2168649 -1- DI MENSI ONALLY 'RECOVERABLE ARTI CLE - 2 - BACKGROUND OF THE

| NVENTI ON This British Patent Application, together with British Patent

A'ppl i cation No. 8600291, has been divided fromBritish Patent Application- .
+8400194. This invention relates to recoverable arti- 5 cles. A - y

recoverabl e article is an article the dinensional configuration of whi

may be made substantially to change when subjected to a parti gﬁ

treatment for exanple heat treatnent. Usually these articles r &5439) on

heating, towards an origi nal shape from which they have previously been

def ormed, 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 previ ous| y deformed. The term does not 15 incl ude articles whi ch

can change their configuration only by changing their phase. In their nost

comon form such articles conprise a=Hfet-shrinkable sleeve made froma

polymeric 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

ori gi nal di nmen- _ S

DIMENSIONALLY RECOVERABLE ARTICLE



sional Iy heat-stable formmay be a transient formin a continuous process
I n which, for exanple, an extruded 25 tube is expanded, whilst hot, to a
di mepsj onaIIy heat -unstable formbut, in other applications, a preforned,_-
di ngpsiApnal |y heat stable article is deformed to a di nensionally heat g
Laly/e formin a separate sra&br - 3 - In the production of. heat
recoverabl e articles the polyneric material may be cross-|inked at any
stage in the productBASKGRO UNDe OFr (THE| ENVENTIGNI | enhance the desired
di mensi onal recoverability. One nethod of 5 produci ng a heat-recover al
article conprises shaping the polyneric material into the desired

heat - stabl e froyii8 aiqhsgqu@&&bntcmssiibh%&bag EB@eBHE¥”Fitﬁ mat- eria

heat i ng article to a re a he Cr I ne nelting p0|nt
or, for J?tﬁﬁﬁeﬁpgh§°f81°“tﬁe's Pgﬁﬂﬁg BBPnPeeﬂsd@Héd€ﬁse may be,
~of the [fulom BreitistefPateintg Apipd i*atiioneNond8aoohong the article whilst in

the deforned state so that the deforned state of the article is retained.

In use, Sincayiie eHTEA Feabted tbNeBbbbPhBibsabEgL-UNStabl e, appli- 15

cation of heat w || cause the arti tsS original heat-stable
shaﬁb. &l®S%+t her met hod conpri ses deforn1ng a substantially non-crosslinked

pol yneric mat & irdlco¥erablenaetdclec iBehaVarBtcteysha! BiR€ngBbhaI POI Nt or
SOften'Q%n@Qb%& thh%fnahqrha yf%S'agde substantially to
change when-subjected to a particular treatment for \;i
example 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, even if
it has not been previouéiy deformed. The term does not
15 1include articles which can change their configuvation
only by changing their phase.

e.

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; Q;)
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 examp.:, 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
stage.



20 together parts of the material or a part or parts of the material and
at. | east one ot her polyneric conmponent to produce the configuration of at

| ast -one hol | ow heat-recoverable article and subsequently cross-1inkin
the >bstantially non-cross-linked material. 25 In other artig
an el astomeric nmenber is held in a stretched state by a second nenbér
whi ch, upon heating weakens and thus allows the el astoneric nenber
recover. Heat-recoverable articles of 3hts type are described, for exanple,
in British Patent 1,440,524 in 30 which an outer tubul ar el astoneric
menber is held in a stretched state by an inner tubul ar nenber. - 4 -
Heat -recoverabl e articles have found particular use in the environnental

protection of el ongat ergUbhe Sh¥cd &St I oA RN iR d1es;
tel ecommuni ca- tion cabje

t h t al
seal the s|eeve nEje b@i%ﬁ}%&??%%ﬂ%}%&{gﬁ%gﬁé{k% é\s” ronrrgriégaer
because the conpl thethsel predariciors we thee pEsicleirchdte widd femhaneak theas

for exanple in thﬁﬁgﬂ‘%d cg%&ﬁ%%i | $dSdv AR pefdrfé %tﬂh%'&iofor

because: t enper a- ures re In service Cr ate SI ant
i nternal preBsureProducing 2 keatrorfconerable Artigle m%rs@amme

suitable for the esedpél BOGRAEEI L dd théldddlddd hedt-stable

encl osures, man el ecom nlcatlo | es .are internal
pressurlsed to y , subsequen cross-fléﬁ%hg the polymeélc ﬁgt-
O er1a1, heating the article to a temperature. above the

crystalline melting point or, for amorphous materials
10 the softening 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. 1In 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
the material and at least one other polymeric componeht
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 recover. 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.



15 exclude noisture and the thicker-walled steeves which would be
requi red=to withstand such pressures long termare nore di-fficult and
_expen 4%1 o manufacture and require greater skill to install in the field. ¥
It ha n proposed, in U S Patent 3 669 157 to 20 Carolina Narrow ‘s
Fabri c npany and in Japanese Patent 53-13805 to Matsushita, toe provide
heat - shri nkabl e tubul ar fabric articles which may be inpregnated with
certain thernosetting resins.4 However, we have found that the articles

di scl osed therein are very difficult 25 to install because they are

subj ect to displacenent of the resin on recovery, resulting in

bur st - t hr ougHedtfrenduetabliehantdsles havec|foundapiagkiculate resin fromthe

fabric. ,gdhugnt eerWz'thnanﬁtﬁr iR tAloh It ld1Bngatelishbll y and are too
craft-sensitive use nost t.el ecqmmuni gati o | i gations. - 5-
British $efakfs ﬁﬂﬂ A&t |éﬂ+' fsiﬁ"qersorﬁ’\/\ﬁl B'I?CPE‘E‘ UMESEnt application
I's divi deibn c&blidkEs a dlnenS|onaIIy heat -recover abl e artlcle conprising a
conposite struc- ture of a heat-recoverable fabric and a polymer matric 5

material wherein: (a) the heat-recoverble fabric conprises fibres that will
rechver Imeaddichian, ta makKing dhehenviyonmentaleseadt thes sYeeveat. | east 5 X

10 -2 '\/Pﬁa;ftbé éﬁmﬁ We MR drdPidn Ti9AEHaL phEaduReyr €. and 10 (b) the
eri al

pol yrer rx has an
either because the complete splice enclosure is pres- P
sure tested for leaks, as for example in the Bell cycle o/

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 the conditions encountered with
disttibution splice enclosures, many larger telecom-
munication cables are internally 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

20 Carolina Narrow Fabric Company and in Japanese Patent
53-13805 to Matsushita, to provide heat-shrinkable
tubular fabric artiéles which may be impregnated with
certain thermosetting resins. However, we have found
that the articles disclosed therein are very difficult

25 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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el ongation/tenperature proflle such that there exists a tenperature ()
which is at or above the recovery tem perature of the fibres at a@%@i)
tenperature the polyner matrix material has an elongation to brea

greater 15 than 20% and a 20% secant nodulus X of at |east 10-2 MPa
(nmeasured at a strain rate of 300% per minute), and at which tenperature
the inequality (1) is satisfied: X (1 - R is less than one

(D) Y R wherein Ris the nmean effective volune fraction of heat-

recoverable fibres in the conposite structure along a .20 given directio
based on the total volune of the com posite structure, or rel evant port
. SaBrifhshpPatent Apmkiratbiomiod AHOGKSk: tinome wikichh thes an

i mproved resi st apgeséRtt 8Fpl PE£EFoRf 14 CEOYEIA a%mraersetaaldmetn%ﬂo%qqyl ty
so as to produce _in,the aﬁgrggglate Ci cunstances as desc&Fa%ﬁ_ﬁéreln an

t her eof .

effective envirof®ak-reqge

present

conprising a

t her et o,

LR0LE AT §1 el | FRPTE HhtEs S rPTR réea .

i nvent i ohupe oot da shea £+ re¢ dvera kbo- fammlaxd:mnmmrsmmlcr e
reCﬂXE&gP&f &ﬁ@ﬁéfnand a polynmeric matrix material |aninate
ic _

in

the recoverable fabric conprises a

cross-1inked recoverable pol yol efin having a recovery stress of 1.5t

5
MPa; and (b) the(adtFpg heatrrrecyenily q ReERHSe%: fd.bres that wiil

k;

10

15

20

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

(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
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
given direction based on the total volume of the com-
posite structure, or relevant portion thereof.

n
i on

The
d



very ratio avail able in the conposite is at |east 15 65% of t hat
avaitable in the free fabric, and the polyneric matrix material, per se,

af t ra- di ati on has room tenperature el ongation of 400-700% neasured-at *
a sStxa rate of 300% per m nute. -6- The term"fibre" as used herei i
‘includes filaments e.g. nonofilaments or nmultifilanents, and al so staple.
fibres, wires and tapes. The fabrics used in the articles according to the

. invention preferably enploy 5 ~ Pﬁe'heat-shrinkable fibres in the form of

filaments, especially nonofilanents. The heat-recoverable fibres used ini
the article Jhe presepdntinyentione previdegyanaaptirkanRéeByBa§ stress of

