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The invention relates to polymeric elastomers which

5
can be used as encapsulants, sealants, end seals,
gaskets, and danms for telecommunications and electrical
devices.
10 Description of the Related Art

Elastomers and sealants containing polyurethanes and
polyurethane/ureas are well known in the art.

U.S. Pat. No. 5,064,494, (Duck, et al.) discloses a
sealant composition made from a polyol based isocyanate

15 prepolymer and a heat activatable blocked complexed
amine. The materials are cured by briefly heating to
above 120°C and subsequently moisture cured.

U.S. Pat. No. 5,061,749 (Ito and Hayashi) -discloses
a polyol based isocyanate prepolymer and a vinyl polymer

20 cqntainingla hydrolyzable siloxy group. The material is
stated to be useful as a sealing material when formulated
with propef fillers and plasticizers. ' '

U.S. Pat. No. 5,053,465 (Waddill) discloses sealers
camprisinq%a polyol based blocked isocyanate prepolymer

25 epoxy resin blend cured with a polyether polyamine.

U.S. Pat. No. 5,034,435 (Squiller) discloses
agueously dispersed polyol based blocked isocyanate-
terninated prepolymer epoxy compositions which are mixed
with aliphatic polyamines to form a sealant.

30 U.S. Pat. No. 4,346,205 (Hiles) discloses energy-
absorbing polyurethane foams and elastomer compositions
having low compression characteristis comprising a

S flexible polyurethane of essentially linear structure
containing unsaturated hydroxyl groups. The foams are the

35 reaction product of snbstantialiy linear polyols having
hydroxyl end groups and an aromatic isocyanate in less
than stoichiometric amount. The elastomers ﬁggf%aught to
have a Shore 00 hardness of 50 or less. td
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| socyanat e prepol yner 25 epoxy resin blend cured with a polyether

pol yam ne. U.S. Pat. Ng g5, pa€.4B6.(&pd76)258 (Hids)saisujosess| y. dlspersed

o b o o o o ehats oo EHATE, S AP ERRD LAl SO Harhi e SHFAIRY (005
Pat. No. 4,346, 205, fjtl esk dpsebou‘bslemlg% aemmreas ian \aetedfadessoans
and el astomer conposi ti %P%thgy NGnd OX fgmwlp_{hézww iabch®S 10 to
conprising a flexitha® f yur &t hane of essentlallgl I near structure

5 about 100 milliseconds. The elastomers are formed by
reaction of a urethane-forming component containing at
jeast four urethane-forming reactive sites and an

elasticizing polyol selected from diols and triols and a

diisocyanate in less than stoichiometric amounts. The

materials are stated to have a Shore 00 hardness of about

20 to about 70. Various additives and fillers are ‘

disclosed including hollow glass spheres. .T

U.S. Pat. No. 4,722,946, (Hostettler) discloses non-

liquid, energy-absorbing polyurethane foams and

15 elastomers which are derived from reacting a mixture of
linear and branched polyols having a linear to branched
ratio of 1.0 to about 1.18, a polyisocyanate and,
optionally, a blowing agent, under polyurethane-forming
conditions at an isocyanate index of from about 65 to

20 about 85. It is specifically stated that isocyanate
indices below 65 do not give a product with useful
consistency. It is further disclosed that the elastomers
disclosed in the above Hiles patents could not be
duplicated, but provided liquid materials which are not

25 usable for the purposes intended.

U.S. Pat. No. 4,980,386 (Tiao and Tiao) discloses a
method for the manufacture of shock attentuating low
rebound polyurethane foams in which polyols are reacted
with polyisocyanates having a functionality of at least

30 2.3 at an isocyanate index of from about 65 to about 85.

U.S. Pat. No. 5,010,117 (Herringfon, et al.)

. discloses that polyurethane/polyurea foams prepared using
polymer polyols with low levels of'mono-functional
impurities and water as the blowfﬁa agent provide

35 improved mechanical properties. Useful polyzsocyanate
indices were disclosed to be 60 to about 200, ferably
about 95 to about 110. It was specifically égéfzd that

10
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u.S. Pat. No. 4,833,176 (Wolf and Kogelnik)
discloses a process for the preparation of flexible
palyurethane foams at an isocyanate index below 70,

° preferably 40-60, with 5-15 parts water and compounds
containing at least two isocyanate reactive compounds.
It has now been discovered that useful viscoelastic
elastomers can be obtained at isocyanate indices below 65
10 and even at extremely low isocyanate indices, e.qg., 15‘to

50, when a polyamine is included in the isocyanate _
reactive mixture. Surprisingly, useful elastomers can be
produced with a completely branched, or a completely
jinear isocyanate reactive component as well as a mixture

15 of linear and branched materials. It has also been
surprisingly discovered that certain physical properties
can be maintained or even increased as the isocyanate
index decreases by a proper balancing of the nature and
reactivity of the isocyanate reactive component. By

20 balancing these factors, and including at least one
polymeric amine, elastomers may be prepared having
viscoelastic characteristics ranging from firm elastomers
to jelly-like sealants, as desired for varying
applications.

25

Sumpary of the Invention
The invention provides polyurethane/urea

elastomers having an isocyanate equivalent index below
100, preferably from 15 to 80, containing an effective

30 amount of polyisocyanate component,fpnd an effective
amount of isocyanate reactive material, comprising at
least one polyamine and at least one polyol, wherein said
elastomer contains from 1 to lggyequivalent percent
active amine hydrogen per 1socyanate equivalent. The

35 elastomers are useful as encapsulants, sealants, end
seals, gaskets and the like. ﬁgsr
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Dsefal H oS ymB2t §B1§0£8UEEntLin High molecular weight

polyadducts or polycondensates, or polyhydroxyl compounds
modified by vinyl polymerization can also be ptlllzed.
guitable polymer polyols contain from 5 to 60 percent
polymer dispersions in polyols.

one highly preferred elastomers of the invention
also contains from 10 to 60 volume percent lightweight

microspheres. (

As used herein, these terms have the following
meanings.

i. The term "elastomer" refers to a rubbery
material which, when deformed, will return to
approximately original dimensions in a relatively short
tine.

2. The term "isocyanate index" and "NCO-index" as
used herein refer to the ratio of NCO groups over
reactive hydrogen atoms present in a polyurethane
formulation given as a percentage:

- = (NCO)
NCO-index ( active hydrogen) X 100

In other words, the NCO-index expresses the percentage of
isocyanate actually used in a formulation with respect to
the amount of isocyanate theoretically required for
reacting with the amount of isocyanate reactive hydrogen
used in a formulation.

The expression “active hydrogen atoms" as used here
for the purpose of calculating the isocyanate index _
refers to the total of hydroxyl and amine hydrogen atoms
present in the reactive compositiﬁﬂé in the form of
polyols and polyamines. This means that for the purpose
of calculating the isocyanate index one hydr group is
considered to comprise one active hydrogen augéé?
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, Volume 49, page 3181 (1927).
3. The term "isocyanate reactive material" means a
compound OF blend of compounds containing active hydrogen

dupliwc
pur pose
met hod

foans i

o=

atoms.
4. The terms "eguivalent weight"™ and "molecular

weight" as used throughout the present specification
refer to equivalent weight values that may be calculated
by measuring the content of functional groups per weigﬁf
of sample, and the molecular weight values that may be
calculated from the aforementioned equivalent weight and
the theoretical functionality of the compound (i.e., by

15 the total number of hydrogen atoms attached to an oxygen
atom and/or a nitrogen atom).

S. The term “polyol" means a substance containing
at least two hydroxyl groups attached to a single
molecule.

20 6. The term "polyamine” means a substance
containing at least two primary or secondary amino groups
attached to a single molecule.

7. The term "essentially inert" as used herein
means that the plasticizer does not become cross-linked

25 into the polyurethane/polyurea reaction product.

8. The term "non-exuding" as used herein means that
the plasticizer has the ability to become and remain
blended with the polyurethane/polyurea reaction product.
Many excellent plasticizers experience some blooming, or

30 a slight separation from the solid, gspecially at higher

L temperatures, and over lengthy storage times. These
plasticizers are still considered to be "substantially

_ non-exuding”. 2

i Percents, ratios and parts‘described herein are by

35 weight unless otherwise specifically stated. '
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5 containing at |east two |socyanatéﬁréact|ve conpounds. It has now °
been di gcovered that useful vis oelastlc elastoners can be obtalned at
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indicesi e.g., 15 to 50, rbﬁgmidammmﬁsw@ou@edsenathmeaﬁecuﬁ@ate
reactive mixture. Surp |S|ng usef ul rs _can_be, produced th a
conpl etely branch%gocyanateoﬁ%# Qﬁ%F1|:%¥£iﬂ c&&ﬁ&?@nFEECFPVB°Eﬁ nent
as well as a mxturelude any isocyanate having the required functionality.
he isocyanate should be present in sufficient amount to

5 rovide an isocyanate index of below 100, more preferably
pelow 80, most preferably below 65. Eguivalents for each
component can be calculated by dividing the actual weight
(in parts) of each component by the eguivalent weight.
rhe isocyanate reactive component is a blend of compounds
containing isocyanate reactive groups, the blend
jncluding at least one polyamine and at least one polyol, ‘[
and may be completely linear, completely branched or a -
mixture thereof.

The term isocyanate also includes isocyanate-
terminated prepolymers. Polyisocyanates may be linear or
pranched, aliphatic, cycloaliphatic, araliphatic,
heterocyclic or aromatic, or any combination of such
polyisocyanates. Particularly suitable polyisocyanates

20 correspond to the formula
N Q(Nco),

in which n is an integer of from 2 to 4, and Q is

selected from an aliphatic hydrocarbon radical containing

from 2 to 100 carbon atoms, and zero to 50 heteroatoms; a

25 cycloaliphatic hydrocarbon radical containing from 4 to

100 carbon atoms and zero to S50 heteroatoms; an aromatic

hydrocarbon radical or heterocyclic aromatic radical

containing from 6 to 15 carbon atoms and zero to 10

heterocatoms, and an araliphatic hydrocarbon radical

30 containing from 8 to 100 carbon atoms and zero to 50
heteroatoms. The heterocatoms that cas be present in Q
include non-peroxidic oxygen, sulfur, non-amino nitrogen,
halogen, silicon, and non-phosphino phosphorus.
Examples of polyisacyanateS}iﬁblude ethylene
35 diisocyanate, 1,4-tetramethylene diisocyanate, 1,6~
hexamethylene diisocyanate, trimethylhexamethy;qﬁe
diisocyanate, 1,12-dodecane diisocyanate, cngggztane-
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S hexahYdr°t°1ylene diisocyanate and nlxt?fes thereof,

; hexahYdr°'1’3 -and/or -1,4- phenylene diisocyanate,
hexahydr°‘2'4"‘“d/°r 4,4'’-diphenylmethane diisocyanate,
1.3’and 1,4-phenylene diisocyanate, 2,4~ and 2,6-tolylene
diisocyanate and mixtures thereof, diphenylmethane-2,4’-

and/or 4,4’-diisocyanate, naphthylene-1,5-diisocyanate,
Gy Aimer acid diisocyanate (DDI) and the reaction
products of four equivalents of the aforementioned
isocyanate—containing compounds with compounds containing
two isocyanate-reactive groups. ‘
Also useful are e.g., triphenyl methane-4,4’,4%-
eriisocyanate, polyphenyl polymethylene polyisocyanates
of the type obtained by condensing aniline with
formaldehyde, followed by phosgenation, (British Pat.
Nos. 874,430 and 848,671), m~- and p-isocyanatophenyl
sulphonyl isocyanates, perchlorinated aryl
20 polyisocyanates, polyisocyanates containing carbodiimide
groups, norbornane diisocyanates, polyisocyanates
containing allophanate groups, polyisocyanates containing
isocyanurate groups, polyisocyanates containing urethane
groups, polyisocyanates containing acrylated urea groups,
25 polyisocyanates containing biuret groups, ﬁolyisocyanates
produced by telomerization reactions, polyisocyanates
containing ester groups, reaction products of the above-
mentioned diisocyanates with acetals, polyisocyanates
containing polvmeric fattv acid esters. and aralinhatie
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ilsocyggate,y 1me¥pac19 diisocyanate (DDI) and 4,4’~
methylene'bls (cyclohexyl diisocyanate).

Blocked polyisocyanates may also be included.
g1lustrative of these materials are 4-nonylphenol blocked
jsocyanate prepolymers available as Desmocap™ from Miles.

Suitable polyamines are those known in the art which
contain more than one primary or secondary amino group
capable of reacting with isocyanate groups and have
molecular weights from 400 to 100,000, preferably 800 to
20,000, with functionality from 2 to 6, preferably 2 to
3. ' .
Examples include polyoxyalkylene polyamines derived
from the amination of polyether polyols with the majority
of the hydroxyl groups replaced by amine groups;
polyamidoamines derived from dimerized fatty acids; amine
terminated polybutadienes; amine terminated
polytetrahydrofuran; amine terminated polybutadiene-
acrylonitrile copolymers; amine terminated polyethers
obtained by hydrolysis of isocyanate prepolymers or by
hydrogenation of cyanocethylated polyoxpropylene ethers,
polyamines containing urea or amide or urethane moieties
in their backbone; cyanocethylated amine terminated
polyoxypropylene ethers; polysiloxanes containing amino
groups; tetramethylene oxide-di-aminobenzoates;
polyethers containing aromatic amine end groups; Lewis
acid-blocked primary or secondary aliphatic or aromatic
amine groups, and mixtures thereof.

Useful classes of polyamines include:

a) aminopolyethers. Other suitalle polyamines
include those containing urea or amide or urethane or
ester moieties in their backbones. Illustrative of these
materials are the po1yoxya1ky1ene§§6lyamines available as
Jeffamine™ from Texaco. -

(b) Polyamines containing aliphatic or ;ﬁﬁ
cycloaliphatic organic compounds, such as ggf

nost preferablé from800 to
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in addition, amine terminated polyalkadiene copolymers
with acrylonitrile or methacrylonitrile in the polymer
packbone can be utilized. Illustrative of the above
paterials are the amine-terminated butadiene/
acrylonitrile copolymers available as Hycar™ from BF
Ggoodrich.

(c) Aminoalkyl terminated polydiorganosiloxanes,
jncluding polysiloxanes having a molecular weight of 400
to 100,000 which contain from 0.01 to 6 percent, '
preferably 0.05 to 1% by weight of nitrogen in the form
of primary or secondary amino groups. Polysiloxane-
containing amino groups include those having structural
units corresponding to the following formula:

RI i RI ] [ Rl ] Rl
l | |
R—S&4>——Ti—c ?i-c Si-R
R’ R’ R R’
L Jxt - Y
wherein R ~ represents an amino group containing alkyl
© or

© aryl radical containing primary, secondary
or tertiary amino groups and having a
total of 2 to 20 carbon atoms

R/ independently represent alkyl groups
- containing 1 to 6 carbon atoms, vinyl
groups or phenyl groups

Y : representing whole or (on a statistical
average) fractional number of 0 to 4

: >
X ' representing a whole or (on a statistical
average) fractional number of 10 to 1400
Illustrative of these materials i%the difunctional
aninopropyl-terminated polydimethylsiloxane formed by
reaction of amino propyltrialkoxysilane with octamethyl
cyclotetrasiloxane. §§?
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Illustrat;ve of the above materials are the
polytetramethyleneoxide-di-p-aminabenzoates available as
polamine™ from Air Products.

Polyols useful in the 1nvention are liquid or quasi-
1iquid polyols, with functionality from 2 to 8, with di-
or trifunctional polyols being preferred. Useful polyols
have molecular weights of 400 to 50,000, preferably 800
to 20,000. ‘

Suitable polyols may be selected from polyether
polyols based on ethylene oxide, propylene oxide,
butylene oxide, tetrahydrofuran, epichlorohydrin or
mixtures thereof, ricinoleic acid derivatives, e.q.,
castor 0il; polyester polyols, polyamide or
polyesteramide polyols; tertiary amine containing
polyols, e.g., ethoxylated or propoxylated amides or
amines; polyalkadiene polyols derived from butadiene
polymers or copolymers, and hydrogenated derivatives
thereof; polyacetals, polycarbonates containing hydroxyl
groups; polyhydroxyl (meth)acrylic resins, polythioether
polyols, polymer polyols, and the like.

Suitable classes of polyols include:

(a) Polyethers containing at least 2, generally 2
to 8, preferably 2 or 3 hydroxyl groups. The general
term polyether polyols also includes polymers referred to
as amine-based or amide-based polyols. When propylene
oxide and ethylene oxide are utilized to prepare the
polyether polyel, it is preferred that the oxypropylene
content thereof be at least 60 weight percent, more
preferably at least 70 weight percent and most preferably
at least 80 weight percent. The ethylene oxide is most
preferably present in the form of #&rminal
poly (oxyethylene) blocks, constituting 10 to 20 welght
percent of the polyether. Illustrative examples re the
polypropylene oxide glycols, polypropylene oxziﬁi;rxols
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(b) Esters of ricinoleic acid with polyhydric

alcohols containing at least 2 hydroxyl groups, including
pono, di-, and polyesters of ricinoleic acid. One
pnaturally occurring triglyceride of ricinoleic acid is
castor oil, which has an average functionality of about
2.7. Suitable interesterification products may also be
prepared from castor oil and substantially non-hydroxyl-
containing, naturally occurring triglyceride oils.
Il1lustrative of the above materials is castor oil
available from United Catalysts.
(c) Polyalkadiene polyols, prepared from dienes
15 including unsubstituted, 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 1 to 4 carbon atoms, substituted
20 aryl, unsubstituted aryl, halogen and the like. Typical
of such dienes are 1,3-butadiene, isoprene, chloroprene,
2~cyano-1,3-butadiene, 2,3-dimethyl-1,2-butadiene, and
the like. Hydrogenated derivatives may also be used. A
hydroxyl terminated polybutadiene is available from ARCO
25 Chemicals under the designation "Poly-bd R-4SHT® and
hydroxyl terminated polyisbprenes are available under the
"LIR" trade name from Kennedy and Klim.
(d) Polyesters containing hydroxyl groups, e.g.,
reaction products of polyhydric, preferably dihydric and,
30 optionally, trihydric alcohols with ggly—basic,
. preferably dibasic, carboxylic acid. .
Examples of suitable polyhydric alcohols are
ethylene glycol, 1,2- and 1, 3-prgpylene glycol, 1,4-and
2,3-butylene glycol, 1, 6-hexanediol, 1,8-octanediol,
35 neopentyl glycol, 1,4-b;s—hydroxymethylcycloheggne, 2=
methyl-1,3-propanediol, glycerol, trimethylﬁéﬁﬁ?opane,
1,2,6-hexanetriol, 1,2 4-hutanetrxol, trime ylol ethane,

10
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of hydrogen atons_attached to an poxygen a$ﬁ§
The term "pol yol{' THIBSSHEER HASIBHENNE e conta ,g &9&#Q§st
attached to a sijngl e RBPigcdEDe. 20 . The term

ftns a substance containing at |east two prlnary or secondary
attached to a single nolecule. T12me term"essentially inert”

Vo o nag tmmpshat SEAEPLacHGAL Y o BEASHE b FRERT RO F SHARN

ééyy I oBEdeLidhéﬁhyheﬁetQEyaﬁnJ|ﬁnddthymsnnngxyubl
p

dzb“tyl glycol and higher polybutylene glycols. The
palyesters may contain terminal carboxyl groups.
polyesters of lactones, e.g., epsilon-caprolactone, or
polyesters of hydroxycarboxylic acids, e.gq.,
omegahydroxycaproic acid, may also be used.

(e) Polythioethers, particularly the condensation
products of thiodiglycol alone and/or with other glycolé,
dicarboxylic acids, formaldehyde, aminocarboxylic acids
or amino alcochols. Depending on the co-components, the
products can be, for example, polythio mixed ethers,
polythioether esters or polythioether ester amides.

- (£) Suitable polyacetais, including the compounds
obtainable from glycols, such as diethylene glycol,
triethylene glycol, 4,4’-diethoxydiphenyldimethylmethane,
hexanediol and formaldehyde. Polyacetals suitable for
use in accordance with the present invention may also be
obtained by polymerizing cyclic acetals such as trioxane.

(g) Polycarbonates containing hydroxyl groups,

(h) Polyhydroxy (meth)acrylic resins, which are
polymers and copolymers of mono esters of (meth)acrylic
acid and polyhydric alcohols, useful for making polyester
polyols (see (a), infra), e.g., homopolymers and
copolymers of hydroxyethyl (meth)acrylate, hydroxypropyl
(meth)acrylate, and the like. Illustrative of such
compounds are G-cure™ acrylic resin available from Henkel
Corp., Minneapolis, MN, Desmophen™ A resins available
from Mobay Corp., Pittsburgh, PA, ang hydroxyl functional
Acryloid™ resins, available from Rohm and Haas,
Philadelphia, PA.

(i) Polyester amides and pﬁiyamides, including the
predominantly linear condensates.

PO
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conpri se atius

I ncl ude an ﬁSocyanate having the required fust3+onality. The isocyanate
shoul d be [@Eesent in sufficient amount to provide an isocyanate index of
bel ow 100, Jore preferably) beralytiranyd: qompounds alverdy eontajningl ents
for each -

ethane OT urea groups and optionally modified natural
polY°1s’ such as carbohydrates, for example, starch.
(x) Modified polyhydroxyl compounds, and modified
derivatives thereof.

