
EP 0 282 184 B1 Description Technical Field 5      This invention relates
to encapsulating compositions, useful in encapsulating signal transmission
devices. Background of the Invention Encapsulating compositions are often
used to provide a barrier to contaminants. Encapsulants are typi- 10 cally
used to encapsulate a device, such as a splice between one or more
conductors, through which a signal, such as an electrical or optical
signal, is transmitted. The encapsulant serves as a barrier to fluid and
non- fluid contamination. It is often necessary that these devices,
particularly splices, be re-entered for repairs or inspection. In this use
and others, it is desirable thatthe encapsulant be non-toxic, odorless,
easyto use, trans- parent, resistant to fungi, and Inexpensive. 15
Signal transmission devices, such as electrical and optical cables,
typically contain a plurality of individual conductors, each of which
conduct an electrical oroptical signal. Agrease-like composition, such as
FLEXGEL, (commercially available from AT&T) Is typically used around the
individual conductors. Other filling composi- tions Include petroleum jelly
(PJ) and polyethylene modified petroleum jelly (PEPJ). For a general
discussion of cable filling compositions, and particularly FLEXGEL type
compositions, see U.S. Patent No. 4,259,540. 20      When cable is spliced
it is often the practice to clean the grease-like composition from the
individual con- ductors so that the encapsulant will adhere to the
conductor upon curing, preventing water or other contami- nants from
seeping between the conductor and the encapsulant. Therefore, an
encapsulant which will adhere directly to a conductor coated with a
grease-like composition is highly desirable. Many of the connecting devices
(hereinafter connectors) used to splice individual conductors of a cable 25
are made from polycarbonate. A significant portion of prior art
encapsulants are not compatible with polycar- bonate, and thus, stress or
crack connectors made from this material over time. Therefore, it is
desirable to provide an encapsulant which is compatible with a
polycarbonate connector. Many of the prior art encapsulants, which have
addressed the above problems with varying degrees of success, are based on
polyurethane gels. Various polyurethane based gels are disclosed in U.S.
Patent Nos. 30  4,102,716; 4,533,598; 4,375,521; 4,355,130; 4,281,210;
4,598,743; 4,168,258; 4,329,442; 4,231,986; 



4,171,998; Re 30,321; 4,029,626 and 4,008,197. However, all of the
polyurethane gels share at least two com- mon problems. It is well known In
the art that isocyanates are extremely reactive with water. The above poly-
urethane systems utilize two part systems which include an isocyanate
portion and a crosslinking portion de- signed to be added to the isocyanate
when it is desired that the gel be cured. Because of the water reactivity
35  of isocyanates, it has been necessary to provide involved and expensive
packaging systems to keep the iso- cyanate from reacting with water until
such time as the isocyanate can be cured with the crosslinking agent
Further, it is well known in the art that isocyanate compounds are
hypo-allergenic, and thus, can induce allergic reactions in certain
persons. This is of particularconcern when atwo partsystem is used which
requires a worker to mix the components on site. 40      Therefore, it is
highly desirable to provide an encapsulant which may be used in conjunction
with a signal transmission device as a water-impervious barrier, which has
good adhesion to grease-coated conductors, which is compatible with
polycarbonate splice connectors, and which does not require the use of an
isocyanate compound. European Patent Publication No. EP-A-0 049 098
discloses a composition suitable for forming surface 45  coatings,
laminates or composite materials formed by bringing together (a) a first
polymer containing anhydride groups, (b) specified amines or alcohols or
derivatives thereof, and (c) a second specified polymer. There is no
disclosure in the reference of the importance of solubility parameter and
none of the many com- 50  positions disclosed in the examples have
solubility parameters with the range claimed in the subject patent European
Patent Publication Number EP-A-0 181 441 discloses a heat crosslinkable
composition option- ally Including a plasticizer. The compositions of the
subject patent are distinguished from the disclosures of this reference by
virtue of being limited to specified concentrations of plasticizer and also
by virtue of having specified solubility parameters. 55 Summary of the
Invention The present invention provides an encapsulant composition capable
of use as an encapsulant for signal 