[err] Mea inprovediresidtaneeXtbethe Fodcesuall yeabvePy hgastad MPa at a

t enper at ur.e .abqye t.h recovery tenpperature of the fibres. There is in
theory A& e&ﬁ%nﬁq %ﬁgiagz v g5r8§§,“SﬁtiFntEFaéPPE8PEbﬁgﬁPa and nore
usual | y diftivimes tiancese as glesstr ibeguherednmahl effebtévebenviwvoh-pol yneric

(100 sehtal and H1° dosiiey & §risipbablotaligi fhdabgm 2 POLYIoriC

heat™recoverabl e nmateri al he recovery tenpera- ture" of polyneric

heat-recoverable nmaterials is ant that tenperat at which the recovery
of the pol ymimie RRRSSNt, LAKSALIGH SROILARE: B FHESOL8NERERTON. | 20

gener al ,verablec avaos iitaatraicturenicomplrd sing ar yetoverkbbe nel ting
transiti Qi QI 3 Po1ynerle BRHIY naterial laminated

thereto, in which:

10 (a) the recoverable fabric comprises a cross-linked
recoverable polyolefin having a recovery stress of
1.5 to 5 MPa; and | |
(b) the matrix is cross-linked such that the reco-
very ratio available in the composite is at least

15 65% of that available in the free fabrie, and the

' polymeric matrix material, per se, after irra-
" diation has room temperature elongation of 400-700%

measured at a strain rate of 300% per minute. '
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crystalline or the glass transition tenperature if the polynmer is
anprphous. In nost forns of article according to the inven- 25 tion
polyser matrix w -l become soft at tenpera- tures bel ow the recovery /
tenperature of the heat- -7- recoverable fibres so that the tenper
(T) at which the matrix material has the required el ongation and secant
nodul us and at which the inequality (1) is satisfied wll be the sane as
the recovery tenperature 5 of theYfilbres. The invention includes,
however, those cases in which arigid matrix material holds out the fibres
agai nst recovery over a tenperature range above the recovery tenperature of

the fibres and thenmef tekm s?xPQ@“ Ehedﬁbﬁrgﬁfﬁﬁﬂ Eﬁ%@%ﬂ%s ¥l1amenes The

heat -recoverable fibres are erab fornme rom a ric nmateri al
that inparts gGoG-pﬁ9§P5éﬂaEPG§érPFeQ“&ﬁéfiﬂﬁmﬁ&FchGFQr‘ JSo8tapdep

resistance to igfipriesh)r @ired @ahdn eaﬁx%m-sweh:a%spehw iy ehe and et hyl ene
copol yners, poI nd ot

pol yners may b&%& ﬁﬁ&8§e5°§ﬁésépgf§9 %gﬂy}“?HB§&°PE§F¥25%%@§353P? 8¥ bei ng
cross- | i nked. Ahgahieiatuishrlinkabd e ifii bt egolipmthiec foxmeoifalfilamenits,f i bres is

based on polye v of fromO0.94 to 0.97/gns/cc, a
wei ght averagesﬁék Eﬂhﬁ %Qo%xqspibw of from80 X 10 t+o0 200 X 103 and a

nunber average nol ecul ar wei ght -Mh of from15 X 10 to _
U The heat-recoverable fibres used in the article of

the xnvontxon preferably have a minimum recovery stress
of 10~ nPa. more preferably S X 10° -1 and usually at

10 jeast 1 MPa at a temperature above the recovery
temperature of the fibres. There is in theory no upper
limit of récovcry stress, but in practice 200 MPa and
more usually 100MPa is the highest figure normally
achievable with polymeric fibres. |

15 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

N material will go substantially to completion. In

20 general, the recovery temperature will be the crystal-
line melting transition temperature if the polymer is
crystalline or the glass transition tempera:ure if the
polymer is amorphous.

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



30 X [err] Preferably the recovery tenperature of the fibres is [err] or
&, \post preferably from[err] to 25 250-C, such as, f-or exanple, 120 -
en the fibre is cross-linked by irradiation it is convenient to .-
rate the cross-linking step into manufacture of the fibre. The fikfe
can be extruded, stretched at .g-tenperature belowits nelting 30
t enperat ure, preferably by an anount of from 800 to 2000 % then subjected
toirradiation to effect cross- linking. A less preferred way of naking the
fibre |teboverhbmeefubeeélboe;hatraUeatemperetose [Thkatt hen heat the
fibre, %h?fﬁr@BLthQrﬁ OfSebk? aiPhhbNEnk CPbqBEE 8l Ve fon ££ﬁ5fh'n9 the fibre,
et

and t hert "C60| retc gg enS|tY g ylene fibrer are
prefera@hﬂ ﬁﬁﬂéﬁﬁaﬂ@é“&PFhaaddGEewBFCPr5 abaegualigysi) &$out 35

rregar ag%attﬁeeﬁeaaWﬂ t1f Eerrtaboghxga CY Eﬁéukeaévg?ﬁaﬁéﬂﬁeﬁélﬂ%t@t pfier ticular ;
m abo ou megar a s abou megar ads.
al | Z‘§el"§55§ént@BP ?H&eeﬁagg Fpﬁ&gé ¥rb$8“?%eﬁre5?%$ t han 2086

preferahh;egréatehxbhaa 8agidnmatrif® paeéeiabl hohdsacet then 40% I n

Pract | Cipltls oga1ARLS 4ERGbEY bYEP IOedpEcIPhrEPhideghbgyatl e B bres

produce overy. A further
advanta@éeoFeFPBP€Y|FP&EPEPFBﬁewPﬁItBE ﬁéh??ﬁnéﬂdbéhﬁﬂ/$ﬂf%%m%ect|on with

| am nat iggn¢hd® the fibrbe baat reeegeerable fabric can, if desired, be

10 The heat-recovetable'fibfes are preferably formed ~
from a polymerxc material that imparts good physical
propertxes and, in partlcular, good creep resistance to
the fibres. Olefin polymers such as polyethylene ‘and

ethylene copolymers, polyamides, polyesters, acrylic

15 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 densxty of
from 0.94 to 0.97/gms/cc, a weight average molecular'

20 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, v

Preferably the recovery temperature of the
fibres is 60°C or more, most preferably from 80°C to.
25 250°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
extruded, stretched at a temperature below its melting

30 temperature, preferably by an amount of from 800 to
2000 %, 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

B
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made sol ely of heat-recoverable fibres as described above or can contain
other fibres in-addition to the heat-recoverable fibres. Wiere the fabrig
contains such other fibres, Rin equation (1) relates only to 20 t he
heat Mecoverabl e fibre conponent. The fabric can ‘be knitted, woven,
non-woven, braided, or the like. The reﬁgverable fibres can fornrpart of
t he fabric itself as it is made or e additional and inserted after
production of the basic fabric. In a preferred enbodi nent 25 the fabric

s a woven fabrr [ I e f v bl e

fibres or it can codgalnl1f§kre3%ver e%fﬂ%@g@oﬁggéf%eﬁk®F?ﬁ8 ted

non- heat-recoveramléa"‘rm{ﬁesﬂﬂeﬁqn%rﬂ? fikrer,@andc then Keokdpgnthe a
pattern, for exanpleetdéd |6iB¥OKeMmidH Idensity o138 en aaneeitipkeRaard ai n,
op sac sack an weav. nat.ions S mu plLe ply

weaves for exarrpl%r?%)'%?%x %%’%m aPld&sr?r %F%rf’ﬂ‘eapgﬁﬁé }:

woven fabri c5t hatalxast 35 tmegamads alpre fddabdy ifirom abdiute 5t ton abndt 25

dimenst onal |y heqjedtaRle JP15P ddbd Ml el LBEOT 3B LGl 1B 201 C

as a whole is recoverab N a s ectlon onl
descri ption bel ovnegaradsn mlaalllbefﬂﬂ!de’q *a @abegtof! %ﬂ@ﬂaéfaﬂébrl C.

However, the feat@&mﬂf%rré r&hmt.am e cRorierelinked ifGbredis
The fabric may alternativ nltte i f desired, elgher W%rp knitted or
rrﬁ@/q SZetl% rt 30%, most

weft. knitted. |f 9HRA%eH ’ Pre erably greate
! 10 preferably greater than 40%. In practice, gel contents .

greater than 90% are not easily achievable. PFibres
produced in this way can have a high strength after
recovery. A further advantage of fibre irradiation
will be mentioned below in connection with lamination.

15 - The heat-recoverable fabric cén, if desired, be
made solely of heat-recoverable fibres as described
above or can contain other fibres in addition to the
heat-recoverable fiéres. 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-woven, 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

W

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. Prefetably 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



made solely from heat-recoverable fibres it will be recoverable in two

di lons, but if, as is preferred for the knitted fabrics, it is knitted
fr heat 10 stable fibre and a heat-recoverable fibre is either warp 4
or t inserted, it will be recoverable in only one direction. The nears:
effective volune fraction of heat- recoverable fibres in the conposite
structure along any 15 giveﬁgdirection w Il depend inter alia on the size
of the fibre, the type of weave or knit used and the direction considered.

