pre- pared by weavi ng high density
pol yet hyl ene monofila--25 ments into fabrics of various weave patterng
'-subjectlng the fabric to irradiation. The fabrics were irradi ated usik
MeV el ectrons in air at a dose rate of 0.24 Mads/minute. Properties of the

fiswes and fabrics are listed in Tables | and 11. - 27 - TABLE | Fi ber
Properti es Radi ati on Dosage (M ads) Fibre Property
16 32 100% Modul us (MPa) 3 Terr] 0.13
0.3 0.42 Tensile Strength (MPa) at [err] 0.93
51922 ' %52665: % %E%@é‘u]{é’b o ec%?néoeé’ir e asttt%ScQu%es were §§éggcted
- 58.0 _67 ﬂoREtnad!i:qtRm ol t(hVED »(qﬁéaﬁdmﬂm)s in air at room7 "
1.2 te of 0.24 Mrads/minu®@ for
88. 5 ﬁgﬁgﬁﬁ%ﬁé@/%fbdal“s? I\7F>aal2e Sf Jegd Mrads/ 0.27
0.21 | o 3nmeﬁswéf§ﬂ%tW( g § Fadiation dose of; 2,4 or
31%333 5 3738 ﬂmcgain%ége&m ddfplés] erThe propertied5df the
: nte

40. 0 61. Opﬁg%grlgaﬂ%ﬁ ﬁﬁﬁ%‘)a]ﬁeaﬁ? Qun in Table 1yaha
0.6 0. 6Becoveryrgf (¢gmposite structures are shown in Jable V.
87. : 85 1nCphBl0od, bihé Céémpddd stotl@fres were prepared from

1 Fabric No. 11 preparation in Example 1, laminated with

10 the polymer matrix identified in Table IV and the
composite irradiated with an absorbed dose of 4
Mrads. The recovery ratio of the composite structure
is preferably at least 40%, more preferably at least
65% especially at least 70% of that of the free fabric.

Y



[err] -29- Exanple 2 Heat-recoverable conposite.sheets were prepared by
lam pating a 60/10 (23.6/3.9 in cns) twll fabric woven from pol yet hyl ene
mongtiFjament identified as fiber 1 in the above exanpl'e; with-polyner
mat Kix/material in the formof extruded sheet 0.5 mmthickness having
little, if "any, irradiation. TheZ gm nation was conducted in a press

bet ween silicone rubber sheets~under conditions appropriate for the ol
particular polymer matrix material used. The lam nating conditions are
shown in table I1l. TABLE Il1l Lam nating Conditions Conposite NO Pol yer
Tenperature [err] Pressure (kg/cnR2) Time (mns.) 1 EVA 460
105 45 ' 52 EVA 250 100
45 33 Low density 150 --22.5
5 pol yethy- | ene - 30 - ' : :
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The resul ting conposite structures were subjected to irradiation with 6~Nbv
~electrons in air at’ roomtenperature at a dose rate of 0.24 Mads/nin )
for times sufficient to produce a radiation dose of 2,4 or -5 6 M Hdstif
: respectlve sanples. The properties of the polyner matrix materials
- shown in Table IV and % recovery of conposite structures are shown in Table
- V.%n Table V, the conposite structures were prepared from Fabric No. 11
preparation in Exanple 1, lamnated with 10 the polynmer matrix identified
~im Table IV and the conposite irradiated with an absorbed dose of 4 M ads.
The recovery ratio of the conposite structure is preferably at |east 40%
- nmore preferably at | east 65% especially a$}l ast 70% of that of the free