2    EP 0 282184 B1 transmission devices, such as electrical or optical
cables. It is to be understood that the invention has utility as an
encapsulant for signal transmission devices which are not cables, for
example, electrical or electronic components and devices, such as sprinkler
systems, junction box fillings, to name a few. It is further contem- plated
that the encapsulant may have utility as an encapsulant or sealant for
non-signal transmitting devices. 5      The encapsulant comprises an
extended reaction product of an admixture of 1) an anhydride functional-
ized composition; and 2) a specified crosslinking agent capable of reacting
with the anhydride functionalized composition. The reaction product is
extended with at least one organic plasticizer, present in specified con-
centrations, preferably essentially inert to the reaction product and
substantially non-exuding, the composition having a specified solubility
parameter. 10      The encapsulant may be used in a signal transmission
component, for example, in a cable splice which comprises; 1) an enclosure
member; 2) a signal transmission device, which includes at least one signal
con- ductor, and 3) at least one connecting device joining the at least one
conductor to at least one other conductor in the enclosure member. The
signal conductor is capable of transmitting a signal, for example, an
electrical or optical signal. 15      The Invention also contemplates a
method for filling an enclosure containing a signal transmission device
comprising mixing an anhydride portion and a crosslinking portion
togetherto form a liquid encapsulant, pouring the liquid encapsulant
composition into an enclosure at ambient temperature, the liquid
encapsulant curing to form a cross-linked encapsulant which fills the
enclosure including voids between the individual conductors of the
transmission device. The liquid encapsulant composition of the invention
may also be forced into a con- 20 taminated component under pressure to
force the contaminant from the component, the encapsulant subse- quently
curing to protect the component from re-contamination. The liquid
encapsulant composition may also be poured Into a component so that upon
curing the encapsulant forms a plug or dam in a cable. 



Detailed Description 25 The encapsulant of the invention is suited for use
as an encapsulant for signal transmission devices and other uses in which a
water-impervious, preferably reenterable, barrier is desired. The
encapsulant is formed by cross-linking an anhydride functionalized
composition with a suitable cross-linking agent in the presence of an
organic plasticizer which extends the reaction product. The plasticizer is
preferably essentially inert to 30 the reaction product and substantially
non-exuding. The plasticizer system chosen contributes to the desired
properties of the encapsulant, such as, the degree of adhesion to
grease-coated conductors, the degree of compatibility with polycarbonate
connectors,and the softness or hardness of the encapsulant. "Essentially
inert" as used herein means that the plasticizer does not become
cross-linked into the reaction between the anhydride functionalized
composition and the cross-linking agent. 35     "Non-exuding" as used
herein means that the plasticizer has the ability to become and remain
blended with the reaction product of the anhydride functionalized
composition and the cross-linking agent. Many ex- cellent plasticizers
experience some blooming, or a slight separation from the solid, especially
at higher tem- peratures, and over lengthy storage times. These
plasticizers arestill considered to be "substantially non-exud- ing". 40
"Anhydride functionalized composition" as used herein is defined as a
polymer, oligomer, or monomer, which has been reacted to form a compound
which has anhydride reactive sites thereon. Examples of anhydride
functionalized compositions which are suitable for use in the encapsulant
of the Invention include maleinized polybutadiene-styrene polymers (such as
Ricon 184/MA), maleinized polybuta- diene (such as Ricon 131/MAorLithene LX
16-10MA), maleic anhydride modified vegetable oils (such as mal- 45 einized
linseed oil, dehydrated castor oil, soybean oil or tung oil, maleinized
hydrogenated polybutadiene, mal- einized polyisoprene, maleinized
ethylene/propylene/ 1,4-hexadiene terpolymers, maleinized polypropylene,
maleinized piperyiene/2-methyl-1-butene copolymers, malelnized polyterpene
resins, maleinized cyclopenta- diene, maleinized gum or tall oil resins,
maleinized petroleum resins, copolymers of dienes and maleic anhydr- ide or
mixtures thereof. Maleinized polybutadiene is preferred. 50      Suitable
cross-linking agents of the invention are compounds which will react with
the anhydride functio- 



nalized composition to form a cross-linked polymer structure and are
selected from polythiols, polyamines and polyols, with polyols preferred.
Suitable polyol cross-linking agents include, for example, polyalkadiene
polyols (such as Poly bd R-45HT), polyether polyols based on ethylene oxide
and/or propylene oxide and/or butylene oxide, ridnoleic acid der- 55
ivatives (such as castoroil),polyester polyols, fatty polyols, ethoxylated
fatty amides oramines orethoxylated amines, hydroxyl bearing copolymers of
dienes or mixtures thereof. Hydroxyl terminated polybutadiene such as Poly
bd R-45HT is presently preferred. The castor oil which may be used is
primarily comprised of a mixture of about 70% glyceryl triricnoleate 3
EP O  82 184 B1 and about 30% glyceryl dirlcinoleate-monooleate or
monolinoleate and  is available from the York Castor Oil Company as York
USP Castor 011. Ricinoleate based polyols are also available from Caschem
and Spencer- Kellogg. Suitable interesterification products may also be
prepared from castor oil and substantially non-hy- droxyl-containing
naturally occurring triglyceride oils as disclosed In U.S. Patent
4,603,188. 5      Suitable polyether polyol cross-linking agents include,
for example, aliphatic alkylene glycol polymers hav- ing an alkylene unit
composed of at least two carbon atoms. These aliphatic alkylene glycol
polymers are ex- amplified by polyoxypropylene glycol and
polytetramethylene ether glycol. Also, trifunctional compounds ex-
emplified by the reaction product of trimethylol propane and propylene
oxide may be employed. Atypical poly- ether polyol is available from Union
Carbide under the designation Niax PPG-425. Specifically, Niax PPG-425, l0
a copolymer of a conventional polyol and a vinyl monomer, represented to
have an average hydroxyl number of 263, an acid number of 0.5, and a
viscosity of 80 centistokes at 25[err]C. Thegeneral term polyether polyols
also includes polymers which are often referred to as amine based poly- ole
or polymeric polyols. Typical amine based polyols include sucrose-amine
polyol such as Niax BDE-400 or FAF-529 or amine polyols such as Niax LA-475
or LA-700, all of which are available from Union Carbide. 



