APPARATUS AND METHOD FOR PROTECTION OF A SUBSTRATE This patepgza o2

application is the parent application to divisional patent application no.

85-20930 filed 2nd August 1985.(Serial no. GB-A- 2168363). The present

i nvention relates to protective covers 5 for substrates, for exanple,

électrically conductive substrates. A wide variety of substrates require
~protection from adverse environnent al cohdi ti ons, I ncl udi ng noi sture,

i nsects, dirt, plant life and corrosion deposits. In 10 sone cases,

ially wh ' t'act to b t gt it '
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use greases to protect, 1 trical caontacts, the e ei.ng cont ai ned
in a container wh?cHiYiSighal RRtEPR Peli’é%ﬁtr’i%aln%o%%%?’%? filed ¢ or
exanpl e U. S. Patzmd Abgust SEF85LKD4fial . Cobe- 2063 B6S )is a

thi xotropic fluid, which places limtations on the ways in which it can be

uged. 20 Further mor e Mol d e dVd L ¢ SRR (P HrAackl viCUYiverd, vhen

the container is renoved, grease remalns co | the contact(s) and nust
be cl eaned 9ff £RF oPebetrates cafortampde hajiaetnicaldyacom e o
encapsul ate el estipstpateonNt acts within a contai ner by neans of a 25
two-part liquid conmposition prepared by mxing in- gredients which wll

bour ed 1 nto the cont i Hae i €fy S AR AR hrddlBeloll ¢ (2.
U. S. Patent Nosfram3gdverse (spwnirenmenthls comitipmn ingladisg nodekawer,,
this procedure iA¥Ee¥S; PILPATFLdR® Dife and corrosion deposits. 1In
' 10 some cases, especially when electrical contacts are to
be protected, it is desirable to provide a removable
protective cover over the substrate, so that it is
possible easily to reenter and work on the sealed
substrate. It is known to use greases to protect

15 electrical contacts, the grease being contained in a
container which is applied to the electrical contact(s)

- see for example U.S. Patent No. 3,897,129 (Farrar).
However, the grease is a thixotropic fluid, which places
limitations on the ways in which it can be used.

20 Furthermore, when reentry to the sealed contact is
required, when the container is removed, grease remains

o coated on the contact(s) and must be cleaned off before

electrical work can begin. It is also known to encapsulate
electrical contacts within a container by means of a

25 two-part liquid composition prepared by mixing in-

- gredients which will react slowly together. Before the
ingredients have gelled, the mixture is poured into the
container, where it cures in situ to form a hard gel -
see U.S. Patent Nos. 4,375,521 (Arnold) and 4,102,716

30 (Graves). However, this procedure involves preparation of



-2- the liquid conposition at the site, delay while the com position gels,
and the need to provide a container around the contact(s), into which the
conposition can be poured. Furthernore, when reentry to the encapsul at ed
contacts is required, the gelled conposition cannot easily be renoved. W

‘have now di scovered that excellent encapsul ation of electrical contacts o
(and ot her substrates, for exanple ong-or nore discrete or nodul ar - L
-conventional electrical connectors) can be obtained through the use of gels
(and like com positions) which have been pre-formed in the absence of the
subst r at éheTAdquidapsubantitionadhetbat sibea depayrvhikebbhe eom-t he support

memrber a%s&@%oaugaﬁsat snhotpe gBearsy! ?PSG‘l&éeapé@ﬁé&ﬁnéﬁ%ﬁé&n@“h ot her,

t hus def orm ng the encap- I nto close and conform ng contact with t he
'substratéhePF8P§FSGK§)saﬂnF8a§Plﬁhp5F? BPmPRRiELeR, ARl BR PRURedstic

def or mat FapthépRopest @headrpeapeyt toSthé &hapsadRted aebnﬂs@egdwpon t he
substrate to.be .en but we,have found
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soft by com parlson with the gels fornmed in situ in the known processes.

Thus the gel gef ﬂ%qunbﬂ 8&5880@¥SdCQH§tpSESEiﬁéhQ”ﬁMé£H§§1£€i$§5§ftha” 5,

wher eas the encapsul ants use hi's in ave” cone penetration
val ues oelgefrigaisgontesse Sandt phheBnsyhptiratgpvehoOr nekARBLE pRREfPRAt | ON

are expr epyed diBcwveites ool mpaulhragdnaeft18asUr 8lebyr AV FBAZe@Boaé) [err]
et ohe 163833 oRABIRGE, SAPRHEnL bR uBnobhonel Sl ngh b ERR Shlen: i arter s
seconds. pbsi&ddns)t Wbicht havenbepsubaetfohmetidihatheaabeenegacfobhef at J
least 20Q%bstratd®. The encapsulant is adherent to a support member,
'-and the' support member and the substrate to be encapsulated

are pressed against each other, thus deforming the encap-

sulant into close and conforming contact with the substrate.

Preferably, at least a part of the deformation is elastic

deformation. The preferred properties of the encapsulant

depend upon the substrate to be encapsulated, as further

discussed below, but we have found that in all cases, it is

essential for the encapsulant to be relatively soft by com-

parison with the gels formed in situ in the known processes.

Thus the gels formed in situ have cone penetration values of

less than 75, whereas the encapsulants used in this inven-

tion have cone penetration values of 100 to 350. Cone "

penetration values given in this specification are expressed

in units of 10-'mm and are measured by ASTM D217-68 at 70°F

(21°C)+/- 5°F (-11.5°C) on an undisturbed sample using a stan-

dard 1:1 scale cone (cone weight 102.5g, shaft weight 47.5

g), the penetration being measured after 5 seconds. In addi-

tion, the encapsulant should have an elongation of at least 200%.



El ongati on values given in this specificatin are ultimte el ongations
measured by ASTM D638-80 at [err] [err] wusing a type 4 die to cut the
sanmpl e and at a speed of 50 cmim nute. The encapsul ant can be adherent to
any suitable support nenber. Especially when it is desirable that the
_encap- sulant should be renovable fromthe electrical contact or other
swbstrate which it is protecting, the encapsulant pre- ferably has an
adhesi ve strength to the substrate that isa-ess than its adhesive strength
to the support nenber and that is less than its cohesive strength, so that
the encap- sulant can be cleanly renoved fromthe substrate nerely

separ ati ng truEknqyxﬂﬂonnmﬁmmesamdvehe19ub§ﬂ§a$9ecnﬁéoahgnlE?@Iélbimﬁgﬁe of

t he encapsula e U b @ﬁems&geng@@agguggtqgapoﬁzqhg)$ubsgbate
i nvol ves push| east art su

strate throug éaggulant S
that the encap@wﬂkﬂﬁ°qk;qﬁ%ﬂm9@-éﬁ@etﬁeﬁiﬁlGﬂscﬂécﬁhFo EBPALAR oft FH%e
other side of Jhessuhpididfte. t he seal is a plane of weakness which will in
many cases separate cleanly when t he encapsul ant is renmoved. This is in
contrast to the situati on when an encapsulant is gelled or otherw se forned
in situ, when no S]Lh’,é’l e caps ulfanteadarede adhsrent| fooreyasydéeblehsuppesént
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into close andles$f cHan Nt < cadised i we tSE rieng thust rtdee support member and
that is less than its cohesive strength, so that the encap- -

h sulant can be cleanly removed from the substrate merely by

separating the support member and the substrate, leaving
l1ittle or none of the encapsulant on the substrate. When
the encapsulation of the substrate involves pushing at least
-part of the substrate through the encapsulant so that the
encapsulant is parted and then flows back to form a seal on
the other side of the substrate, the seal is a plane of
weakness which will in many cases separate cleanly when the
encapsulant is removed. This is in contrast to the
situation when an encapsulant is gelled or otherwise formed

L in 5135; when no such plane of weakness exists.