Th ffect t d

The, e SLAENS {8 AR TR BRI PR oty S
sumat | below Mhdlpr00u9§n9raﬂheber9§§eséottenuﬁ ‘afegueh aach

heat - r ey %bleHBMQQ@r”UEhprEQQubistESs&?QB@E ﬁQ?pBQQQngieéhe fibre in

the given direction divided by the total cross-sectional area of the
conposi tt® othest §ARTAS®an in the plane normal to the direction 25
considered. Thus if the heat-recoverable fibres lie at an angle al pha to

th d t. t f th

B e and it Fhgoaaras nay AreRERREThaty ba KBEEERA"FE 4P0Eked) s Thr o ar ca
mul ti pl ieddhiey casrpakplitredThy yeﬁtoknuntgdval 3§ sbe fabnal isthe fibres cut
by the Wa%%esBQBﬁ§'fEBmtBSaEQQSbéeéﬁﬂbibr?ERkQB fevided By the total area

of the conposite _Structure gives val ue at a_,specific point along the
di rect i Gi®cOVeEabdedn WO ﬁﬁ@eﬁiéﬁ“§alBEtoFfR G§e$stﬁﬁeﬁﬂBF@dlength of the .
rel evantfolraltheC knitted fabrics, it is knitted from a heat h g

10 stable fibfe and a heat-recoverable fibre is either
warp or weft inserted, it will be recoverable in only
one direction. o

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 effective volume
fraction R used in inequality {1) above is defined

herein as the mean value along the dxrectxon considered
20 of the summation of the product of the cross—-sectional
area of each heat-recoverable fibre multiplied by the vector
component of the fibre in the given direction divided
by the total cross-sectional area of the composite
structure taken in the plane 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



[

-10- portion in the direction considered is used in inequality (1) above -

aqd_jn Claim1l below. In the case of a weave where all the heat- ¢3}
racoverable fibres are parallel to each other (either 5 the warp or [ /
in te case of a weave) and the direction considered is parallel to the

recoverable fibres (i.e. the direction: ?g recovery), then the nmean val ue of
Ris-given by the total cross-sectional 'area of all the recoverable fibres
di vided by the total 10 cross-sectional area of the conposite structure.

The heat-recoverigkglgabghcthg EE?E@Eﬁahycaﬁgﬂédré@ xi”ﬁkéﬁfiﬁ”fKQQMalxty

enbedded in, the polynmer matrix terial previously nentioned
advant age. of |rrddﬂa@b@ﬁelénﬂeﬂévﬁﬁﬁlﬁeﬂebei?"the fibres, before or after
15 formation of the fabric are irradi ated (partlcularly in the pLesence

of oxygen), a chen1ca|gc23???Qsﬁaﬁgf%grggg%agﬁegﬁogéf m@écﬁbgégnlflcantly

| rproves bondi ng of t i R recovery
tenperature of thecbverablenfipvesnarenparakleht toieachhother beeDther

capabl e of lg m t egefl LA ueée&eﬁeeiﬁueseseagba&fls Jz@&@wsaw%@t egrity of
t he conp03|te structure mnthout ubst anti al Ing recovery of the

fibres. It prefeliFRFERE CSPsPﬁSrS 0F§58Fﬂa¥§ﬁbeF% ? reTovt ion to
break of greater fibresSQ%.es0thepditrecelibn 3 regoeety), t tihen 1€ mean

| arly 400- 7 0% 2 f 5 X
05 Moa. ot pr JeARE,p3 % TecqIVRCRY, cARCROUE) erRaglsretidndt artgl S ¢
. 30 per mnute. of all the recoverable fibres divided by the total

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 méntioned 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 significantly 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
retains the integrity of the composite structure
without substantiaily 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 lon MPa,
most preferably at least 10”! mpa, measured at a
strain rate of 300% per minute. |

The specified properties of the polymer matrix
30 material need not necessarily 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
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conditions not to affect adversely the above nentioned physical proport
of the polymer matrix material during the recovery of 5
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rubber and especially an ac:ylic rubber, which con
epoxy groups and a room temperature insoluble curi
agent e.g. dicyandiamide.

The polymer matrix material can be either a
thermoplastic or an elastomer. In general, we pref
that the polymeric matrix material and the materia
the recoverable fibres be chemically or physically
compatible, and preferably both chemically and phy
compatible. By this we mean that they be of simil
identical chemical types and that their relevant
physical properties during lamination, installatio
use be similar or idential in particular we pfefer
the matrix and fibres be low density polyethylene
high density polypropylene respectively. The skil
will be able to choose other pairs of compatible
polymefs. Example of thermoplastic materials suit
as the matrix material include ethylene/vinyl acet
copolyméts. ethylene/ethyl acrylate copolymers,
polyethylenes including the linear low, low densit
high density grades, polypropylene, polybutylene,
polyesters, polyamides, polyetheramides, perfluoro
/ethylene copolymer and polyvinylidene fluoride.
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. polybﬁtyl
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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 o
pairs of conpatible 25 pol ynmers. Exanple of thernoplastic material
suitabe as the matrix material include ethylene/vinyl acetate copolyners,
et hyl ene/ et hyl- acryl ate copol yners, polyethylenes including the linear |ow,
| ow density and high density grades, polypropyl ene, polybutylene, 30

pol yesters, pol yam des, polyetheranm~d&2, =perfl uoroethyl ene /ethyl ene

copol ymer and pol yvinylidene fluoride. Considering the second cl ass of
materials thi's can include acrylonitrile butadi ene styrene bl ock

co- pol ymer, acrylaceydiasetonpdsPPay| darkBYLRexyl  genybatendthecpigh y| at es

and their copol ygBh$y1 @cetake! ¥8pbYymers- wih- e€ByYeRé e(VABYS PP| po Ly~
2- et hyl hexyl acrylafe, th

e high vin acetate copolyners, wiih ethyl ene
(VAE' s), poly- n&P& PH@H@F'p88§MPEFﬁéﬁB§saﬁﬂgsFFPEB%%eé?ﬁg?éﬁmﬁgséﬂﬂythe
:ike. The po!%remme ndker.i alfhkopol yyetlic materiad formiggbkhe rmatpix ent (at
east to visible__radia t ugs '
opact ty bet wben: MY Lol e aBpatenl VaE' FpUsCOET i Rinle Rald R or |
by blending a smsompdesedyt pPaguaporolinBay BWSyaNEi‘QH?"bFYC'a?B‘&?F'bI ack
into the matrix, ehiagel itwe eRtremelsen fTEr thecopiciyyapsctnoreasés ferluced.
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) by 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,

15 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
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 -

\,/



mater+al ( or part of it) can be cross-1inked, for exahple, a cross-1linked
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physi cal properties of the 20 matrix at the recovery tenperature are as
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as a true composite, partxcularly under severe recovery

condxtxons. This may allow a much less severe laminating

process, since it can obviate the need for physical
interlocking.

The heat-recoverable fabric is preferably bonded
to the polymer matrix material, and this bonding may be
adhesive, that is to say by chemical or physical
surface interaction, or alternpatively mechanical
interlocking may be provided. ’ '

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

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 surrounded by polymer matrix
material. An instance where this is possible is where
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 structur

which retains its integral structure during recovery of

»
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matri x be reduced by the addition of there of antirads. 5 O herw se
separate cross-linking steps will be preferred. A further feature of per
| dmipation cross-tinking (particularly by irradiation) is that a cross:

bond‘#ay be fornmed between the recoverable fibres and/or any other fibres

which can help to nmaintain the structure 10 as a true conposite,

particul arly under severe recovery condi ti*ofts. This may all ow a nuch | ess

severe |lam nating process, since it can obviate the need for physical

i nterl ocki ng. Théhecartiedeer &okre thabavoidanpeeb€r dbubtbbdhdis Ué&re to the
Doy el "o T tndh hid! TePA"RARS 1R sPGsRANES' YRe1088! ma Pl Pa POV
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maki ng up the fahﬁ1¢he25abric. The fibres are preferably totally
surrounded by polynmer matrix material; however it is possible and at tines
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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 occupled 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,
bj

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 streangth 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 . (1

wherein X is the 20% secant modulus of the polymer



fabric.

the conposite structure facing” 1%2 source of heat is substantially
unstressed and has a 10 thlckness of at least 0.03nmm especially at

0.01 mMm

he article. For the avoidance of doubt it is here stated that the
rix is used to include materials which surround (partially or

¥) the fibres and al so those naterials which are nerely affixed to a
urface of the fabric but do not penetrate the interstices of the ‘<«

Preferably the polymer matrix material at |east on the surface of

| east
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0.5 most preferably < 0.05.
Y R ' a

The composite structure can be formed for example
by laminating one or more layers of polymer matrix
material to the heat-recoverable fabric. Sufficient
heat and'pressure'is preferably applied so that at
least a major part of the fabric is bonded to the
polymer matrix material, or so that a significant
amount 9f mechanicel intetlock;ng OCQUrs; The result is

a composite structure which on application of heat

recovers as a unit.