15     Suitable polyalkadiene polyol cross-linking agents can be prepared
from dienes which include unsubsti- tuted, 2-substituted or
2,3-disubstituted 1,3-dienes of up to 12 carbon atoms. Preferably, the
diene has up to 6 carbon atoms and the substituents in the 2- and/or
3-position may be hydrogen, alkyl groups having about 1 to 4 carbon atoms,
substituted aryl, unsubstituted aryl, and halogen. Typical of such dienes
are 1,3-buta- diene, isoprene, chloroprene, 2-cyano-1,3-butadiene,
2,3-dimethyl-1,2- butadiene, and the like. Ahydroxyl ter- 20  minated
polybutadiene is available from ARCO Chemicals under the designation
Poly-bd R-45HT. Poly-bd R- 45HT is represented to have a molecular weight
of about 2800, a degree of polymerization of about 50, a hy- droxyl
functionality of 2.4 to 2.6 and a hydroxyl number of 46.6. Further,
hydrogenated derivatives of the poly- alkadiene polymers may also be
useful. Besides the above polyols, there can also be employed lower
molecular weight, reactive, chain-extending 25  or crosslinking compounds
having molecular weights typically of about 300 or less, and containing
therein 2 to 4 hydroxyl groups. Materials containing aromatic groups
therein, such as N, N-bis (2-hydroxypropyl) aniline may be used to thereby
produce useful gels. To insure sufficient crosslinking of the cured gels
the polyol based component preferably contain polyols having hydroxyl
functionality of greater than 2. Examples of such polyols include
polyoxypropylene glycol, poly- 30  oxyethylene glycol,
polyoxytetramethylene glycol, and small amounts of polycaprolactone glycol.
An example of a suitable polyol is Quadrol,
N,N,N',N'-tetrakis-(2-hydroxypropyl)-ethylene diamine, available from BASF
Wyandotte Corp. Suitable polythiol and polyamine cross-linking agents may
vary widely within the scope of the invention and include (1) mercaptans
and (2) amines which are polyfunctional. These compounds are often
hydrocarbyl 35  substituted but may contain other substituents either as
pendant or catenary (in the backbone) units such as cyano, halo, ester,
ether, keto, nitro, sulfide orsilyl groups. Examples of compounds useful in
the present in- vention included the polymercapto-functional compounds such
as 1,4-butanedithiol, 1,3,5-pentanetrithiol, 1,12-dodecanedithiol; polythio
derivatives of polybutadienes and the mercapto-functional compounds such as
the di- and trimercaptopropionate esters of the poly(oxypropylene) diols
and triols. Suitable organic diamines 40  include the aromatic, aliphatic
and cycloaliphatic diamines. Illustrative examples include: amine
terminated polybutadiene, the polyoxyalkylene polyamines, such as those
available from Texaco Chemical Co., Inc., under 



the tradename Jeffamine, the D, ED, DU, BuD and T series. The plasticizing
system, which extends the reaction product of the anhydride functionalized
composition and the cross-linking agentcontributes to many of the
functional characteristics of the encapsulant of the pres- 45  ent
invention. Plasticizing system refers to the one or more
plasticizercompounds which may be used together to achieve the desired
properties for the encapsulant. The plasticizing system is preferably
selected so as to be essentially inert with the reaction product of the
anhydride functionalized composition and the cross-linking agent and
substantially non-exuding. The plasticizing system selected also preferably
provides an encapsulant which has excellent adhesion to grease-coated
conductors and which is compatible with polycarbonate con- 50  nectors.
Plasticizer compounds which may be used to achieve a suitable plasticizing
system include aliphatic, naph- thenic, and aromatic petroleum based
hydrocarbon oils; cyclic olefins (such as polycyclopentadiene,) veget- able
oils (such as linseed oil, soybean oil, and sunflower oil); saturated or
unsaturated synthetic oils; polyal- phadefins (such as hydrogenated
polymerized decene-l), hydrogenated terphenyls, propoxylated fatty alco- 55
hols (such as PPG-11 stearyl alcohol); polypropylene oxide mono- and di-
esters, pine oil-derivatives (such as alpha-terpineol), polyterpenes,
cyclopentadiene copolymers with fatty acid esters, phosphate esters and
mono-, di-, and poly-esters, (such as trimellitatas, phthalates, benzoates,
fatty acid ester derivatives, castor oil derivatives, fatty acid ester
alcohols, dimer acid esters, glutarates, adipates, and sebacates and
mixtures 4    EP 0 282 184 B1 thereof. Particularly preferred are a mixture
of hydrocarbon oils with esters. Examples of polyalphaolefins which may be
used as plasticizers In the present invention are disclosed in U.S. Patent
No. 4,355,130. Examples of vegetable oils useful as plasticizers In the
present invention are disclosed in U.S. Patent No. 5   4,375,521. 