In one aspect, the present invention provides an appara-
tus for protecting a substrate, comprising:
an encapsulant that has been pre-formed in the absence
of the substrate and that has a cone penetration value of
100-350 (10~'mm) measured as herein described, and an ulti-
mate elongation of at least 200% measured as herein descri-
bed; and '
means for malntalnlng the encapsulant in close and con-
forming contact with the substrate after deformation of the
ehcapsulant into close'and'éonforming contact with the substrate.



-4- I n anot her aspect, the invention provides a nethod of protecting a
substrate by neans of an encapsul ant, which conprises: preformng the
encapsul ant, the encapsul ant after 5 preform ng having a cone penetration

val ue of 100-350 [err] neasured as-ferein described, and an ultinate

el ongation of at |east 200% .neasured as herein descri- bed; and then -

deform ng the encapsu t into close con-. .10 form.ng caonta ith the Y
substrate. The en lgp%uﬁ?gﬁé %lé;%%‘l’?h 1'ft?(?fz?e.dipnrveegllet‘njt‘)nl c}g%vtliq%ns r%\?ee%%‘é’ e
penetration ofil pectedt 109 a ocs@BDrake P aMesss off B0 eneaddilasdpeci al |y 200

‘to 300, beinghpégfggﬁﬁgi§€§:nethods in which the pressure exerted on the
encapsul ant during installation is relatively l.ow,-as 10 for exanple in the

_encapsul ation of BreterPEas§ the n#reARSHaResdih &N R %sTe vol une
of the epcapprefvirming kacingvsScoie epemgintd tBivn vl uelaft i Mg3350ar ge (e. g.

et ex ably 2bi07 MBS, BEFRRFLE AL el HEAldl, RO A idste |
than 3 cc), ehengabtitopeoftatitleasya?QR?®; smeasurediAs B i GERriFhe

el ongation opefheag@ceopenl ant is at |east 200% and substantially higher
val ues are preferred, e.qg. _at |least 500% particul arl t | east 750% The
20 tensile st ren§?§°6?1?aet%?lc%%%?%‘h]ta’?§ gféfrﬂer%l}r?ssﬁ I%é‘g,c‘ﬁh en very much
| ess, thao 20opmingneestaet witWM\SThe DePts ¥atwder the sanme conditions as
t he el ongation). The el astic nodul us of the encapsulant is also signifi-

cant, since it affgg!sobbpeaPhytdVusla e ﬁ?{?ﬁé’éfﬂ {fvdit1oke intimate
contact with the substrate. en neasured a err] using a parallel plate
rheonetric have cone penetration values of 100 to 350, with values g
of 150 to 350, especially 200 to 300, being preferred
for methods in which the pressure exerted on the
encapsulant during installation is relatively low, as
10 for example in the encapsulation of electrical terminals
as described below. When the volume of the encapsulant
(or each mass of encapsulant) is relatively large (e.g.
more than 3 cc), the cone penetration value of the
encapsulant is preferably 200 to 250. When the volume
15 1is relatively small (e.g. less than 3 cc), the cone

penetration value is preferably 250 to 350.

o/

The elongation of the encapsulant is at least
200%, and substantially higher values are preferred,
e.g. at least 500%, particularly at least 750%. The
20 tensile strength of the encapsulant is generally less,
often very much less, than 20 psi (meaéured by_ASTM
D638-80 under the same conditions as the elongation).

The elastic modulus of the encapsulant is also signifi-
cant, since it affects the ability of the encapsulant to
25 make intimate contact with the substrate. When measured at
TOOF (219+/- 5OF (-11.59C) using a parallel plate rheometric
test at a frequency of 1 Hz, the encapsulant generally
has an elastic modulus less than 107 dynes/cmz, préferably
less than 106 dynes/cm2, particularly less than 105 dynes/cm2
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test at a frequency of 1 Hz,  the encapsul ant generally has an el astic
nmodul us | ess than 107 dynes/cnR, preferably less than [err] dypes/[err],
particularly less than [err] -5- The encapsulant is usually electrically
insulating (ir.e. has a resistivity of at |least 109 ohmcm, but is not '
ngcessarily so for sone possible uses of the invention, e.g. when
non-el'ectrical substrates are being protected. Suitable encapsul ants
include nmaterials nmade by gelling curabl ggpol yurethane precursor materials
(as described for exanple,in the patents referenced above) in the presence
of substan- tial quantities of a mneral oil, a vegetable oil or a

pl asticizer, or ETHQ?QHH%§§%&ahwoiQru§ﬂ3§l9fe§9§§?ic%PE§ %ﬁsﬁf&@i&?t@inég
excel l ent results using encapsul ants _prepare gel 1Ting conponents whi ch
are commer ci a8 araai8hiyity, ofhatplepstadf n°éP BBPyugéPhgge“@EIs in
SiFU,bfhe 9€”ﬁ8dé§hdrﬂlﬁgs@aﬁ$gegogbtpobeﬁbler?sés bhetheesrventdénp e.g.
suitabl e anount, e.g. t 0 | : suita ti-

e.g. a trirnﬂ4hﬁ%u35%7§iQQ¥réﬁ@1p%§é§ﬁ%8q8% 39 u??éﬁgep h?ﬁgkggf v%g£§§%+%
oil, e.g 80 encai®ulandiserinigllpdd0 magerded shpadei Jiit gellinegi gunablef nineral
and veget abl & iy rdthatfdl G el sodt &natwm@bgfahsoaegbfa%laa obt bRangpet able

oil is 0.7 to 2.°4 (the percentages are baseq qQn the total wei gt 0 %he
pol yur et hane Yt &g RAteRdseredier ea589: ROOF¥LY: dPetBE RFREFAFS, 5%5% aBre
oils or the Fﬂf&ﬂ!%@éﬁﬂitﬂiﬂ tofblae minezaiubdnt, s aceegakablbeoplepar ad 3y ]
curing reactiwe o]yl - r e _ex er oS nes e
i nyen- tion ié%ﬁ%ﬁﬁé&ﬁ%%? Eéé%%%nﬁﬁﬁyagngggghﬁaﬁ? hgggnaftﬁékggéirggagoﬁé
pengkrati on ahaveafginesh exgeldsntTiresadéapysingt enaapsysanta rnepared