fabric. [err] -32- [err] - 338 - E V Conposite No. -
Pol ymer Matri x % Recovery 1 EVA 460
70 2 EVA 250 69
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3 Li near | ow 68 density poly- ethylene 4
DYNH"3™ 60 -34- EXAMPLE 3 A fabric 'was forned using
an &Eﬁ%}_shaft satin enpl oying 0.29nm di aneter high density pel yethyl ene
filawents in the warp and 75 E.C.G glass fibre yarn in the weft. The
fabric density (warp density/weft 5 ° density, neasured in fibres/inch, .
fibres/cmwas 90/16, 35.4/6.3 The fabric was irradiated wwth 1.5 MV "
el ectrons to a dose of 15 Mads to give the warp fibres a gel content of
37.3% (refluxing in xylene) and a 100% secant nodul us of 0.60 at [err] 10
The fabric was then extrusion |lamnated with | ow density pol yethyl ene at a
nelt tenmeperature of [err] between a cooled netal roller and a rubber faced
roller. The pol yet hyl ene had 33 thi ckness of 0.6mm on one side of the fabric
and a thickness of 0.3mmon 15 the other side and, after lam nation, the
conposite was irradiated with high energy electrons to a further dose of 4
M ads. The | ow density polyethylene used had a nelt flow index of 3.0, a
nunber average nDIecuIar\M%§§¥3h¢lof 14,800 and a wei ght average nol ecul ar
20 weight Mwv.of 114, 800 t he second electron irradiation step the
| ow density polyethylene | am nae which constituted the matrix naterJaI had

¢

t hecépogite No. Polymer Hattxx % Recovery
1 EVA 460 70 W
2 | EVA 250 | 69
| 3 ' Linear low 68
density poly-
. ethylene _
4 DYNH-3 60



fng properties:-10096secant nmodul us-at [err] 4.8 MPa 25 100

secant nodulus at [err] =~ 0.03 MPa Tensile strength at [err]
MPa El ongation to break at 150C - 670% Gel content (reflux in xyl
39. 2% Conpl ex viscosity at [err] 30 - and at 1.0 rad 5

. 2.79x105 poi se

-35- The high density polyethylene fibres, which ha

ireadi ated to a dose of 20 Mads, had3#he follow ng properties: 100% secant

B asing the modilamenes dhf SAL! $R:d AHATIS BIOLOL Thes Bbew adlp,in
e desired shape a eating.to allow

partial recovery ¥ { *ab 8.%BEF6FeSFH§‘g¥o§U$EPa ?%ﬁbﬁ%&ﬁékﬁﬁs f or med,

a 0.4mm t hi & | agensitypomeasutedadhefibeeagineber £bbxesicm). @as A £AHE, Nos

U

W

10

15

20

25

30

35.4/6.3 The fabric was irradiated with 1.5 MeV
electrons to a dose of 15 Mrads to give the warp fibres
a gel content of 37.3% (refluxing in xylene) and a 100%
secant modulus of 0.60 at 150°C.

‘The fabric was then extrusion laminated with low
density polyethylene at a melt temeperature of 260°C
betueen'a cooled metal roller and a rubber faced -
roller. The polyethylene had a thickness of 0.6mm on
one side of the fabric and a thickness of 0.3mm on
the other side and, after lamination, the composite was
irradiated with high energy electrons to a further dose
of 4 Mrads. The low density polyethylene used had a
melt flow index of 3.0, a number average molecular
weight Mu of 14,800 and a weight average molecular
weight Mw of 114,800. After the second electron
irradiation step the low density polyethylene laminae
which constituted the matrix material, had the follow-
ing properties:

100% secant modulus at 60°C 4.8 MPa
100% secant modulus at 150°C ~ 0.03 MPa
Tensile strength at 150°C 0.13 MPa
Elongation to break at 150°C 670%

Gel content (reflux in xylene) 39.2%
Complex viscosity at 150°C
and at 1.0 rad 571 2.79x10° poise

nodul us at [err] _ 0.29 MPa 5 tensile strength at [err]
2.18 MPa el ongation to break at ;150C 780% gel content (reflux in
xyl ene) 42.25% recovery for EXAMPLE 3 0.62 Ma

- rﬁcovery f : ! 87% 10 A sanpl e of the
sheet so forned was cyt mth dinengi o] i pch | war
direction and 30 inch fm%flfnfglgn%bﬁ'ggaepf}'g?rgxgt?g%',(@a%ﬂ?%;géérﬁ%ﬁdeg
with a closure arempigaringt 0a29mmoddamaterghighsdens ik e hye & e edges