The plasticizer compounds used to extend the reaction product of the
anhydride functionalized composi- tion and the cross-linking agent are
present in the range of between 35 and 85 percent by weight of the en-
capsulant, and preferably between 50 and 70 percent. Previously it has been
difficult to provide an encapsulant which has excellent adhesion to
grease-coated 10   wires and which also does not stress or crack a
polycarbonate splice module. It has been discovered that by using a
plasticizing system, in conjunction with a cross-linked anhydride
functionalized composition, to provide an encapsulant having a particular
total solubility parameter, both of these objectives can be achieved. It
has been discovered that the total solubility parameter of an encapsulant
of the present invention can be an Indication of an encapsulant's ability
to adhere to grease-coated conductors and of its compatibility with 15
polycarbonate connectors. The solubility parameter value (represented by
[err]) is a measure of the total forces holding the molecules of a solid or
liquid together and is normally given without units [actual units-(Cal/per
cc)[err]]. Every compound or system is characterized by a specific value of
solubility parameters and materials having similar solubility parameters
tend to be miscible. See, for example, A.F.M. Barton "CRC Handbook of
Solubility Parameters and Other Cohesion Parameters", 1983, CRC Press, Inc.
20      Solubility parameters may be obtained from literature values or may
be estimated by summation of the effects contributed by all the groups in a
molecular structure using available group molar attraction constants
developed by Hoy, utilizing the following equation: [err] VM 25  and using
the group molar attraction constants in K.L. Hoy,  "Tables of Solubility
Parameters", Union Carbide Corp. 1975; J. Paint Technol 42, 76 (1970),
where [err] is the sum of all the group molar attraction constants [err] is
the molar volume (MW/d), MW Is the molecular weight and d is the density of
the material or system in question. This method can be used to determine
the solubility parameters of the cross-linked polymer and the indi- 30
vidual value of each component if the chemical structure is known. To
determine the solubility parameter for hydrocarbon solvents, the following
equation was utilized: [err] = 6.9 + 0.02 Kauri-butanol value 



The Kauri-butanol value was calculated using the following equation: KB =
21.5 + 0.206 (% wt. naphthenes) + 0.723 (% wt. aromatics) 35      See, W.W
Reynolds and E.C. Larson, Off., Dig., Fed. Soc. Paint Technol. 34,311
(1962); and Shell Chem- icals, "Solvent Power", Tech. Bull ICS
(x)17912,1979. The approximate compositions for the hydrocarbon off can be
obtained from the product brochures under the carbon type analysis for
naphthenic and aromatic carbon atoms. Cross-linked polymers may swell by
absorbing solvent but do not dissolve completely. The swollen mac- 40
romolecules are called gels. For a plasticized crosslinked polymer system,
the total solubility parameter would be the weighted arith- metic mean of
the value of each component. [err] 45      Where [err]  are the fractions
of A, B, and C In the system and [err] and [err]  are the solubility para-
meter of the individual components. In order to achieve maximum
compatibility with the grease compositions and also to be compatible with
polycarbonate, the total solubility of the encapsulant is between 8.0 and
8.6, and preferably, between 8.0 and 8.3. 50      The reaction between the
anhydride functionalized composition and the cross-linking agent may be
cat- alyzed to achieve an Increased curing rate. The type of catalyst
useful for this reaction will depend upon the nature of the anhydride
functionalized composition and the crosslinking agent. Many tertiary amine
catalysts have been found to be particularly useful (tertiary amine", as
used herein, is meant to include amidines and quanidines as well as simple
tri-substituted amines). These tertiary amine catalysts include
1,8-diazabicy- 55   clo[5A.0]undec-7-ene (DBU),
1,5-diazabicyclo[4.3.0]non-5-ene (DBN), and salts thereof,
tetradecyldimethy- lamine, octyidimethylamine, octadecyidimethylamine,
1,4-diazabicyclo[2.2.2]octane, tetramethylguanidine, 4-
dimethylaminopyridine, and 1,8-bis(dimetyhlamino)-naphthalene, with DBU and
DBN being especially prefer- 5   