addi tives suody gfelDiny WohpThdW@R0WhI ot ate BoRAGYLi18NLGT B¥8L1able for
a”t'°X'da”ts’tJE‘”E¥§SLJ§¥§JHJ% (EJT§ibethane gels in situ, the gelation
| being carried out, however, in the presence of a suitable
amount, e.g. 30 to 70 % by weight, of a suitable plasti-
cizer, e.g. a trimellitate, or in the presence of a suitable
animal or vegetable oil, e.g. 80 to 60% preferabiy 80 to
70%, by weight of a mixture of mineral and vegetable oils in
which the ratio by weight of mineral oil to vegetable oil is
0.7 to 2.4 (the'percentages are based on the total weight of
the polyurethane precursor materials and the mixture of
mineral and vegetable oils ob the plasticizer. Suitable
_ encapsulants can also be prepared by curing reactive sili-
L cones with non-reactive extender silicones, and the inven-
tion includes the use of any encapsulant having the desired
cone penetration and elongation values. The eneapsulant may
contain known additives such as moisture'scavengers (e.g.
benzoyl chloride), antioxidants, pigments and fungicides.
The encapsulant is preferably hydrolytically stable,
moisture-insensitive, and substantially inert towards the
substrate.

A wide variety of support members are useful in the
present invention. The support member can be of any material,
but preferably it is composed of an organic polymer or some
other insulator. The surface of the support member
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The encapsul ant is preferably hydrolytically stable, noisture-insensitive,
and substantially inert towards the substrate. A wide variety of support
menbers are useful in the present invention. The support nenber can be of
~any material, but preferably it is conposed of an organic polynmer .or sone
-other insulator. The surface of the support nenber -6- which contacts ~.
t he encapsul ant can if desired conprige means for:pronoting adhesion to thews
- encapsul ant. For exanple the surface can be physically and/or chemically

nodi fied for this purpose, as by roughening or shaping the surface or by

subj ecti paibhecouthats tRedefiBaPEABANDI c&Rr DNAdES SLEAT gompr B5é NBedns | N sone

t , t I d
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may be paurfaicei caedbeephysisaibpwaniriori ghemically modefbed £edodi nent, as
shown f oy gaggbgos@ Fagus 2oupﬂeﬁ*ﬂngsopa§awyherweumpéc&h@ﬁ By

pIurallty 0 cent el ec rical contacts are to be encg sul ated, the
suppor t ﬁ@ﬁﬁéﬁtééﬁpﬁp§e§u5fﬁFﬂr&PlPycBFmFﬁﬁ;vPﬂua?rBB%n g%ﬁ?%?%%rs whi ch
are connegle@dmeateach other, e.g. through a flexible connection neans, and
each of which contains a separate mass of encapsul ant. The separate

contai ners can be applied sinultaneously or sequentially.-to the contacts.
In athird eﬁho@bmanngseheasappuentﬁenbés psgreeotangudare, conef erably

heat -rec e, | c he o] S rpa g psgtgcti ve
Cover | ng anghs padal B18e RRT 1 a° SRl uat I 8o and A oB Y e L 1 e

recovere@atmﬁéﬁ°G§FﬂgS&°P@€6v@F§BP€ suSBSrF°HﬁﬁBEFr pag B aE?FC nodul us
titioned, e.g. as shown in Figure 1. -

'In a second embodiment, as shown for example in Figure
2, which is particularly useful when a plurality of adjacent
electrical contacts are to be encapsulated, the support
member comprises a plurality of individual open containers,
which are connected to each other, e.g. through a flexible
connection means, and each of which contains a separate mass
of encapsulant. The separate containers can be applied
simultaneously or sequentially to the contacts.

In a third embodiment, the support member is reco-
verable, preferably heat-recoverable, in which case the pro-
cess for applying the protective covering to the substrate o
includes a step in which the support member is recovered.

When using a recoverable support member, the elastic modulus
of the %ncapsulant is particularly important. A particular
advantage of this embodiment, by comparison with a conven-
tional heat-shrinkable article having a layer of hot melt
adhesive as sealant on its interior surface, is that addi-
tional heat input is not required in order to melt the
sealant; this is particularly advantageous when the substrate



of the encapsulant is particularly inportant. A particular advantage of
this enbodi nent, by conparison with a conven- tional heat-shrinkable
artjcle having a layer of hot nelt adhesive as sealant on its interior
surface, is that addi- tional heat input is not required in order to nelt

N

tie sealant; this is particularly advantageous when the substrate s a
metal pipe or other substrate which acts as_a heat sink. The encapsul ant

may be supported by and distributed in a fldxible matrix which conprises a
plurality of open interstices, the interstices having an average vol une of

| ess than 0.01 inch 3 .16cnB), ticul arl ess. than 0,001 inch 3 ,
(0.016cnB) . ThéseﬁcgﬁggﬁaﬁgpeoﬁﬁrBgé§rasHSﬁF§§kFiFQISE ?ﬂFﬁr%inﬁe@?%ﬁ sink.
segnents which lie within the interstices of the matrix. The

I nt.er.connecti ons be thr kN ' I o] ] ;
Interstices (as fgﬁ*ﬁ&%ﬁ%@@%&%@ﬁ?ﬁﬁgbng?r%Qpﬁgﬁgﬁgo§2n§§%|?éﬁg#ggﬁgé%nb7o?
t hrough a surf £dexibler metrduc #hdghagermprisrscanfduralibynehit apen

encapsul ant whijgt drist fices3djtheenhtePetiskisCAaviAECAnMBYePhgBBYoDGhe of
comruni cate wi th each ot he

r..(as for anpl e en the s rt.nmenber is a
woven fabric). A% fhade c@joﬁng%cgngﬁnﬁgﬁg3layBPrgfcﬁxgEgguiﬁﬁf g“a?he
surface of the Camedr dneh &dj(@cOnbcmi3d .sulfher aneapsupastecorpgrias al plumte
el ongati on of t 1% 4l ref.ecahl han:the ubt] e gation of
t he encapsulanfqﬁéﬂggéjiéﬁéiﬁgg%gst@?léﬁgﬁgﬁtghgﬂékga%gélggEE?S %ﬁg mat ri x

is preferably dmienghicesy ofpdhe matyixy affheeigtegconnespiensl Ry abe| east

9.5. The matrixhroudttidyedliings nat RRaredmaila sifeab jabBhe LREETBELBEsUSSRY
t o \LAcl ude tap

e?, tgmas eea%§$Ff rableg%ngg a %hi%kngigegf 12 h;aggz gils

(0.025 to 0.76 ‘G SXHPLS MG ¢ PSEFdXed s OPERoESLE0. 58BNy 302AAT ¢ he

sheet through a surface layer of encapsulant which connects

':,segments of encapsulant which lie in adjacent interstices

which may or may not communicate with each other (as for
example when the support member is a woven fabric). The
presence of a continuous layer of encapsulant on the surface
of the apparatus adjacent the substrate is preferred. The
ultimate elongation of the matrix is preferably less than
the ultimate elongation of the encapsulant, and the ratio by
volume of the encapsulant to the matrix is preferably at
least 7.0, particularly at least 9.0, especially at least
9.5.