20 4018733 or 4181775 was applied to the surface .of the 0.6nmm

pol yethyl ene | am na by a hot nelt coating technique.. The waparound article-
SO oduced had a 4.1 recovery ratio (i.e. 75% in the wap di-rection. The
arti was tested by formng a branch-off in 25 which a 43mm

poly yl ene jacketed tel eco ni cation cable was divided into two 19nm -~
di aneter pol yet hyl ene j acket etf” cabl es. A Raychem "XAGA" (registered trade'
mar k) alum nium liner having collapsible end crowns was positioned over the
branch off so that the central, - 36- cylindrical portion had a di aneter
of 92mm The article was then w d aroun he ca | i ner and .
recovered theFagnh} U@?%@}%&aﬁﬁiﬁg& ylepe, ﬁ%né§+é%T%€ article had been
seal ed ageeﬂsiri-mi@gga ofo 5a doge as820 Mrgfggahadettlen the article and the
cable ja in_kn and a clip as described in U S. patent No.
4298415 ?éfiﬁ %@gygggpp?o Seal the crotch region of the branch-off. The
cables were pressurised to an internal gauge pressure of 15 p.s.i. (1.05 kg

10 [err] andijhe Secand mddul@s subisyied to ag.egpapaure cycle test in
mhlch in each c ﬁ%cle the te erat %@ S ralsed ron1anb|ent [err] over a

perPod of onet®B8ile SFrRngH 2% ] for fC)ur'h(ﬁuM.?a | onered from60 to
[err] over tvelongasiombtotbresk at {30%¢ 15 fda8dpur hours and then

rai sed to anbwlééé{l c&%é&tol/@éff&f m%yluﬁ)e)l eakagﬁvﬁs& recorded after ten

L]

cycl es. -
' recovery force ~ 0.62 Mpa _ g
recovery _ _ 87% '

10 A sample of the sheet so formed was cut with

dimensions of 15 inches (6 cm) in the warp direction

and 30 inches (12 cm) in the weft direction, and was

provided with a closure arrangement as shown in figure

5 by wrapping opposite edges parallel to the weft
15 direction around 3.5mm diameter nylon rods, pressing

the closure region into the desired shape and heating

to allow partial recovery of the fabric. Before the

closure arrangement was formed, a 0.4mm thick layer of

polyamide adhesive as described in U.S. patent Nos .
20 4018733 or 4181775 was applied to the surface of the _ o’

0.6mm polyethylene lamina by a hot melt coating technique.

The wraparound article so produced had a 4.!
recovery ratio (i.e. 75%) in the wrap direction.

The article was tested by forming a branch-off in
25 which a 43mm polyethylene jacketed telecommunication
cable was dividéd-into two 19mm diameter polyethylene
-jacketed cables. A Raychem "XAGA" (registered trade -
mark) aluminium liner having collapsible end crowns was
positioned over the branch off so that the central,



Exanpl e 3 was repeated with the exception that the fabric had a weft. .

"density of 18 fibres per itnch (7.1 20 fibres per cm) giving a refquery
ratio of the conposite fabric of 3.7:1 (i.e. 73%. EXAVMPLE 5 Exany
' repeated with the exception that the weft yarn was changed from E.
.glass fibre 25 to EEC.G 150 glas fibre yarn, and the fabric density was
90A%8.(30.5/6.3.in cns) giving a 4: 1=r¥overy ratio in the warp direction.
-37- EXAMPLE 6 Exanple 3 was repeated with the exception that the glass

fibre was replaced by a pultifil apent éﬁ rned fro ronat S pol yam de
filaments sol d bycphipdricahdRertinn b s pP8duct had

substantially 5 artheleawss pelogrervnt spped aﬂmind)ftl'@(a:‘qldles?,alndt lliadra

Standard) of  180nenR kRSt ot Bleafirktyt Uy HOAEL el d Bebialll ! "
using a standard torchp- sTheeartpoke hadibeemtsdal adblagminstad egkogeced as a
conpar i son. én e ¥¥s§§§i§zﬁf- QQrEE%%$€W“EKbtJFtféNH“HdE'ﬂH% cGGNBCNENT

Parts by wei ght resin pOX : sold 5 by
Shell Chemicals u eg%e hﬁe gﬂfgégqu 11p as described 1n % S.

patent No. 4298415 to Nolf was used to seal the crotch
region of the branch-off. The cablés were pressurised
to an internal gauge pressure of 15 p.s.i. (1.05 kg
gq). 10 cm'z) and the branch off was subjected to a temperature
cycle test in which in each cycle, the temperature was
raised from ambient (23°C) to +60°C over a period of
one hour, maintained at +60°C for four hours, lowered
from 60 to -30°C over two hours, maintained at -30°C
" 15 for four hours and then raised to ambient (23°C) over
one hour. No leakage was recorded after ten cycles.