EP 0 282184 B1 red on the basis of the more rapid reaction rates provided.
Although the use of a catalyst is generally not necessary when the
crosslinking agent is amine functional, addition of catalysts such as DBU
and DBN may have an accelerating effect upon the reaction rate. Although
the crosslinking reactions to prepare the encapsulant compositions of the
present invention are 5   preferably conducted at or near ambient
temperature, it should be obvious to one skilled in the art that the re-
action rate may be accelerated, If desired, by the application of elevated
temperatures. It is also possible to add other additives, such as fillers,
fungicides, oxidation preventatives or any other additive as necessary. As
oxidation preventatives, there can be used hindered phenols, for example,
Irganox 1010, Tetrakis methylene
(3,5-di-tert-butyl-4-hydroxy-hydrocinnamate)methane, and Irganox 1076,
Octadecyl 10  B(3,5-tert-butyl-4hydroxyphenol) propionate, (made by the
Ciba-Geigy Company). As stated above, the most common grease-like substance
which is used to fill cables is FLEXGEL, an oil extended thermoplastic
rubber, commercially available from AT & T. Other filling compositions
include petro- leumjelly (PJ) and polyethylene modified petroleum jelly
(PEPJ). All such cablefilling compositions are herein collectively referred
to as grease. 15     To quantify the adhesion of an encapsulant to
grease-coated conductors a test to determine an encapsu- lant's C-H
Adhesion Value will be used. In general, this test measures the amount of
force it takes to pull a grease-coated conductorfrom avessel containing a
cured encapsulant. The greaterthe force which is required, the greater the
adhesion. To determine the C-H Adhesion Value of an encapsulant the
following test was conducted. Six, 0.046 cm 20 (22 gauge) polyethylene
insulated conductors (PIC), taken from a length of FLEXGEL filled telephone
cable purchased from General Cable Co. were cut into 15 cm lengths. The
test vessels were filled almost flush with the top edge with the test
encapsulant. Alid was placed thereon and a coated conductor was inserted
into each hole such that4 cm of the conductor protrude above the lid. Atape
flag was placed at the 4 cm mark to support the conductors while the
encapsulant cured. After four days at room temperature the lid was removed
and the 25 vessel mounted in a Instron tensile testing machine. Each
conductor was pulled out of the encapsulant at a 



crosshead speed of about 0.8 mm/sec. The maximum pull-out force was
measured in Newtons/conductor for each of the conductors. The average of
the six values in Newtons/conductor was assigned as the C-H Adhesion Value.
Similar tests were also run to determine the C-H Adhesion Value for
conductors coated with a PEPJ grease and are included in the examples
below. A C-H Adhesion Value of at least 4 is an acceptable value (4 30
Newtons/conductor maximum pull-out force), with a C-H Adhesion Value of at
least 13 preferred. As noted, a further concern in formulating an
encapsulant for use in splice enclosures is the compatibility of the
encapsulant with polycarbonate connectors. Compatibility Is evidenced by a
lack of stressing orcracking of a polycarbonate connector over time. An
encapsulan's compatibility with polycarbonate will be quantified by
assigning a Polycarbonate Compatibility Value (PCV). This will be measured
by means of a stress test con- 35 ducted on polycarbonate modules which
have been encapsulated in a particular encapsulant at an elevated
temperature for an extended period of time. The percentage of the original
flexure test control value after nine weeks at 50[err] C will be designated
as the Polycarbonate Compatibility Value. The original flexure test control
value is the breaking force in Newtons of three polycarbonate modules
following flexure testASTM D790 using an Instron tensile machine at a
crosshead speed of about 0.2 mm/sec. An acceptable Polycarbonate Compa- 40
tibility Value is 80 (80% of the average of the three control modules),
with a value of 90 being preferred. Polycarbonate CompatibilityValues were
determined asfollows: Three control modules were crimped with the
recommended maximum wire gauge, the wires had solid polyethylene
insulation. This produced maximum stress on each module. The breaking force
of the three modules was measured in Newtons, using the flexure test
outlined in ASTM D790 on an Instron tensile machine, at a cross head speed
of about 0.2 mm/sec. The 45 average of these three values was used as the
control value. Three crimped modules were placed In a tray and submerged in
encapsulant. The tray was placed in an air pressure pot under 1.41 Kg/cm2
pressure for 24 hours, while the encapsulant gelled and cured. After 24
hours, the tray with the encapsulated modules was placed in an air
circulating oven at 50[err]C for 9 weeks. After 9 weeks, the samples were
removed and allowed to cool to room temperature. The encapsulant was 50
peeled from the modules. The breaking force of the three modules was
measured following the ASTM D790 flexure test. The average of these three
values, divided by that of the control, multiplied by 100, is assigned as
the Polycarbonate Compatibility Value. 