The matrix is preferably in the form of a sheet (this
term being used to include tape), the sheet preferably having
a thickness of 10 to 300 mils (0.025 to 0.76 cm), par-
ticularly 15 to 80 mils (0.04 to 0.20 cm), and the sheet
preferably being extensible with an ultimate elongation
which is preferably at least 50%, particularly at least
100%. The sheet can be directly applied to a substrate in a
manner similar to the way an adhesive tape or band-aid
(trade mark) is applied to a substrate to be protected. The
sheet can be wrapped around a substrate, preferably in
overlapping spiral wraps, and will form a thin, conforming
and preferably continuous protective coating over the
substrate.



preferably being extensible with an ultimte elongation which is preferably

at least 50% particularly at |east 100% The sheet can be directly applied -
to'a substrate in a manner simlar to the way an adhesive tape or band-aid
~(trade mark) is applied to a substrate to be protected. The sheet .can be

wr apped around a substrate, preferably in overlapping spiral waps, and -
will forma thin, conformng and prefgably continuous protective coating S
- over the substrate. -8- Any stretching which the sheet undergoes durng

this pro- cess should be less than the ultimate el ongation of the matrix

and | ess tha%ﬁf%%?é&{’{@g ShERt iKY sHedthurfiiidfess Wug thiisdewio—ed or
necessary, additional neans can be used to0 secure the wap in place,
but in getRsslShoeldnReileds | thamdihe (i inahe e&'rﬂi‘gtag:lt% ogiluB"g‘ter ate, making

such addiha OPk A%@NBe $8 NELHS Seie/ . u Ftimid ey nelron gd thirors heefett hearenesipad |y

b tly b d.e.g. « Of | ed
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open cell Toam sheet of an organic polyner, e.g. a polyurethgne, in par-
ticul ar apd@pbhoral | meaasdh %s %Vepg%”b"e‘ﬁpps‘? ’zetqvﬁ %’%% il s

(0. 013 touulybycshbsegeéet bpl ye 1fehoved, i lg. (Wnwi2ippged CrOSwtmaf Anot her
useful su re.ne r..1 n R | C SOy fibers
whi ch ar egﬁgt ﬁ}ﬁ?ggf g?/?\fﬁ%tixgggnf <(;:ncl)rnlngﬁ]o‘?'s\(,a\%hg %?tg%'ni-c or |ﬂn§oﬂrég%ni C '
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foam sheep, 95 pf 8REpE R PRci@ie C¥EFPELadp1® $0punctured telephone -

cable or a splice between two cables.

A particularly preferred matrix is an open cell foam
sheet of an organic polymer, e.g. a polyurethane, in par-
ticular an open cell foam having an average cell size of 5
to 30 mils (0.013 to 0.076 cm), preferably 10 to 20 mils
(0.025 to 0.05 ecm). Another useful support member, is a
woven or non-woven fabric comﬁfising fibers which are
natural or synthetic and composed of organic or inorganic
material, e.g. glass fibers, metal fibers or organic polymer
fibers. The foam sheet or fabric may be for example 5 to 60
mils (0.013 to 0.15 em), particularly 10 to 50 mils (0.025 —
to 0.125 cm), thick.  When the fabric comprises metal s
fibers, the apparatus may be useful, for example, in pro-
viding electrical shielding over a substrate.

. Alternatively, the flexible matrix forms at least a sur-
face portion of a block or other three-dimensional article.
For example, the flexible matrix can provide the lining of a
concave portion of an article designed to_pro#ide a protective
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mls (0.013 to 0.15 cm, particularly 10 to 50 mls (0.025 to 0.125 cm,
thick. When the fabric conprises netal fibers, the apparatus nmay be useful,
for exanple, in pro- viding electrical shielding over a substrate.
Alternatively, the flexible matrix fornms at |east a sur- face portion of a
bfock or other three-dinensional article. For exanple, the flexible matrix
can provide the lining of a concave portiongof an article designed to

provi de a protective -9- cover over a sugstrate conprising a protruding
menber, e.g. an electrical contact on a term nal block. The thickness of

the surface poftd be, tq sl t 1 St 1 6@ ,
‘preferably 5 té)‘g%%nn%%fés\b (%.7}\%@42%@#3%%@#{95@;% rg%ghrb%g?’yeéﬁ'
open cel | foanmiselreeritrl epphact Rt & dRiHAAL Hlocke altiecithicknespopf
Etexa{;)lrp! e, tCﬁrrprixse é@zsféé@m?mi&ficgdn tﬁaf,g-fqa- Cd)@%ﬁﬂeqteh't_ {]ﬁ&@t \aft:in?hsPel ltos
'to bring the apfi intfo close: OrJ{ ng .Co Wit h a.substra 0
be protected. e&Lft‘F'ﬁie %%P%"c?%ﬁ? Qég%a? régq é"g”ﬁ &t&a& 13 &% odL]?elgm(}r' i ARSr
shel | which prmatris bs bpeefewpsly fareodar quldssioan tase desioribbesdgaibeyte .t he
surface 10 be proteghetadi S fOh U erbaridRNl Qfr Windplesn dofibr 118°
support nenber IS an electrical connector I ch can connect two or nore

el ectrical wireeshhignt matemkal at? & RlasetAfldd faamymhdiehd bed®sr écai n
the connect or, ph igg ee@Pset Bdite PEALW st MddPoraiing GONLRRItORyidmd/a0r

i nsul ati ng nenbe%. The aﬁ$ rat us @f tﬁ£s g&ﬁfdi nt, can be us%g t 0 _connect

two or nore el BRPFFERATC wk? R RFA9H s @ B PCIPIILREe A NTd2end

sections of theivelesrigid awteppar atnners shedtl odrih peovides an belardngi cal

conpector; surface for pressing the matrix against the surface to be
protected.

In a fourth embodiment of the inveqtion, the suppobt
member is an electrical connector which can connect two or
more electrical wires and/or an insulating member adapted to
surround and retain the connector, the encapsulant being
disposed within the connector and/or insulating member. The
apparatus of this embodiment can be used to connect two or
more electrical wires by a process which comprises

(a) inserting end sections of the wires into an appara-
tus that comprises:
(i) an electrical connector; '
(ii) an insulating member that surrounds. and retains the
electrical connector; and '
(iii) an encapsulant as defined within the 1insulating

" member; and

(b) exerting pressure on the electrical connector
through the insulating member, thereby connecting the
electrical wires and encapsulating the electrical con-
nection within the encapsulant.