5 (1) Polyhydroxyl compounds containing high

molecular weight polyadducts and polycondensates or

_prepo1ymers in a finely dispersed or dissolved fornm,

e.gor @ dispersion polymer polyol, a grafted copolymer

p01Y°1r a solution polymer polyol, or blends thereof.

g polyhydroxyl compounds can also be modified by vinyl

3 polymers of the type obtained, for example, by

polymerizing styrene and acrylonitrile in the presence of

polyethers. Plastics having particularly good flameproof
properties are obtained by using polyether polyols
modified by graft polymerization with vinyl phosphonic
acid esters and, optionally (meth)acrylonitrile,

(meth)acrylanide or hydroxyl functional (meth)acrylic

acid esters. Polyhydroxyl compounds into which carboxyl

20 groups have been introduced by radical graft

polymerization with unsaturated carboxylic acids and,

: optionally, other olefinically unsaturated monomers may

§ be used particularly advantageously in combination with

% mineral fillers. Also suitable are melamine, urea or

25 urea/melamine blend particles dispersed in a peolyol.
Regardless of the specific polyol used, it is generally
preferred to use polyols containing primary hydroxy
groups. Mixtures of polymer dispersions and conventional
polyols may be employed.

30 Illustrative examples of polymer polyols include
Multranol™ 9151 and 9238, available from Miles Chemical
Corporation; Arcol™ 34-28 and 24-32, available from Arco
Corporation, and Pluracol™ 994 affid 637, available from
BASF Agtiengeschelleschaft.

35 Besides the above polyols and polyamxnes ~lawer

! molecular weight, reactive, chain-extendingi

crosslinking compounds havxng molecular weights of 400 or

10
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conmponen ' of conmpounds cadnt ai NRBR-ACEDCyanaj e reactive groups,

I ng at | east one polyam ne and af Téast one polyol, and may
| i near, conpletely branched or=¥=i xture thereof. 15 The

nate al so includes isocyanate- term nated prepol yners,
ates may b Aﬁdunpnﬁiiﬂiﬂshéﬁeéea§FlEﬁati€°CZ§E§GEN¥$#E§iY?

: heterde 'IC roNe" BN 1o bé”hﬁ@&?éaat'meoimm of chain
y suitable es 20 ond to the

at es. orres
NCO) [ er r? gnmq: pgents r&ﬁ‘ﬁ"ﬁ%&gé 8? g othe ‘ie Qis
rom an a haﬂ,gc faehsitar don thadmledcmi:m ni Ugeful examples

nclude polyhydric alcohols, alkanol amines, primary or
sgcondarY aliphatic, cycloaliphatic, aromatic,
rallphatlc or heterocyclic amines, low molecular weight
anlne-1nit1ated polyether polyols, ricinoleic
derivatzves, hydroxyl containing organophosphates, poly-
(axyalxylene)amines, substituted hydrazines and
hydrazides' and mixtures thereof.
suitable aromatic amine chain extenders include the

sterically hindered aromatic polyamines, preferably
diamines, which contain linear or branched alkyl
substituents or halogen or similar substituents in the
ortho position to the amino groups. Aromatic polyamines
also include amines in which the amino group is attached
to heterocyclic radicals of aromatic character. Examples
include l1l-methyl-3,5~-diethyl-2,6-diamino benzene; 4,4’'-
20 methylene bis(2-chloroaniline); 4,4’-diamino-diphenyl

sulfone; isobutyl-3,5~diamino-4-chlorobenzoate, NacCl

blocked methylene bis(aniline).

In addition, aliphatic amine-containing chain
extenders can be employed. Such compounds include

25 ethylene diamine, methylene-bis(cyclohexyl amine), N,N’/-~
ditertiary-butyl ethylenediamine, amino ethyl piperazine,
meta-tetramethylenexylene diamine, and the like.
Illustrative of the above materials is S-amino-1,3,3’-
trimethyl cyclohexane-methenamine (isophorone diamine)

30 Vestamin™ available from Huls.

Low molecular weight hydroxyl tefminated compounds
can be utilized as chain extenders. Examples of such
polyols are N,N-bis (2-hydroxypropylaniline, 1,6~
hexanediol tripropyleneglycol, tr!ﬂethyol propane, 1,4-

35 dihydroxyl cyclohexane, diethanolamine, 1,4-bis .
(hydroxyethylpiperazine, and the like. It is aj&o
possible to use diols containing additional qﬁ%ﬁps, for

be conpl e
termisoc
Pol yi socy
ar al i phat
pol yi socy
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sel ected f
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3 o 50 heteroatons. The heteroatgms that can be present
pr oxi di ¢ oxygen,
i no pho
1, 4€
trinet
cyclo

-
and zero to 50 heteroatons a 25 cycloaliphatic
carbon-at,ons and zero to 50
rtﬂi? EE{EEBHA%GE@Y dcyclic arROTMUSS3/65309
_ zerojto 10 heteroatons,
30 containing from8 to 100 carbon
sul fur, non-am no nitrogen, hal ogen, silzgog
husbeﬁdzphydrokynptgpyDpyﬁ@mﬁkthiluﬁggkeethylene
RS &?Bﬁegé#?§%%§£2é%e4ﬁa9ﬂﬁ%%&% (3=
lethylurethane), ,4’=diphenylmethane-bis-(2-
nYd;-g.-;xylei:l'qu urea), ethylene glycol nono-ricinoleate,
and the like. TIllustrative of the above materials are
diethyl-N,N-bis(2-hydroxylethyl) amino methylphosphonate,
pyrol™, available from Akzo; pentaethrythritol mono-
ricinoleate, Conacure™ available from Conap; propylene
oxide adduct of trimethylolpropane, Pluracol™, available
from BASF; and polyethylene or polypropylene oxide
adducts of ethylene diamine, also available under the
pPluracol™ or Quadrol™ trade name.

Preferred elastomers may also contain a plasticizing
system having one or more extenders or plasticizers. The
plasticizing system is preferably selected so as to be
essentially inert with polyurethane/polyurea reaction
products and substantially non-exuding.

Useful plasticizers include aliphatic, naphthenic,
and aromatic petroleum based hydrocarbon oils; cyclic
olefins (such as polycyclopentadiene), vegetable oils
(such as linseed oil, soybean oil, sunflower oil, and the
like); saturated or unsaturated synthetic oils;
polyalphaolefins (such as hydrogenated polymerized
decene~1) , hydrogenated terphenyls, pine oil or coal tar
or other terpene derivatives, polypropylene oxide mono
and di~-esters, cyclopentadiene copolymers with fatty acid
esters, phosphate esters and mono-, di-, and poly-esters,
(such as trimellitates, phthalates, benzoates, fatty acid
ester derivatives, castor o0il derivatives, fatty acid
ester alcohols, dimer acid esters, glutarates, adipates,
sebacates, polymeric polyesters, rosin esters, acrylate
esters, epoxidized fatty acid esters, and the like) and
mixtures thereof. P4

Flame retardency of the elastomers can be improved
by the use of halogen and/or phosphorus conta%'fhg
compounds, for example, halogenated phosphaqjﬁgi
polyphosphate esters, halogenated organic phosphonates,

at ons,

i ¢ hydrocarbon
om6 to 15 carbén-at
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1) pocycl ohexane-1,3 and 1, 4-dii socyanate andpghz@§ﬁes
t her eof , ™4 fnat p- 3, 3, 5-trineth hHﬁrgﬁ%@Q&%ﬁﬁ&gﬂ'thy| cycl WD A -
and 2, 6- 1 ; yl ene diisocyanate qppt JAppt Ures|thereof, hexahydro-1,3
-and/ or - rellienyl ene dii socyanat €, ~4' - and/ or '
4,4' -di phej¥net hane diisocyanate, 1,3-and 1 5§heny|ene dii socyanate, 2,4-
and 2,6-to ene diisocyanate ang m xtures thereqf, dipqggylnethane-2,4'-
and/or 4,4 -diisocygﬂfmalogabﬁFﬁ |E¥§?9§%ﬁkﬁn%nc tlaye retardantacan
aﬁi d ]gi i so@anat ed(_ 3Bje@halongovitin Wydibiytalkyl fpmepnwhtgl estérsf
t he af orem@gnti oned pe anat e-copt ain CoMou w,t Q,compaoun
conLaining t WO isoc*gﬂareanﬁePFﬁééﬁr {Eﬁfrﬁu ?f#ﬁ?ﬁ%ﬁ ngéggsg?FatFFSﬁ%ﬁyl
met hane- 4,

' 4" - of gire retardancy. Illustrative of the above materials
are polyalphaolefins available from Emery Chemical under
5 cne EmeTY trade name, tri-octyl trimellitate available .
grom Nuodex under the Nuoplaz™ trade name, gly;eryl
tri(acetyl-ricinoleate) available under the Flexricin™

trade name from CasChem, trixylenenylphosphate available

from FMC under the Kronitex™ trade name, and soybean oil
¢rom Spencer-Kellogg.

Any conventional catalyst used in the preparation of
polyurethanes may be employed herein. To facilitate the (
reaction from 0.005% to 5.0%, preferably 0.05 to 2.5% by
weight of the total reactants of catalyst is added.
suitable catalysts include organometallic chelates,
alcoholates, phenoclates, and salts of organic acids,
tertiary amines, organic tin compounds, bicyclic
: amidines, silaamines, acidic metal salts of strong acids,
3 20 tertiary phosphines, alkali and alkali earth metal
hydroxides, and the like, and combinations thereof.

! Exemplary organometallic catalysts include
catalytically active compounds of tin, iron, mercury,
bismuth, zinc, manganese, lead, copper, cobalt, titanium,

25 antimony, cadmium, aluminum, nickel, cerium, vanadium,
and the like. Illustrative of the above compounds would

. be stannous octoate, bismuth neodecanocate, lead

i naphthenate, phenylmercuric benzoate, lead
ethylhexanoate, and ferric acetyl acetonate. Suitable

30 organic tin compounds include tin (II) salts of
carboxylic acids such as tin ethylheyanocate and tin
laurate and the tin (IV) compounds, such as dibutyl tin
dilaurate, dibutyl tin oxide, dimethyl-tin (IV)-bis-
thiolauryl, dibutyl tin-bis-thioglycolic acid octyl

35 ester, and the like.

Useful tertiary amines include, for exémp ', N-
methyl morpholine, bis(z-dimethylaminoethyl);L' er, 1-

10
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5 like.

Preferred elastomers of the invention also contain
hollow microspheres made of silicate, phenolic, glass,
epoxy, vinylidene chloride copolymers, flyash, carbon,
clay and the like. They must be roughly spherical,

10 ranging in pérticle size from 0.5 to 300 microns. The
microspheres may be glass, e.g., Scotchlite™, available
from Minnesota Mining and Manufacturing Company (3M);
polymeric, e.g., Expancel™ S51DE, available from Nobel
Industries, UCAR microballoons, available from Union

15 Carbide Corp., and Dualite™ M6001AE, available from
Pierce and Stevens Corp.; or ceramic, e.g., 2eeosphere™
X-40, manufactured by Zeelan Industries. Such
microspheres may also be treated with a coupling or
wetting agent such as a silane, e.g., 3-glycidoxypropyl

" 20 trimethoxy silane, or an organo-chromium or titanium or
zirconium complex to enable the resin to effectively wet
the microspheres.

Additional fillers or combinations of fillers may
also be present, such as glass fibers, graphite fibers,

25 fibrous materials emanating from an organic polymer,
carbon black, mica, aluminum oxide hydrates, various
silicates or carbonates or clays, fumed silica and the
like. The term "filler" is used herein to include all
solid additives including particulate matter or fibrous

30 matter, present in the composition.3,Illustrative_of the

¥ above materials is a fumed silica available under the
trade name Cab-0-Sil™ from Cabot.
In one embodiment, expandabje sealants may be made
from compositions of the invenﬁ;on by adding expandable
35 microspheres to the composition. The sealant may be a
one-part sealant which is activated by the agiflication of
heat, or it may be a two-part sealant which exotherms
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heated process steps. The unexpanded encapsulant can be
placed against one side of an area to be filled prior to
the heated process step. As the device is heated, the
elastomer sealant will expand to £fill the area as
desired. 1In one application, the elastomer is placed
inside an automobile body where sealing is desired. A
small amount is placed in a bead against the wall or
seam. When the automobile is subjected to heat during
the painting process, the seal will expand to £ill the
area and seal the sean. .

Expandable microspheres useful in such an embodiment
include those available as Expancel™ "WU" or "“DU"
microspheres from Nobel Industries, (designating whether
the unexpanded microspheres are wet or dry), including
Expancel™ 642 DU,820 DU, 820WU and the like, providing
the Expancel™ "WU" grades are dried before use to remove
the moisture.

Although the crosslinking reactions to prepare the
elastomeric compositions of the present invention are
preferably conducted at or near ambient temperature, it
should be obvious to one skilled in the art that the
reaction rate may be accelerated, if desired, by the
application of elevated temperatures, or if rendered
necessary by the use of blocked isocyanates or
expandable microspheres.

It is also possible to add other additives, such as
wetting agents, UV absorbers, mold release agents, drying
agents, such as molecular sieves, fﬁggicides, oxidation
preventatives or any other additive as necessary. As
oxidation preventatives, there can be used hindered
phenols, for example, Irganox™ 1@%0, Tetrakis
methylene(3,5-di-tert-butyl-4~hydroxyhydro- _
cinnamate)methane, and Irganox™ 1076, Octadec%Jﬁé (3,5~
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5 gseful in the compositions of the invent;on.

In order to make elastomers of the invention, the
jsocyanate reactive blend is mixed together, and the
catalyst is added. Other additives, fillers and the
catalyst are mixed into the blend. The isocyanate is
then added to the blend and the elastomer is then cured.

Elastomers of the present invention are useful as '
sealants, end seals, coatings, vibration dampening
devices, sound attenuation devices, bushings, sleeves,
gaskets and the like. Elastomers having low viscosities
15 are alsc useful as encapsulants and the like, especially

in the electronics and telecommunications fields, e.g.,
in electrical and signal transmission devices.
In use for signal transmission devices, the
elastomer is molded into the desired configuration or
20 poured into a protective housing, and cured under the
conditions required for the specific isocyanate component
and isocyanate-reactive component used. '
The following examples are for illustrative purposes
only, and are not limiting to the scope of the invention.
25 Where a particular test was not run in a particular
example, this is indicated by a dashed line.

10

Test Methods
Shore 00 Hardness

30 Shore 00 hardness was tested according to the
Anmerican Society of Test Methods, Tdst Method "D2240".

ensi .
Tensile Strength and elongh%ion were measured

35 according to ASTM Test Method "“D-412".

%,
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in the pol yner

Heat Aging
Dry heat aging was tested by heating a thin polymer
glab for 18 hours on a Teflon™ coated plate to 104.4°C
pZO’F) in a vented oven. Syneresis or its absence was
opserved visually, and dumbbells were then cut for
slongation testing.

The following glossary lists the commercially ‘~
gvailable components used in the following examples. The
janction of each component is also listed. Function of
the component is defined as follows:

: , . b} {ati
Isocyanate I
Blocked isocyanate BI
Polyamine crosslinking agent PACA
Alcohol Crosslinking Agent ACA
Plasticizer P
Polymer Polyol Crosslinklng Agent PPCA
Microsphere filler M
Microsphere filler, expanding MEF
Filler F
Catalyst ' c
Antioxidant A

~ ?3

: gy
i wd
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f the polyether. Illustrative exanple
pol ypropyl ene oxide triols -11- or_ethyl ene-oxi de- capped

| ene oxide triols available either TARfer the Arcol[err] or

err] trade nanes. (b) Esters of ricinoleic acid with polyhydric 5°
containing at |east 2 hydroxylgy@%&ﬁélﬁﬁmﬂuding mono di -, and

rs of ricinoleic acid. OngElastomer Making Procedure

npst preferably at | east 80
HPERLET Gy~ pr esent pJ m

03 0 10 to Eﬁﬂakﬁéﬁ%ﬂk
he pol ypropyl ene oxi de

(oxyet hyl ene) bl &

The same general procedure was followed for all of
the examples. The isocyanate reactive blend was prepared
and mixed from the stated polyamines, polyocls, catalysts,
microspheres, fillers, etc. The isocyanate was then
added to the blend, and the reactants were guickly mixed
mechanically and poured into a mold. The materials were
then cured under one of several conditions. Cure "aA"
deriotes that materials were cured overnight at ambient
room temperature. '

In cure "B" some molds were heated for one and one
half hours at 76.7°C (170°F) to speed the curing, and
then allowed to sit overnight.

Finally, for Cure "C", used in examples 13-18, which
involved blocked isocyanates, the molds were placed in a
vented oven and heated for forty-five minutes at 124°C
(256°F) . '

All microspheres or fillers were dried at least 18
hours at 71.1°C (160°F).

Copparative Examples C1-C7

In U.S. Pat No. 4,722,946, it was taught that only
ligquid products or those with "chewing gum" consistency
are obtained at isocyanate indices below 100 with
polyisocyanates and isocyanate reactive mixtures
comprising linear polyocls. Products were made using the
elastomer making procedure listed above. Even with the
use of branched polyols, only liquid or "chewing gum"
consistency products were obtained ag;isocyanate indices
below 65. (See examples 8, 15, 20, 33, and 43.) Solid
viscoelastomers were not produced at isocyanate indices
below the limits. -

In order to confirm the reéalts, the comparative
examples Cl-C7 in Table I were produced. Isocyanate-
reactive mixtures were reacted with both aromg€ic and
aliphatic polyisocyanates using various catalysts at

This Sheet Has Been Rep

LT



nat ur al | riglyceride of ri gt eic acid is castor

has an av g’g#dunc ronality of about PR.'# ' i eresteri \476‘6{%6%
products y also be 10 prepared from istantlally

non- hydr ofyl - containing, naturally occurrlng de oils.

[Ilustratijve of the above naterlals S castor-aﬁk avallable from United
Catal ystsg (c) Polyal kadi ene p %ols prepared from di enes 15 i ncl uding
unsubstitdted, 2- suB§PFYﬁPé‘Eeo?~n iges pf A tan hedowk, 3 Thiecvazisusypoiyois

carbon atqns. Pref ehggay int ggegé eglfeépﬁné&g g‘e%%e gﬁ%@?&l@gdrhhémg

substituedts in the 2-and/or I on ma rou s
having 1 o 4 car boﬁra’t“o?rst°sﬁbsﬂ“hﬁ1§-éﬁ 2@1‘@( Wln%ﬁ'sé!ﬁt PFGFSHG PyY”-

hal ogen afjd the |ikprihgpyCcahd ObeStrdary HIRohY1S ha%ihgt ¥dr9ifg nsmaeener
chl oropr eqe, 2~c%an8éig§£ggtageggebf ﬁhe(gégghfétlvb e%%&% LS”?;a?Hea solid

elastomers, rather viscous liquids were formed in all
cases.
Examples 1-37
Examples 1-37 were made according to the above

10 described procedure. In contract to the foregoing
comparative examples, surprisingly useful viscoelastic
elastomers were obtained at isocyanate indices below 65
and even at very low isocyanate indices when a polyamine
was included in the isocyanate reactive mixture. Useful

15 polyamine-containing elastomers were produced not only
with completely branched isocyanate reactive mixtures,
but also with completely linear isocyanate reactive
mnixtures, and isocyanate reactive mixtures containing
both linear and branched compounds.

20 Elasticity remained even after dry heat aging of
the elastomers at 104°C, and no syneresis occurred under
those conditions. Elastomers containing hollow
microspheres yielded lightweight elastomers.

As can be seen in Table II, Example 1, when a

25 polyamine was included with the same polyol ingredients
as Comparative Example C2 of Table I, (Example 8 of U.S.
Pat. No. 4,722,946), a hard elastomer having a Shore 00
hardness of above 60 resulted. Likewise, a similar value
for hardness was obtained with a diamine and polymer

30 polyol in Example 2. The linear/branched NH and OH
ratios by equivalent for Examples 1 and 2 were below

. 1.00/0.50.