EXAMPLE 4

Example 3 was repeated with the exception that the
fabric had a weft density of 18 fibres per inch (7.1
. 20 fibres per cm) giving a recovery ratio of the composite
~ . fabric of 3.7:1 (i.e. 73%).

EXAMPLE S

Example 3 was repeated with the exception that the
weft yarn was changed from E.C.G. 75 glass fibre
25 to E.C.G. 150 glas fibre yarn, and the fabric density
was 90/18 (30.5/6.3 in cms) giving a 4:1 recovery ratio
in the warp direction.



'Epoxy grafted acrylic. rubber 30 nodifier (note 1) Anchor

1699 (L radenane) - Azel ai c 9.8 20 di hydrazi de | m dazol e
(acqetenator) 1 Note (1): produced by conpounding an _
acr wicYel astonmer (acid value 3000) sold by Du Pont under the tradenane -
"Vame* with a bi sphenol A epoxy resin sold 25 under the tradenane —
nEpi kote 1001" to give eleve§7epoxy groups per acid group. -38- The \t~

conponents were dissolved in nmethyl ethyl- ketone to yield a solution of

20% sol i ds content. The sg#gh%gﬁ gas applied several tinmes to a 60/12

(23.6/4.7 in cns) twill 2 fabirc having 0.35 5 mm di anet er
unirradi ated hi gh density polyethyl ene warp fibres and E.C.G 150 gl ass
yarn in the wldnp1s0 3t hals FapelabieakWesh She! BRcepEubhi PlacOppOSi te fabric

was approximately 0.75 nm _The conposite fabric was then heated for one
hour at 91&8S Gifrg. wagjEeplaced byepoRpleifihamepknyare foxmede so forned
i s heat eftdny arematief pplyamidet Gilamenes sbldtbg DuSPosttynddrthe matrix
pol y- dr, |.00S e gl wmat el ;1.0 al ye hout 50. poj se and t hen,
D " heC aReRaHe e UTRE ] Cab 1P pPodleln8, BOBRLan L APLYS, 7T e
matd i x ither Samed ProPgr&iesr ashshatep£f] Exanpef 3rhuhighadsain on the matrix

mat er i alsuf¥cahtialiyehegnaRd tRbR¥eR! BdakCGRYGEY (Rbablifed i Dres to
according to the British standard) of 150N.

o
COMPARATIVE EXAMPLE 1
A heat-shrinkable woven fabric using a standard
10 b-staged epoxy resin matrix polymer was produced as a
comparison. An epoxy resin was formed having the
formulation:.
COMPONENT : ' Parts by weight
Epoxy resin (Epoxy No. 475) sold = 70
15 by Shell Chemicals under trade- : .
name EPON 1001 v/
Epoxy grafted acrylic rubber 30

modifier (note 1)

Anchor 1699 (tradename)-Azelaic 9.8
20 dihydrazide

Imidazole (accelerator) 1

Note (1): produced by compounding an aérylic
elastomer (acid value 3000) sold by Du Pont under the
tradename "Vamac" with a bisphenol A epoxy resin sold

25 _under the tradename "Epikote 1001"™ to give eleven epoxy
groups per acid group.



sone extent. In addition, a S|gn|f|cant nunber of the polyethylene fibres
snapped on recovery. 20 - COVPARATI VE EXAMPLE 2 A fabric as
dgscribed in conparative Exanple 1 was irradiated with high energy

el ectrons to a dose of 10 Mads. Wien heated by neans of a torch the
material blistered and cracked and a.l ggge number of 25  bubbles weres &>
proguced in the matrix material. The maxi mumrecovery ratio recorded was
about 2:1 in view of the effect of the cured or partially cured matrix

mat eri al hol di ng out “!ﬁef cbhponeaes Neéré hdi ssobved eiry retttnds ethyl-39-