(i1) an insulating menber that surrounds and retains the electrical

connector; and (iii) an encapsulant as defined within the insul ating

menber ; and (b) exerting pressure on the electrical connector through the

i nsul ati ng nenber, thereby connec&@ng the electrical wires and

-encapsalating the electrical con- nection within the encapsul ant. al

The connector can be a crinp connector which can be permanently deforned bys+
pressure, e.g. an in-line crinp splicer, a B-wire connector or a pigtai
connector. Such connectors generally conprise a tubul ar nenber 5 conposed
of a ductile neThke ccmtgecmmpaﬁn ;- Lanmmp)rcdmmss;oramhmh icagubet i ng

sl eeve whi fg&ﬁg? fhro ot he necesary
. crinping f ?Eéﬁ@éﬁﬁgg ?%ansn1 t@ﬁ SUItg%P eﬁ&[eggglgh B t he sl eeve
incl ude pofyimp deRl ieRr pa? VRBriwiae ROMEQLRS Q¥ 2 FIOWed] cPaneskABet or i s

crinped, tQ@cEW@é‘és %&Ml@%ﬁls’éd\bertiﬁtﬂfafreﬁ{enﬁ@rt he quality of
the electrical C?Q gtlo e connhector can al so be _a nodul ar connector in

=T
which 2 pl GPBPP$ p%ué]‘éc‘b’f SR Ly &€ <G RORRST rsiFhIEIMEO RS y.  The
connect i onsrass, bandeamvivesul atinkp slamveswhilch slurrtdmdsatt&mr case, the

I nsul atin e r j oi ned

t oget her, gmgFgP rﬁe‘ﬁﬁ&f%% %’?‘e‘)&%\‘f-)am énﬂelq"Jl'i‘,Se \Mgt‘%}'re peet "ortions of the
connect or ﬁ@mee@al@nb%a'@?ﬁwﬂmu it ekl & eatieriale fiove bhﬁr es can be
stri pped 0§13@vé”§#&?&d@ A& 4l 'ﬂB%?JfH&ﬂﬂHéhé'Eidﬂ%l@%Ctor whi ch

mechani, cal deforns the en ections so
8 Wgen the connector f% crlmpeé; the encaﬁgulant does not
have an adverse effect on the quality of the electrical. Q‘;

connection.

- The connector can also'be a modular connector in
which a plurality of pairs of wires are connected
simultaneously. The connections can be permanent or
15 reenterable. In the latter case, the insulating member
can comprise two portions which are movably joined
together, e.g. in the form of'a clam shell, with respective
portions of the connector mounted on each portion.

The end sections of the wires can be stripped of
20 insulation before being inserted into the connector, —
which mechanically deforms the end sections so that they W/
are in physical as well as electrical contact. Alternatively
the insulation can be left on the wires, in which case
the connector must comprise an insulation dispiacing
25 member which, when the connector is crimped, displaces
insulation on the end sections and effects electrical

connection between the wires.

In all the embodiments of the invention, the

surface(s) of the encapsulant which do not contact
30 the support member can be covered by a release sheet
which is removed before the protective apparatus is
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are in physical as well as electrical contact. Alternatively the insul ation
can be left on the wires, in which case the connector nust conprise an

i nsul ation displacing 25 nmenber which, when the connector is crinped,

di spl aces insulation on the end sections and effects el ectrical connection
DHetween the wires. In all the enbodi nents of the invention, the surface(s)
of the encapsulant whi ch do not contact 30 the support nenber can be
covered by a rel ease sheet -which is renov before the protective apparatus
S used. Such a rel ease sheet may be unnecessary or even di sadvant ageous
when the encapsulant lies wholly within a container-shaped support nenber.
On the ot her haed,. WSaeht herefieapsukhaetprnayrbeegnhecessary soppaven nenber,

A eope CLausalieR e bigoRIcaRaH) PHE bACSBRGKNREP:EE hORLP VLIS NaRe

gels referred £ a se's e essentl or
hi ghl y de5|raMQ@tBﬂn&Pn@hﬂ@ﬁdoﬁupperécﬂﬁvﬁeﬁﬁnb@ﬁst6¢e°Fbebeh%%%réﬂhe"

t oget her. ESpQ%babbﬁaWE%Qa%E b?é%?uaéétf?BmtBﬁedgﬁﬁﬁﬂﬁtlﬂémsérthﬁnd espe-
encapsul ant is .el.astic oes not

surround t he §&B§99§F@enlF%FseBFP8ﬁ“338§sé3r9€?88§rSe?dérﬁ Qns for
nalntalnlng tmelgmm@mmnhanteﬂl ceffpresdi to abaveldt{ thehuséecofudbsrebease The

means for %hF%%'%@ggbbseeggk%&gélxpsgggggg k@s@FabRt M PAl hubet Nor SUP-

port menber, Separate fromi mai nt al ni ng can be
such that it w@@6ﬁ9§1§@c@P@@eF§ ere $gbder gkerefehognth8iibstrate and the
protective apparatus are pressed t oget her. For exanple the neans for

o e oo iyt MRef SR T4REE, 020 ROEHS SOFPPRRELER! 56 Bus
readily be prencapsulant is elastic deformation, and the support member
does not surround the substrate, it is often necessary to
.provide a means for malntalning the encapsulant in
compressive contact with the substrate. The means for main-
taining is preferably secured to or forms part of the sup-
port member, but can be separate from it. The means for
-maintaining can be such that it becomes secured to the
‘substrate when the substrate and the protective apparatus
are pressed together. For example the means for maintaining
"ean lie within the encapsulant and engage the substrate to
which the encapsulant is applied.

kv) : Apparatus of the present invention can readily be pre-
pared by (1) placing in or on a support member a curable
liquid composition which, when cured, will have the desired
cone penetration and elongation values and (2) curing the
liquid composition.

The invention is illustated in the accompanying
drawings. Referring now to Figure 1, this is an exploded
view of an apparatus 10 of the invention which is secured to
a terminal block 24 having a plurality of terminals 20. The
apparatus 10 comprises a plurality of masses of encapsulant
12 contained within a partitioned housing 14.



pared by (1) placing in or on a support nenber a curable |iquid conposition

whi ch, when cured, will have the desired cone penetration and el ongati on
values and (2) curing the liquid conposition. The invention is illustated

in the acconpanying drawi ngs. Referring now to Figure 1, this is an .
‘expl oded view of an apparatus 10 of the invention which is secured to a -
termnal block 24 having a plurality gf termnals 20. The apparatus 10 Ecl
- conprises a plurality of masses of encapsulant 12 contained within a

partition ral the | si de surfaces
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mai nt ai ned 1 n conpressive con- tact eremn -and t assenbly 36
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the massewigh eﬁeabsuhanhlslaonhanbouﬁenaaiﬂtaiﬁedhEna@@@mﬁéysﬁﬁeI@ommdone

and the a ara s 10, ean fro e ter t he

oncapoc) SRRRECEHREaRLR, BYTBUESahaSBRL R atFhan iy 1 Pufen By, 4 Faans Lor
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connec- hﬁQsQE ersgaeasshi Ht vEHrEHSrﬂgﬁfiﬁ €44 SEqpNLE °£s§Eﬂ%ﬁf tion

and renoval can requent é r epeat ed ing now to Eigure 2. this is
an expl 0od38& éﬁeﬂnePnSmoFHQr BpaPREN3tEs 1PeclnUemeyed [RPBHtHE &Rured to

ater- n1ahnbtoekr34 havlBagaeﬂgub?h%£¥F0i%tGlé&ﬂﬁ&Sr&ﬁovahefﬁ@@ﬁé£$wah .

conpri ses ural it I n ua el l-sha n each o ich

cont ai ns 3%n§g§ gfrgxggégula 1321308 ﬁﬁr%hvgfgaFg gﬁgﬁﬁg%t%%$a%®eneans 117

a flexibl éhei sbomindls\Warki impedhatély heeadysfonseB8ctsicakptonneatai ni ng
nut . - tion-or disconnection. Furthermore .the sequence of protec-

tion and removal can be frequently repeated.