Example 3 demonstrates an elastomer from a
completely linear isocyanate reagtive mixture having an

35 isocyanate index of 40. Again a solid elastomer having
good properties was formed, rather than a visgji liquid
as the prior art would indicate from such aq§§§:iem.
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drogenated derivatives nmay al so be used. A hydroxyl term nated
ene Il abl e from ARCO 25 [Thew-cal s under the

R- W8 and hydroxyl terninated pdPyPHEBPHRRES ArE avg&ié%ﬂg%bﬁﬁﬁr
trade nane from Kennedy and KN4 QVLEDMyesf
groups, e.g., reaction products of pol yhyd referably dihydric
optionally, trihydric alcohols wtir3bty- baS|c preferably
carboxylic acid. Exanples of .suitable onhydrlc al cohol s are
glycol, 1,2- E¥ample ¢ wef Sredycedowi g!! anapdlobmanchedene

|, &- hex arﬁ&éﬁamé‘bé%&%‘ hxtﬁ?enBQQQﬂQY%thG djiGP}amxne added to

1, 4- bi s- hyd thyl el oh
et hyfol pr oparie féErbeaiaRaLyed LngtedtentPanE; Fonpartt Frd  Fyrmel

trimethy
et hane,

c4. Elastomers were also formed from a polymeric amine
5 and the polyol ingredients of Comparative Examples 3 and
5 and the properties are demonstrated as Examples 5 and 6
in Table II.
Tables III to VIII show elastomers made from varying
systems in order to demonstrate the broad nature of the
10 invention. Elastomers are formed from completely linear
isocyanate reactive components in Examples 16 and 18 .
having isocyanate indices of 24. Various amines are
utilized; the usefulness of aliphatic primary diamines is
shown in Examples 7, 10, 11, 15, 16, 18, 21 and 28 at
15 varying isocyanate indices from 25 to 50. Aliphatic
secondary amines are utilized in Examples 30 and 37.
Examples 1, 2, 3, 8, and 33 use aromatic diamines.
Polydimethylsiloxane diamines were used in Examples 9 and
13. Examples of aliphatic triamines are Nos. 4, 5, 6,
20 12, 14, 17, 19, 20, 22-27, 25, 31, 32, 34 and 35. These
examples have isocyanate indices ranging from 13 to 82.
The Examples also demonstrate the range of
polyisocyanates useful in systems of the invention.
Aliphatic polyisocyanates are used in Examples 3-12, and
25 19-37. Examples 1, 2, 13-18, and 34 use aromatic
polyisocyanates, and blocked isocyanates are used in
Examples 13-18.
Likewise, non-amine isocyanate-reactive components -
have been varied. Difunctional and trifunctional polymer
30 polyols are employed in Examples 2, 3,7, 10, 12-21, 23-
27, .and 30-33. Examples 9, 11 and 21 utilized a tetrol in
the formulations.
Varying plasticizers, microspheres and the like were
also utilized throughout the exaﬁbles. Hard elastomeric
35 materials were produced with an isocyanate index:as low
as 20 and useful sealing materials were prodggﬁﬁibelow
that value with compositions of this invention.
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-12- pentar hwf](jgd/oomi nitol, mannitol, "Bist g rE
gl ycosi de, ethyl ene glycol, triethylene/gl ycokEP g mﬂy ene FICTEUS93205309
hi gher pol yqt hyl ene gl ycol s, di propyl ene gl ycot—s
glycols, diRutyl glycol and higher polybutylene Ixcols. 1e pol yesters may
contain terrginal carboxyl groups pol yesters of 7 ones, e.g.,

epsi | on- caprfol act one, ol vest of hydrox carb Ic acids, e.g

onegahydr oxycapr oi ¢ actﬁff’%ﬂé §I S‘Sil} §S ﬁ?%ﬁ%ﬁ%r@xpancel 581 pu

particul arly the condeirs®xampler aauane kahhcenil 36YCO0 Ph OB Q7)o

ot her gl ycol}s, dicarb d am nocar.b Ii ¢ aci'ds Or

am no al cohdl s. Depent )n%j o%n %hgigohggﬁgé §n¥§ at ¢ure fth%xfl"cked isocyanates
o give an expanding sealant as described earlier.

5 Example 16 expanded twenty percent and Example 17

expanded twenty~-five percent.
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t he conp d@éobtalnable fromglycols, e egé%?r 93/05309
triethyl dhe glycol, 4,4 -diethoxydip 1 dRBRsloy Naphe, hexanedi ol and

f or mal dehgde. Pol yacet als suitable for 20 4s® &

present ifvention may al so be obtained by pol ynerizing cyclic acetals such
as trioxaphe. (g) Polycarbonates containing hydroxyl groups, (h) Palyhydroxy :
(meth)acrylic resins, which are polyners and copolyners of nono esters of
(meth)acrylic 25 acid and pol yhydric al cohols, useful for making pol yester
pol yols (¥ee (a), infra), e.g., honopolyners and copol yners of hydroxyethyl
(meth)acryl at e, hydroxypropyl (neth)acrylate, and t he I|ke Illustrative of
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30 Corp.Y s MN, Desnophen[err] A resins available f
' ts”ztgrgh PA, and hydroxyl functionplgACt r r@?ﬁg@ﬁ@m

aC\?;Pi abl & from Rohm and Haas, Philadel phia, [PA. (§ Eﬂsd!AﬁemW am des and
pol yam degk, including the 35 predom nantly |Tnea AdERs at es -13- ()
Pol yhydr gkyl conpounds al ready containing uret ﬁ%nce or oups and
optional Iy nodified natural polyols, such as4g phydrat es, for exarrpl e,
thereof. K1) Poly ..-
Mondur CD
ﬂ Vestanat IPD! - - - 5.5 8.5 8.1
“ Desmodur N-3200 - - 4.9 - - |
“ Arcol PPG2025 : 35.7 - - — 39.9 53.8
“ Pluracol TP440 11.9 - - - - -
: ﬂ Multranol 9151 - 63.1 -~ - - -~
" Pluraco!l 1010 - 13.8 - - - -
ﬂ Arcol Polymer Polyol - —_— 85.5 - - - u
24-32
| Poly bd R4SHT - - — 73.7 - — “ ‘
H Pluracol PEPS50 .- - - - - 3.3
H Polamine 650 29.7 12.3 - - - -
u Polamine 1000 ~ - 7.6 -— - -
“ Jeffamine T3000 - - - 18.8 34.5 32.8
Castor Oil | -— -— -— - 15.1 -
ﬂsic:az 8 0.2 0.1 0.15 0.3 0.3 0.3
lquanox 1076 1.8 1.8 1.85 1.7 1.7 1.7 H
Il tsocyanate index 646 | 52.2 | 398 | 500 | 501 | 50.0 |
NH and OH Ratio 1.0/0.5 | 1.0/0.4 All All 1.0/2.8 | 1.011.
linear/branched linear branched 7
{by equivalent)
Cure A A A A 8 A
Hardness, Shore 00 61.6 59.0 35.0 32.0 22.2 15.0
i Hardness, 1/4 Cone 12.2 8.6 18.6 20.9 32.8 36.7 |
Density, gm/cc 0.88 1.02 0.88 0.81 0.94 0.98
Tensile Strength, 83.3 1133 91.7 14.1 19.8 8.3
Nicm? {75.8) | {(161.2) | (130.5) {20.0) {28.2) {13.2)
{psi)
% Elongation, Initial | 918.4 | 383.7 | 4295 3149 687.2 | 8138
* {ibfin} {18.6) {39.2) {21.3) {8.7) {5.3) {2.6)

After dry heat aging
-18 hrs., 104.4°C,
% Elongation

| -18 hrs., 104.4°C,

Syneresis

~ u Tear Strength, N/iem 32.6 68.6 37.3 8.2 8.3 4.6
1
|
{
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nol ecul ar
di spersed
copol yrer
pol yhydr ox
obt ai ned, f
presence of
properties
pol ymeri zat
(meth)acryl

acid ester 4.

i nt r oduced
aci ds and,

ght pol yadducts and pol ycondgnggres

form e.g., a dispgrsi ofHRRF FmMm
pol yol, a solution polyner porys Rﬂmg )
conmpounds can al so be nodified by viTy
r exanple, by polynerizing styrene gd acrylonitrile in
pol yethers. Plastics having particularly good fl amepr oof
re obtained by u5|ng polyether pohmeanDdlfled by graft

t he
15

fon with
onitrile, L ailiL
Polyhydlqﬁy ’
by radl Ca ' R A uatt-l a{Cd C.Al U\JI\] 1 v
optional |} VeggthtalPDbl ef| Ni oal I ur &&d ;Irone-mar 5y -
Jeffamine D2000 12.1 -— - 17.2 22.7 -—
I Potamine 1000 ~ | 140 - - - - |
PDMS diamine - - 144 - - - H
Jeffamine T3000 — - — — - 8.0 I
" Pluracol 973 §57.8 - — 68.3 - 42.7
H Pluracol P1010 13.1 -— -_— - - -
Castor Oil - 17.0 36.8 13.8 - -
Muitranol 8151 - 51.8 32.8 - - - |
ll Quadrol — - 0.8 - 1.6 —
Arcaol PPG 1025 — -— — - 57.7 -—
Acrol LHT 42 - -— — - — 39.6
BiCat 8 0.5 0.3 0.3 0.18 0.18 0.18
Irganox 1076 1.5 1.7 1.7 1.88 1.85 1.85
|I 3M GB 823/500 10.0 10.0 10.0 — 10.0 -
“ Expance! 551DE - - - 3.0 - 3.0
H Isocyanate Index 80.6 39.9 21.0 43.0 24.7 42.7
NH and OH Ratio; 1.0/0.5 | 1.0/71.8 | 1.0/46.7 1.0/1.9 | 1.0/0.1 All
linsar/branched Branched
(by equivalent)
Cure A B 8 8 B B
Hardness, Shore 00 §2.0 31.6 58.6 54.4 44.9 38.3
Hardness, 1/4 cone 21.0 28.5 19 8.3 12.8 12.7
Density, gm/cc 0.72 0.65 0.71 0.56 0.75 0.57
Tensile Strenght, 14.9 11.4 23.3 64.5 17.5 26.2
Nicm?  (psi) {21.2) (16.2) (33.1) (91.8) {24.9) {37.3)
| % Bongation, Inital | 844.6 | 4395 | 180.2 22625 | 2367 | 2440
{ Tear Strength, N/cm 14.9 124 22.8 45.9 10.5 - 17.9
‘ {ibfin} {8.5) (z.1) {13.0) (26.2) (6.0} {10.2)
; After dry heat aging
-18hrs., 104.4°C,
I % Elongation
it -18 hrs., 104.4° C,
L Syneresis 7
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general | ¥ preferred to use polyols containing pri gr oxy groups.
M xt uresf of pol ymer dispersions and conventi 082l polyols nay be enpl oyed.
30 | lustrative exarrpl es of poI ymer. poI XOl s incl ude I\/UI t ranol [err]
9151 and] 9238, avaj o cal
and 24-3p, availabfe fétp,m,,égtgo rpfgat , ahd @u?
availablafromBA ey B
pol yol s Bnd polya . xtzmdl ife]
' i nki ' . e
or crossj i nki ng co mocasp 1 400 Mt II
PDMS diamine 14.9 - - -— — - "
Vestamin IPD - 0.2 — 0.2 -— 0.2
Jetfamine T3000 -~ 16.2 - -— 8.3 -
Jetffamine D2000 — - 12.1 10.7 - 8.9
Castor Oil 20.1 - - - 10.6 - "
Muitranol 8151 26.9 - - - - -
Arcol Polymer Polyal - 21.6 - 58.3 - 54.9
24-32
Pluracol 973 — - 59.9 - 45.5 — i
BiCat 8 0.5 0.5 0.5 0.5 0.6 0.5
Irganox 1076 1.5 1.5 1.5 1.5 1.5 1.5
I[am GB B23/500 10.0 100 | - - - 10.0 H
u Expance! 551 DE - —_ 3.0 - - - E
Expancel 551 DU - - - 3.0 — - ﬂ
Expancel 461 DU - - - - 4.0 -
ﬂ Isocyanate Index 19.9 .| 41.0 25.8 23.6 25.0 23.5
| NH and OH Ratio; 1.0/24.1 | 1.0/0.5 | 1.01.1 | Al Al All
| linear/branched linear | branched | linear
| (by equivaient)
| Cure c c C c c c
| Hardness, Shore 00 | 48.2 534 25.5 304 | 488 - 48.0
i Hardness, 1/4 cone | 24.8 106 172 |16 |90 13.5
Density, gm/cc 0.73 0.72 0.87 0.8 0.79 0.70
Tensile Strength, 155 496 |318 | 1009 | 61.2 48.2
N/cm? {psi) (22.1) {70.5) (45.4) (143. | (87.1) {68.5)
5)
| % Elongation, Initial | 288.3 716.2 $73.0 924.5 | 7285 889.2
. { Tear Strength, Nicm | 19.4 285 |[306 |47.8 {417 249 |
: (ib/in) (11.1) {16.3) | (12.5) | (27.3) | (23.8) (14.2)
After dry heat aging o
'18 hfs-, 104.4°c, . __;_.__ a
1 % Elongation 345.1 691.3 | 798.5 | 925.1 | 606.4 -
| -18 hrs., 104.4° C,

art advant ageously in ¢
ng}r@g% am ne, urea or 25

| n a polyol. Regardl ess of the

Syneresis _
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nd containing at

-14- l'es

can al so

with the

i ncl ude pdof yhydric

al i phatic,} cycl oali phatic,

derivatives,
(oxyalkylene)an1nf

al kanol
aromati c,
| ow nol ecul ar wei ght amne-initiated polyether
hydr oxy!

t her eof . ultabIeLL QpACpents, mﬁ;uv [ 4
hi nder ed a]romat__l C p&ls%gam%?s r ef ear@bl Y 24
i Cyanamid TMXDI -— - - 4.8 - -
i {Meta)
Jeftamine T5000 14.4 15 | - 31.4 - - L
Jeitamine D2000 — - 8.6 - - -
; Jeffamine T3000 - - - - 8.8 8.9
Castor Oil 33.4 45.1 38.3 12.8 15.0 158.1
| Piuracol 973 41.2 33.0 - - - -
u Pluracol 355 - - 2.2 - -~ -
“ Multranol 9151 - - 34.1 - - -
Arcol Polymer - — - - 58.4 §9.1
Polyo! 34-28
" Arcol Polyol 11-27 - - - 39.2 - -
|| BiCat 8 0.2 0.5 0.2 0.15 0.15 0.15
"Immwm1075 1.8 1.5 1.8 1.8% 1.85 1.85
H Dualite M6001AE 6.0 6.0 - - - — n
u 3M GB B23/500 - — 10.0 10.0 10.0 10.0 u
Isocyanate Index 20.3 13.5 26.% 40.2 57.8 48.4 “
NH and OH Ratio; All Al .0/8.5 Al All All
finear/branched branched branched branched branched branched
{by eguivalent)
Cure B B8 A ] B B
’ Hardness, 211 - 330 |s1.2 70.8 69.8
, Shore 00
: Hardness, 1/4 cone | 22.4 82.3 26.5 18.6 8.0 8.6
Density, gmicc 0.64 - 0.65 0.89 0.68 0.67
Tensile Strength, 17.6 - 22.3 8.9 62.0 91.8 J
N/em? {psi) {25.1) - {31.7) {12.6) (88.2) {130.6) i
% Elongation, 493.0 - 641.6 4:9.4 214.6 305.8 l
Initial '
Tear Strangth, 11.7 -— 17.0 8. 9 49.7 55.9 |
N/cm (ibfin} 6.7) - {9.7) {5.1) (28.4) (31.9)
After dry heat E ‘
aging -
18 tws., 104.4°C, | — - 526.1 | 918.3 294.8 169.6
% Elonpation - g
18 hrs., 104.4°C, | - - None None Noge:# None
S\meresns . .

| east two i

cWP 94400504 The anount of chailn
sired crosslink density in the cure
al cohol s,

am nes,

oS

primary O

requi rm/ws;ms“sog
gef ul

exanpl es

secondary

ricinoleic

aral i phati ggor heterocycl.ic am nes,
polyols

e
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diram nes,:
si'mlar s
pol yam nes
het er ocycl
1-nmet hyl -3
bi s(2-chlo
i sobutyl -3

In additio
Such conpo
am ne), N,
neta-tetra
material s
di am ne)

5-di et
oanlh

hyl -

ne); 4,4 -

in which theé
c radicals of aromatic character.
2, 6-di am no_benzene;
di am no- di phenyl

._tituents or

4, 4' -3€0 net hyl ene
sul f one;

| MHMuty

hal ogen or

OUPS PCRNGSHdsSpy

attached to

i S anlllne)

ﬁﬂﬁl@ﬂﬁ&ﬂﬁﬁﬁﬂﬂﬁﬁmﬂﬂﬁgﬁm

DDI 1410 - — — — 9.6 115
Jeffamine T3000 8.8 9.1 8.1 -_— - -
Jeffamine D2000 - - - 3.5 - —

—t
Jeffamine T5000 -— - — - 11.9 -

f Hycar 1300 x 21 -— - - - - 8.2
Castor Oil 18.4 18.5 18.7 —— — 16.1°
Arcol Polymer 59.7 60.4 61.1 - - B1.
Polyol 34-28
LIR 503 —_— - - 58.8 - -
Arcol LHT-28 — - - 28.3 - - 1
Poly bd R4SHT - - - - 65.6 - ]I
Fyrol & - - - - 0.9 - u
BiCat 8 0.2 0.2 0.2 0.15 0.6 0.15

“ irganox 1076 1.8 1.8 1.8 1.85 1.4 1.85

Bim GB B23/500 10.0 10.0 10.0 - 10.0 10.0
Dualite MG6OO1AE - - — 6.0 - -
Isocyanate Ratio 3.0 28.9 20.0 45.1 41.1 47.9 “
NH and OH Ratio Al All Al 1.0/5.7 1.0/10.1 1.0/8.4
linear/branched branched | branched | branched

il (by equivalent)

ﬂ Cure B B B B B B
Hardness, Shore 00 69.6 48.0 - 12.8 - 63.6

ﬂ Hardness, 1/4 cone 8.4 18.9 118 38.8 47.4 8.9

H Density, gm/cc 0.68 0.67 - - 0.59 0.71 "

[ Tensile Strength, 78.1 38.9 — -— 8.6 49.6
N/iem? {psi} 11.1) (61.1) — —_ (12.2) {70.5)

% Elongation, 271.2 421.6 - * 538.1 372.8

Initial

Tear Strength, 51.0 25.8 - - 6.7 44.8

N/iem {ibfin} {29.1) {14.9) e - (3.8} {26.5)
ok

After dry heat

aging

-18 hrs., 104.4°C, 423.8% 508.2 - — 356:2 408.2

% Elongation ik

-18 hrs., 104.4°C, None None -

Syneresis
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err] available from Hul s.

e Y

30 Vest

m| ecul ar wei ght hydr oxyl

term nat conpounds can be util'i zed au'Bﬂ&SHL@My Exanpl es of such
pol yol s afe NON40504 2- hydr oxypropyl an di ol  PCT/US93/05309
tripropyl eglycol trimethyol propane, 1, 4 reaxXyl cycl ohexane,

di et hanol ne, 1, 4- bi s (hydroxyethylplpera2|ne and the like. It is also
possi bl e t{ use d|ols cont ai ni ng addi ti onal gr#sips, for -15- exanpl e,
bi s- (2- hy oxylpropyl)-lsophthalate polycaprolacﬁone gl ycol ,

hylene-o

Ot pndny! et harfe-
DDI 1410
Vestanat IPDI - - - 3.7 - - ||
“ isonate 143L - — - 0.4 —_— 4|
Jetfamine T3000 6.5 6.5 - - -
| Polamine 650 - - 2.7 - -
n Jeftamine T5000 L - - - 6.5 6.8
“\uannwo - - - - 0.2
I[Pomu R4SHT 22.7 23.0 - 17.6 165 |
Multranol 9238 34.5 35.2 53.5 - - —u
Castor Oi - - 10.1 - — |
BiCat 8 0.4 0.2 0.4 0.8 0.8 "
Irganox 1076 1.8 1.8 1.8 1.1 1.1 ﬂ
3M GB B23/500 10.0 10.0 10.0 10.0 10.0 II
H Cab O Sil M5 - - - 3.0 3.0 ﬂ
H Soybean Oil 10.8 10.8 - - - 4
H Emery 3006 7.2 7.2 - 22.2 -
H Fiexricin P-8 - - 18.0 - - 4
Nuodex 6959 - - - 33.4 -
Escopol R-020 - - - - 27.7 n
Emory 2900 - - - - 27.8 jl
u Isocyanate Ratio 42.2 35.1 48.1 82.4 75.1 “
l NH and OH Ratio Al Al 1.0/0.2 | Al 1.0/0.2
linsar/branched (by equivalent) | branched | branched branched
Cure B B A B B ]
Hardness, Shore 00 19.2 - 49.3 30.6 13.4
Hardness, 1/4 cone 30.1 86.0 17.8 21.5 28.1
) Density, gm/cc 0.62 — . 1064 0.63 0.61
3 Tensile Strength, Niem? {psi} | 19.2 - 238 15.7 | 9.6
(22.3) — (33.9) | (22.3) (13.6)
% Elongation 843.7 — # | 5109 | 1348 388.9
Tear Strength, Nicm  (ibin) | 9.1 - 20.8 12.6 8.4
(5.2} - (11.9) nzg;‘ (4.8)
After dry heat aging-18 hrs,, ¢i8
104.4°C, % Elongation 801.1 - 726.5 | ¥36.8 375.0
N _“-18 hrs., 104.4°C, Syneresis 1= |None | None | None
il "'




and the
diet hyl -
avai |l abl e?
avai l abl e
Pl uracol [ e
oxi de addu
or Quadr ol
pl asti ci zi
pl asti ci zi
with polyu
Useful pla
based hydr

veget abl e {

rom Akzo; pentaethrythri tjol

r], available 10
bts of ethylene di am ne,

MOREPL Al
rom Conap; propyl ene oxi de addu

e{,lmuatlve of the ahqgye materlals are
W0 8N dr oxyl et hyl )  ani nBHEET; sphonat e, Fyr d1qI4UEY3/05309

te, Conacure[err]
hyl ol pr opane,

from BASF; a8 pol yet hyl ene or pol ypropyl ene

bI e under the pl uracol [err]

h as sp‘z)l ycycl pentﬂi ee)
PH1S 1oty bd RasHT 17.8 17.8
“ Conacure AH35 0.3 0.3
ll BiCat 8 0.8 0.8
frganox 1076 1.1 1.1
|| 3M GB B23/500 10.0 10.0
n Drapex 429 36.8 -
a Shell LVI 450 18.5 18.5
Kronitex TXP - 36.8
u Isocyanate Ratio 97.0 97.0 |
NH and OH Ratio 1.0/3.8 1.0/3.8 I
linear/branched
{by equivalent)
| Cure B B B
Hardness, Shore 00 47.4 - 18.8 ﬂ
r[l-lardness. 1/4 cone 14.6 35.5
Density, gm/cc 0.66 0.67 ]I
H Tensile Strength, N/cm? 31.6 17.6 n
{psi) (45.0) (25.1)
ﬂ % Elongation 158.2 153.8 ﬁ
| Tear Strength, N/cm 25.0 15.9
{Ib/in) (14.3) (9.1)
| After dry heat aging
| -18 hrs., 104.4°C, % Elongation 150.1 140.0
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(such.as'
or unsatu
pol yneri zeg
ot her terpe

seed oil, soybean oil, sunfd-ewer_oil, and the |ike); saturated

;& etic oils; poI yal phdHeSHBET KAJIRE; hydgmy@g_’m&

cene-1), hydrogenated t etpheny
e derivatives, polypropyl ene oxi de nonmo—atre -esters,
| ene copolyners with fatty acid es#ers, phosp hate ‘ésters and

mono-, di-,!and poly-esters, (such as trinel{%ates, pht {mmﬁmﬂ IﬂE”ﬁﬂElﬂ ,
fatty aci d ‘est er AkvVaki ¥ asigr oil derivati ves,
al cohol s, diner agﬁd estergalmFutarates adi pat es, sebacates polynerlc
pol yesters, rosin esters, acrylate esters, epoxidized fatty aC|d esters,

and the Iike) and mi xtyresatpeegoble Fb gw Sriiied e ldit dileis! omer's can
be i nmproved 35 by _the use of halo gﬁ / 0 %P orus contal ni ng

conpounds, for ex&PPEISHRTFcheR

5 a) from 1% to 5§§_of a polylsocyanate component
having the formula Q(NCO),, wherein n is an integer
from about 2 to about 4, and Q is selected from the
group consisting of an aliphatic hydrocarbon radical
containing from about 2 to about 100 carbon atoms,

10 and up to S50 heteroatoms; a cycloaliphatic
hydrocarbon radical containing from 4 to 100 carben’
atoms and zero to 50 heteroatoms; an aromatic
hydrocarbon radical or heterocyclic aromatic radical
containing from 6 to 15 carbon atoms and zero to 10

15 heteroatoms, and an araliphatic hydrocarbon radical
containing from 8 to 100 carbon atoms and zero to 50
heterocatonms,

b) from 45% to 99% of an isocyanate reactive
component, containing from at least one polyamine

20 : selected from the group consisting of those
polyamines which contain more than one primary or
secondary amino group capable of reacting with
isocyanate groups, said polyamine having a molecular
weight of from 400 to 100,000, and at least one

25 polyol selected from the group consisting of liquid
or quasi-liquid polyols having a functionality of
from 2 to 8, said reaction product having an
isocyanate index of less than 100, and from 0.005%
to 5% of a catalyst for the reaction of said

! 30 polyisocyanate component and said isocyanate

FER AL L

. reactive component, _%

) wherein said elastomer contains from 1 to 199 equivalent %

percent active amine hydrogen pezg;socyanate eguivalent. j%

35 2. A flexible elastomer according to claim 1 ?ﬁ
wherein said polyisocyanate is selected from #£ group

cons;stzng of 1-1socyanato-3 3 s-trimethyl-s cyanato

This Sheet Has Been Repl
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pol yph at s60804  hal ogenated organid”ﬂhesal. 68 -1@.