Other methods of bonding the fabric to the
matrix can be used, for example, imp:eghation, 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

. to any significant extent should be avoided, unless the

fabric is suitably':estrainedffrom recovery.

The heat-recoverable article can be used in
numerous applications. It is particulérly suitable
for enclosing elongate substrates such as pipes,
conduits, cables and the like. The heat-recoverable

*conposite is dependent on the fibre strength,
matrix 25 strength and the integrity of the fibre/polyner

matri x

w
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that an acceptabl e recoverable product results if the in- equality (M¥~is
satisfied: [err] wherein X is the 20% secant nodul us of the pol yner ’/Lfi'
5% matrix material and Y is the recovery stress of the fibres, both :
tenp®rature T above the recovery tenperature of the fibres, and Ris the
mean effective volunme fraction of heat-fgcoverable fibres in the 5
conposite structure. Preferably X (1-&5 < 0.5 nost preferably < 0.05. Y
R 10 The conposite structure can be forned for exanple by |am nating

one or more |ayer Eglaokxgesen@a&éar@ﬁeal%rf&é hendWedd £ ey of allyer

fabric. Suff|C|en eat an ressure s preferapl pplied so t hat at | east
a major part of Pﬁeaf&SFFE“FS°50ﬂﬁBﬁsfﬁetﬁ%mﬁﬂﬁltikﬂjnﬁﬂe 3hantgan 4l

or so that a sigpef acaasta280dnE aﬁenachesicelcamtwélwckemg anx:waxasmme

result is a conpQ r i ch.pn | | t overs as a
unit. O her net hﬁ@%‘"&%ﬂ%ﬁgg?ﬁ% fn ?l%g?p %ﬁé%ﬁ@e l%}?‘?x écfat?\ be used,
for exanpl e5 i npadhraives, whicht can beaused include . pobyamide mndier
coating, reactivgepbeenal ¥IRYE: aseaatece%fge% 4B sateedived od by WV or

per oxi de, and the In ang bond |n9 o ed suff|C|ent heat to

cause the fabricSushy aghesives are well known, f xample see U.S.
Patents Nos. 4,018,733, 4,?81,775. If desired a heat-
curable adhesive may be used for example as described

L 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 layér 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
-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 polymer material itself or provided with various
additives such as antioxidants, ultra violet stabili-
zers, pigments, anti-tracking agents and thehlike.

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'bréak-out structure for
cable splices where one cable is spliced to two or more
. other cables, or'whgre two or more pipes are joined
together.



25 _to any significant extent ‘should be avoided, unless the fabric is

sui \y restrained fromrecovery. The heat-recoverable article can be used
in eYous applications. It is particularly suitable for enclosing :

el & e substrates such as pipes, 30 conduits, cables and the |ike. The</

heat~t"ecover abl e article canrpg coated on a surface thereof with a |ayer

of a seal ant or adhesive conposition. The seal ant can be a mastic and the
adhesive can be a heat activable adhesive such as a hot-nelt adhesive.
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t he outer sur ace
10 impervious and have sufficient hoop strength to resist

" 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
15 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
~ 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 objéct
(such as a cable splice); the sheet material providing
an impermeable, creep resistant and split resistant
30 surround, and the liner providing impact resistance,
axial strength and other mechanical requirements.

If the splice caée'o: pressure'vessellis-intended
to retain pressure during use, rather than merely be
pressure tested for integrity before use, certain other

whi | e
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lam nated to a material which is not. As will be readily apparent the —.
matrix material can :be selected for various other desirable propertieg]

i nherent”in the 25 polyner material itself or provided with variou
addi*s¥ves such as antioxidants, ultra violet stabili- zers, pignents,
anti-tracking -agents and the |like. The-hgat-recoverable article of this
“invention is typically a sheet but can be of any configuration 30 such as

tubul ar, including multiple tubular portions interconnected, for exanple, a
br eak- out struct fratREeScABYcbepPFeRidefier cATALEAIAR FENG | PR]]PURS t wo or

more ot her cabl e%cc@és""?é!iﬁtt WelPr Ber @s@f@bby dpfov Méddin 0ged h¥coverablle
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~according 1 the opr gGaY ybNUENGEARL NAYG 16N LON s @ PEePARISHH Al
suitable for use in enclosing a splice between pressurized
t el ecommuni cat i o8hegklre§inTrReSPLEbYEREI18r 1988 clike by kD 1PFHT 4 v F¥aA st ant

todt Ee effefclg_s infItOEGQSUIEQ?aBE 'ate{sfbndpe?hedi?mwawedw ir;)s'éﬁtﬁ!;dg &gs
and have suffi ci oop_stren g, resist.ru ri pg_under U a
pressure (the pr§§§upém595i8§Pﬁ§gu 2§ gﬁrﬁ?QSSEW¥Z g T2t 2ch 43 on
systens) at the bpdeaforgthenpeiveumay bé preducedteimply by moving

Lj‘. 10 adjacent fibres apart,

A second feature desirable in a pressufized
splice case is some means for preventing'any bond
between outer sleeve and cable being put into peel
by the internal preséure. We have obtained satisfactory
15 reshlts 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 fcross-section and is installed with the re-entrant side
facing into the splice case. | |

' Other uses for the composite structure include
enVitonmental protection or repair or insulation of a
wide range of substrates. in the telecommunications,

25 high_vol;agé, electronic, oil and gas, and proceés
industries. FPor example in addition to the production
of cable splice cases, cables jackets may be repaired
by the installation 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, in which case a sealant,
particularly a mastic, coating on the composite is
desiréble;' Pipe inSqiatioh can also be built up by
means of the composite, optionally with some other
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Where a cable splice case is'to be fornmed, the 15 sheet of the invention

wi I/{ \Bg used in conjunction with sonme kind of internal support, such as a
“ge Jly cylindrical |iner having tapered ends. The liner is preferably +
sha in this way such that its larger central section fits around the <
bul ky cable splice, and 20 igﬁgiapered ends acconodate the transition in

size down to the cables. The liner may be of the wap-around type, in which
case it preferably conprises half-shells having crowned or other end
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vessel may be built around an object (such as a cable spl i~ee); the sheet
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surround, and ner providing | resi stance strength and
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i ntgndedyhpiseyobp L6MBSHERLELT i Nng use, rather than merely be pressure
tested for integrity before use, certain other -18- features nmay be

provided. A valve on other pressure access point will be usefully provided
in the recoYetabhethheel:seaoﬂ the cdmpositefisxBak tseduwingiternal liner. A
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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 particularly importantiekample of such a
use is for the protection of electrical wiring extending
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 wiring may, for example, be used to
transmzt electrical power for heatxng elements located
along the leadzng edge of the blade 1n order to prevent
20 the blade icing. 1In this instance the wiring is
retained along the spar surface_by recovering thereon a o~
heat recoverable article according to the invention.
It has been found that the fabric recoverable articles
are partlcularly suited to this appllcat1on in view of
25 their relatxvely high abras1on resistance whxch prevents
or reduces any damage thereto that may be caused by
exposure to the elements. In addition, the relatively
high forces exerted on the substrate by the installed
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 fabrzc articles have
' relatlvely high split resistances enable them to be
recovered over protuberances on the spar such as nuts
and bolts.
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sheet, since splitting is less likely to occur. Even if some fibres .e\\\
br oken when the valve is inserted, the damage shoul d not spread, and.Z¥d l
cdre-is taken a hole for the valve may be produced sinply by nmoving 10!
adj adent fibres apart. A second feature desirable in a pressurized splice

case is sone neans for preventing any Qggg bet ween outer sleeve and cable

being put into peel by the internal pre' ure. W have obtained satisfactory

15 results using a strip of material having one surface which abuts (and

preferably bonds to) t!féq'Q%?\}:%za%t%'i}?ﬁgt‘iateﬁgE%\?\gﬁu%'?ﬁéeébHQSsﬁin

preferably bond to) the s e, suc suffaces can open out.
The strip of nat @nealend &fombdich 18s aktachedytonsheqrobor piade.gea¥bPe¥. and

i's i nfst al | ﬁd Wit trfifnbe? O me&ftiabd?pagecmq_ bet arthageal atongasreX her
uses for the conposite structure include enviropment protection or repair
or insul ation c#nifqﬂ€§b°ﬁgﬁ§§ &FagdﬂgtF§9§s°Fn%Fﬁer9g?Echﬁﬁ§ﬁitﬁtions, 25
hi.gh vol tages el qpdevanitc, iciing afd thas blade ,paadethei ellactrical pdéwereckanpl e
in addition to t ' of,. ,cahl i a cgb J may be
repaired by the ih,:ﬁrsﬁ#ﬂa%tctltelgﬁrlgf tﬂ%e%ﬁ_?ﬁ%@%n%g%t é?a\%t% gg?tei gﬁ?ﬁ%%ﬁenef it
due to its high sk @Ffer to cet@iin the,h@rngss gerused¥ PaskheaRear, a| so,

pi pfes may be prolttﬁralttedsﬂ‘:ﬁ@mqmu Wrlaparoundt bﬁhpé&neeptkagmgeh;easF a

S P oA BB R T 30nt 3% EREPARE A EnHSShARR! B,

wi M7 some otHer 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 arrangemeht. The under surface of the cover
may be provided with a layer of & 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
harness. Depending on the use of the cover, it may be
desirable to coat the entire surface thereof with the