Referring now to Figure 2, this is an exploded view of
another apparatus of the invention which is secured to a tera'
mial block 24 having a plurality of termihals 20. The
apparatus comprises a plurality of individual bell-shaped
housings 38, each of which contains a mass of encapsulant 12
and which are joined together by means of a flexible ribbon
42, Within each of the housings 38 is a split retaining nut
member 40 which engages the threaded part 26 of the
coqresponding terminal. When the housing is pressed onto the )
contact, the encapsulant 12 is elastically deformed around
the terminal 20 and the end portion engages the member 40,
thus maintaining the encapsulant 12 . in compressive contact
with the terminal 20. The housings 38 can be removed indivi-
dually, so that other terminals are not affected, or can be
removed together. '



menber 40 which engages the threaded part 26 of the correspondi ng
termnal.. Wien the housing is pressed onto the contact, the encapsul ant 12
is elastically deforned around the term nal 20 and the end portion engages
t he nenber 40, thus maintaining the encapsulant 12 in conpressive contact
wht-h-the term nal 20. The housings 38 can be renoved indivi- dually, so
fWat- other terminals are not -affected, or can be renmoved t oget her. 13
Referring nowto Figure 3, this is S|n1uar to Figure 1, but with the

i nportant difference that the nut-and-bolt assenbly is not present, and
each of the conpartnments includes a split retaining nut menmber 40 for

mai nt ai ni ng the E@ﬁé‘@ﬁiﬂl@rﬁw Nt I ass| e iy as stidillarheot Erigural 9.,

Note, in thi e | it t er 40 y reason
of its geoneﬁ?é ? éﬁs%h?hip%%ﬁ i&ﬁnéﬁﬁf%égdg%rgh § pﬁgéﬁ%?%g o?natlon
t her eby v0|dangemhkyensamsUIpnnsentfr&nﬂt&&phnﬁﬁnﬁhﬁ<9°mnﬂn§MQmﬁ§|ng process
whi ch may afiﬁ&iu&@@ §n§€?f9|ﬁ€ﬁé¥hfﬁgtﬁﬁtfﬂgﬁﬁéﬁﬂﬁb for malndRNeidlg the

m nim zed by provid orce neans, f exanpl e ree to six.ribs
ext endi ng raﬁ\"%ﬂ?u?-%?f'n imecompresi iV LofRghdt %BTJE Fanp n@r}éapsul ant 12
does not undroge,piasthis deéguard] i thatvhensglict s:ij;nrrtimaarrha:r mem bere 3dgd

onto the sub trat | | | I on
appar at us of'ﬁ?ﬁé ﬁvgﬁ%g‘éﬁ % {‘ﬁé{" %go{é&éi’ d‘%%rtrsrna n&gﬁl(\azzngiﬁlezcs}or 74
having a cenundePSOOplaﬁtiand¢fstm%£3mg,s#hﬁﬁ&bWTYQiﬁ#Qﬂuﬁthquﬁ?sUlant

connector, agg PPSBDEHéaQﬁbJQrﬁﬂéChTﬁié|€bi&¥h |ﬁ¥36h§§)wﬁﬂﬁﬁ§d§¥1@§E@Qm i's
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to butt up aggi ppovidéngt apforte means, bfdr neikample three to six ribs
extending radially form the wall of the housing, wherein the
encapsulant 12 does not undergo plastic deformation when the
support member is pressed onto the substrate. '

Referring now to Figure U, this shows in cross-section
apparatus of the invention which comprises a deformable
metal connector T4 having a central stop 76, an insulating
sleeve 70 Surrounding the connector, and encapsulant 72
which fills the sleeve 70. This connector is suitable for
connecting conductors 78 and 79. When these conductors are
inserted into the connector, the encapsulant shears to allow

U the conductors to butt up against the stop, and seals behind
them. Furthermore, when the connector is crimped, the
encapsulant does not substantially interfere with the
electrical connection of the wires. Furthermore, the encap-
sulant not only fdrms an environmental seal but also helps
to prevent relative movement of the wires and the connector
which will adversely affect the joint.

Referring now to Figure 5, this shows in cross-section
another apparatus comprising a deformable metal connector
84, an insulating cap 80 surrounding the connector, and an
encapsulant 82 filling the cap 80. The connector 84 compri-
ses insulation-displacing members which make the connector
suitable for connecting fully insulated conductors 86 and 88.



them Furthernore, when the connector is crinped, the encapsul ant does not
substantially interfere with the electrical connection of the wres.

Furthernore,—the—enecap- sulant not only fornms an environnmental seal but
aLso rel ati ve novenent of the wires and the connector
V\/nic ﬂﬂu ﬂEjﬁ af f ect thequ_ Referring now to Figure 5 this

shows«'i n anot her apparatus conprising a deformabl e netal ™
connect.or 84, an i nsul ating cap 80,s oundi ng the connector, and an :
encapsul ant 82 filling the cap 80£££ﬂ&ionnector 84 conpri- ses

i nsul ati on-di spl aci ng nmenbers whi ch nake the connector suitable for
connecting fully Appatamuajfnnuhnntﬁetﬁﬁkzau#&hﬁtrateCLNdﬂ%nﬁsingApparatus

for prot ectlgtg %"eéa SIS E ¢ dssltp& Hpt ttkféa brg% ctéeen

pre-formed in t sence o substrate and t hat as a cone penetratlon
val ue of 100085bhe e?“?sﬁr%%t"s%r%‘bﬂ dhaerhash aoene menethad iaW yalug tinate

el on?at ion O%faiodjﬁ?&@ F@Amﬁﬂsm@jtﬁ Q’ié‘t‘éi&ﬁcdeilﬁ;ibe?nd dtmﬁ? for
mai nt ai ni ng ant.jn c o C e
substr at ?@Ei QHERE 1P t?t alge&iﬁ g@{“ﬁ%s‘i} osd;1 sn\c?qe SHfor ni ng

contact 10 mneﬂcrhbe¢ubsmdate : Apparatus according to claim1, in '
which the nmeans far, Al A 1 ctlrb%ee(?qﬁp sul ant
i n conpressive con act\Mtré%{Fk §%st ate. %gcgga Il ng t

. par at useaqaé:cor
claim 1l or 2COREQTRENG 2eALaat whih (thatbstnate Mk A3 | ocated
on the sup- @prthéeeweipsaldnt hEnscepsse aarid rwommm@o&macet strength to

t he substrate ég | ess_ than an adhesive strength to the support nmenber _
and thatﬁé é %ﬂ sg&sérap * ' : v
2. Apparatus according to claim 1, in which the means
for maintaining is eapable of maintaining the encap-

sulant in compressive contact with the substrate.