_ ed“ﬁb rocarbons. These flame reétar dREps, ;%Bﬁﬁv:nplo@gﬁﬁgﬁgﬂngtr1
hydr oxyafglkyl phosphonate esters and/or appropriate~Lillefs to inpart the
desired degree of fire retardancy. Illustrative of the above materials are
pol yal phdol efins avail abl e from Emery Cheni caf®under the Enery trade nane,

nane. gl yceryl  tr REREED Gy rans disnpRoE iR Gt tiarvaNECef L Fibtn 46
trade nare from Cadilmsogydandte,] eafdiphenylamethanel dbisotyanateandder t he
Kronitex[rerr] tradg, Boum; i AKb HOASAHEVes LheTesPS"§Sh? §8hERF1 methane
: diisocyanate and carbodiimide derivatives thereof
5
3. A flexible elastomer according to claim 2
wherein said polyisocyanate component further comprises a
polyurethane prepolymer having blocked isocyanate groups
wherein said prepolymer is prepared from
10 poly(oxypropylene)diol or poly(oxypropylene)triol and
toluene diisocyanate. o

4. A flexible elastomer according to claim 1 ‘ ‘P
wherein said polyamine comprises from about 2 to about
15 40% of said composition, and is selected from the group
consisting of aminopolyethers, polyamidoamines,
polyoxyalkylene polyamines, amine-terminated
5 butadiene/acrylonitrile copolymers, aminoalkyl terminated
5 polydiorganosiloxanes, polytetramethylene oxide-di-
20 aminobenzoates, polyethers containing aromatic amine end
~ groups and amine~terminated polyethers containing a
moiety selected from urea, amide, ester and urethane
moieties in the polymer backbone.

25 5. A flexible elastomer according to claim 4
wherein said polyamine is selected from polyoxyalkylene
polyamines, amine-terminated butadiene/acrylonitrile

| copolymers, aminoalkyl terminated polydiorganosilxanes,
and polytetramethylene oxide-di-p-amino benzoates.

2

30
6. A flexible elastomer accordjng to claim 1
. wherein said polyol comprises from about 10% to about 80%

of said composition, and is selected from the group
consisting of polyether polyols #ased on ethylene oxide,

35 propylene oxide, butylene oxide} tetrahydrofuran,
epichlorohydrin or mixtures thereof, ricinoleig acid
derivatives, pblyester polyols, polyamide ogﬁfﬁ

R e Gl st b P it LSk e . Pen e
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onal catalyst used in the preparation of pol yurethanes may be

enpl oyed R /00804 aci ate the reacti fromO. 005@6to 5. 0% rably
0.05 to 2.1 /&‘}gm‘ wei ght Hﬂmmmﬂﬁmtﬂmmg i s am@ﬁfﬁ

Sui tabl e cz alysts inclu b c chﬂ#@@@gb ¥ holates
phenol ates,! and salts of organic acifds® terti organic tin
conmpounds, .bi cyclic anidines, S|Iaan1nes aci #°c netal salts of strong

acids, 20 tertiary i des,

and the i ke, and Bgrbwgléﬁg ?%ﬁhls'd?tégi@}? Exerr!t{)‘la'la ?F%gnorret k:FP'll'l"g'hgiait al ysts
i ncl ude catalytlcaPP&YebsbvnrQnﬁﬁﬁkﬁﬁﬁﬂ(ﬁmlGQ$ ar @minesic peyyadkadiene
zinc, manganese, |gagly 0299@é£1v66*¥¥6m Bdﬂéﬁléﬁa pol yiir's oY cob aighﬁpkébove

alunlnun1 ni ckel, certu vanadium _and the like. IlTustrative of
conpounds woul d beaBfah¥8reaenated denivatives, thereatipolypcgtals,
5 polycarbonates containing hydroxyl groups; polyhydroxyl
(meth)acrylic resins, polythioether polyols and polymer
polyols.

7. A flexible elastomer according to claim 6
10 wherein said polyol is selected from the group consistzng
of a polypropylene oxide polyol, a polypropylene
oxide/polyethylene oxide polyol, a polybutadiene polyol,
a polymer pelyol and castor oil.

15 8. A flexible elastomer according to claim 7
comprising wherein said polyol is a polymer polyol
containing of a polymer polyol, wherein said polyok
contains from 1 to 60% by weight of fine polymer
particles of a graft copolymer containing poly(alkylene

20 oxide) polycl and a group selected from styrene and
acrylonitrile. '

9. A fiexible elastomer according to claim 1
comprising from 5% to 95% of at least one plasticizer
25 selected from the group consisting of polyalphaolefins,
cyclic polyolefins, petroleum oils, vegetable oils,
naphthenic oils, paraffinic oils, synthetic oils,
phosphate esters, monoesters, diesters, polyesters, rosin
esters, pine o0il, coal tar, glyceryl-

30 tri(acetylricinoleate) and mixtures thereof.
*

Fmarhant s

10. A flexible elastomer accordihg to claim 1

further comprising from 10 to sqéyolume percent hollow _?
microspheres selected from the group consisting of glass z
35 microspheres, expanded and unexpanded polymeric §
microspheres, and ceramic microspheres. : jﬁif é

heet Has Been Replaced
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napht mercuri c benzoate, lead ethylhexan e, aqﬂﬂf rric
acetyl wAdte. Suitable 30 organic LH‘HISCS)?(E%MSBEENC ude t ’gﬁ?%’“%’&?ts
of carbox¥lic acids such as tin ethyl hexano8ERL.AME® tin [aurate and the tin

(1V) conpfjunds,
di met hyl -
35 ester

such as dibutyl tin dllaurate di butyl tin oxide,

I n (I\O bis- thiolauryl, dibutyl t#R:bis- thloglycollc aC|d octyl

oS e rand the ey Ul ol it okt A Betiorfy, SA0TRLS M

met hyl - 4- dlnethylaampneshww pi Pexible paliynxtethanednrehaslastomer

triethylam ne,

10

15

20

25

1. BelbPd 2Ry W' Alesd L) -

12. A sealant according to claim 15 wherein said
reaction product is extended with at least from 5 to 95
percent of a plasticizer, forming a plasticized sealant
which is substantially nonexuding.

- 13. A signal transmission component comprising a
signal transmission device, and an elastomer according to
claim 1, said elastomer being a dielectric elastomer. ‘*

14. A signal transmission component wherein said
device comprises _
a) an outer closure member capable of enclosing a
cable splice, said cable splice having at least one
set of wires penetrating said splice, and
b) a means for sealing said outer closure
comprising an endseal composed of a flexible
polyurethane/urea elastomer according to claim 1,
said endseal being positioned between said outer
closure and said at least one set of wires, said
endseal having means formed therein for passage of
said wires.

15. An electrical transmission device comprising an
electrically transmissive component and a flexible
polyurethane/urea elastomer according to claim 1.
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undec- 7- ene (DBU) and salts thereof,
and the 5 |ike.

1, 4- diazabicyclo(2,2,2) Gtbaneo5y~¢,
Preferred el astomers of the invention

triethyl ene di am ne,
al so contain hollow m crospheres nmade of silicate,
vi nyl i dene chl ori de copol yners,

m Cr ons.

phenol i c, Idbb E@OﬁyBHFFT

flyash, carbon, clay and the

nust be roughly spherical, 10 ranging in partlcle size fromO 5 [O 300
The m crospheres may be gl ass, é" Scotchl | te[err] AvAiY AR teq?
c| e.g.,

from M nnesota M ning and 0
Expancel [err] 551DE, avail m e
avai l able from Union 15 Carbide Corp,

i krobal T oons,

and Duallte[err] NBOOhAE avai | abl e

fromPierce and Stevens Corp.; ceram.c,..4q., & re[err] X-40,
manuf act ured by Zeel an | ndust r i al so be treated
with a coupling or je t v

5

10

15

20

25

30

as

The invention relates to polymeric elastomers which
can be used as encapsulants, sealants, end seals,
gaskets, and dams for telecommunications and electrical

devices.

ted

Elastomers and sealants containing polyurethanes and
polyurethane/ureas are well known in the art.

U.S. Pat. No. 5,064,494, (Duck, et al.) discloses a
sealant composition made from a polyol based isocyanate
prepolymer and a heat activatable blocked complexed
amine. The materials are cured by briefly heating to
above 120°C and subsequently moisture cured.

U.S. Pat. No. 5,061,749 (Ito and Hayashi) discloses
a polyol b&sed isocyanate prepolymer and a vinyl-polymer
The material is

escription o

containing .a hydrolyzable siloxy group.
stated to be useful as a sealing material when formulated
with propef fillers ahd plasticizers.

U.S. Pat. No. 5,053,465 (Waddill) discloses sealers
comprisingia polyol based blocked isocyanate prepolymer
epoxy resin blend cured with a polyether polyamine.

U.S. Pat. No. 5,034,435 (Squiller) discloses
agueously dispersed polyol based blocked isocyanate-
terminated prepolymer epoxy compositions which are mixed
with aliphatic polyamines to form a sealant.

U.S. Pat. No. 4,346,205 (Hiles) discloses energy-
absorbing polyurethane foams and elastomer compositions
havxng low compre551on characteristics comprising a
flexible polyurethane of essentially linear structure
containing unsaturated hydroxyl groups. The foams are the
reaction product of substantially linear polyols having
hydroxyl end groups and an aromatic isocyanate in less
than stoichiometric amount. The elastomers are taught to
have a Shore 00 hardness of 50 or less.



—

wetting agent such as a silane, e.g., 3-glycidoxypropyl 2( ggpuﬁ@ENﬁN? CHEET
silane, or an organo-chrom umor titaniumor zirconium conpl

the resin to effectively wet the m crospheres. Additional fWIH? S q}g§?

conbinations of fillers may al so be present, such as gl asg fj bers, graph
fibers, 25 fibrous materials emanating froman organic polly carpon

bl ack, mica, aluni num oxi de hydrates, vari<®rs silicates or carbonates or
clays, fumed silica and the like. The term"filler" is use

include all solid adgjgi veati MNP udt Ay 28 (Hides)n&isSlogest i br ous 30

matter, present in the O8] d 4 ey |ddﬁd§lﬁ1\8¥1§flmt\i1@1 Rovengdter fgbs i S
a funed silica p@éYFEﬁF%gﬁ%der the trade nane Cab-O Sil e%%}PF n?Cabot I n
)

one enbodlnent,ag&aandabl%@s%%ﬁ%ﬁn% Ve hitPRREEHRYOS S § 8f the
invention by adding gxp@edsd) cand a recovery time of from about 10 to

5 about 100 milliseconds. The elastomers are formed by
reaction of a urethane~forming component containing at
jeast four urethane-forming reactive sites and an
elasticizing polyol selected from diols and triols and a
diisocyanate in less than stoichiometric amounts. The
materials are stated to have a Shore OO0 hardness of about
20 to about 70. Various additives and fillers are .
disclosed including hollow glass spheres.
U.S. Pat. No. 4,722,946, (Hostettler) discloses non-
liquid, energy-absorbing polyurethane foams and
15 elastomers which are derived from reacting a mixture of
linear and branched polyols having a linear to branched
ratio of 1.0 to about 1.18, a polyisocyanate and,
optionally, a blowing agent, under polyurethane-forming
conditions at an isocyanate index of from about 65 to
20 about 85. It is specifically stated that isocyanate
“indices below 65 do not give a product with useful
consistency. It is further disclosed that the elastomers
disclosed in the above Hiles patents could not be
duplicated, but provided ligquid materials which are not
25 usable for the purposes intended.

U.S. Pat. No. 4,980,386 (Tiao and Tiao) discloses a
method for the manufacture of shock attentuating low
rebound polyurethane foams in which polyols are reacted
with polyisocyanates having a functionality of at least

30 2.3 at an isocyanate index of from about 65 to about 85.

U.S. Pat. No. 5,010,117 (Herringfon, et al.)
discloses that polyurethane/polyurea foams prepared using
polymer polyols with low levels of‘mono—functional
impurities and water as the blowiﬁa agent provide

35 improved mechanical properties. Useful polyisocyanate
indices were disclosed to be 60 to about 200, pyeferably
about 95 to about 110. It was specifically stated that

10
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35 microspheres to the conposition. The seal ant may be a onf- R $§e¢ﬁ*-FFT
which is activated by the anplication of heat, or it may be '&boﬁ ‘ "
seal ant whi ch exot herns upon reaction, providing the necesgary heat tQ
cause expansion of the mcrosphere. Such seal ants are espec allﬁihﬁﬂﬁ%ﬂg$k
seal ants in devices which have heated process steps. The unéxpanded

encapsul ant can be 5 placed against one side of an area to e filled prior
to the heated process step. As the device 73 heated, the el astoner_seal ant

will expand to fill the area, as desired._.ln one a Ilcatlon t he el ast oner
i's placed insi dgjem XRHFOIITEESFd ’\ﬁh‘& |1§9d8§FP€8' Whighsnyg) |

anmount is pl acega&gbs?t '&I@(fmaltbsmalvhepm pm'bpertles.
v.S. Pat. No. 4,833,176 (Wolf and Kogelnik)
discloses a process for the preparation of flexible

polyurethane foams at an isocyanate index below 70,

° preferably 40-60, with 5-15 parts water and compounds
containing at least two isocyanate reactive compounds.
It has now been discovered that useful viscoelastic
elastdmers can be obtained at isocyanate indices below 65
10 and even at extremely low isocyanate indices, e.g., 15 to

50, when a polyamine is included in the isocyanate
reactive mixture. Surprisingly, useful elastomers can be
produced with a completely branched, or a completely
linear isocyanate reactive component as well as a mixture

15 of linear and branched materials. It has also been
surprisingly discovered that certain physical properties
can be maintained or even increased as the isocyanate
index decreases by a proper balancing of the nature and
reactivity of the isocyanate reactive component. By

20 balancing these factors, and including at least one
polymeric amine, elastomers may be prepared having
viscoelastic characteristics ranging from firm elastomers
to jelly-like sealants, as desired for varying
applications.

25

Summary of the Invention
The invention provides polyurethane/urea

elastomers having an isocyanate equivalent index below
100, preferably from 15 to 80, containing an effective

30 amount of polyisocyanate component, and an effective
amount of isocyanate reactive material, comprising at
least one polyamine and at least one polyol, wherein said
elastomer contains from 1 to 19§yequiva1ent percent
active amine hydrogen per isocyanate equivalent. The

35 elastomers are useful as encapsulants, sealants, end
seals, gaskets and the like.
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seam Wen the autonpbile is subjected to heat during the paql ptdng-pk

the seal will expand to fill the area and seal the seam Expa ﬁﬁ%%é%Lﬂ?Q§&£T
m trospheres useful in such an embodi ment 15 include thosejayail abl e as
Expancel [err] "WJ' or "DU' nicrospheres from Nobel Industri¢s, @d’ésfﬁé%agg?ngl
whet her the unexpanded m crospheres are wet or dry), including : '
Expancel [err] 642 DU, 820 DU, 820WJ and t he4ki ke, providing the

Expancel [err] "WJ' grades are dried before use to renove 20ithe mmisture
Al though the crossl idysivablecpoilyols andppedyrsinge bawetBadervladnpositions

of the present inventiao phehekabhyocegduc n aghh
tenperature, ityeighf® e%%%gigﬁg ?% gég'gE?VIgggfﬁ£?ﬁéyaf?é?hat t he 25

reaction rate ngg’5&0gmm@gteP@F@GFabﬂYd§§PFe§P°b§°tﬁeoﬁﬁpli@%?f%% of
el evat ed te”perpoiygﬁinéy'ﬂa& havdep®dmary or secondary amine groups.
pseful polymer polyols contain high molecular weight
polyadducts or polycondensates, or polyhydroxyl compounds
‘modified by vinyl polymerization can also be utilized.
guitable polymer polyols contain from 5 to 60 percent
ymer dispersions in polyols.

one highly preferred elastomers of the invention

also contains from 10 to 60 volume percent lightweight '

pal
10

microspheres.
As used herein, these terms have the following

meanings.

15 1. The term "elastomer" refers to a rubbéry
material which, when deformed, will return to
approximately original dimensions in a relatively short
time. .

2. The term "isocyanate index" and "NCO-index" as
" 20 used herein refer to the ratio of NCO groups over
reactive hydrogen atoms present in a polyurethane
formulation given as a percentage:

_(NCO)
(active hydrogen) * 100

NCO-index =
25
In other words, the NCO-index expresses the percentage of
isocyanate actually used in a formulation with respect to
the amount of isocyanate theoretically required for
reacting with the amount of isocyanate reactive hydrogen
30 used in a formulation.

The expression “"active hydrogen atoms" as used here
for the purpose of calculating the isocyanate index
refers to the total of hydroxyl and amine hydrogen atoms
present in the reactive compositi&gé in the form of

35 polyols and polyamines. This means that for the purpose
of calculating the isocyanate index one hydroxyl group is
considered to comprise one active hydrogen and one
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nécessary by the use of bl ocked isocyanates or expandable m crosp ;

Is also possible to add other additives, such as 30 wetting
absorbers, nold rel ease agents, drying agents, such as nol ec
fungi ci des, oxidation preventatives or any other additive as
oxi dation preventatives, there can be used hindered phenol s,
| rganox[err] 1010, Tetrakis 35 nmethylene(3,5-di-tert-butyl-
ci nnamat e) net hane, and |rganox[err] 1076, "8t adecyl 8 (3, 5-
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ropi onate, al,l_  avail able from t he—G-ba
primﬂrY am;Jel%rJ%p QS considered to comprgse two actiszlgy

pydrogens. The Zerewitnoff test used to determine active
pydrogen is described in Journal of the Americap Chemical

cociety, Volume 49, page 3181 (1927).
3. The term "isocyanate reactive material® means a

compound or blend of compounds containing active hydrogen

atoms .
4. The terms "equivalent weight" and "molecular

weight" as used throughout the present specification
refer to equivalent weight values that may be calculated
by measuring the content of functional groups per weigﬂt
of sample, and the molecular weight values that may be
calculated from the aforementioned equivalent weight and
the theoretical functionality of the compound (i.e., by
the total number of hydrogen atoms attached to an oxygen
atom and/or a nitrogen atom).

5. The term "polyol" means a substance containing
at least two hydroxyl groups attached to a single
molecule.

6. The term "polyamine" means a substance
containing at least two primary or secondary amino groups
attached to a single molecule.