The following lists of commercially available components were used in the
examples which follow. Prep- arations A through E were prepared as
described. The function of each component is also listed. Function is 55
indicated as follows: Anhydride Functionalized Composition - "AFC";
Cross-linking Agent - "CA"; plasticizer compound -"P"; and catalyst - "C".
The invention is further described In the following examples wherein all
parts are by weight. Where a par- ticular test was not run In a particular
example it Is indicated by "-" 6    EP 0 282 184 B1 Preparation A -
Malenized Linseed Oil Linseed Oil (Spencer Kellogg "Superior", 800 grams)
and maleic anhydride (MCB, 153.6 grams) were add- ed to a one liter resin
flask equipped with a mechanical stirrer, gas inlet tube, reflux condensor
connected to 5   a gas trap and a thermowell. The vessel headspace was
purged with nitrogen flowing at 2 liters per minute for 30 minutes while
the mixture was stirred slowly. The mixture was heated using three 250 watt
infrared lamps, two of which were controlled by a Therm-O-Watch connected
to a sensing head on a thermometer con- tained in the thermowell. The
temperature rose from room temperature to 200[err] C within 30 minutes and
was held at 200[err] C for three hours. After cooling, the amount of
unreacted anhydride was estimated by dissolving 10 a weighed sample of the
product in toluene, extracting the toluene with water and titrating an
aliquot of the water extract with standard alkali. The results showed less
than 0.03% unreacted anhydride remained in the product. Preparation B -
Malenized Polyisoprene 15 Polybutadlene (Hardman Isolene 40, 661.5 grams),
maleic anhydride (Fisher Scientific, 33.1 grams) and
2,6-di-t-butyl-4-methyl phenol (Aldrich 3.31 grams) were added to the
apparatus described above. After purg- ing the headspace with nitrogen, a
small quantity of xylenes (Baker, bp 137-140,33 grams) was added through 



the reflux condensor. The mixture was heated with stirring to 180[err]C
over 45 minutes and held at the temper- 20 ature for3.5 hours. The gas
Inletwas replaced with a stopper, the condensor replaced with avacuum
distillation head and the reaction mixture held at 150[err]C under pump
vacuum until no vapor bubbles appeared in the liquid phase. After cooling
the product was tested for loss on drying at 105[err] for 24 hours In a
forced air oven and found to lose 1.2% of its original weight. 25
Preparation C - Amine Compound A The following amine compound was prepared
by charging to a reaction vessel 33.92 gram of 1,6-hexane- diamine, 0.58
equivalents, and 66.08 gram n-butyl acrylate (0.58 equivalents). The vessel
was mixed and heat- ed slightly for 3 days to produce the Michael adduct.
Spectral analysis confirmed that the addition had taken 30 place.
Preparation D - Amine Compound B By a procedure similar to that described
for Amine Compound A, Amine Compound B was formed by the 35  Michael
addition of Jeffamine T403 (polyether triamine from Texaco Chemicals, Inc.,
amine equivalent weight 146) to n-butyl acrylate. Spectral analysis
confirmed the addition. Preparation E - Amine Compound C 40     Amine
Compound C was prepared by a similar procedure as Amine Compound B
substituting isooctyl ac- rylate for n-butyl acrylate. Spectral analysis
confirmed the addition. 45 50 55 7    EP 0 282 184 B1 5 10 
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EP 0 282 184 B1 Example I An encapsulant of the present invention was
prepared by mixing 27 parts of Plasthall 100, 22.19 parts of Ricon 131/MA,
and 0.81 partsofSunthene480 in a beaker, using an air-driven
stirreruntilthe mixture appeared 5   homogeneous. To another beaker 15.81
parts of Poly BD 45 HT, 33.86 parts of Sunthene 480, and 0.33 parts of
Polycat DBU were added and likewise mixed. Equal weight amounts of the
mixtures were added to a third beaker and were mixed by hand for 1 minute.
Once mixed, the gel time was measured by determining the amount of time
required from a 200g sample to reach a viscosity of 1,000 poise using a
Sunshine Gel Time Meter, available from Sunshine Scientific Instrument.
Clarity was measured visually. Clarity is either trans- 10  parent (T) or
opaque (0). Tearstrength was tested by the procedure of ASTM D-624, tensile
strength and elongation were measured by the procedure of ASTM D412;
adhesion of the encapsulant to a grease coated wire was measured as de-
scribed above (C-H adhesion value); and the encapsulants compatibility with
polycarbonate (Polycarbonate Compatibility Value, PCV), was also measured
as described above. The approximate Total Solubility Parame- 15  ter for
some of the encapsulants was also calculated as described above. Examples
2-34 and Comparative Examples Encapsulants of the Invention were prepared
and tested as described in Example 1. The formulations and 20  test results
are set forth in Tables 1 through 9 below. 25 30 35 40 45 50 55 14  
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EP 0 282184 B1 N 10 5 20 25 30 35    EP 0 282 184 B1 5 10 25 30 4 Claims 45
1. Agrease compatible dielectric encapsulant capable of being used to
encapsulate a splice of asignal con- ducting device comprising: the
extended reaction product of an admixture of (a) an effective amount of an
anhydride functionlized polyolefin; and (b) an effective amount of a
crosslinking agent capable of reacting with said anhydride functionlized 50
polyolefin to form a cured cross-linked material; said crosslinking agent
being selected from polyois, polyamines and polythiols; and said reaction
product extended with at least one plasticizer present in the range of
between 35 and 