3. Apparatus according to claim 1 or 2, having a sup-

15 port member, the encapsulant being located on the sup-
port member, and the encapsulant having an adhesive
strength to the substrate that is less than an adhesive
strength to the support member and that is less than a
value of its cohesive strength.

20 4, Apparatus according to any preceding claim, in
which the means for maintaining is a dynamic force
means. o

5. Apparatus according to any preceding claim, in
which the encapsulant is such that when deformed into
25 contact with the substrate a seal is formed which
| comprises a plane of weakness within the encapsulant,

6. Apparatus according to any preceding claim, in
which the encapsulant is elastically deformable.



value of its cohesive strength. 20 4. Appar atus according to any
preceding claim in which the neans for maintaining is a dynan1c

nmeans. 5. Appar atus according to any preceding claim in

encapsul ant -i s such that when deformed into 25 contact mﬁth Lﬂﬂuy”#w
%E?l I's formed which conprises a plane of weakness w thin thé’encaps

6. Appar atus according to.any preceding claim in which the encapsul ant

is elastically defornable. 15 7. Appaésatus according to claim3,

wherein said support _mnenber conprises a plurality of individual open

contai ners, which are connected to each other and each of which contains a
separ at e nmassy «of kﬁnanaﬂusammcogdiAspapanaaiacaordhageﬁo saadnsupponkrein

the indivi duqdeug&é}l aaaag{ AU LG %%@ efe%ta gah m&l%p@n”ﬁ@éh?kﬁe??“‘

necti ng nmeans . g | ai m erein sal ort
nmenber i s corfibsdy QﬂﬁﬁéﬁﬁctﬁoﬁﬁﬁﬁrP&hﬁﬂtéPFaFaQHdOFSWPHCPhG°F 2E0Bf a
housi ng t hat arggpgkgtéﬂmxssmaﬂ sncapdulanlks and a bottomwall. 10.
~Apparatus according to claim3, wherein at |east part of said support

menber is heat-recoverable. 11. Apparatus according to claim 3, wherein
sai d support &enbipparatus mor(da;)ngattoelcéatimi d3l wheneéot bhewhndhviduadlapt ed
to recelve elafid iilrdidris UhaRIRY HoCUalon CLRRFCHyCLCRLELEDILT E3n-

recei ved therel (b) an 1 nsulating ne apte to surround and
retain said cfiediphmeans.

(,/ ) 9. Apparatus according to claim 3, wherein said support
member is composed of an organic polymeric material and is
in the form of a housing that 1ncludes 31de walls, end walls
and a bottom wall. B

10. Apparatus according to claim 3, wherein at least part of
said support member is heat-recoverable.

11. Apparatus according to claim 3, wherein said support
member comprises:

(a) an electrical connector which is adapted to
receive electrical wires and electrically connect
electric wires received therein and

gv; (b) an insulating member adapted to surround and
retain said connector;
said encapsulant Being disposed within at least one
of said electrical connector and said insulating member.

12. Apparatus according to claim 11, wherein the electrical
connector is surrounded and retained by said insulating
member and is adapted to be mechanically crimped through
said insulating member.

13. Apparatus according to élaim 11 or 12, wherein the con-
nector is adapted to received insulated electrical wires and
comprises an insulation-displacing member which, when the
connector is crimped around insulated electrical wires
placed within the connector, displaces insulation on the
electrical wires and effects electrical connection between
the wires. '



sald encapsul ant being di sposed within at |east one of said electrical
| ati ng menber. 12. Apparatus according to claim11,
' mhereln connector is surrounded and retai ned by said
|nsul gﬁ&ﬁhﬁgﬂ‘& is adapted to be nmechanically crinped through said
|nsul Appar atus according to claim1l or 12, wherein the .-
con- nector is adapted to received insygated el ectrical wires and conprises ="
an insul ation-displ aci ng nenber which, when the connector is crinped around

i nsul ated el ectrical wires placed mnthln t he connector, displaces
i nsul ati on1bn APRarabes racedrdingstarklaim ot | By Mhane idbritec aosr

bet ween t hge¥téLSis adalétéal tNPRAE AL S FLEOE ol L tvﬁlr@s'illﬁvhllgorenjdz wher ei n

t he con- nector i to rece e el cal wire Vi n en ectlons
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around suctomneesopl Bsedr-impdml raxtdnmctosmﬂctwresrm:llmmd:aﬁﬂqmdefthm the

wires so thaf t Qgpar éﬂa:ﬁ)m@i ?ﬂsjﬂfg ?ﬁ]ﬁélﬁa’l £ %Y Ailat" dé%r#sll}[q‘atl ng

connect or. us accor ereln sal

menber is pﬁo?hﬂ%ﬁcﬁ}tﬁﬂ¢l%&?%F%lemb epRkanrt twith ke tcamnes @ibapsul ant .
16. Apparatus according to any one of the precedlng cl aims wherein the
encapsul ant _has_an e astic ul us, me erein descrihbed of .ess
Chan’ [or 1) 139 nERPRERF S 136 ERERE 1A GEAUE ol Py THPRA h AL MR U o
el asti c nomemberi $s| pssvided dD6h dfbesibhe &rid-gpirdattus morkeal Epitd any
one of the 85; gdifgycl ai ms wherein said cone penetration value is 150 to
350 [err] i gpparatus according to claim 18, wherein sald cone

U

16. Apparatus according to any one of the preceding claims
"wherein the encapsulant has an elastic modulus measured as
herein described of less than 107 dynes/cmZ2.

17. Apparatus according.to claim 16 wherein said elastic
modulus is less than 106 dynes/cm2

18. Apparatus according to any one of the preceding claims
wherein said cone penetration value is 150 to 350 (10=Tmm).

19. Apparatus according to claim 18, wherein said cone
penetration value is 200 to 300 (10-~' mm).

20. Appafatus accordng to any one of the preceding claims:
wherein said encapsulant has an ultimate elongation of at
least 500%.