7. The term "essentially inert" as used herein
means that the plasticizer does not become cross-linked
into the polyurethane/polyurea reaction product.

8. The term "non-exuding" as used herein means that
the plasticizer has the ability to become and remain
blended with the polyurethane/polyurea reaction product.
Many excellent plasticizers experience some blooming, or
a slight separation from the solid, especially at higher
temperatures, and over lengthy storage times. These
plasticizers are still considered to be "substantially
non-exuding".

Percents, ratios and parts described herein are by
weight unless otherwise specifically stated.
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The above nentioned ingredients are not to be construed a@kc@ﬁtV S

order to make el astonmers of the invention, the isocyanafe]|r 8ft¥iR {887

all acceptable materials 5 useful in the conpositions of the |nvent|onék
n

m xed t oget her
catalyst are mxed into the blend. The isocyanate is 10

and the catalyst is added. Oher additiyeg, fillers an

bl end and the elastonmer is then cured. E nmers of the_present inventi

are useful as sealants, end seals coatlngs V|brat|on danpenlng devi ces, ¢
sound attenuation devi cesRefakigd RO

El astomers having I o gvgfépqsrgfa:eﬁc Jé.ﬁ&nﬂr@dé‘i@%ﬁ'sea%tenéaﬁﬁubﬁéts and
the like, especially
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then added to the
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transm ssi on deV|c§§det5ny isocyanate having the required functionality.
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rhe jsocyanate should be present in sufficient amount to
pr°V1de an isocyanate index of below 100, more preferably
beléw 80, most preferably below 65. Equivalents for each
component can be calculated by dividing the actual weight
(in parts) of each component by the equivalent weight.
rThe isocyanate reactive component is a blend of compounds
containing isocyanate reactive groups, the blend
jncluding at least one polyamine and at least one polyol,
and may be completely linear, completely branched or a
pixture thereof.

The term isocyanate also includes isocyanéte-
terminated prepolymers. Polyisocyanates may be linear or
pranched, aliphatic, cycloaliphatic, araliphatic, |
heterocyclic or aromatic, or any combination of such
polyisocyanates. Particularly suitable polyisocyanates
correspond to the formula

Q(NCO),
in which n is an integer of from 2 to 4, and Q is
selected from an aliphatic hydrocarbon radical containing
from 2 to 100 carbon atoms, and zero to 50 heteroatoms; a
cycloaliphatic hydrocarbon radical containing from 4 to
100 carbon atoms and zero to 50 heteroatoms; an aromatic
hydrocarbon radical or heterocyclic aromatic radical
containing from 6 to 15 carbon atoms and zero to 10
heteroatoms, and an araliphatic hydrocarbon radical
containing from 8 to 100 carbon atoms and zero to 50
heteroatoms. The heterocatoms that car® be present in Q
include non-peroxidic oxygen, sulfur, non-amino nitrogen,
halogen, silicon, and non-phosphino phosphorus.

Examples of polyisocyanates Iﬁblude ethylene
diisocyanate, 1,4-tetramethylene diisocyanate, 1,6-
hexamethylene diisocyanate, trimethylhexamethylene
diisocyanate, 1,12-dodecane diisocyanate, cycloputane-
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el'astoner is nolded into the desired configuration or 20 pouﬁﬁﬁLAﬁEﬁH&TSHEET

protective housing, and cured under the conditions required]fer—the
speci fic isocyanate conponent and isocyanate-reactive conpopeft quseghp fdu7
foll owi ng exanples are for illustrative purposes only, and are not 1 mtind

to the scope of the invention. 25 Where a particular test wasTmorTUum T a
particul ar exanple, this is indicated by a,dashed |line. Test Methods Shore

[err] Hardness 30 Shore [err] hardness was tested acco ulng IO tThe
Anerican Society of Tes Sevd st QWi 5 %01 4= gth and
El ongati on Tenqueds%?%é %ﬁiand oneﬁ*%ﬁlmere nmeasure cor ng to

ASTM Test thhodd"Ehﬁﬁ@res thereof, 1-1socyanato-3 3, S—trlmethyl-s-
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25

5':.cya,-,at:ome'l:hyl cyclohexane, 2,4~ and 2,6~

ne xahydrotolylene diisocyanate and mixtures thereof,
haxahYdr°-l .3 —-and/or -1,4- phenylene diisocyanate,
nexahYdr°-2 ,4’-and/or 4,4’-diphenylmethane diisocyanate,
1'3-and 1,4-phenylene diisocyanate, 2,4~ and 2,6-tolylene
diisocyanate and mixturgs thereof, diphenylmethane-2,4’~
and/or 4,4’~-diisocyanate, naphthylene-1,5-diisocyanate,
Cys dimer acid diisocyanate (DDI) and the reaction
products of four equivalents of the aforementioned
1socyanate-contazning compounds with compounds contalnlng
two isocyanate-reactive groups.

Also useful are e.g., triphenyl methane-4,4’,4""-
triisocyanate, polyphenyl polymethylene polyisocyanates
of the type obtained by condensing aniline with
formaldehyde, followed by phosgenation, (British Pat.
Nos. 874,430 and 848,671), m- and p-isocyanatophenyl
sulphonyl isocyanates, perchlorinated aryl
polyisocyanates, polyisocyanates containing carbodiimide
groups, norbornane diisocyanates, polyisocyanates
containing allophanate groups, polyisocyanates containing
isocyanurate groups, polyisocyanates containing urethane
groups, polyisocyanates containing acrylated urea groups,
polyisocyanates containing biuret groups, ﬁolyisocyanates
produced by telomerization reactions, polyisocyanates
containing ester groups, reaction products of the above-
mentioned diisocyanates with acetals, polyisocyanates
containing volvmeric fattv acid esters. and aralinhatic
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-20- One-Quarter Cone Hardness Hardness was tested using /&?HﬁnﬁgéptwﬁygdﬁuET
"D1403". Heat Aging Dry heat aging was tested by heating a thiin _pol ymer
sl"ab for 18 hours on a Teflon[err] coated plate to 104.4[er¥y] @2@ éﬁﬁ?&%
in a vented oven. Syneresis or its absence was observed visbalily, and
dunbbel I's were then cut for elongation testing. d ossary The foll ow ng
glossary lists the commercially avail abl ee&onponents used i o.the follow ng

exanpl es. The function of each conponent is also |listed. Function of the
conponent is d%&baadtagff%ﬂkawﬁf trimethylol propane and 3 mols of

colylene diisocyanate, crude diphenyl methane
giisocyanate, dimer acid diisocyanate (DDI) and 4,4’-
methylene-bis (cyclohexyl diisocyanate).

Blocked polyisocyanates may also be included.

5 Illustrative of these materials are 4-nonylphenol blocked
jsocyanate prepolymers available as Desmocap™ from Miles.
Suitable polyamines are those known in the art which
contain more than one primary or secondary amino group
10 capable of reacting with isocyanate groups and have

molecular weights from 400 to 100,000, preferably 800 to

20,000, with functionality from 2 to 6, preferably 2 to

3. .

Examples include polyoxyalkylene polyamines derived

15 from the amination of polyether polyols with the majority
of the hydroxyl groups replaced by amine groups;

- polyamidoamines derived from dimerized fatty acids; amine
terminated polybutadienes; amine terminated
polytetrahydrofuran; amine terminated polybutadiene-

20 acrylonitrile copolymers; amine terminated polyethers

. obtained by hydrolysis of isocyanate prepolymers or by
hydrogenation of cyanoethylated polyoxpropylene ethers,
polyamines containing urea or amide or urethane moieties
in their backbone; cyanoethylated amine terminated

25 polyoxypropylene}ethers; polysiloxanes containing amino
groups; tetramethylene oxide-di-aminobenzoates;
polyethers containing aromatic amine end groups; Lewis
acid-blocked primary or secondary aliphatic or aromatic
amine groups, and mixtures thereof.

30 Useful classes of polyamines include:

a) aminopolyethers. Other suitalbile polyamines
include those containing urea or amide or urethane or
ester moieties in their backbones. Illustrative of these
materials are the polyoxyalkylene polyamines available as

35 Jeffamine™ from Texaco.
(b) Polyamines containing aliphatic or
cycloaliphatic organic compounds, such as



Fdnction

_ AbbreV|at|on | socy ﬁﬁf%ﬁﬁ“W¢NT SHEET
| Bl ocked isocyanate Bl Pol yam n rroSSTT NKI nNg
agent _ PACA Al cohol Crosslinking Agent 0 4 MAR 1997
ACA Pl astici zer P Pol ymerj Pol yol
Crossl i nki ng Agent PPCA M crosphere filler
M M crosphere filler, expanding -9= MVEF Filler
Z Catag{st C Anti oxi dant

10

15

20

25

30 .

35

40

palyamidoamines, amine-terminated polyalkadienes, and
nydrogenated derivatives of the polyalkadiene polymer.
in addition, amine terminated polyalkadiene copolymers
with acrylonitrile or methacrylonitrile in the polymer
packbone can be utilized. Illustrative of the above
paterials are the amine-terminated butadiene/
acrylonitrile copolymers available as Hycar™ from BF
goodrich.

(c) Aminocalkyl terminated polydiorganosiloxanes,
including polysiloxanes having a molecular weight of 400
to 100,000 which contain from 0.01 to 6 percent, ‘
preferably 0.05 to 1% by weight of nitrogen in the form
of primary or secondary amino groups. Polysiloxane-
containing amino groups include those having structural
units corresponding to the following formula:

RI Rl Rl RI
|
R—Si-o—u—Ti—c ?i—o—u-—si—n
R? R’ R R/
o - x e - Y
wherein R  represents an amino group containing alkyl
- or

" aryl radical contalnlng primary, secondary
or tertiary amino groups and having a
total of 2 to 20 carbon atoms

R’ independently represent alkyl groups
. containing 1 to 6 carbon atoms, vinyl
. groups or phenyl groups

Y  representing whole or (on a statistical
average) fractional number of 0 to 4

X representing a whole or?(on a statistical
average) fractional number of 10 to 1400
Illustrative of these materials ie the difunctional
aminopropyl-terminated polydimethylsiloxane'formed by
reaction of amino propyltrialkoxysilane with octamethyl
cyclotetrasiloxane.
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(d) Polyethers containing aromatic amine end groups
including anthranilic acid esters, groups containing urea
o urethane or amide or ester moieties in their backbone.
Illustrative of the above materials are the
po1ytetramethyleneoxide-di-p-aminobenzoates available as
polamine™ from Air Products.

Polyocls useful in the invention are liquid or quasi-
1iquid polyols, with functionality from 2 to 8, with di-
or trifunctional polyols being preferred. Useful polyols
have molecular weights of 400 to 50,000, preferably 800
to 20,000. '

Suitable polyols may be selected from polyether
polyols based on ethylene oxide, propylene oxide,
putylene oxide, tetrahydrofuran, epichlorohydrip or
mixtures thereof, ricinoleic acid derivatives, e.g.,
castor oil; polyester polyols, polyamide or
polyesteramide polyols; tertiary amine containing
polyols, e.g., ethoxylated or propoxylated amides or
amines; polyalkadiene polyols derived from butadiene
polymers or copolymers, and hydrogenated derivatives
thereof; polyacetals, polycarbonates containing hydroxyl
groups; polyhydroxyl (meth)acrylic resins, polythioether
polyols, polymer polyols, and the 1like.

Suitable classes of polyols include:

(a) Polyethers containing at least 2, generally 2
to 8, preferably 2 or 3 hydroxyl groups. The general
term polyether polyols also includes polymers referred to
as amine-based or amide-based polyols. When propylene
oxide and ethylene oxide are utilized to prepare the
polyether polyol, it is preferred that the oxypropylene
content thereof be at least 60 weight percent, more
preferably at least 70 weight percent and most preferably
at least 80 weight percent. The ethylene oxide is most
preferably present in the form of ¥&rminal _
poly(oxyethylene) blocks, constituting 10 to 20 weight
percent of the polyether. Illustrative examples are the
polypropYlene oxide glycols, polypropylene oxide triols
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pou

or ethylene-oxide;papped polypropylene oxide triols
available either under the Arcol™ or Pluracol™ trade
names .

(b) Esters of ricinoleic acid with polyhydric -
alcohols containing at least 2 hydroxyl groups, including
mono, di-, and polyesters of ricinoleic acid. One
naturally occurring triglyceride of ricinoleic acid is
castor oil, which has an average functionality of about
2.7. Suitable interesterification products may also be
prepared from castor oil and substantially non-hydroxyl-
containing, naturally occurring triglyceride oils.
Illustrative of the above materials is castor oil
available from United Catalysts.

(c) Polyalkadiene polyols, prepared from dienes
including unsubstituted, 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 1 to 4 carbon atoms, substituted
aryl, unsubstituted aryl, halogen and the like. Typical
of such dienes are 1,3-butédiene, isoprene, chloroprene,
2-cyano-1l,3-butadiene, 2,3-dimethyl-l,2-butadiene, and
the like. Hydrogenated derivatives may also be used. A
hydroxyl terminated polybutadiene is available from ARCO
Chemicals under the designation "Poly-bd R-45HT" and
hydroxyl terminated polyisoprenes are available under the
"LIR" trade name from Kennedy and Klim.

(d) Polyesters containing hydroxyl groups, e.gq.,
reaction products of polyhydric, preferably dihydric and,
optionally, trihydric alcohols with pply-basic,
preferably dibasic, carboxylic acid.

Examples of suitable polyhydric alcohols are
ethylene glycol, 1,2- and 1,3-prq?ylene glycol, 1,4-and
2,3-butylene glycol, 1,6-hexanediol, 1,8-octanediol,
neopentyl glycel, 1,4-bis-hydroxymethylcyclohexane, 2-
methyl=-1,3-propanediol, glycerol, trimethylol propane,
1,2,6-hexanetriol, 1,2,4-butanetriol, trimethylol ethane,
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T's. Pat No. B, 722,946, it was
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tetraetnylene glycol and higher polyethylene glycols,
dipr°Pyle"e glycol and higher polypropylene glycols,
dib“tyl glycol and higher polybutylene glycols. The
polyesters may contain terminal carboxyl groups.
Polygsters of lactones, e.g., epsilcn-caprolactone{ or
polyesters of hydroxycarboxylic acids, e.g.,
omegahydroxycaproic acid, may also be used.

(e) Polythioethers, particularly the condensation
products of thiodiglycol alone and/or with other glycolé,
dicarboxylic acids, formaldehyde, aminocarboxylic acids
or amino alcchols. Depending on the co-components, the
products can be, for example, pelythio mixed ethers,
polythiocether esters or polythioether ester amides.

(f) Suitable polyacetals, including the compounds
obtainable from glycols, such as diethylene glyceol,
triethylene glycol, 4,4’~diethoxydiphenyldimethylmethane,
hexanediol and formaldehyde. Polyacetals suitable for
use in accordance with the present invention may also be
obtained by polymerizing cyclic acetals such as trioxane.

(g) Polycarbonates containing hydroxyl groups,

(h) Polyhydroxy (meth)acrylic resins, which are
polymers and copolymers of mono esters of (meth)acrylic
acid and polyhydric alcohols, useful for making polyester
polyols (see (a), infra), e.g., homopolymers and
copolymers of hydroxyethyl (meth)acrylate, hydroxypropyl
(meth)acrylate, and the like. Illustrative of such
compounds are G-cure™ acrylic resin available from Henkel
Corp., Minneapolis, MN, Desmophen™ A resins available
from Mobay Corp., Pittsburgh, PA, and hydroxyl functional
Acryloid™ resins, available from Rohm and Haas,
Philadelphia, PA.

(i) Polyester amides and p&lyamides, including the
predominantly linear condensates.
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el astoner maki ng procedure |isted above. Even with the usgof—brancired
polyols, only liquid or "chewing gunt 30 consistency produBEBLA(MENT SHEET
obt'ai ned at isocyanate indices bel ow 65. (See exanples 8, |15 20,383 —ard
43.) Solid viscoel astomers were not produced at isocyanatg iind) geppaRe{gaw
the limts. In order to confirmthe results, the conparatijvg 35 exanpl es
Cl-C7 in Table | were produced. |socyanat®3Teactive mi xtUresS Were Teact

with both aromatic and aliphatic polyi socyanat es_using varfi ouys:catal ysts -at
-26- isocyanate indi(dds EPL¥bYSFOR¥LoRONPABNGS  fiTeady| GONEETRENT T H THese

experinents had fech,gnieoaél ukedSgiapsNend optionally modified natural
urlyols’ such as carbohydrates, for example, starch.
pe (k) Modified polyhydroxyl compounds, and modified
derivatives thereof.

5 (1) Polyhydroxyl compounds containing high
male¢U1ar weight polyadducts and polycondensates or
.prepolymers in a finely dispersed or dissolved form,
e.Ger B dispersion polymer polycl, a grafted copolymer
pOlY°1' a solution polymer polyocl, or blends thereof.
polyhydroxyl compounds can also be modified by vinyl
polymers of the type obtained, for example, by
polymerizing styrene and acrylonitrile in the presence of
polyethers. Plastics having particularly good flameproof
properties are obtained by using polyether polyols
modified by graft polymerization with vinyl phosphonic
acid esters and, optionally (meth)acrylonitrile,

(meth)acrylamide or hydroxyl functional (meth)acrylic

acid esters. Polyhydroxyl compounds into which carboxyl

-~ 20 groups have been introduced by radical graft
polymerization with unsaturated carboxylic acids and,
optionally, other olefinically unsaturated monomers may
be used particularly advantageously in combination with
mineral fillers. Also suitable are melamine, urea or

25 urea/melamine blend particles dispersed in a polyol.
Regardless of the specific polyol used, it is generally
preferred to use polyols containing primary hydroxy
groups. Mixtures of polymer dispersions and conventional
polyols may be employed.

30 Illustrative examples of polymer polyols include
Multranol™ 9151 and 9238, available from Miles Chemical
Corporation; Arcol™ 34-28 and 24-32, available from Arco
Corporation, and Pluracol™ 994 afid 637, available from
BASF Agtiengeschelleschaft. | '

35 Besides the above polyols and polyamines; lower
molecular weight, reactive, chain-extending pr
crosslinking compounds having molecular weights of 400 or

10

15
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t he above 10

described procedure. In contract to the foregoing conparatyve exanpies,
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° osslink density in the cured form. Useful examples
cr

. nclude polyhydric ‘alcohols, alkanol amines, primary or
5econdary aliphatic, cycloaliphatic, aromatic,
araliphatic or heterocyclic amines, low molecular weight
amine.initiated polyether polyels, ricinoleic
derivatives, hydroxyl containing organophosphates, poly-
(oxyalkylene)amines, substituted hydrazines and
hydrazides, and mixtures thereof.

suitable aromatic amine chain extenders include the
sterically hindered aromatic polyamines, preferably
diamines, which contain linear or branched alkyl
supstituents or halogen or similar substituents in the
ortho position to the amino groups. Aromatic polyamines
also include amines in which the amino group is attached
+o heterocyclic radicals of aromatic character. Examples
include l-methyl-3,5-diethyl-2,6-diamino benzene; 4,4/~
methylene bis(2~chloroaniline); 4,4’-diamino-diphenyl
sulfone; isobutyl-3,5-diamino-4-chlorobenzoate, NaCl
blocked methylene bis(aniline).

In addition, aliphatic amine-containing chain
extenders can be employed. Such compounds include
ethylene diamine, methylene-bis(cyclohexyl amine), N,N’/-
ditertiary-butyl ethylenediamine, amino ethyl piperazine,
meta-tetramethylenexylene diamine, and the like.
Illustrative of the above materials is 5-amino-1,3,37-
trimethyl cyclohexane-methenamine (isophorone diamine)
Vestamin™ available from Huls.