85 percent by weight of the encapsulant, said encapsulant having a
solubility parameter of from 8.0 to 55 2. The encapsulant of claim 1,
wherein said at least one plasticizer is essentially inert with said
reaction prod- uct and is substantially non-exuding. 25    EP0282184B1 0 15
[err] 20 25 40 Claims 45  1. A grease compatible dielectric encapsulant
capable of being used to encapsulate a splice of a signal con- ducting
device comprising: the extended reaction product of an admixture of (a) an
effective amount of an anhydride functionlized polyolefin; and (b) an
effective amount of a crosslinking agent capable of reacting with said
anhydride functionlized 50         polyolefin to form a cured cross-linked
material; said crosslinking agent being selected from polyols, polyamines
and polythiols; and said reaction product extended with at least one
plasticizer present in the range of between 35 and 85 percent by weight of
the encapsulant, said encapsulant having a solubility parameter of from 8.0
to 8.6. 55 2.  Theencapsulant of claim 1, wherein said at least one
plasticizeris essentially inert with said reaction prod- 



uct and is substantially non-exuding. 25    EP 0 282184 B1 3. The
encapsulant of any preceding claim having a total solubility parameter of
up to 8.3. 4. The encapsulant of any preceding claim having a C-H adhesion
value of at least 4.0. 5   5. The encapsulant of any one of claims 1-3
having a C-H adhesion value of at least 13.0. 6.  The encapsulant of any
preceding claim having a Polycarbonate Compatibility Value of at least 80.
7. The encapsulant of any one of claims 1-5 having a Polycarbonate
Compatibility Value of at least 90. 10 8. The encapsulant of any one of
claims 1-5 having a Polycarbonate Compatibility Value of at least 80. 9.
The encapsulant of any preceding claim wherein said crosslinking agent is a
polybutadiene polyol. 15 10. The encapsulant of any preceding claim further
including a catalyst for the reaction between said anhydr- ide
functionlized composition and said crosslinking agent. 11. A signal
transmission component comprising: (a) a signal transmission device; and 20
(b) a dielectric encapsulant according to any preceding claim. 12. Aprocess
forfilling an enclosure comprising pouring into said enclosure at
ambienttemperature the liquid encapsulant composition of any preceding
claim. 25  13. Use of the compositions of one any of claims 1-10 to
encapsulate a splice of a signal conducting device. PathntansprOche so  1.
Schmierfettkompatible dielektrische VerguSmasse, die zum Verkapseln eines
SpleiSes in elner signal- leitenden Einrichtung verwendbar let, mit: dem
gestrecken Reaktionsprodukt eines Gemisches aus (a) elnerwirksamen Menge
elnes anhydridfunktionalisierten Polyolefins und 



(b) einerwirksamen Menge eines Vernetzungsmittels, das mitdem
anhydridfunktionalisierten Polyole- 35        fin zu elnem gehartsten
vernetzten Material umsetzbar let; wobei das Vernetzungsmnittel aus den
Polyolen, Polyaminen und Polythiolen ausgewihit ist und das
Realtionsprodukt mit mindestens einem Weichmachergestreckt ist der in einer
Menge im Be- reich von 35 bls 85 Gew.-% der Vergulmasse vorhanden ist, und
wobel die Vergu~masse einen L8slich- keitsparameter von 8,0 bis 8,6 hat. 2.
Vergulmasse nach Anspruch 1, in der der mindestens elne Weichmacher
gegenriberdem Reaktionspro- dukt im wesentlichen inert ist und Im
wesentlichen ausschwitzsicher ist. 3. VerguSmasse nach einem der
vorhergehenden Anspruche, die einen Gesamtloslichkeitsparameter von 45
bis zu 8,3 hat. 4. Verguimasse nach elnem dervorhergehenden Ansprflche mit
elnem C-H-Adhasionswert von mindestens 4,0. 50  5. Vergufmasse nach elnem
der Ansprriche I bis 3 mit elnem C-H-Adhaslonswert von mindestens 13,0. 6.
Vergutmasse nach einem der vorhergehenden Ansprflche mit einem
Polyearbonatkompatibilititswert von mindestens 80. 55   7. Vergugmasse nach
einem der Ansprriche I bis 5, mit einem Polycarbonatkompatibilititswert von
minde- stens 90. 8. Vergulmasse nach einem derAnsprflche I bis 5, mit einem
Polycarbonatkompatibilitltswert von minde- 26 *                  I
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Vergu~masse nach einem der vorhergehenden Ansprfilche, in dem das
Vernetzungsmitel ein Polybuta- dienpolyol ist. 