CLAIMS: 1. A nethod.o k bl

& polyer i o mat er KeEORRAEPLER0LAsI SSFPRIRR §F TOF 10 e s S MY
structure is recoTheasbdntibncwascappliiednpeveral Gimes to a 60/183 applying
to cross. ' inked rqedvgyabyeih! Bags F@?&Pobx‘{ﬁ‘?ﬁ'&%ﬂ?tﬁéﬁi@éc B A 39D)

cross |inking the poly accordi to claim1,
wherein the bre@maﬂéaBPGSE PPHREGdb9t?¢ %H?%I¢%ﬂ§kﬁ¥(ﬁq}¥ﬁﬁh lens & 10
the polyneric mat gibdes dnd eédcuelhosoagrassi parn omlmenvaefwme«eumatme

poly- nmeric material is.cross-|ipk by_Lr ' t
according to clai eztgﬁﬁkgégﬁhgge?ﬂetﬁsg?#gr éﬁ%b??#%ﬁhéﬁe q%h a dose
of at |east 5 nradpproximately 0.75 mm. The composite fabric was
' then heated for one hour at 60°C to b-stage the -
10 epoxy resin, ' '

-

When the article so formed is heated by means of a

torch to recover it, the viscosity of the matrix poly-
mer drops almost immediately to a value of about 50
poise and then, within ‘a very short time the viscosity

15 of the surface layer of the matrix_increased to greater
than 108 poise forming a skin on the matrix material
which blistered and prevented recovery of the fibres to
some extent. In addition, a significant number of the
polyethylene fibres snapped on recovery.

20 COMPARATIVE EXAMPLE 2

A fabric as described in comparative Example 1 was

irradiated with high energy electrons to a dose of
10 Mrads. When heated by means of a torch the matrix
material blistered and cracked and a large number of

25  bubbles wereiproduced in the matrix material. The
‘maximum recovery ratio recorded was about 2:1 in view of
the effect of the cured or partially cured matrix
material holding out the fibres against their recovery
forces.



and the\p?%%ggLLg—nnLep+a+*fs irradiated with a dose of 10 nrads or |ess.

A\ accordin Ia|n12 wherein the fibres are irrradiated with
a- dbse \bf mu‘m mm A nmet hod according to-claim-2, wherein N
t he res ““

ated in the presence of oxygen. 7. A nethod
accordlng to=cl &in 3" wher ei n the irra- diation of the polyneric material ~
produces a bond bet- ween the recoverable fibres and the pol yneric e
mat eri al . -40- 8. A net hod=ad8ording to any of claims 1 to 7, wherein
the polyneric material -is applied by I'am nation, spray coating or powder
coating. CLAIMSA net hod according to claims8, mhereln the poly- neric
material 1s applied by rolling at a tenperature and pressure sufficient to

cause at 4 eaqt mRahlbidle fpﬁggtlg,gt hopeggvg?ggfglhée(m ca%if@tg‘#@é c s ween the

reco- verable fi1bres and rmation O - cal bond
bet ween (GPBRrdSIRS: apPelYMSFrds BARerhal 1and regoyvgrable ﬁkﬂ%ﬁqeﬂ 10. A

net hod aagowdmmmet@fannieh ¢hai BBréctOrd. iyhesEoverdB1PLIwRdH C material is

appl i ed re I abric conprising said recoverable fibres. 11. A
met hod a%@g§ Fn%%p§¥g §3n110 wherein the poly- 15 meric material is

applied to each surface of the fabric. 12. A nethod according to any of
clBains 1 to 1XalnaPeAying troREPRS-Ltbnked seecayprablr) fibres ithe of a heat-

activatabl e agheymépier materia®l anl tRehhe conposite
(b) cross linking the polymeric material. ' L;f

2. A method according to claim 1, wherein the fibres
are cross-linked by irradiation before application of
10 " the polymerie material. '

3. A method according to eclaim 1, wherein the poly-
meric material is cross-linked by irradiation.

4, A method aeeording to claims 2 and 3, wherein the
fibres are irradiated with a dose of at least 5 mrads

15 and the polymeric material is irradiated with a dose of
10 mrads or less.

5. A method according to claim 2, ﬁhebein the fibres
are irrradiated with a dose of at least 10 mrads.

6. A method according to claim 2, wherein the fibres
20 are irradiated in the presence of oxygen.

T. A method according to claim 3, wherein the irra-
diation of the polymeric material produces a bond bet-
ween the recoverable fibres and the polymeric material.