Low molecular weight hydroxyl tefminated compounds
can be utilized as chain extenders. Examples of such
polyols are N,N-bis (2-hydroxypropylaniline, 1,6-
hexanediol tripropyleneglycol, trf%ethyol propane, 1,4-
dihydroxyl cyclohexane, diethanolamine, 1,4-bis
(hydroxyethylpiperazine, and the like. It is a}so
possible to use diols containing additional grbups, for
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both | i near and branched conpounds. 20 El asticity renai g 2¥§P
after dry heat aging of the elastoners at 104[err]C, and no synere VmNT’SHtET;
occurred under those conditions. Elastomers containing hollom/n1crospneres

yi el ded Iightwei ght el astoners. As can be seen in Table II, 0e IMARVIRAT

a 25 polyam ne was included with the sane pol yol ingredients s Cbnparatlve
Exanpl e C2 of Table I, (Exanple 8 of U S. Ral. No. 4,722,946)} a hard

el astomer having a Shore [err] hardness of above 60 resulted.tlikew se, a

simlar value foragg&gneggsmng- 1ﬁuﬂ%ﬁ{;ﬁ}ﬁ;ﬂggpxﬂyner 30

pol yol in Exa he_iinear/ ggn and ratios by equival ent for

Exanpl es 1 and aMEPéPBBPBﬁFT“BO9 E&aﬁpﬁ%?@?ﬂ & Riss @7 el ast oner
froma conpletemﬁdkbﬁyaethymﬁyethaﬂgrﬁa¢14Vﬁdi@hényInéEbﬁﬂd}hﬂs—(2-

hydroxylethyl urea), ethylene glycol mono-ricinoleate,
and the like. Illustrative of the above materials are
diethyl-N,N-bis(z-hydroxylethyl) amino methylphosphonate,
pyrol"o available from Akzo; pentaethrythritol mono-
ricinoleate, Conacure™ available from Conap; propylene
oxide adduct of trimethylolpropane, Pluracol™, available
from BASF; and polyethylene or polypropylene oxide
adducts of ethylene diamine, also available under the
pluracol™ or Quadrol™ trade name.
Preferred elastomers may also contain a plasticizing
system having one or more extenders or plasticizers. The
15 plasticizing system is preferably selected so as to be
essentially inert with polyurethane/polyurea reaction
products and substantially non-exuding.
Useful plasticizers include aliphatic, naphthenic,

and aromatic petroleum based hydrocarbon oils; cyclic

20 olefins (such as polycyclopentadiene), vegetable oils
(such as linseed o0il, soybean o0il, sunflower oil, and the
like); saturated or unsaturated synthetic oils;
polyalphaolefins (such as hydrogenated polymerized
decene-1), hydrogenated terphenyls, pine oil or coal tar

25 or other terpene derivatives, polypropylene oxide mono

" and di-esters, cyclopentadiene copolymers with fatty acid
esters, phosphate esters and mono-, di-, and poly-esters,

(such as trimellitates, phthalates, benzoates, fatty acid

ester derivatives, castor oil derivatives, fatty acid
30 ester alcohols, dimer acid esters, glutarates, adipates,
sebacates, polymeric polyesters, rosin esters, acrylate
esters, epoxidized fatty acid esters, and the like) and
mixtures thereof. 2
Flame retardency of the elastomers can be improved
35 by the use of halogen and/or phosphorus contaiﬁing

10

compounds, for example, halogenated phosphaté or
polyphosphate esters, halogenated organic phosphonates,
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35 i socyanate index of 40. Again a solid el astoner having gbdtEPhAGEMENT SHEET
-6 8y

was forned, rather than a viscous liquid as the prior art wou

from such as system -27- Exanple 4 was produced with an

a
| socyanate reactive m xture having the polyam ne added to tje |%en?ﬂgpﬁ@7
pol yol ingredients of Conparative Exanple C4. El astoners were—atso—forred

froma polyneric anine 5 and the pol yol imT@edients of Conparative Exanples

3 and 5 and the propertles are denonstrated as Exangles 5 ang—6-TmTabte
a

1. Tables |11 qtgﬂomﬁ@ hyazecasbenge f THAFS
to denonstrate PH@

Jomg E§S2Edants cander
ro%dngty&,g @ithhfiydroxyalkyl phosphonate esters

/or appropriate fillers to impart the desired degree
gire retardancy. Illustrative of the above materials
palyalphaoleflns available from Emery Chemical under
5 he Emery trade name, tri-octyl trimellitate available
© grom Nuodex under the Nuoplaz™ trade name, glyceryl

eril

acetyl ricinoleate) available under the Flexricin™

¢rade name from CasChem, trixylenenylphosphate available

0
} grom Spencer-Kellogg.

grom FMC under the Kronitex™ trade name, and soybean cil

any conventional catalyst used in the preparation of
polyurethanes may be employed herein. To facilitate the

reaction from 0.005% to 5.0%, preferably 0.05

15

to 2.5% by

weight of the total reactants of catalyst is added.

suitable catalysts include organometallic chelates,

alcoholates, phenolates, and salts of organic

acids,

tertiary amines, organic tin compounds, bicyclic
amidines, silaamines, acidic metal salts of strong acids,

20 tertiary phosphines, alkali and alkali earth metal
hydroxides, and the like, and combinations thereof.

Exemplary organometallic catalysts include

catalytically active compounds of tin, iron, mercury,
bismuth, zinc, manganese, lead, copper, cobalt, titanium,

25 antimony, cadmium, aluminum, nickel, cerium, vanadium,
and the like. Illustrative of the above compounds would
be stannous octoate, bismuth neodecanoate, lead

naphthenate, phenylmercuric benzoate, lead
ethylhexanocate, and ferric acetyl acetonate.

Suitable

30 organic tin compounds include tin (II) salts of
carboxylic acids such as tin ethylhexancate and tin
laurate and the tin (IV) compounds, such as dibutyl tin
dilaurate, dibutyl tin oxide, dimethyl-tin (IV)-~-bis-
thiolauryl, dibutyl tin-bis-thioglycolic acid octyl

35 ester, and the like.

Useful tertiary amines include, for exémplé, N-
methyl morpholine, bis(2-dimethylaminoethyl) sther, 1-
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10 invention. Elastoners are fornmed fromconpletely linear i
reactive conponents in Exanples 16 and 18 havi ng i socyanate
Various amines are utilized; the useful ness of aliphatic pri
is showmn in Exanmples 7, 10, 11, 15, 16, 18, 21 and 28 at 15
I socyanate indices from25 to 50. Aliphatic secondary am nes
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i n Exanples 30 and 37. Exanples 1, 2, 3, 8+12&nd 33 use arongyti ¢ di am nes.

Pol ydi met hyl si | oxane di am nes were used in Exanples 9 and 13.

Exanpl es of

aliphatic tri amnmmmemylamimammpipgra_zinew«,iim_eﬂim- 27, 29, 3T,
32, 34 and 35. %@f@l‘:ﬂgﬁm e 1Rth 1%%3}:%“3&3?'-&@?9551&38%?9,Kr,9571-13 to
s al so de 4f po

82. The Exanpl e nmorstrate the range yI SOC

anates useful in

systems of the iyRAaR17eney (DR andGaltsotperarts drd-used in Exanpl es
3-12, and 25 19-@azdpsuydien2l2,2) bethhe,af¢idényienar ai@hifie, and the -

5 like.

Preferred elastomers of the invention also contain

hollow nmicrospheres made of silicate, phenolic, glass,

epoxy, vinylidene chloride copolymers, flyash, carbon,
clay and the like. They must be roughly spherical,
10 ranging in particle size from 0.5 to 300 microns. The

microspheres may be glass, e.g., Scotchlite™, available
from Minnesota Mining and Manufacturing Company (3M);
polymeric, e.g., Expancel™ 551DE, available from Nobel
Industries, UCAR microballoons, available from Union

15 Carbide Corp., and Dualite™ M6001AE, available from
Pierce and Stevens Corp.; or ceramic, e.g., Zeeosphere™
X-40, manufactured by Zeelan Industries. Such
microspheres may also be treated with a coupling or
wetting agent such as a silane, e.g., 3-glycidoxypropyl

" 20 trimethoxy silane, or an organo-chromium or titanium or

zirconium complex to enable the resin to effectively wet

the microspheres.

Additional fillers or combinations of fillers may
also be present, such as glass fibers, graphite fibers,
25 fibrous materials emanating from an organic polymer,
carbon black, mica, aluminum oxide hydrates, various
silicates or carbonates or clays, fumed silica and the
like. The term "filler" is used herein to include all
solid additives including particulate matter or fibrous
30 matter, present in the composition. ,Illustrative of the
above materials is a fumed silica available under the

trade name Cab-0-Sil™ from Cabot.

In one embodiment, ekpandahke sealants may be made
from compositions of the invention by adding expandable
35 microspheres to the composition. The sealant may be a
one-part sealant which is activated by the application of
heat, or it may be a two-part sealant which exotherms |




pdlyisocyanate
Li kewi se, non-

2, 3, 7, 10, 1
tetrol in the
were also util

-

s, and bl ocked isocyanates are used in Exanples_13-18

am ne i socyanate-reactive conponents have begipiyatNENT SHEET
Di.-f unctional and trifunctional polyner 30 polyols are enp g}é@ ﬁ

D

2-21, 23- 27, and 30-33. Exanples 9, 11 ang

1 util,
formul ati ons. Varying plasticizers, nicrospherégﬁahéﬁﬁﬂ%fl

i zed throughout the exanpl es,gtHard el astonmgrilc 35

were produced with an isocyanate index as low as 20 and yseful sealing

materials were
i nventi on.
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expansion of the microsphere. Such sealants are
especially useful as sealants in devices which have
neated process steps. The unexpanded encapsulant can be
placed against one side of an area to be filled prior to
the heated process step. As the device is heated, the
elastomer sealant will expand to £ill the area as
desired. In one application, the elastomer is placed
jinside an automobile body where sealing is desired. A
small amount is placed in a bead against the wall or
seam. When the automobile is subjected to heat during
the painting process, the seal will expand to fill the
area and seal the seam. .

Expandable microspheres useful in such an embodiment
include those available as Expancel™ "wWU" or "DU"
microspheres from Nobel Industries, (designating whether
the unexpanded microspheres are wet or dry), including
Expancel™ 642 DU,820 DU, 820WU and the like, providing
the Expancel™ "WU" grades are dried before use to remove
the meisture.

Although the crosslinking reactions to prepare the
elastomeric compositions of the present invention are
preferably conducted at or near ambient temperature, it
should be obvious to one skilled in the art that the
reaction rate may be accelerated, if desired, by the
application of elevated temperatures, or if rendered
necessary by the use of blocked isocyanates or
expandable microspheres.

It is also possible to add other additives, such as
wetting agents, UV absorbers, mold release agents, drying
agents, such as molecular sieves, fungicides, oxidation
preventatives or any 6ther additive as necessary. As
oxidation preventatives, there can be used hindered
phenols, for example, Irganox™ 1070, Tetrakis
methylene(3,5~di-tert~butyl~-4-hydroxyhydro-
cinnamate)methane, and Irganox™ 1076, Octédeéyl:a (3,5~

D

~
N~
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Uhexpanded hol | ow pol yneric m crospheres (Expancel 551 DU [ - 18
Expancel 461 DU in Exanple 17) were al so expanded during 3 ﬁg %@”\kgﬁ&'r

bl ocked i socyanates to give an expandi ng seal ant as descrilbgd earlier.
Exanpl e 16 expanded twenty percent and Exanple 17 expandeq tmdhﬁyMﬂRVB97
percent . [err] - 49- - 30-
TABLE |1 Conponents 1 2 3 -19- 4 5

tert—butyl—4-hydroxyphenp1) propionate, all available
grom the Ciba-Geigy Company.

The above mentioned ingredients are not to be
construed as conclusive of all acceptable materials
useful in the compositions of the invention.

? In order to make elastomers of the invention, the
jsocyanate reactive blend is mixed together, and the
catalyst is added. Other additives, fillers and the
catalyst are mixed into the blend. The isocyanate is

10 then added to the blend and the elastomer is then cured:

Elastomers of the present invention are useful as
sealants, end seals, coatings, vibration dampening
devices, sound attenuation devices, bushings, sleeves,
gaskets and the like. Elastomers having low viscosities

35 are also useful as encapsulants and the like, especially
in the electronics and telecommunications flelds, e. g.,
in electrical and signal transmission devices.

In use for signal transmission devices, the
elastomer is molded into the desired configuration or

20 poured into a protective housing, and cured under the
conditions required for the specific isocyanate component
and isocyanate-reactive component used.

The following examples are for illustrative purposes
only, and are not limiting to the scope of the invention.

25 Where a particular test was not run in a particular
example, this is indicated by a dashed line.

Test Methods
S e 00 ne
30 Shore 00 hardness was tested according to the

American Society of Test Methods, Test Method "D2240".

Tensile Strength ang Elongation
LT

Tensile Strength and elongation were measured
35 according to ASTM Test Method "“D-412"%.



Mondur CD 20.7 8.8 -

Vest anat | PDI - - - 5.5 R%‘Lﬁ"EfvENB SHEET
Desnodur N- 3200 - - 4.9 - cOo
PPG2025 35.7 - - - 39.9 ofo
TP440 11.9 - - - - - wﬁ?@az% 1591
- 63.1 - - - - Pluraco 010 =

13. 8 - - - =280l Polyner Polyol = - -
85.5 - - 24 Pol bd R45 -

- 73.7 o g

- - :Hardhdssnwas Gssted us:nQ9A§TM Téétfnethod "D1403" -

- - Pol am ne 1000 7.6 - -

- Jeffam ne T3000 - - - 18. 8 34.5 32.8
Castor O | - Heat Aging . 15.1 - Bi Cat
8 0. 2Dry Heat agingOwhdB teste@. By heatind-a3.thin Bolymer

51ab for 18 hours on a Teflon™ coated plate to 104.4°C
'azo°F) in a vented oven. Syneresis or its absence was
cpserved visually, and dumbbells were then cut for

clongation testing.

Glossary
The following glossary lists the commercially

svailable components used in the following examples. The
function of each component is also listed. Function of
the component is defined as follows:

nection | eviation

Isocyanate I
Blocked isocyanate BI
Polyamine crosslinking agent PACA
Alcohol Crosslinking Agent ACA
Plasticizer P
Polymer Polyol Crosslznklng Agent PPCA
Microsphere filler ' M
Microsphere filler, expanding MEF
Filler F
Catalyst ' i c

Antioxidant A
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The isdcyanate reactive Hiehd wésfbreparedl“S

-32- TABLE |V Conponents 13 14 15

18 Desnocap 11A 26.1 - 23.0 24.8

Desnocap 12A - 50.0 - -

di am ne 14.9 - -

| PD - 0.2 - 0.2 -

T3000 16. 2 - - -25- 8.3

- - 12.1 10. 7 - 9.9 Castor

20.1 - - - 10. Examples Mul t r anol

59. 3 - 54.9 24-3 ¢ -
- 45. 5 Thgj sameggeneral procedugteSwas folldwed fox).&ll of 0.5
g-g 0.5 | genexanBibs.

5 and mixed from the stated polyamines, polyols, catalysts,
microspheres, fillers, etc. The isocyanate was then

10

15

20

25

30

35

added to the blend, and the reactants were quickly mixed
mechanically and poured intoc a mold. The materials were

then cured under one of several conditions. Cure "a"

denotes that materials were cured overnight at ambient

room temperature.

In cure "B" some molds were heated for one and one

half hours at 76.7°C (170°F) to speed the
then allowed to sit overnight.

curing, and

Finally, for Cure "C", used in examples 13-18, which

involved blocked isocyanates, the molds were placed in a

vented oven and heated for forty-five minutes at 124°C

(256°F) .

All microspheres or fillers were dried at least 18

hours at 71.1°C (160°F).

c jve =C7

In U.S. Pat No. 4,722,946, it was taught that only

liquid products or those with "chewing gum" consistency

are obtained at isocyanate indices below 100 with
polyisocyanates and isocyanate reactive mixtures

comprising linear polyols. Products were made using the

elastomer making procedure listed above.

Even with the

use of branched polyols, only liquid or "chewing gum"

consistency products were obtained at_isocyanate indices

below 65. (See examples 8, 15, 20, 33, and 43.) Solid
viscoelastomers were not produced at isocyanate indices

below the limits.

In order to confirm the results, the
examples C1-C7 in Table I were produced.

comparative
Isocyanate-

reactive mixtures were reacted with both aromaric and
aliphatic polyisocyanates using various catalysts at




3M GB 823/ 500 10.0  10.0 - - - | REPLACEMENT SHEET
Expancel 551 DE - - 3.0 - =
Expancel 551 DU - 3.0 - EXpahn

- - - - 4.0 - | socyanate Irdj%th ﬂ?@.gmv
41.0 25.8 23.6 25.0 23.5 NH and OH Rati o; 0124t
1.0/0.5 1.0/1.1 Al Al | Al |ineaétbranched

| i near branched, linear (by equivalent) Cure C

C C ¥socyanate imdigemefs 50Siesr bedow. 4Fhe varigus polzels

30.4 48. 8 used 4tn Qﬂﬁéj 0 16.1
o0y éﬁDeﬁf (ﬁé%ﬁ?%riﬁéﬁﬂ% Rad f%é gionaigtges r&ﬂging 525
0.70 Tensile Str d thus wyere jinear amgobpanghed, wit 48. 2
N cnferr] (ﬂﬁrimarxEﬁhﬂJseCOdHH}y5hlcohé§s4hav1ﬁ?43aryi§§ ﬁblecui@ﬂ 5) %

S onget o0 18 lanF, dord b g Lyt epaidpice vioaleh dolfd"
elastomers, rather viscous liquids were formed in all
cases.

Examples 1-37
Examples 1-37 were made according to the above

10 described procedure. In cohtract to the foregoing
comparative examples, surprisingly useful viscoelastic
elastomers were obtained at isocyanate indices below 65
and even at very low isocyanate indices when a polyamine
was included in the isocyanate reactive mixture. Useful

15 polyamine-containing elastomers were produced'hot only
with completely branched isocyanate reactive mixtures,
but also with completely linear isocyanate reactive
mixtures, and isocyanate reactive mixtures containing
both linear and branched compounds.

20 Elasticity remained even after dry heat aging of
the elastomers at 104°C, and no syneresis occurred under
those conditions. Elastomers containing hollow
microspheres yielded lightweight elastomers.

As can be seen in Table II, Example 1, when a

25 polyamine was included with the same polyol ingredients
as Comparative Example C2 of Table I, (Example 8 of U.S.
Pat. No. 4,722,946), a hard elastomer having a Shore 00
hardness of above 60 resulted. Likewise, a similar value
for hardness was obtained with a diamine and polymer

30 polyol in Example 2. The linear/branched NH and OH
ratios by equivalent for Examples 1 and 2 were below
1.00/0.50.

Example 3 demonstrates an elastomer from a
completely linear isocyanate reactive mixture having an

35 isocyanate index of 40. Again a solid elastomer having
good properties was formed, rather than a viscous liquid
as the prior art would indicate from such as system.



(1I'b/ i n) (11.1) (16.3) (17.5) (27.3) (23.8)

gt

FHA—2y—Ater dry
heat aging -18 hrs., 104.4[err]C, % El ongation 345. fL REPLAGEMENT SHEET
798.5 925.1 606.4 - -18 hrs., 104.4[err] C, Synereprs .

None None None None None None -33-] TA
Conponent s 19 20 21 22 AR MAR 19953
Vest anat | PDI 3.0 2.4 428~ - ' 58

4.9 Cyanam d TMXDI - 4 6 -
ra %

- (Meta) Jeffam ne TEX&fple 4 vmszproducedLJth an -all b

i0

15

20

25

30

35

isocyanate reactive mixture having the polyamine added to
the identical polyol ingredients of Comparative Example
C4. Elastomers were also formed from a polymeric amine
and the polyol ingredients of Comparative Examples 3 and
5 and the properties are demonstrated as Examples 5 and 6
in Table II.

Tables III to VIII show elastomers made from varying
systems in order to demonstrate the broad nature of the
invention. Elastomers are formed from completely linear
isocyanate reactive components in Examples 16 and 18 .
having isocyanate indices of 24. Various amines are
utilized; the usefulness of aliphatic primary diamines is
shown in Examples 7, 10, 11, 15, 16, 18, 21 and 28 at
varying isocyanate indices from 25 to 50. Aliphatic
secondary amines are utilized in Examples 30 and 37.
Examples 1, 2, 3, 8, and 33 use aromatic diamines.
Polydimethylsiloxane diamines were used in Examples 9 and
13. Examples of aliphatic triamines are Nos. 4, 5, 6,
12, 14, 17, 19, 20, 22-27, 29, 31, 32, 34 and 35. These
examples have isocyanate indices ranging from 13 to 82.

The Examples also demonstrate the range of
polyisocyanates useful in systems of the invention.
Aliphatic polyisocyanates are used in Examples 3-12, and
19-37. Examples 1, 2, 13-18, and 34 use aromatic
polyisocyanates, and blocked isocyanates are used in
Examples 13-18.

Likewise, non-amine isocyanate-reactive components
have been varied. Difunctional and trifunctional polymer
polyols are employed in Examples 2, 3,,7, 10, 12-21, 23-
27, and 30-33. Examples 9, 11 and 21 utilized a tetrol in
the formulations.

Varying plasticizers, microspheres and the like were
also utilized throughout the examples. Hard elastomeric
materials were produced with an isocyanate index as low
as 20 and useful sealing materials were produapd below
that value with compositions of this invention.



Jeffami ne D2000 ; ; 8.6

Jeffani ne T3000 ; ; - ; REPLACEMENT SHEET
8..9 Castor QO 33.4 45.1 38.3 12. 15.0
15.1 Pluracol 973 41. 2 33.0 - 04 MAR-1997

- Pluracol 355 - - 2.2 - | tir anol 9151

- - 34.1 - - Arcol Pol yner

- - - 58. 4 ";'?;?'1 Pol yol ~34- 28 Arcol PoI yol
11-27 - - BiCat 8

0.2 5 Unexp@nged holloU Eglymerlcom&grosphergys @_‘W 55070V
1.8 1 5in Exahpie 16 and. B¥pancel 4685DU in Exadiildud)i ;‘,@14\43001AE
6.0 B23/ 500

6.0

- 10,0 alse gypgnded durjng a heat,gure with BIdeKad dspcyanasess
13.5 26.5 to gisve 3n expanding sealant. asNiescxil®d marlier. All

Al l

1.0/ &5 I branched
br anched 5 Examp@%a%ghggpanééh tyenty éﬂ'eé eﬁﬂd%ﬁw 17

anc
expanded twenty-five percent.