5 10. Vergugmasse nach elnem der vorhergehenden AnsprOche mit einem
Katalysator fOr die Reaktion zwl- schen der anhydridfunktionallsierten
Zusammensetzung und dem Vernetzungsmittel. 11. Signalflbertragender
Bestandbtil mit 10        (a) einer signalfbertragenden Einrichtung und (b)
einer dielektrischen Vergu~masse nach einem der vorhergehenden AnsprOche.
12. Verfahren zum FOllen einer UmschileBung, in dem die flOssige
VerguBmasse nach einem der vorherge- henden Ansprfuche be!
Umgebungstemperatur In die Umschilegung gegossen wird. 15 13. Die
Verwendung der Zusammensetzungen nach einem der AnsprOche I bis 10 zum
Verkapsein elnes Spleiges einer signalleitenden Einrichtung. 20
Revendicatlons 1. Compositlon d'encapsulage dielectrique compatible avec
les graisses, pouvant tre utilisee pour encap- suler une epissure d'un
disposatif conducteur de signaux, comprenant: le produit de la r6action
dilu6 d'un melange 25        (a) d'une quantite efficace d'une polyolefine
A fonctionnalite anhydride; et (b) d'une quantite efficace d'un agent de
reticulation A mime de r6agir avec ladite polyolefine A fono- tionnalite
anhydride pour former un matriau reticul6 durcl; ledit agent de
r6ticulation etant choisl parml I'ensemble oomprenant lea polyols, les
polyamines et lea polythiols ; et 30           ledit produit de reaction,
dilul avec au poins un plastiflant pr6sent en une quantit6 comprise dans
l'intervalle d'environ 35 1 85 % en poids par rapport A la Composition
d'encapsulage, ladibte Composition d'encapsulage ayant un parametre de
solubilite de 8,0 A 8,8. 2. Composition d'encapsulage selon la
revendication 1, dans laquelle ledit au moins un plastifiant est es- 35
sentiellement inerte vie-a-vis dudit produit de reaction, et est
essentiellement non exsudant. 3. Composition d'encapsulage selon l'une
quelconque des revendications pricidentes, ayant un parammtre de solubilite
totale allant jusqu'A 8,3. 



40  4. Composition d'encapsulage selon l'une quelconque des revendications
precedentes, ayant un indice d'adherence C-H d'au moins 4,0. 5. Composition
d'encapsulage selon l'une quelconque des revendications 1 a 3, ayant un
indice d'adh6rence C-H d'au moins 13,0. 46 6. Composition d'encapsulage
se"on l'une quelconque des revendilcations precedentes, ayant un indice de
compatibilith avec lea polycarbonates d'au moins 80. 7. Composition
d'encapsulage salon l'une quelconque des revendications 1 a 5, ayant un
indice de compa- 50      tibilite avec lea polycarbonates d'au moins 90. 8.
Composition d'encapsulage selon l'une quelconque des revendications 1 a 5,
ayant un Indice de compa- tibilite avec lea polycarbonates d'au moins 80.
55  9. Composition d'encapsulage salon l'une quelconque des revendications
precedentes, dans laquelle ledit agent de reticulation est un
polybutadienepolyol. 10. Compositin d'encapsulage salon l'une quelconque
des revendications prec6dentes, qui comprend en ou- 27              _ _ _ _
_ _ _ _ _ _ _ _ _ _ 1 111111 11111B11 111111 111 *C  L  M   S*    EP 0
282184 B1 tre un catalyseur pour la reaction entre ladite composition A
fonctionnalite anhydride et ledit agent de rh- ticulation. 11. Composant de
transmission de signaux, comprenant: 6         (a) un dispositif do
transmission de signaux ; et (b) un composition d'encapsulagedieiectrique
selon l'une quelconque des revendicatlons precedentes. 12. Procede pour
remplir une enceinte, qul consists a verser dans cette enceinte A la
temp6rature ambiante 



la composition d'encapsulage liquids selon l'une quelconque des
revendicatbons prec6dentes. 10 13. Utilisation des composition selon l'une
quelconque des rovendications 1 a 10 pour encapsuler une epis- sure d'un
dispositif conducteur de signaux. 15 20 25 30 35 40 45 50 56S 28 1
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