25 adhesive or only to coat marginal portions extending
along the edges thereof. '

For many uses, the recoverable composite structure
of the invention is preferably produced open as opposed
to tubular. The sheet is easier to-manuféctute

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 réquired is some means whereby the recoverable
fibres at opposing edges of the sleeve be trapped



-19 i nsul ation material such as a foam ng material. Thermal and/or

el gct™ical insul ation may be provided. A further use for t-he conposite is
Tn production of hollow articles for housing and protecti.on of a wide 5 -
var y of conponents. Yet another use of the conposite. i's for securing s
together two or nore articles.gfjar exanple a pipe or a cable onto an
el ongate substrate. \Were pipes or cables have to be held secure under
adverse conditions 10 sone tight and environmentally resistant fixing is
needed. tdaaahnartlqhha@bnuttpustaah bearpgardeédsashof Beeris for the

protecti onﬂ%g &p% tri 3@5 \glly rr; 198 Q.dbp_gegl ngdt ngeégeﬁgag surface of a

hellcop *ad taln I'nstan € necessary for
15 el dettvieen oppoisiggt sdsmsencf &henghtensc.eptepnaillyuwiabeaof the rotor

bl ade spafe iy %aebe?ﬁssp%nhmaekt be l&hadsveﬂsbp%gl 8dg8tyn for exanple,
be usedto transmt_ el ectrical or eatlngee enen s | ocated along the

|ru;ﬁﬁﬁ??%ﬁYﬁiu§QQ§aGQeiP°@Fdé&?9096P8€éH?Y2 ekwesnabbei cing. In
thl S | nm%eww/\wtﬂen@pp&sﬁmaleagd poeedohBs apdronermase by recovering

found t (e HaFore BReGeho tol, the, ARFEC FacOte Y EBFrs Y8l | oui ted o thi s
appl i catpropenlwitsansmized fixom thel fabrdlcy thi gheamasrisnatesi st ance which
Pr event gHyse QuYedS 2186 AAMIYC soi@! fle@n's WhilhY pefetauted BHeexpOSUre to
t he el enents. I'n additjion, ‘the relatively I
10 sheet may be used, and here the fabric will be directly o’
involved. In general, this technique was not possible
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 positioned adjacent a lap
joint in the sheet and which has a plurality 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 may be held together by some form of ' NS
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



hi gh forces exerted on the substrate by the installed heat recoverable “
article prevent or reduce any novenent 30 of the electrical wiring cayged \
by t.he centrifugal force or other forces when the blade is in operatioq%j%%}
Furtkeérnore, the fact that the fabric articles have relatively high spl

resi stances enable themto be recovered over protuberances on the spar such
as nuts and bolts. - 20- Fbllcopter‘?gror bl ades are supported by spars
one end of which is attached to the rotor bl ade gearbox. A nunber of

heati ng pads may b arranged, a th th_of _the di ng edge of the
rotor blade to ® © °EP§?eﬁF PSFnQ ?Hg B?gﬁg At aath e é&gbtricar power is
transmitted to mhetbeampdgypsﬂecah&ngehvaﬂgesharAeﬁerthqropqe$ibiﬂitﬂeﬁm

the harness secyely, 8@ Eﬁ%s%ﬁa?ocﬁebgaﬁtsaébﬁk@éb@ wﬁ@p@éouggvgonp05|te

structure is recovered onto ortion of the SE on %hlch t
har ness extendstUbFHérb§ﬁ§8§tPEesPFQCF&PEtePstBFe BP&bI?hg %i&F???é;61

l'am nat ed heat - shibenlehlane bedRgl ased WBi ehshbetl amaat ednpawmﬁd:@awyers
are unirradi ated .and t he recover¥ ratio 8 %ructu e is
b erboviERTRNEE o F

appr oxi mat el y 2°f°ﬁqui§°d8f°Eoﬁ gr psu 2T2d*9%2%¢ | ayers
to be irradi at ecalechough meationedein terms of beaVQSbedPPrhemggggigis

prefer ably for Mufhedhad 3P BLALR £AbEICLCsABH b3 BEAYAHCHn kiliggai | and
channel type closure—arrangenen e under surfac t he cover
\w} Several of the above closure technigues 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

20 composite to be penetrated allows portions of it to be
joined together to form not ony a tubular structuré,
but also form various shaped hollow articles such as
bends and tees and also to form diverging branch-offs
in simple cylindrical articles. In general terms _

25 therefore two or more portions of the composite structure
may be joined together by means of a mechanical
joining arrangement that penetrates the fabric. The -
joininglarrangement'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 separate
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



may be provided with a layer of a hot-nelt adhesive 20 - e.g. an

et hyl ene/ vinyl acetate copol ymer based or pol yam de based -adhesi ve in order
10 gecure the cover to the spar and to prevent ingress of water along the -
ss. Depending on the use of the cover, it may be desirable to coat he
fe surface thereof with the 25 adhesive or only to coat marginal
portions extending along the eﬂﬁ%s t hereof. For many uses, the recoverable
conposite structure of the invention is preferably produced open as opposed
to tubul g, _The sheet is, eagje ac ., and al so

easi er tﬁéf‘ﬁg‘?ﬁ?lcg "éé t$ %‘t %‘?éﬁo&?#& {J%‘%fr Gri# tﬁopeg%er\é% red need not
be accessepaecatddefpombtizat tédge rby at sledmtefiaur rawsh@f t o secure the

sheet | ngjpgeys aQR&d;HOﬁségeseél&@ LGl e ééﬁ)csiéé‘t&cﬂﬂ%% i's required

i s sone neans Wwhereb recovera es of the

es at 0SI ng
sl eeve bé#?ﬁ‘b%eﬂhere vhe Riglht f‘ﬂe‘?a %&%@Qﬂqkﬁlgpi‘aﬁ%et%garded as of
foug brogdzﬁypese &i §§&éi/n? d>ﬁpaor1@i§uersbmwbrmayhﬁ reeleE dyteien opposi ng

edges of the s t1onal atch t event. peel - back of the

overlapp?% eﬂb %resPQ% oV éh e ?é;{knﬁfa ?fi Sffiferal 1y be between

the natr8et@ m,tpeeﬁppablngaemgpapbrlﬁ-cms Zmrmacfm:mhn ﬁatarim‘ ore ensure

that theg e fogC 0 I S g fabric to
2 % %@fé’i’?&d A ﬁeﬁﬁ%?g R&£ é’o&ié’é‘ iﬂ:

t he natrl ose ed Seco sonme means’ enetrates t he
his will 1ncrease the thickness of the fabr1c which in -

10 general is not desirable. In order to reduce the o/
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
the join. The reduction in size of the perforations
also helps any adhesive layer or matrix material to
25 fill 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



10 sheet may be used, and here the fabric will be directly invol ved.
general, this technique was not possible with continuous sheet materi
due to the problemof splitting. Wth a fabric based material, ho
split~resi stance may be extrenely 'high. Exanples of this 15 type
closure include stitching, stapling, rl%?ling, the use of pre-inserted

catches such as press-studs or the use means whi ch nay be positioned

adjacent a lap joint in the :sheet and which has a plurality of projections

whi ch trat 1 pi ¥ t ' ' i
rrelntci oﬁggei LarrgrggsgﬁéggfggggSngéﬁe%s’v?bggh%agﬁifﬁlrc% t?(g%etﬁécl)?ﬁcq%sxure
i nvol ves forningpegymerjHhﬂgehﬁtﬂﬁﬁbsiﬁgdeﬂaﬁlﬁﬁﬁlltnﬁﬁ(ﬂnqtﬂ?sﬂﬂﬁﬁ qf, the

order that they gpy¥whealgl €ab0Agt S6Ffaves SORPL{ @148 Ofnsd aémﬁbmm such
as a channel of C-s

haped 25 .cross-section or b rez usab tool. This
may be achi eved ByaBoEBanaﬁﬁf%r?ﬁ? ?5P?ﬁ§a£g§e“%éfh¥cﬁﬁfcﬁ“ $%i ng t he
edge portioss baskbsbrabessehatshivet highl iytermahcpressuresior ipr
| engt hwi se of. th heet e;Le i\ N d i : Jgj Ve may
then have a 30 Sgﬁagg élaPnI arlﬁtgﬂi'%ié ?%:élgggfg{%e&ﬁa%sigc r e|s'"llé-af;1q.'r?§-channel
¢l osure di scl osegarhicul paignsevesesmechanicabuabeseechni que to be - :
mentioned conprises formng the fabric in such a way that the recoverable

fib d ' h ' be_i 0 d ' d
dopbl s back. A exampfBe, sov8REERR, L8 oRaFERFE AEHPSLAALFLTRY TR | com and

i nSeft accompanying drawings in which: |

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

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

Pigure 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

Pigures'4 and 5 are exploded sectional views
20 showing edge regions O£ modifications of the article
shown in figures 1 to 3 afte; they have been wrapped
around a substrate. .