21. Apparatus according to any one of the preceding claims,
wherein the encapsulant is an oil-extended polyurethane.

22. Apparatus according to claim 21, wherein the encapsulant
has been prepared by gelling a liquid mixture comprising 20
to 40% of curable polyurethane precursor materials and 80 to
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penetration value is 200 to 300 (10-1 nm). 20. Apparatus accordng to any
oné of the preceding clains wherein said encapsul ant has an ultimte

el ongation of at |east 500% 21. Apparatus according to any one ofthe———
preceding cl ai ns, wherein the encapsulant is an 0||-extended

22, Ap]Oar at us accord| ng to claim?21l, wherein the encapsul ant Lgﬂﬁl—"i’nm””m
prepared by gelling a liquid nlxture conprising 20 to 40% of cwur

pol yur et hane precursor materials and 80 td) 17 60% of a m xture of
mneral oil and vegetable oil in which the ratio by weight of mneral oi

to vegetable %'o's o?‘ thfx%u%e of | Bﬁngﬁaiemgsadb% ?b’l&"%ﬂi‘tix@a@ﬁpﬂ?”

the total wei e pol ydr et.hane precur sor s~ and m x- ture
of mineral an h@eg@ﬂéﬁl@YONP§8h23°fAH§8959&s°bécBPdVﬁ@eF%bbﬂy°bhei%f cl ai ns
| to-20, whereajon 2. ameapercantagesabpliagt bgi weﬂgnﬂl pased hemeth@4total

t di I t d
to aid suppomte st €58 PrivuFachahd besaRRest adherTalt ¥ Rens &8a ng
cl ai n8 wher ei turtee afemineiral anidnvegetadlei edlgit hin the encapsul ant. 26.

Apparatus according to any one of clains 3 to 25 wherein the support

menber is generally bell-shaped, .and the means for nalntalnln 6 a split
retaining mentfSr @ﬂﬂ?Q%QgsaﬁcpﬁfgﬂﬁgltPhFB&d@ﬂepSFtP6ﬁlm§7 ng% at us

according to amer@ia ahet hacalpeu&dnmg isl ai prabuitheedcpopyusetiane( el ease
‘menmber which covers an other- w se exposed portion of said encapsulant and
whi ch can be renoved therefrom before covering a substrate. 28. Apparatus
accerding to &y dpparatiuse agcorddnggtol glaém 3, wherein the means for

—

maintainng is secured to said support member.

25. Apparatus according to any one of the preceding claims ,
wherein the means for maintaining lies within the
encapsulant.

26. Apparatus according to any one of claims 3 to 25,
wherein the support member is generally bell-shaped, and the
means for maintaining is a split retaining member that has
an internal threaded portion. '

27. Apparatus according to any one of the preceding claims
further comprising a release member which covers an other-

wise exposed portion of said encapsulant and which can be
removed therefrom before covering a substrate.

28. Apparatus according to any one of the preceding claims,
wherein the preforming of the encapsulant comprises gelling.

29 Apparatus according to claim 1 substantially as herein-
before described with reference to and as illustrated in the
accompanylng drawings.

30. A method of protecting a substraté'by means of an encap-
sulant, which comprises:



acQQLQLQQ_LQ_ELng;EribetantiaIIy as herein- before described with

‘reference to an tH ustrated in the acconpanyi ng drawi ngs. 30. A nethod
o$-pLﬂ"ﬁﬂ ' rate by neans of an encap- sulant, which conprises:

pt ef n w'"n”mmgmm ant, the encapsulant after pre- form ng having a P
.cone penkt rtat ifonsvakue of 100-350 [er#} neasured -as herein described, and |

an ultimate elongation of at |east 200% neasured as herein described; and
then deform ng the encapsul ant int closqﬁfnd conforningF%%ntact wi th the
I

substrate. 31PrefoRAIng the SMWARF YR aihe3 G AREHIAR SR T 8 s PTE part of
t he def or fgtming CHa ireg e cogrrel | peTte tirs tell cas tiad uge foft MAGI-350 340 ~Ammet,hod
according to ' ; ' it Iei S I3 1aR 0 t he
substrat gm?%sa%é or%s?%]aelorgﬁi’;‘%n#gryg%%aej’ncégggadaﬁl$ﬁﬁmggm%§g§§%§é ogoﬁ?gct Wi th
t he substatitkeas. 200 hetnrasunedbraf mMenedc|dgsaribedihand thefe neans for

mai nt ai ni g besrems: $ Chiie e ch pdEL P St 1Y drfte confdlrmding and t he
encapsul ant _are Q@ﬁssemhécgﬁﬁkfg. 34. A nmethod according to any one of
claims 30°Q%EARE Whih F1F (TP RS at e conprises at | east one el ectrical
contact. 35. A nethod according to any one of clainms 30 to 34, wherein the
encapsul i t %gﬂp [g%ﬁ an
adhesi ve ife%g%‘%%&t (g@%ﬁ%@?%‘ge % at ieio’l ?s}strH}glne‘{}f? a tgg \#elqit rengt h
to the supPothe ngefermamion of the |encanhpiant g Rlastiq deforagtion. .

strength. 36. A nethod according to any one of clains 30-35, wherein the

encapsul aQé.'i ﬁg@ﬁg& nggcépd%gll?gséla? n? f eonr Cfftw%ch{ a%tionally B
comprises securing to the substrate means for maintaining the
encapsulant in compressive contact with the substrate.

wherein the preform ng of the encapsul ant conprises gelling. 29. Apparatuéi_ ‘
|
f

33. A method according to claim 32, ﬁherein the means for
maintaining becomes secured to the substrate when the
substrate and the encapsulant are pressed together.

34. A method according to any one of claims_30 to 33,
wherein the substrgte comprises at least one electrical
contact.

35. A method according to any one of claims 30 to 34,
wherein the encapéulant is located on a support member, and
the encapsulant has an adhesive strength to the substrate
that is less than its adhesive strength to the support
member and that is less than a value of its cohesive
strength.

36. A method according to any one of claims 30-35, wherein the
encapsulant is contained in at least one open container and

has a cone penetration value of 200 to 300 (10-Tmm).

37. A method according to any one of claims 30 to 36 wherein



~

has a cone penetration val ue of 200 to 300 [err] 37. A nethod according to
any one of clains 30 to 36 wherein 19 the encapsul ant _has an ultinmate
el ongation of at |east 500% 38. A nethod according to claim 35,

- additionally conp- rises renoving the substrate fromthemnmﬂ
causi ng adhesive failure between the encapsul ant and the “ mn
hethod according to any of clains 30-38,, _wherein deformatifon®ofttite s

‘encapsul ant causes formation of, a seal Wi ch conpri-ses a plane of weakness
wi thin the encapsul ant. 40. A nethod according to claim39, which

ddi ti Ll : : hesi . d
bl ane of weRAcSRCaPFILFRL hER £ Pt &l ol bedls dd L EUERMA s qRls = 0
A nmet hod according to any of clainms 30-40, wherein pre- form ng of the

encapsul ant 38QMRr n§ERodCaEEHAding to claim 35, wheh additionally comp-
rises removing the substrate from the support thereby
causing adhesive failure between the encapsulant and the
substrate.

39. A method according to any of claims 30-38, wherein
deformation of the encapsulant causes formation of a seal
o ~ which comprises a plane of weakness within the encapsulant.

40. A method according to claim 39, which additionally
comprises causing cohesive failure of the encapsulant at
said plane of weakness, allowing removal the encapsulant from
the substrate..

41. A method according to any of cléims 30-40, wherein pre-
forming of the encapsulant comprises gelling.