Structure. 20 13. A nethod according to claim10, wherein recoverabl
~fibres are cross-linked and then used to form sai

a .
- recoverabl e conposite - structure, conprising a cr ' olynmeric -
material and cross-linked reco- 25 - verable frﬂﬂmmﬂrw HHMf whi ch
- the conposite struc- ture is recoverable. 15. A tonmpo ure

acggrding to claim 14, wherein the recoverable fibres are cross*linked to

. such an extent that their recovery stress jjgg at least 1.0 30 MPa. -
41 - 16. A conposite structure according to claim15, wherein the polyneric.

- material is crossglinked tp such t { ri t ehl per
" se, has a room teftpera u?%&é?‘gn %?%‘gﬁofr%ﬂ)é@ f(ﬁfg%ﬂr%glg)sézﬁegga??agéb%mp
strain rate of 300heppolymenie material cehprakiedyudami®atdedndsRE2¥o any

~of clains 14 to 1 ogg@ggegp pbwaseceystpdg e fibres constitute at |east part
of a recoverable tabric. 18. A recoverable conposite structure according to
any 10 of clains 14 t

17,.. whi ch _addjtional |y Gorgri } ..C i f a
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whi ch net hod conpri ses: 3

penetration of the polymeric material between the reco-
o verable fibres and/or formation of a chemical or physi-
R cal bond between the recoverable fibres and the

10 polymeric material.

10. A method according to any of claims 1 to 9, wherein
the polymeric material is applied to a recoverble fabric
comprising said recoverable fibres.

" 11. A method according to claim 10, wherein the poly-
15 meric material is applied to each surface of the fabric.

12. A method according to any of claims 1 to 11, which
additionally comprises applying a coating of a heat-
activatable adhesive or of a sealant to the composite

structure.
&\/- .
20 13. A method according to claim 10, wherein recoverable
fibres are cross-linked and then used to form said
fabric. '

14. A recoverable composite structure,-comprising a
cross-linked polymeric material and cross-linked reco-

.25 verable fibres by virtue of which the composite struc-
ture is recoverable.

15. A composite structure according to claim 14,
wherein the recoverable fibres are cross-linked to such
an extent that their recovery stress is at least 1.0

30 MPa. '



(A) _applying_the polynmeric material to recoverable fibres; and (b) : f
i rriadiiafiing the resultlng structure t he beam response of the recoverable s

fi 5./ el at ‘of the polymeric materi-al being such that .
ap |rreunm, lﬂulmwm}m stress of the fibres per se, of at least 1 MPa
€ reachéd befbre®tHe reco- very ratio of the conposite structure is -~
reduced to a value of 70% of that of the unirradiated com 25 poSi t &ws
structure. 20. A nethod accordimgllo=cl ai m 19, wherein the rela- tive beam

response i s produced by the presence of prorads in the recoverable flbres
and/ or anéJs ads dompd¥ teolstiRicitur@tkekbbfbing to claim 15,

wherein the polymeric material is cross-linked to such
an extent that the polymeric material, per se, has a
_ room temperature elongation of 400 - 700% measured at a
5 strain rate of 300% per minute.

17. A composite structure accbrding to any of claims 14
to 16, wherein the recoverable fibres constitute at
least part of a recoverable fabriec.

18. A recovérable'comp051te structure according to any
10 of claims 14 to 17, which additionally comprises a
coating of a heat-activatable adhesive or a sealant,

19. A method of making a recoverable composite struce

ture comprising a polymeric material and recoverable

fibres by virtue of which the structure is recoverable,
15 which method comprises:

(A) applying the polymeric material to recoverable
fibres; and

(b) irradiating the resulting structure; the beam

response of the recoverable fibres relative to that O
20 of the polymeric material being such that a post-

irradiation recovery stress of the fibres per se,

of at least 1 MPa can be reached before the reco-

very ratio of the composite structure is reduced

to a value of T0% of that of the unirradiated com-
25 - posite strueture.

20. A method according to claim 19, wherein the rela-
tive beam response is produced by the presence of
prorads in the recoverable fibres and/or antirads in the

‘polymeric material.
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