(by equivalent) Cure B B A B B
B Hardness, 21.1 - 33.0 51.2 REBLACFMENT SHEET
69.8 Shore 00 Hardness, 1/4 cone 22.4 82.3 25.5 -18--6 90
8.6 Density, gmcc 0. 64 - 0.65. 0.69 6 o
0.67 Tensile Strength,  17.6 - 22.3 8.9 P4chng 1237
91.8 N cn® (psi)  (25.1) - -2 +¢31.7) (12.{6)——iA-88-2)
(130.6) % El ongati on. 493. 0 - : 541.6 440. 4 214. 6
305.8 Initial Tear Strength, 11.7 - 17. 85
49.7 55.9 N cm (I'b/in) (6.7) - (9.7) (5.1)
(28. 4) (31.9) After dry heat aging - 18 hrs., 104.4C, - -
526.1 919. 3 294. 8 169. 6 % El ongati on -
e T e S T . S e . e B
2 o
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- EPLACEMENT Qunr
18 hrs., 104.4 C, - - None None Nong RE La‘g“""?\l(b'r\e”":!:T
Syneresi s TABLE VI Conponents 25 26 287 28
29 30 Vestanat | PDI 4.0 3.0 1 04 pMpp w97
- - Desnodur W - - - i 4 -
DDl 1410 - - - - 9.6
11.5 Jeffani ne T3000 8. 9.1 -30- 9.1 -

- Jef fam ne D2000 - - - 3. - Jeffam ne
T5000 — , e ABLE __Hvcar 1300
15. 4 15. s e e = I _77*‘_::,_@;-
59.7 60. i Mondur c61. 1 20.7 8.8 - -51} - -
Vestanat IPDI -— - - 8.5 8.5 8.1
Desmodur N-3200 — -— 4.9 - - -
Arcol PPG2025 35.7 -— — -— 39.9 53.8
Pluracol TP440 11.9 - — - - -
Multranol 9151 - 63.1 - - —_ —
Pluraco! 1010 — 13.8 — — - -
Arcol Polymer Polyo! - - 85.5 - - -
24-32
Poly bd R4SHT - —_— - 73.7 - -
Piuracol PEPSS0 - - — — — 3.3
Polamine 650 29.7 12.3 - -_— -— -
Polamine 1000 - -— 7.6 — - —
Jeffamine T3000 - — — 18.8 348 32.8
Castor Qil — - - -— 18.1 —_—
BiCat 8 0.2 0.1 0.18 0.3 0.3 0.3
Irganox 1076 1.8 1.8 1.85 1.7 1.7 1.7
Isocyanate index §4.6 52.2 39.8 50.0 §0.1 50.0
NH and OR Ratio 1.0/0.8 | 1.0/0.4 All All 1.0/2.8 | 1.01.
linear/branched linear branched 7
{by equivalent)
Cure A A A A B A
| Hardness, Shore 00 61.6 59.0 35.0 32.0 22.2 15.0
Hardness, 1/4 Cone 12.2 8.6 18.6 20.9 32.8 36.7
Density, gm/cc 0.89 1.02 0.98 0.81 0.94 0.96 II
Tensile Strength, 53.3 113.3 91.7 14.1 19.8 9.3
N/cm? {75.8) {161.2) | (130.5) {20.0} {28.2) {13.2)
{psi)
% Elongation, Initial 918.4 383.7 429.5 314.9 687.2 813.5 l
Tear Strength, N/cm 326 68.6 37.3 8.2 2.3 4.6
{Ibfin} {18.6] {39.2) {21.3) 4.7) {6.3) (2.6)
After dry heat aging
-18 hrs., 104.4°C,
% Elongation 673.8 629.2 420.4 256.0 746.6 -
-18 hrs., 104.4°C, )
Syneresis None i None None None None: -




—

Pol yol 34-28 UR 503 - 58. 8
- - Arcol LHT-28 - - - 283
- ,Poly bd R45HT - - - - REPIGGEMENT SHERT
Fyrol 6 - - - - 09
Bi Cat 8 0.2 0.2 . 0.15 0.{164 MAR 39@,. 1
| rganox 1076 1.8 1.8 _é.1_8 1.85 1.4 ' 1.
3M GB B23/500 10.0 10.0 1 - TO00
Dual ite M6001AE - - TABLE i 6.0
| socyanat e Rat oSSy .
NH and OH Ratip
1.0/9.4 |inearfdrancned
Cur e Desmodurﬂv
Har dness, Shor avgamt |pﬁ9 6 483.0{ 82 |- 3.2 12. 8 - -
Har dness, 1/4 gEO 15, 9 5 30. 0 47 2
Jeffamme DZODO 121 - -— 17.2 22.7 -—
Polamine 1000 —-— 14.0 - —_— — -~ iI
PDMS diamine — —_— 14.4 — -— -— "
Jeffamine T3000 —_ —_— - —_ — 8.0 ’l
Pluracol 873 57.8 - -— §8.3 —_— 42.7
Pluracol P1010 13.1 — -— - — —
Castor Oil - 17.0 36.8 13.8 - -
Multranol 9151 -— 51.8 32.8 - -_— —_—
Quadroi — — 0.8 -— 1.8 -
Arcol PPG 1025 -— -— —_— — §7.7 -—
Acrol LHT 42 -— — — o— -— 39.6
BiCat8 0.5 0.3 0.3 0.15 0.15 0.15
Irganox 1076 1.5 1.7 1.7 1.85 1.85 1.85
3M GB B23/500 10.0 10.0 10.0 - 10.0 - i
| Expancel 551DE - - - 3.0 - 3.0 H
|| Isocyanate Index 50.6 | 39.9 21.0 43.0 24.7 42.7 “
NH and OH Ratio; 1.0/0.5 | 1.0/1.8 1.0/46.7 1.0/1.9 | 1.0/0.1 All
linear/branched Branched
{by equivalent)
“ Cure A B B B B B
“ Hardness, Shore 00 52.0 31.6 58.6 54.4 44.9 38.3 H
Hardness, 1/4cone | 21.0 | 285 19 9.3 12.8 12.7 ||
Density, gm/cc 0.72 0.65 0.71 0.56 0.75% 0.57 “
ll Tensile Strenght, 14.9 114 233 64.5 17.5 26.2 I
Niem? {psi) {21.2) (16.2) {33.1) {91.8) (24.9) {37.3)
| % Elongation, initial | 844.6 | 4335 | 180.2 | -262.5 | 236.7 244.0
Tear Strength, N/em | 14.9 124 22.8 45.9 10.5 - 17.8
{Ibfin} (8.5) (7.1} {13.0) {26.2) (6.0) {10.2)
After dry heat aging
-18hrs., 104.4°C, _
% Elongation - — 283.4 2721 3849 257.8
-18 hrs., 104.4° C, .
s - —
i yneresls o : None None No& None

160

o
©w
©o



Density,

gm cc 0. 68 0. 67 - - RE%‘AEQMENT f%g 1
Tensil e Strength, 78.1 35.9 8 S .?6
N enferr] (psi) (111.1) (51.1) . - - é)
(70.5) % El ongati on, 271. 2 421. 6 - | od 171
372.8 Initial Tear Strength, 51.0 25.5
6.7 44.8 N cm (I'b/in) (29.1) (14.9) -
(3.8 (26 5) After dry heat aging -18 3hrs 104. 4C, 423.-5.-.508 2
- 356 2 408 2 % EI (mgmnvon -18 hrs 104. 4C, None
I\bne - . b, — S —— o e R ' — pd e i
{ Components
Desmocap 11A 26.1 - 23.0 24.8 29.6 23.0
Desmocap 12A - 50.0 - — —-— —_—
PDMS diamine 14.9 -— — - — —
Vestamin IPD —-— 0.2 — 0.2 - 0.2
Jeffamine T3000 - 16.2 -— — 8.3 -—
Jetfamine D2000 —_ -— 12.1 10.7 - 2.9
Castor Qil 20.1 - - - 10.6 -
Multranol 9151 26.9 - — . - -
Arcol Polymer Polyol - 21.6 - 59.3 _— 54.9
24.32
Pluracol 973 — - B89.9 - 45.5 -_—
BiCat 8 0.5 0.5 0.5 0.5 0.5 0.5
lrganox 1076 1.8 1.5 1.5 1.5 1.5 1.5
3M GB 823/500 10.0 10.0 - — — 10.0
Expancel 551 DE — —_ 3.0 — -— -—
Expance! 551 DU —_ - - 3.0 - — "
Expancel 461 DU —_ — -— - 4.0 - I
Isocyanate Index 19.9 41.0 25.8 | 23.6 25.0 23.5
NH and OH Ratio; 1.0/24.1 | 1.0/0.5 | 1.0/1.1 | All All All
linear/branched linear branched | linear
{by equivalent)
Cure Cc Cc Cc c (o] C
Hardness, Shore 00 | 48.2 534 25.5 30.4 48.8 - 46.0
ﬂ Hardness, 1/4 cone 24.8 10.6 17.7 16.1 8.0 13.5
Density, gm/cc 0.73 0.72 0.57 0.8 0.79 0.70
Tensile Strength, 18.5 49.6 31.9 100.9 | 61.2 48.2
N/icm? {psi} (22.1) {70.5) (45.4) (143. | (87.1) (68.5}
5)
% Elongation, Initial | 288.3 718.2 §73.0 924.5 | 728.5 888.2
Tear Strength, N/lcm | 19.4 28.5 30.6 47.8 41.7 24.9
{ibfin) {11.1) (16.3) {17.5) {27.3) | (23.8) {14.2)
After dry heat aging
-18 hrs., 104.4°C,
% Elongation 345.1 691.3 798.5 928.1 | 608.4 -
-18 hrs., 104.4° C,
Synerexs None None None None None N




-35- TABLE VI| Conponents 31 32 38 54 '
35 DDl 1410 6.3 5.3 - REPLA\CEMENT SHEET |
Vest anat | PDI - - 3.7 -
| sonate 143L - - - 0. 94 maR 19
Jeffam ne T3000 6.5 6.5 - 1 Polf am ne g6750
- - 2.7 - - Jef-8&m ne T5000
- 6.5 6.8 Vestam n | PD ‘ - - -
- 0 hd y () "
16.5 Multra
Castor QG SR s e S
8 Vestanat 1PDI 0j4 3.0 0.24 a.84 -~ 0]J8 5.8 0.8 klggapox
1076 . 1.6 1.6 T.0 T, 1 T. 1 SV GB
B23/ 500 Cyanamid TMXDliolo = [1200 [1.0| *%0jo —10f0 -

Jeffamine T5000 14.4 11.5 - 314 - -

Jeffamine D2000 - —_— 8.6 - - -

Jeffamine T3000 -— — - -— 8.8 8.8

Castor Oil 334 45.1 38.3 12.8 15.0 15.1

Pluracol 873 41.2 33.0 - - - —_—

Pluracol 3585 - - 2.2 - - -

Multranot 9151 - — 34.1 — - -

Arcol Polymer —_— — - -— 58.4 59.1

Polyol 34-28

Arcol Polyol 11-27 - - - 38.2 - -

BiCat 8 0.2 0.5 0.2 0.18 0.15 0.15

lrganox 1076 1.8 1.5 1.8 1.885 1.85 1.85

Dualite M6001AE 6.0 6.0 -— - - -

3M GB B23/500 —_ - 10.0 10.0 10.0 10.0

Isocyanate Index 20.3 135 26.5 40.2 57.8 48.4

NH and OH Ratio; Al All 1.0/8.5 Al All Al

linear/branched branched branched branched branched branched

{by equivalent}

Cure B B A 8 8 B

Hardness, 21.% — 33.0 51.2 70.8 69.8

Shore 00

Hardness, 1/4 cone | 22.4 823 25.5 18.6 9.0 8.6

Density, gm/cc 0.64 - 0.68 0.69 0.68 0.67

Tensile Strength, 17.6 — 22.3 8.9 62.0 81.8

N/em? {psi) {25.1) - {31.7) {12.6) {88.2) {130.6)

% Elongation, 493.0 — 541.6 440.4 214.6 305.8

initial

Tear Strength, 1.7 - 17.0 8.9 49.7 55.9 f

N/cm {ibfin) (6.7) - {9.7) {5.1) (28.4) (31.9)

After dry heat

aging -

18 hrs., 104.4°C, - - 526.1 919.3 294.8 169.6

% Elongation -

18 hrs,, 104.4°C, | — — None None None None




Cab O Sil

b - -
Soybean G | 10. 8 10. 8
3006 7.2 7.2 -
- 18.0 - Nuodex 6959
- 33.4 Escopol R-020° -
27.7 Enmory 2900 -34-
27.8 Isocyanafte Ratio 42. TAﬁi\,}

NH and OH Ra

22.2 K
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[ near  branched Glapoaasi va crag b hedzs ramshed "

B B 51 Y A e I

- 49 3’35""3859'6 48 4 Ha\'fl 9ne< S, 2J.’/ 4 cone

17.8 21. 5|l pesmodurd®- 1 DgnsiLy, o ¢c - 462 -

0. 63 O-WTS.H-E_Si.ICIIgLiI A2 L,|||_C| |] (pa | paan s

15.7 ofl @DF »4103) - - (38.9 +22.13) — (13 @6 11.5
Jeffamine T3000 8.9 9.1 9.1 -_— - -—
Jeffamine D2000 - - - 3.5 -— -
Jeffamine TS000 - - - -— 11.8 —_
Hycar 1300 x 21 - - — —_— —_ 8.2
Castor Oil 15.4 18.5 16.7 —_— -— 168.1"
Arcol Polymer 59.7 60.4 61.1 —_— —_ 51.
Polyol 34-28
LIR 503 — - - 58.8 - -
Arcol LHT-28 - — — 28.3 —. |
Poly bd R4SHT - - - - 65.6 - “
Fyrol 6 - - - - 0.9 - ||
BiCat 8 0.2 0.2 0.2 0.15 0.6 0.15
lrganox 1076 1.8 1.8 1.8 1.85 1.4 1.85
3M GB B23/500 10.0 10.0 10.0 — 10.0 10.0
Dualite MG6001AE - — - 6.0 - —
Isocyanate Ratio 38.0 28.9 20.0 45.1 41.1 47.9
NH and OH Ratio All All All 1.0/5.7 1.0/10.1 1.0/8.4
linear/branched branched | branched | branched
{by equivaient)

| Cure B B B B B B
Hardness, Shore 00 69.6 48.0 - 12.8 —_— 63.6
Hardness, 1/4 cone 8.4 18.9 1185 38.8 47.4 9.9
Density, gm/cc 0.68 0.67 — - 0.59 0.71
Tensile Strength, 78.1 35.9 — — 8.6 49.6
N/em? (psi} {111.1) (51.1} - — (12.2) {70.5)
% Elongation, 271.2 421.6 - * - 538.1 372.8
Initial
Tear Strength, 51.0 25.5 — — 8.7 44.8
N/em lib/in) {29.1) {14.9) = - (3.8) (26.5)
After dry heat )
aging .
-18 hrs., 104.4°C, 423.8 508.2 - - 356.2 408.2
% Elongation
-18 hrs., 104.4°C, None None - — None None
Syneresis
—=-=———-===—_-"




% El ongat i on 843.7 - 510.9  13RERLACEMENT SHIE
Tear Strength, Ncm (Ib/in) 9.1 - 20. 8 12./6 B4 TE’
(11.9) (7.2 (4.8) After dry heat aging-18 hmsq,pgm 1997
104. 4[err] C, % El ongati on 801.1 _ 726.5 | 136. 37pb.
-18 hrs., 104.4C Syneresis None - None Nbne Notre
-36- TABLE VIII| Conponents -35- 36 37 DD 1410
6.5 6.5 Hycar 1300 x 21 5.2

5.2 Poly bd RAZYH TAsI . acur e

0.3

oDl 1410 6.3 5.3 5.0 6.1
Vestanat IPD! —_ - 3.7 - -
Isonate 143L -~ — — 0.4 -
Jeffamine T3000 6.5 6.5 - - -
Polamine 6§50 - - 2.7 - -
Jeffamine TS5000 - - - 6.5 6.8
Vestamin IPD - - - - 0.2
Polybd R45HT 22.7 23.0 - 17.6 16.5
Muitranol 8238 34.5 35.2 53.5 - -
Castor Oil -— — 10.1 - —_
BiCat 8 0.4 0.2 0.4 0.8 0.8
Irganox 1076 1.6 1.8 1.6 1.1 1.1
3M GB B23/500 10.0 10.0 10.0 10.0 10.0
Cab O Sil M5 - - - 3.0 3.0
Soybean Oil 10.8 10.8 - — -
Emery 3006 7.2 7.2 - 22.2 -

W Flexricin P-8 - - 18.0 - -
Nuadex 6959 - -_ - 33.4 -
Escopol R-020 — — - - 27.7
Emory 2900 - - -— - 27.8
Isocyanate Ratio 42.2 35.1 48.1 82.4 75.1

H NH and OH Ratio Al Al 1.00.2 | AN 1.0/0.2
linear/branched (by equivalent) | branched | branched branched

Cure B B A B B il

ﬁ Hardness, Shore 00 19.2 - 49.3 30.6 13.4

" Hardness, 1/4 cone 30.1 86.0 17.8 21.5 28.1
Density, gm/cc 0.62 - *0.64 | 0.63 0.61
Tensile Strength, Nicm? {psi) | 19.2 - 238 | 157 9.6

{27.3) - (33.9) | (22.3) (13.8)
% Elongation 843.7 - 510.8 | 134.8 388.9
Tear Strength, Nicm  (ib/in) 8.1 - 20.8 12.6 8.4
(5.2) - (11.9) (7.2) {4.8)
After dry heat aging-18 hrs,,
104.4°C, % Elongation 801.1 - 726.5 136.8 375.0
-18 hrs., 104.4°C, Syneresis None - None None None




Bi Cat 8 0.8 0. R' g%
1.1 1.1 3M GB B23/500 ' il
10. 0 Drapex 429 ' 36.8 Shell LV
18.5 18.5 Kronitex TXP 36.
97.0 97.0 NH and OH Ratio

1.0/3.8 linear/branched (by equival ent_}a Cure
B Har dness, Shore 00 51

cone 14. 6 TABLESIIE DenS| ty, gm cc
0. 66 . a— r e ——
17.6 (psi)
DDI 1410 6.5 6.5
Hycar 1300 x 21 5.2 5.2
Poly bd R45HT 17.8 17.8
Conacure AH35 : 0.3 0.3
BiCat 8 0.8 0.8
| Irganox 1076 1.1 1.1
3M GB B23/500 10.0 10.0
Drapex 429 36.8 —
Shell LVI 450 18.5 18.5
Kronitex TXP - 36.8 FJ
isocyanate Ratio 87.0 a7.0
NH and OH Ratio 1.0/3.8 1.0/3.8
linear/branched
(by equivalent)
Cure B B
Hardness, Shore 00 47.4 18.8
Hardness, 1/4 cone 14.6 35.5
Density, gm/cc 0.66 0.67
Tensile Strength, N/cm? 31.6 17.6
(psi) (45.0) (25.1)
% Elongation ' 158.2 . 153.8
Tear Strength, N/em 25.0 15.9
{Ib/in) : {14.3) {9.1)
After dry heat aging
-18 hrs., 104.4°C, % Elongation 150.1 140.0
-18 hrs., 104.4°C, Syneresrs None None




@6Elongation 158. 2 153.

N cm 25.0 15. QAIbllm

(14. 3) . dry hedt T8-S~ 104.14
El ongati on ; S B 14qQ. ﬁ?sﬂ 4. C,
None PLACKY ai ns 1. A hang\

conprising a reaction pro f: a) frogm.1%to 55% by
pol yi socyanat e conponent having the forrmula QNCOIJ[err],
i nt eger fronWhatoid, caadmedi $ssel ected from an allphatlc s
radi cal containing from2 to 100 carbon atons, and up to 50 het er oat o ¥
cycl oal i phati c hydrocarbon radical containing from4 to 100 carbon atons
and zero to 50 heﬂeroatG&sxibheapghmprethyu¢hwasmomlqs@nmgn or heterocyclic
aromatic rad| r&%ﬁh QIQQaEEQHhGPdeﬁétC@beH atons and zero to 10

het er oat ons, an a |€ hati c drocarbon radical containing froms8
a) frcm % to 55% of a polyisocyanate component

having the formula Q(NCO),, wherein n is an integer

from about 2 to about 4, and Q is selected from the
group consisting of an aliphatic hydrocarbon radical
containing from about 2 to about 100 carbon atonms,
and up to 50 heteroatoms; a cycloaliphatic
hydrocarbon radical containing from 4 to 100 carbon’
atoms and zero to 50 heteroatoms; an aromatic
hydrocarbon radical or heterocyclic aromatic radical
containing from 6 to 15 carbon atoms and zero to 10
heterocatoms, and an araliphatic hydrocarbon radical
containing from 8 to 100 carbon atoms and zero to 50
heteroatoms,
b) from 45% to 99% of an isocyanate reactive
component, containing from at least one polyamine
selected from the group consisting of those
polyamines which contain more than one primary or
secondary amino group capable of reacting with
isocyanate groups, said polyamine having a molecular
weight of from 400 to 100,000, and at least one
polyol selected from the group consisting of liquid
or quasi-liquid polyols having a functionality of
from 2 to 8, said reaction product having an
isocyanate index of less than 100, and from 0.005%
to 5% of a catalyst for the reaction of said
polyisocyanate component and said isocyanate
reactive component, ’

wherein said elastomer contains from 1 ﬁo 199 equivalent

percent active amine hydrogen per isocyanate equivalent.