Figure 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 formed 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. ‘



-22- a closure nenber into the weave at each edge, or to enpl oy special
selxedges. A further possibility is to weave cl osed pockets at each edge,

apply nutatis nutandis to other fabrics such as braids and knits.

weave -- tubular structure and flatten the tube, the flattened 5

en being used as a sheet which can acconmpdate closure rods or otwer
meRbeys within it. These ideas, although nentioned in terns of weaves,

Sever a

of the above closure techni~g#®s=are 10 described in UK patent application
8300223. Where the recoverabl e sheet of the invention is used in the

wr ap- ar
edges

retenti

configuration

be.,desi

d i . | |
3, €285 T, diao APLABRYEPEEGaRA' anf ALBALEARCHO

a_flap under .the opposing
_ gﬁweﬁe integral 15
wi th t hmatleedial 6 lals shpwaveoeeviclieardyt ih fighreg2andThé«nced be,

pressure

Wher 13 mateRid! 8CRBnEYG kAT ¢UB! 20a1RLRY6! QRaSHeCt in 2 wrap-around
may now be retarned to

N nore genera

erms. The ability of

the recéosmed roe a theppoplastécheopymersathe dpménsepbavingis of it to be
beed! Namihatka Bnie! oppisd teUBEAAL éErHEEUESbrthe§#§0'for”‘Var'OUS

j oigned
shaped
br anch-
two or

joining arrangement Is pr

nor e st
10

15

20

25

hol |l ow grti.cl es so to
A

& & me

orm di ver gi ng

yuch as bends and tges and al
LPRaPFoSres, and) subspatsatLy Fro88 s 25 t hor of or e

inkedosbi ahatoleache lamipasét andt Tuadheeesabobk toi the toget her by
means OEa%rq%CQ%B'%%!th%'B}BQraF%ﬂ@HSUEQBdtQQtFRSQGEE§§GS the fabric. The
nment preferabl'y one or
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chosen recovery conditions. After the composite sheet
has been formed, a rail is formed along each of

the edges that extend along the weft direction in order
to probide means for rétaihihg those edges together
after the article has been wrapped around a substrate.
Before or after the rails have been formed in the
article, the composite sheet ! 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. Its

"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
abrasion resistant; and it 'is highly 'split resistant.

Pigure 3 is an enlarged exploded sectional view
showing the closure rails of the article in their

_ dispositibn after the article has been wrapped around a

30

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-
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

stitches or one or. .
‘ \o

-®



30 together may be discrete or may nerely be separate portions of a 7\
singl e piece of conposite nmaterial. Were stitching is used each lin pa
stsi tches .preferably has from 200-800 stitches per netre, and the lin
-23->stitches closest to an edge of the fabric is preferably separate
that edge by at least four rows of fibres, and in the case of high float
fabrics such as sateens where the i &6 f1oat is perpendicular to the 5

join line a spacing of at least 6 rows may be preferred. This wi:ll
correspond to an edge overlap of at |east 8-10 nm - refenagl at | east 16
or 20 nm for theth%ttﬂ%fwlﬁ‘bfm.a“qu?erﬂlﬁﬂfPGFtéé r§8,°°83‘-'¥r ovi ded

but Ejhi,s W’bll irkffeaﬁéa ff&éﬁiigkf&fesﬁﬁllt.helﬁga:ﬂ.hb@nvwihgbnbﬂofothegf—ggém is-
not desirable. n oyder to reduce .the possihility. o eakage 0 e
heat-recoverablepqﬁﬁﬁﬁﬂ§tﬁpﬁtﬁ9ﬂﬂﬂﬁkﬁﬁrﬁ}e %'§§Wpﬁ t(gF°§t38Igﬁéfabperation,
t he needl es ( orwisikeligs)thshmtihehedge posttdion &het isheett epteadd have a -

maxi mum use diaggi Sa qRi ; di st ance
bet ween t heglheat - S ﬁdnckgalﬁ reﬁ?bi%s%ﬁ'k%‘sfuanbﬂréﬁﬁﬁ tasg\%gr}?g rgligP'st i tching
shiter the |dRkic

or stapling ari enhas threr whappede aspund, s hen Suhsitrgte
axially, their diggeiws edgé ipor:iony ease droght togetherhan2@l they

perforations in e fabric u | gh t stj.tches _qr I ass cl ose
up and the fabri%@'&i%%é ﬁwﬁeg{aqt %‘eaynoer&'st% ee_gf,am[pﬁ%r éa%yslﬁ??%?'egéi p]g fhe
strength of patent Specification No. 1,155,470, is slid over
N 10 the rails to retain the edge portions together and the
article 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.



the join. The reduction in size of the perforations al so hel ps any

adhési | ayer or matrix material to 25 fill the perforations conpletely
ah %b« educe the possibility of |eakage of fluids though the recovered = .
artNaol e/ this being particularly useful in articles used for environnentals
seal ™™g, for exanple cable splice cases or corrosion protection for pipes’

or pipe insulation. 30 Usually, it wll be necessary only for the
conpo- site structure to contaifl & 5 ngl e fabric enbedded in or bonded to
the matrix polyner. However it is quite possible, and in sone instances it
may be desirable, for the conposite structure to conprise a plurality of
-24- fabrics, e.g. two fabrics having a layer of the matrix pol yner

t her ebet ween, and optionally ofABEkfIor nore of the outwardky facing
surfaces Articles that enploy nore- than one fabric are especially useful

for enclosing 5 substrates that have high internal pressures or for use

in cases in which the arti EIR®TEYPESELi8Rj ect to particularly severe

mechani cal abuse. The invention is further illustrated by the acconpanying

drawi ngs in which: 10 Figure 1 is aperspc]i.ve view of a

W Aflsral %ﬁé&i cle accordinng to the inventi g Wi ﬁ@“{méﬁaﬁ) éhe

COTpoSi t ture exaggerated for the sake =yt s3

sectl on 199RMRANLPS (MPA} aEn&SQICt i cl e 0.13 0.3 0.42
Tensile Strength (MPa) at 150°C 0.93 1.4 1.46 . -
Elongation to Break (%) at 150°C 1480 924 754 ~
Gel Content (3)* _ ' 27.0 58.0 67.0
Recovery Force (MPa) (peak value) 1.17 1.2 1.3
Recovery (%) . 89" - - 88.5 88.5

2 1008 Modulus (MPa) at 150°C : 0.27 - 0.21 0.34

Tensile Strength (MPa) at 150°C 1.36 1.93 2.98
Elongation to Break (%) at 150°C 752 487 777
Gel Content (%)* - 10.0 40.0 61.0
Recovery Force (MPa) (Peak Value) 0.57 . 0.6 0.65

Recovery (%) 89 - 87 8s

* Obtained by refluxing in xylene



15 of figure 1; Figure 3 is an expl oded sectional view show ng the edge
regions of the article shown in figure 1 after it has been w apped arging a
substrate; and Fi.gures 4 and 5 are expl oded .sectional views 20 sho ﬁ
edgexvegi ons of nodifications of the article shown in figures 1 to 3\a
t hey have been w apped around a substrate. Figure 1 shows in perspective an
article according to the invention which is in the formof a waparound 25
device suitable for enclosing an el angat®=substrate such as a-splice in a

t el ecommuni cation cable. The article is formed froma conposite sheet 1
conprising a fabric having heat-shrinkable filanments 3 in the warp
direction and nmultifilangnt glass yarn 4 in e Rt direction. - 25 -
The fabric is entirely ¥p@BE@TAR Btrilx PREE material 5 as.shown
nore clearly in figure 2 Thew matrix material 5 conprises two |am nae 6
and 7 formed from a therpopl astic polyner, the | am nae having 5 been

| ami nat ed onto opposige pides of the fabric ®w.®ly a nelt |amnation
process and subsequeryd Iw| c ] d o a | am na 6 and 7 adheres
both to the fabric and :tgb .lgﬁg%tﬁhﬂsl a?ri ng~I 1et;grlﬁapsg:that t hey exhibit the
desired flow charagtetisfics under the 10 chosen recgvery conditions.
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has been fornmed, a rail is fornmed al ong each of the edges that extend al ong
the~neft direction in order to provide neans for retaining those edges

toggt r after the article has been wapped around a substrate. 15 = Before-
or Y r the rails have been fornmed in the article, the conposite sheet
IS ided with a layer 1Q @ & seal ant or adhesive, e.g. a nmastic or a

hot |t adhesive. The article has been found to have significant

advant ages over prior art articles. Its 20 ability to withstand hoop
stress, resulting for exaBgB@PReodh i nternal pressure is higher; it can be
heat - shrunk using a torch with reduced liklihood of danege, it is abrasion
resistant; and it is hig ¥1es plit resistant ure 3 is an enlarged

expl oded sectﬁSﬂ&Fr9F8KP25 sﬁBﬂPﬂﬁlFﬂesb?ﬁgﬁrﬁgFﬁlPSeB¥'G¢e article in
their di bposatnmatahgea sbg10r (28L.6/Ba9 breemw) apwell afabipiica substrate

Each rail f med I h t heet
around = Pyan SEPRr podvFERREER, BaFRER: PRemBoiapRRAPLeR Ao o g Tyl one
press- 3@ibernd fiactbelabove exampbenawgthapopnmeromatngether to forma
wal | bel iatarile 1A0cAS #6¢m!BE ERErulba! BReabcogls @RCcRESkAOGS (e M oi na

portions to set _themin - i guration_shown andto aliow partia
recovery 6V1Pﬁe1FF5483 ig Fﬁg'méFFad#Stéﬂan Theohamipatien c@& portions
the conpeshdactedctini a peessbbekweeni 83¢iéonbi rabbert SkegtHer edge portion

the Sheehngéke@gﬁdxtlons appropriate for the particular polymer \_)
matrix material used. The laminating conditions are
shown in table III. - '

TABLE III

Laminating Conditions

Composite
No.  Polymer Temperature (°C) Pressure (ky/cm2) Time (mins.)
1 EVA 460 105 45 5
2 EVA 250 100 5 3 U
3 Low density = 150 2.5 S
Polyethy- '

lene



5 beyond the rail to forman underlying sealing flap. After the device
has been w apped around the substrate the two edge portions are brought
together until they abut and a netal channel, for exanple as shown in U.
pat eRt’ Specification No. 1,155,470, is slid over 10 the rails to retafrm)
t he edge portions together and the article is then recovered. Figure 4
shows a nodification of the article shown in figures 1 to 3 in which the
conposite sheet is bent back al ong.eggh.edge portion and a separate 15

pol ymeric sealing nenber 15 having a sealant |ayer 16 is providet: The
seal ant nenber may be fornmed fromrubber or other el astoner, polyethylene
OL the : I ke. Fiﬂgurelgrﬁbogésglgﬂﬁq hesmpogi e cstti-mwfjeé hee 1 té@ﬁﬁe%i ch
t he sealing nenber ig.bonded tpo, 0 edge rijons Li ng
nmanuf act ur e. ExaﬁBIérfaaé3€3?8cgbgPagfgg§a%r$%€8%%7tb I%;?2é£LJQ?W|ﬁ t he
heat - r ecover abl e tampechtuvé ahi 8 dosenravte ofre. 4 Mradsbuimytewtor ng hi gh
density pol yet hyl:?ﬁ%s“&ﬁt@ﬁgb?gg@to BES4dcé n&%i&?&%ﬁn %oé’éfdf)%,ﬂ\%%’e/e

patterns and subjecting ric . to i1rradiation. brjics were
i rradiated 8si ng66MrBYSciBC.FRSRSCEVE| PaBPLeS ¢ sThe PEORRLRLSS OF the
M ads/ mi nute. Prppgymeesmatriemétdrial andré adliown v cTabbé eIV iandlabl es |

and 11. - 27 ielégggylof composite structures are shown in Table V.
In Table V, the composite structures were prepared from
Fabric No. 11 preparation in Example 1, laminated with

10 the polymer matrix identified in Table 1V 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 frée fabric.

o




Fi ber Properties Radi ati on Dosage (M ads) Fibre Propefty '

8 16 32 1 100% Modul us (MPa) at [err]
0[18 ] . 0.3 0.42 Tensile Strength (MPa) at [err] -
0 ; 1.4 1.46 Elongation to Break (% at [err] ‘-
1 924 754 Cﬁl Content (9% *
27. 58.0 67.0 ‘Lovery Force (MPa) (peak val ue)
1.17 1.2 1.3 Recovery (%
89 88.5 88.5 2 100% Mbdul us (MPa) at 150C
0. 27 0.21 0.34 Tensile Strength (MPa) at 150C
1.36 1.93 . 2.98 Elongation to Break (%9 at 150C
752 487 777 Cel Content (% * -—
10.0 40.0 61. 0 Recovery Force (MPa) (Peak Val ue)
0. 57 0.6 0. 65 Recovery (%
89 87 ~a 85 * OppaWn by refl uxi gg ¢ n-xyl ene
[err] - 29 - EBExghpl e'Z‘ﬁﬁéat-reﬁover'aije onpotlte sh&ets Mere @repared
by |aminating a 60/ 0 (237%6/3 8ih cne} F\M'rlﬁ ric woPer”fRoi®
pol yet hyl ene monofi | ament idenf fied as fiber¥1 in the above eXanple, with
- pol ymer matrix (Ete | al @i mtge fo[mofveét reuded sheet 0-5£n"nth|ckness
wNoN 'Ngll cov&asi
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having little, if any, irradiation. The |anination was conduct "7ﬂ}-a press
bet ween silicone rubber sheets under conditions appropriate forThe/
parti-cul ar polynmer matrix material used. The |am nating conditions are

showasin table I11. TABLE Il1l Lam nating Conditions Conposite No. Pol ymer
Tenperature (C) Pressure (kg/[err]) Time (mns.) 1 EVA 460

105 - 45 2 EVA 250 100

45 3 3. Low den3| ty 22.5

5 polyethy- |ens - 30 - The resulting cﬁosme structures were

subjected to irradiation with 6 MeV el ectrons in air at roomtenperature at
a dose rate of 0.24 Mads/mnute for tinmes sufficient to produce a

radi ati on dose of 2,4 or 5 6 Mads in respective sanples. The
properties of the polymer matrix materials are shown in Table IV and %
recovery of conposite structures are shown in Table V. In Table V, the
conposite structures were prepared from Fabric No. 11 preparation in

Exarrplel,lam'natedvvithlo-a- eopolmer twxaidentifig@ gn-fabl&!lV
and the conposite irradiwa %JI nmabgorbg go)s§ r}; M aglsg -T‘L]e,,
recovery ratio of the corr305| e str = b
e 238 ~ 888 - 238 7§
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is preferably at |east 40% nore preferably at |east 65% especially at

Ipa sty 70% of that of the free fabric. [err] [err] - 33 - TABLE V
ogite No. Pol ymer Matri x % Recovery 1 . EVA=

Livrear | ow 68 density poly- ethylene 4

DYNH 3 60 - 34 - EXAMPLE 3 A fabric was forned usi ng

an eight shaft satin enploylng 0. 29nm di anet er hi gh density pol yet hyl ene
filaments in the warp and 75 E.C. G glass fibre yarn in

- 33 -
TABLE V
Composite No. Polymer Matrix ' %-Recqvérx
1 EVA 460 . 70 I
2 : EVA 250 69
3 ' - Linear low 68
density poly-~-
ethylene
4 DYNH-3 60



the weft. The fabric density (warp density/weft 5 density, measured in~
fibres/inch, fibres/cmwas 90/16, 35.4/6.3 The fabric was irradiated wt
1.5 MeV el ectrons.to a dose of 15 Mads to give the warp fibres a gel -
conteat of 37.3% (refluxing in xylene) and a 100% secant nodul us of 0.60
150C. 10 * The fabric was then egxrusion | am nated with | ow density
pol yethyl ene at a nelt tenmeperature of®*ferr] between a cooled nmetal roller
and a rubber faced roller. The pol yet hyl ene had a thickness of 0.6mm on one
side of the fabric and a thlcknes§x§ﬁP933gn1on 15 t he ot her side and,
after | am nation, the conposite -was—rrradi ated with high energy electrons
to a further dose of 4 Mads. The | ow density pol yethyl ene used had a nelt
flowhi ndex of 3. 0I a FUﬁhShave&ﬁgmméacu&m vaigﬁgn\? sHafid, émﬂ:ang a
wei ght average np e ular 2 4 r secon

el ectron irradi aﬂ“g ¥t Bg Fh%glf“&v\?hé%%?v? rb%%e‘? L EAR A Ff°e1rﬁ g’ %h
constituted the fiiamentat énithe hadptamdfbﬂm G ngg Imss f ith es y ak®0 %in

secant nodul us a e ul us at
hkCikkt, The éaﬁﬁ s ity (waé&%%er@ﬁd .

[err] 0. 03 a Tensile stre ongation to
break at [efr] de““GYO%‘&F“E t &Rt ff Eesfinchy, x%%/c‘%g’@ﬁ)g@{ﬁyﬁ'ex :
viscosity at [ergb.396.3 Theafsbriclwésrieradiated with 1.5 Mev 2. 79x105

poFs? 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.

10 The fabric was then extrusion laminated with low
density polyethylene at a melt temeperature of 260°C
between 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

15 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

20 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
25 100% 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
30 " and at 1.0 rad 5 - 2.79x10°% poise



4

- 35 - The high density polyethylene fibres, which had been irradiated to a
d f&} f 20 Mads, had the follow ng properties: 100% secant nodul us at

A 0.29 MPa 5 tensile strength at [err] . 2.-18 s
| ongation to break at [err] 780% gel content (reflux in i
xyl ene) 42.25% recoverygforce 0. 62-Ma
recovery 87% 10 A sanpl e of the sheet

so formed was cut with di nensions of 15 inches (6 cn) in the warp direction
and 30 inches (12 cm in the weft direction, and was provided with a

parall ol to TS TLypqeRORlY bOyyshyfons WiSRAEP MOAPRGH P COOCS
pressi ngeehecirradiated ctp oa dose @fc2Qdéradsl, hadetherd heating to al | ow

partial g5 EEOUE Fobéfe{sgric. Before the closure arrangenent was forned,
a 0.4nn1tﬁfck %ygr %f pol'yam de adhesive as described in U S. patent Nos
20 4018733 or 4181775 was applied to the surface of the 0.6mm

pol yet gyl egelbam' séc &yt ambdihl us| athﬂszg tec%rﬁmsa.nﬁe vvragaround arti ﬁl e

SO.produce 4. Y. rafh@a(i.e. 75%,i{ut wrap direction. The

~arTicle was Fg‘g?gheb%t%%ﬁ\&ﬁgx%ﬁ%gn%h-off I n Zg‘ﬁvﬂﬁh a 43mm

pol yet hyl eneelongat tant to cbveaknatal $@Ccabl e wa®B@W vi ded into two 19mm

di anet er po'¥§1h?$69§n%aF¥§ff@xcfﬁlf?%ﬁféfﬁycheﬂifig¥3¥ (registered trade
um aps

mar k) al umin | ner _havi ng col e end cromqg was positioned over the,
branch of f sEeSAYELYhEOEERtral 0.62 Mpa

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 R
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 4.1
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 divided 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,



-

- 36 - cylindrical portlon had a di aneter of 92nm The article was then
wr apped around the cables and |iner and recovered thereon by being
wkth a [err] torch. The article had been seal ed agai nst | eakage off &
pressuri sing gas between the article and the cable jacket in knowNnes

and a clip as -described in U S. patenf_No. 4298415 to Nolf was used to seal
the crotch region of the branch-of f7 e cabl es were pressurised to an

i nt ernal - gauge pressure of 15 p.s.i. (1.05 kg 10 ) and t-he branch off

was subjected to_a S c t he
tenpera{ure was FXF§§§Q$F§%13§5?£%+ T%ﬁr% éf&%@% {I%Qéfﬂﬁp e%ﬁ%d of one
hour, mai ntai nedaxtifder fasothenuvr Apped, ar@n&ﬂeﬁh¢rQﬁhkﬂFtQﬁQe&kﬂeﬁwer t wo
hour's, i nt ai negngt rb@b&bzé& théPéohOby DOLAG REskédap tmi$eskd Eptﬁrrbl ent

[err] over one hour. % s regorded after_ten cycles. EXAVPLE 4
Exanpl e 3 was reﬁ@ﬁFBd mFPﬂ grkiglechad obeen sealnd ragaiast Jeakags of
density of %8 fi bi:é&sﬂeli.s&ﬁqhgéi.5e€6eenftbeesrt)ﬁéle:rﬁncglmmg:ablrecovery

kst e CTISBRE AACRAGeR minded Hacs L SLRMLARE A S Tac
glass fibre 25 &estoNe igbagﬂéstm bfy‘aﬂﬁ uged tme“%\brﬂte mqu was
90/18 (30.5/6.3 irggiBh) o8 ¥h8JbPadch-6280VETNe '@ibles were pressurised
o to an internal gauge pressure of 15 p.s.i. (1.05 kg
s _ 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
1S 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
L 20 fibres per cm) giving a recovery ratio of the composite
~ fabric of 3.7:1 (i.e. 73%).
EXAMPLE -5

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.



in the warp direction. - - 37 - EXAMPLE 6 Exanple 3 was repeated with the
tion that the glass fibre was replaced by a multifil ament yarn forned
flromN\aromati c pol yamide filaments sold by Du Pont under the tradenane

r". This product had substantially 5 the sane properties as thats
of anple 3 but had a substantially higher trouser tear valué (neasured
according to the British sraﬁaard) of 150N. COVPARATI VE EXAMPLE 1 A

heat - shri nkabl e woven fabric using a standard 10 b- staged epoxy resin
matri x pol ymer was produgggégggg*gpnparison. An epoxy resin was forned
havi ng the fornul ati on: _ Parts by
wei ght Epoxy resin (Epoxy No. 475) sold 70 15 by Shel

Chem cal s unggampfiads- wE%”Ee?BQNe&OQhEIOEK¥ Ské‘é?@_ﬂoﬂ%ﬂé*&ﬂtﬁé‘bber
30 nodifier (%?ge 1% Anchoi 639 &tradenang}-Aze aic 9.8 20
di hydr aS1188S| 9520 MasS ZEPLRASRY; BY) @ multifilament yarn formedpie (1):
producedrbm a@bnauﬁdipglgamédeyfi&;méa;kogeld(agiquabue adéy sold by Du
Pont " undgly tRe4akh3HE"AREvIYRFEC THiLNpRoRLIBNREE' sGuERRAVILFPY N SO!
5 the same properties as that of Example 3 but had a
substantially higher trouser tear value-(measured
according to the British standard) of 150N.

~

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

modifier (note 1)

Anchor 1699 (tradename)-Azelaic ' 9.8
20 dihydrazide

Imidazole (accelefator) i 1

Note (1): produced by compounding an acrylic
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.



d

2% under the tradename "Epi kote 1001" to give el even epoxy grou \?\
aci d group. - 38 - The conponents were dissolved in nmethyl ethyk:k one
te yield a solution of 20% solids content. The solution was applie€ ver al

tings-to a 60/12 (23.6/4.7 in cns) twill 2up 2 down fabirc having 0.35 5
mm di amet er unirradi ated hi gh densi LysgolLyethyl ene warp fibres and E. C. G
150 glass yarn in the weft, so that the thickness of the reswiting
conposite fabric was approximtely 0.75 mm The conposite fabric was then
heated for one hour afrheccohpbaechtst ageet 8ésddlvedpinymetsyh. etliyel-t he
article so formed is heated. a t QecC o] eL.l he
vi scosity of theqﬁﬁp ex%8b9§gxﬁg? g?éggigpnggt9?%ﬂ%é?§?%lé°é%ﬁ%&Value of
about 50 poi se arfhet Isodutionhwasaapplijedhgeverabetines\tacasf®f125_ of the

surface layer of (e gyl Xni RpEFatRd1102dpeat 86wh2EbiPE RaY E6g f@I 34 Ng a
skin on the matriXx erial which Llstgr d Gng greventef reco erz of the
fibres to sdhe effeddameteryypirraflake iEﬁF i ieRPifyinBetYethylene warp

pol yet hyl ene fi briidresapndad EQE.GeCcA%0r glag8 yarn in the wefEO\SHRMNAYE

EXAMPLE 2 A fabrig a riked g 0 ks ' i Lragdi at ed
wi th hi gh energy tg’leegth(rl%%gefsg g"'dg?g gPQESEk/k‘gdgéﬁﬁégt%eg@ﬁi%y@%eans of a
~ torch the matrix approxiimatelysOe7Sdmmad Theckempasite fabgicnwader of

then heated for one hour at 60°C to b-stage the
i 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

p—g
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 were produced 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.



§tructure conpr|5|ng a recoverable fabric and a polyneric matrix materi al
| am nated thereto, in which: (a) 5 e recoverable fabric conprises a
cross-1linked 5 recover abTe?polyol efi n having a recovery stress Of

1.5 to 5 MPa; and (b) the matrix is cross-linked such that the reco- very .

ration aghAIMSEe in the conposite is at |east 65%of that available in the
free fabric, and the 10 polynmeric matrix material, per se, after
irra- diation has roomtenperature el ongation of 400-700% neasured at a

strain rate oh 80e%ipee Aedovérable e&mmmiémséﬁm ure.according to

poryol ef PRAPR {80k of EEBPYRrafi FRUERe ki € AT ST TS Rer “di rect i on,

material laminated thereto, in which:

(a) the recoverabie fabric comprises a cross-linked
5 o recoverable polyolefin having a_recovefy stress of

1.5 to 5 MPa; and .

(b) the matrix is cross-linked such that the reco-

very ration available in the composite is at least

65% of that available in the free fabric, and the

10 polymeric matrix material;_per se, after irra-
diation has room temperature elongation of 400-700%
measured at a strain rate of 300% peb minute.

2. A compoSite structure according to claim 1, wherein
the fabric is a woven fabric comprising recoverable
polyolefin in one direction and a heat-stable fibre in
the other direction.

FRFVFRARRARBRRARTRRBER RS RRRRARRRRES

tn the matrix material. The maxi numrecovery

corded was_abo 1 in view of the effect of the-cured or _
m mmal“ r| al holding out the fibres against their -
CLAI MS: 1. A flexible recoverable conposit e

~
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