2. A flexible elastomer according to claim 1
wherein said polyisocyanate is selected from the group
consisting of 1i-isocyanato-3,3 5-tr1methyl-5-1socyanato

L “‘ﬁﬂ‘iiﬁ‘riiitfﬂfi‘ii‘ﬂm



to 100 carbon-atons-and-zero to 50 hete Tcenb) from 5%§py§ﬁﬁaﬂﬁmghgg¥
of an isocymlmmuﬂmmuﬁwonpon S | east joni n
selected fr nes [ Al h—ofe than one prinmary or
secondary arind gtoup capdbl e of keatting with isocyanat gFoﬂlﬁs £8a1997
pol yam ne having a nol ecul ar wei ght of from 400 to 100, 040, and at | east
one polyol selected fromliquid or quasi-38i quid pol yols
functionality of from2 to 8, said reaction _product havi lL.socyanate |
i ndex of frormethitl @Elohexane hisopborene didspcyanate) of damentacidt for

the reaction @fistivhnile, W FIPhenyI"RERARhe2AdiS8EFahape VARGl € Teactive.
conponent, wherein said el astonercontajns fr

oml1ltqg,1 99
equivalentan?ﬁﬁﬁ?ﬂi%ﬂk?%mﬁQEéqifﬁﬁﬁﬁeﬁhﬁ€F°Fsoéyéﬁgfeh%ﬁ&}V%?Ekﬂ?eand
wherein the idiBoairatednd cardodiinaitdecdestlivatitesiCthgreops over
reactive hydrogen atons present in a polyurethane fornul ation given as a
percentage: [err] 2. A flexible elastonmer according to claiml wherein said
pol yi socyanat e i sl edt dilfextihle iedostomeroadedrdingi tetddaims2 i socyanat o

>4 di phonyl et SO YA ARt E BRbonah i kg ehly LoRINARE. or
4, 4' - di pheny|P ane sepsiymerahavingnhbirrkedciaerydnate crrouns cof .
wherein said prepolymer is prepared from
poly(oxypropylene)diol or poly(oxypropylene)triol and
toluene diisocyanate.

4. A flexible elastomer according to claim 1
wherein said polyamine comprises from about 2 to about
40% of said composition, and is selected from the group
consisting of aminopolyethers, polyamidoamines,
polyoxyalkylene polyamines, amine-terminated
butadiene/acrylonitrile copolymers, aminoalkyl terminated
polydiorganosiloxanes, polytetramethylene oxide-di-
aminobenzoates, polyethers containing aromatic amine end
groups and amine-terminated polyethers containing a
moiety selected from urea, amide, ester and urethane
moieties in the polymer backbone.

5. A flexible elastomer according to claim 4
wherein said polyamine is selected from polyoxyalkylene
polyamines, amine-terminated butadiene/acrylonitrile
copolymers, aminoalkyl terminated polydiorganosilxanes,
and polytetramethylene oxide~di-p-amino benzoates.

6. A flexible elastomer according to claim 1
wherein said polyol comprises from about 10% to about 80%
of said composition, and is selected from the group
consisting of polyether polyols #5ased on ethylene oxide,
propylene oxide, butylene oxide, tetrahydrofuran,
epichlorohydrin or mixtures thereof, ricinoleig acid

derivatives, polyester polyols, polyamide oq%f
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3. Aflexible elastomer according to claim2 wherein said fohyg f
conponent . furt-her--comprises a pol, ol ymer havi gh%l?@@%ﬁﬂﬁ §HEET

isocyanat e ﬁ“l\ | d prieYb BHEET FHas mEERar ed from
pol y( oxypr omﬂmﬁ\]M“ ; Hml y( oxypr op¥EREAEERT i Ol ’and tol u¢nd d #sMARAR% e
4. A flexiblwe &l astdher according to claim1 wherein sai djpalyanine

conprises from2 to 40% by wei ght of saidsgonposition, andjls selected from
am nopol yet hers, pol yani doani nes, pol yoxyal kyl ene pol yani nés...anine-terni-

nat ed but adi epgigesrbpainiae! PoTPODE Y Meéttidry N@nlke | coptAiniied

pol ydi or ganosi | gxanes, gohéteira€$;g¥%§ne 0X- |de-d1ami§§inzoates,

pol yet hers coRP4¥Rifeg BFBRE¥YL2Y e POUTRIRSRY PR NG ed

O et hane. o1 o Lanein. Lo oLy B Rackbone o A gl ki Bl e Ay oo
according to &rs| Wg"&ﬂng}Qﬁxgﬁfﬁg‘gﬁg 'n%élegégé %é&f‘fe%y é'

pol yoxyal kyl epelychyhonhates aonteiningi hydroxylitgroups; Rolyhydnaxyle

copol ynmers, anj ) LR{ S80S | a5k -

tramet hyl ene g&?lgg'gh g}é*ﬁig%nn%gg%’gﬁ'zggé%?ﬂ% A %eél Eq e seI ast ?nu%lym}gcor di ng
to claim1l wh®Pd¥RLSai d pol yol conprises from 10%to 80% by wei ght of said
com position, and is selected from pol yet herpol yol s based on-et hyl ene

oxi de, propyl ene oxi de tylLene oxide, tetrahy-_ drofuran, .epichlorohydrin
or mxtures thereof; rPc?ﬁﬁ%éépgeaﬁiﬁsmﬁ'/a?‘i’%‘?ﬂb%l%ﬁ%“g(ﬁ yol s,
pol yanm de or wheyein saidnpdiyobd| i/s| seleeteéd afyomnthne quroumiconsistingol s,

ol ymor s or  copofy RerepE SpREnaraide SEAGRF, 08 seliediiyudte O L TR

pol ycar bonat eo%dde/polyethylene oxide polyol, a polybutadiene polyol,
a polymer polyol and castor oil. '

8. A flexible elastomer according to claim 7
comprising wherein said polyol is a polymer polyol
containing of a polymer polyol, wherein said polyock
contains from 1 to 60% by weight of fine polymer
particles of a graft copolymer containing poly(alkylene
oxide) polycl and a group selected from styrene and
acrylonitrile.

8. A flexible elastomer according to claim 1
comprising from 5% to 95% of at least one plasticizer
selected from the group consisting of polyalphaolefins,
cyclic polyolefins, petroleum oils, vegetable oils,
naphthenic oils, paraffinic oils, synthetic oils,
phosphate esters, monoesters, diesters, polyesters, rosin
esters, pine oil, coal tar, glyceryl- |
tri(acetylricinoleate) and mixtures Epereof.

10. A flexible elastomer according to claim 1
further comprising from 10 to Sqéyolhme percent hollow
microspheres selected from the é;oup consisting of glass
microspheres, expanded and unexpanded polymeric
microspheres, and ceramic microspheres.
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téining hydr oxyl _groups;-- potyhydroxyl (meth)acrylic resins prd

pol yt hi oet her” m
sai d pol yol ﬁ ﬁg ‘\ 3 e polyo
polypropylen yéthylen OX|dHﬂﬂQbE§I

b pol ybut adiferye I
pol ymer pol yol and castor oil. 8. A tonmer accqr 488 gﬂhl@ﬁ%1

wherein said polyol is a polyner polyol containing a pol yngr *petyel

el astorrer accordl ng toaﬂE&Lm@ﬂMﬁegﬁkﬁ

|

wherein said pol yol contalns from1l to GGﬁsby melght of fh e pol ynmer

particles of a gr C taini .ene
a group sel ected ?ﬁ)m ?? %%r%&n c&lsg%q%% %@"%Q -Ang| QQVEJFﬁ el ast omer
according to cbmpn1é;mgnqnfkaxxpﬁewpn!?%mgtuiﬂﬁyhreweeghstoheat | east one

pl astici zer s éﬁ?ﬁ@lphaoleflns cyclic polyol efins, petrol eum
oils, vegetab e 0| naph eénic oils, paraffinic oils, synthetic oils,

Phosphat e esters, nDnoesters di esters, polyesters, rosin esters, pine oil,

coal tar, gl ycerylul (%eéédlrdrﬁ-! fﬂédﬁfcﬁ)nga% CAPATETY &HEEE% s&Qd
flexible elastone acccwqé to claiml1 further conpris 8P rom 10 to 60
4é§) 0

vol une percent® ?15 IRV BE Hét &xtended with, gt deast ﬁ? §pﬁ@r%§

expanded and peraenndet qlasticdzergr corrdngsa pudseee&mad gealantspheres.

which is substantially nonexuding.

13. A signal transmission component comprising a
signal transmission device, and an elastomer according to
claim 1, said elastomer being a dielectric elastomer.

14. A signal transmission component wherein said
device comprises
a) an outer closure member capable of enclosing a
cable splice, said cable splice having at least one
set of wires penetrating said splice, and
b) a means for sealing said outer closure
comprising an endseal composed of a flexible
polyurethane/urea elastomer according to claim 1,
said endseal being positioned between said outer
closure and said at least one set of wires, said
endseal having means formed therein for passage of
said wires.

15. An electrical transmission device comprising an
electrically transmissive component and a flexible
polyurethane/urea elastomer according to claim 1.
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11. A sealant for a signal conducting device conprising a flexible

pol yur et hane/ urea el ast onmer acco claimi1l. 12. A sd
to claim 1l wherein said reacti otHEET A5 ded with
to 95 percent by weight of a plas%Lchﬁm"fornlng a pl ast

whi ch is substantially nonexuding. 13. i
conprising a signal transni ssion devite;™ and an el ast oner
claim1l1. 14. A signal transni ssion conmponent mherein sai d

ransm ssi ¢

REPTACEENT S

'z d seal ant

hn Octo riftdm 4347

bcording to

devi ce conpri ses

a) an outer closure nenbﬁé fﬁ?ﬁ¥#ﬁkﬁ’ 6E¥ﬁéﬁﬂ shlice, said cable
splice having at |east one set of wTes penetra |ng sald splice, and b) a

nmeans for sealing said outer closure conprising an endseal
fl exi bl e pol yurethane/ urea el astonmer according to claiml,

conposed of a
sai d endsea

bei ng positioned between said outer closure and said at |east one 'set of-
wi res, said endseal having neans forned therein for passage of said wres.
15. An electrical transm ssion devic ing an electrically

transm ssive C0npwmyura&ﬁaﬁef/h@éabheaaabuufetﬁwﬁxg Udi1§ i SbSFd ibs

according to cI

about 80; containing an effective amount of

1vwient index below 100, preferably from about 15 to

polyisocyanate component, and an effective amount of an
isocyanate reactive component comprising at least one
polyamine and at least one polyol, wherein said elastomer
contains from about 1 to about 60 equivalent percent

amine per isocyanate equivalent.
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A flexible polyursthane\urea elastomer comprising a reaction product of:

a) from 1% to 55% by weight of a polylsocyanate component having the formula QNCOQ),, wherein n is an
integer from 2 to 4, and Q is selected from an aliphatic hydrocarbon radical containing from 2 to 100 carbon
atorns, and up to 50 heteroatoms; a cycloaliphatic hydrocarbon radical containing from 4 to 100 carbon atoms
and zero to 50 heteroatoms; an aromatic hydrocarbon radical or heteracyclic aromatic radical containing from
6 to 15 carbon atoms and zero to 10 heteroatoms, and an araliphatic hydrocarbon radical containing from 8
to 100 carbon atoms and zero to 50 heteroatoms,
b) trom 45% to 89% by weight of an isocyanate reactive component, containing at least one polyamine selscted
from those polyamines which contain more than one primary or secondary aminc group capabls of reacting
with isocyanate groups, said polyamine having a molecular weight of from 400 to 100,000, and at least one
polyol selected from liquid or quasi-liquid pelyols having a functionality of from 2 to 8, said reaction product
“having an isocyanate index of from 15 to 80, and fram 0.005% to 5% by weight of a catalyst for the reaction
of said polyisocyanate component and said isocyanate reactive component,

wharain said elastomer contains from 1 to 199 equivalent percant active amine hydrogen perisocyanate equivalent,
and wherein the isocyanate index

refers to tha ratio of NCO groups over reactive hydrogen atoms present in a polyurethane formulation given
as a percentage:

NCO

(active hydrogen}) X 100.

NCO-index =

Aflexible slastomer according to claim 1 wherein said polyisocyanats is selected from 1-isdcyanato-s,s.s-trimethyl-

-S-isocyanato methyl cyclohexansa (isophorone dlisocyanate), dimer acid diisocyanats, 2,4'diphenyl methane di-

Isccyanate and carbodiimide derivatives thereof, 4 4'-d|phenyl methane diisocyanate and carbodiimide derivatives
thareof, .

Aflexible elastomer according to claim 2 wherein said polyisocyanate component further comprises a polyurethane

prepolymer having blocked isccyanate groups wherein said prepolymer is prepared from poly(oxypropylene)diol
ar poly(oxypropylene)tricl and toluene diisocyanate.

A flexible elastomer according to claim 1- wherein said polyamine comprises from 2 to 40% by weight of said
composition, and is selected from aminopolyethers, polyamidoamines, peolyoxyalkylene polyamines, amine-termi-
nated butadiene/acrylonitrile copolymers, amincalkyl terminated polydiorganosiloxanes, polytetramethylene ox-
ide-diaminobenzoates, polyethers containing aromatic amine end groups and amine-terminatsd polysthers con-
taining a moiety selected from urea, amide, ester and urethane moieties in the polymer backbone

A flexible elastomer according to claim 4 wherein said polyamine is selected from polyoxyalkylens polyamines,
amine-terminated butadiene/acrylonitrile copelymers, aminoalkyl terminated polydiorgancsilxanes, and polyte-
tramethylene oxide-di-p-amino benzoates.

A flexible slastomer according to claim 1 wherein said polyol comprises from 10% to 80% by weight of said com-
position, and is selected from polyether polyols based on elhylene oxide, propylene oxide, butylene oxide, tetrahy-
drofuran, epichiorohydrin or mixtures thereof, ricinoleic acid derivatives, polyester polyols, polyamide or polyes-
teramide polyols; tertiary amine containing polyols, propoxylated amides or amines; polyalkadiene polyols derived
from butadiene polymers or copolymers, and hydroganated derivatives thereof; polyacetals, polycarbonates con-
taining hydroxyl groups; polyhydroxy! (methjacrylic resins and polythioather poiyols.

A flexible elastomer accordirig to claim & wherain said polyol Is selectad from a polypropylene oxide polyol, a
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polypropylane oxide/palyathylene oxide polyal, a palybutadiane polyal, & palymer polyal and castor oil.

8. A flexible elastomer according to claim 7 wharein said palyol is a polymer polyol containing a polymer polyal,
wharsin said polyal contains from 1 to 0% by welght of fine polymar particles of a gralt capolymer containing poly
{alkylena oxide) polyal and a group selected from styrane and acrylonitrile. -

9. Aflexible elastorner according to claim 1 comprising from 5% to 95% by weight of at least one plasticizer selected
from polyalphaolefins, cyclic polyolefins, petroleum oils, vegetable oils, naphthenic oils, paraffinic oils, synthstic
oils, Phosphate asters, moncastars, diestars, polyesters, rosin esters, pine oil, coallar, glyceryitri(acatyiricinoleata)
and mixtures thereof.

10. A flexible elastomer according to claim 1 further comprising from 10 to 80 volume percent hollow microsphares
selacted from glass microspherss, expanded and unexpanded polymeric microspheres, and ceramic micro-
spheres.

11. A sealant for a signal conducting device comprising a flexible polyursthane/ursa elastomer according to claim 1.

12, A sealant according to claim 11 wherein said reaction product is extended with at least from 5 to 95 percent by
waight of a plasticizer, forming a plasticized sealant which is substantially nonexuding.

13. -A signal transmission component comprising a signal transmission device, and an elastomer according to claim 1.
14. A signal transmission component wherein said device comprises

a) an outer closure member capable of enclosing a cable splice, said cable splice having at least one set of
wires penetrating said splice, and

b) a means for sealing sald outer closure comprising an endseal composed of a flexible polyurethane/urea
elastomer according to claim 1, said endseal being positioned between said outer closure and said at least
one set of wires, said endseal having means formed therein for passage of said wires,

15. An e!ectrxcal transmission device comprising an alectncally transmissive component and a flexible polyurethane/
urea elastomer according to claim 1.

This Sheet Has Been Rep

T



"REPLACEMENT SHEET
Y40<aTy - |,

gy

REPLACEMENT SHEET

04 MAR 1308

Claims

1. A flexible polyurethane\urea elastomer comprising a reaction product of:

a) from 1% to 55% by weight of a polyisocyanate component having the formula Q(NCQ),, wherein n is an
intager trom 2 to 4, and Q is salected from an aliphatic hydrocarbon radical containing from 2 to 100 carbon
atomns, and up to 50 heteroatoms; a cyclealiphatic hydrocarbon radical containing from 4 to 100 carbon atoms
and zero to 50 heteroatoms; an aromatic hydrocarbon radical or heterocyclic aromatic radical containing from
6 to 15 carbon atoms and zero to 10 hetaroatoms, and an araliphatic hydrocarbon radical containing from 8
to 100 carbon atoms and zero to 50 hetercatoms,

b) from 45% to 99% by weight of an isocyanate reactive component, containing at least one polyamine selected
from those polyamines which contain more than one primary or secondary aminoe group capable of reacting
with isocyanate groups, said polyamine having a molecular weight of from 400 to 100,000, and at least one
polyol selected from liquid or quasi-liquid polyols having a functionality of from 2 to 8, said reaction product
having an isocyanate index of from 15 to 80, and from 0.005% to 5% by weight of a catalyst for the reaction
of said polyisocyanate compenent and said isocyanate reactive component,

wherein said elastomer contains from 1 to 199 equivalent percent active amine hydrogen per isocyanate equivalent,
and whersin the isocyanate index : -

refers to the ratio of NCO groups over reactive hydrogen atoms present in a polyurethane formulation given
as a percentage:

NCO

{active hydrogen) X 100.

NCOQ-index =

2. Aflexible elastomer according to claim 1 wherein said polyisocyanate is selected from 1-isocyanato-s,s,5-trimefhyl-
S-Isocyanato methyl cyclohexane (isophorone diisocyanate), dimer acid diisocyanate, 2,4'dipheny! methane di-
isocyanate and carbodiimide derivatives thereof, 4,4'-diphenyl methane diisocyanate and carbodiimide derivatives
thereof,

3. Aflexible elastomer according to claim 2 wherein said polyisocyanate component further comprises a polyurethane
prepolymer having blocked isocyanate groups wherein said prepolymer is prepared from poly(oxypropylene)diol
or poly(oxypropylene)triol and toluene diisocyanate.

4. Aflexible elastomer according to claim 1- wherein said polyamine comprises from 2 to 40% by weight of said
composition, and is selected from aminopolysthers, polyamidcamines, polyoxyalkylene polyamines, amina-termi-
nated butadiene/acrylonitrile copolymers, aminocalkyl terminated polydiorgancsiloxanes, polytetramethylene ox-
ide-diaminobenzoates, polysthers containing aromatic amine end groups and amine-terminated polyethers con-
taining a maisty selected from urea, amide, ester and urethane moieties in the polymer backbone. T

5. Aflexible elastomer according to claim 4 wherein said polyamine is selected from polyoxyalkylene polyamines,
amine-terminated butadiene/acrylonitrile copolymers, amincalky! terminated polydiorganosilxanes, and polyte- -
tramethylene oxide-di-p-amineo benzoates.

6. A flexible slastomer according to claim 1 wherein said polyol comprises from 10% ta 80% by waight of said com-
position, and is selected from polyether polyols based on ethylene oxide, propylene oxide, butylene oxids, tetrahy-
drofuran, epichlorahydrin or mixtures thereot, ricinoleic acid derivatives, polyester polyols, polyamide or polyes-
teramide polyols; tertiary amine containing polyols, propoxylated amides or amines; polyalkadiene polyols derlved
from butadiene polymers or copolymers, and hydrogenated derivatives thareof: polyacetals, polycarbonates con-
taining hydroxyl groups; polyhydroxyl {meth)acryllc resins and polythicether polyals.

7. A flexibla elastomer according to claim & wherein said polyol is selacted from a polypropylena oxide polyal, a
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polypropylene oxide/polyethylene oxide polyal, a polybutadiene polyol, a polymer polyol and castor oil.

8. A flexible elastomer according to claim 7 wherein said polyol is a polymer palyol containing a polymer palyal,
whaerain said palyol cantains from 1 to 80% by weight of fine polymer particles of a graft copolymer containing poly
(alkylene oxide) polyal and a group selacted from styrene and acrylonitrile.

9. Aflexible elastomer according to ciaim 1 comprising from 5% to 95% by weight of at least one plasticizer sslected
from polyalphaolefins, cyclic polyolefins, petroleum oils, vegstable oils, naphthenic oils, paraffinic cils, synthatic
ails, Phosphate esters, monoesters, digsters, polyestars, rosin estars, pine ail, coal tar, glyceryltri{(acetylricinoleats)
and mixtures thersof.

10. A flexible elastomer according to ctaim 1 further comprising from 10 to 80 volume percent hollow microsphares
selected from glass microspheres, expanded and unexpanded polymeric microspheres, and ceramic micro-
spheres.

1"

A sealant for a signal conducting device comprising a flexible polyurethane/urea elastomer according to claim 1.

12. A sealant accoraing to claim 11 wherein said reaction product is extended with at least from 5 to 95 percent by
weight of a plasticizer, forming a plasticized sealant which is substantially nonexuding.

13. -A signal transmission component comprising a signal transmission device, and an elastomer according to claim 1.

14. A signal transmission component wherein said device comprises

a) an outer closure member capable of enclosing a cable splice, said cable splice having at least one set of
wires penetrating said splice, and _

b) a means for sealing said outer closure comprising an endseal composed of a flexible polyursthane/urea
elastomer according to claim 1, said endseal being positioned between said outer closure and said at least
one set of wires, said endseal having means formed therein for passage of said wires.

15. An electrical transmission device comprising an electrically transmissive component and a flexible polyursthane/
urea elastomer according to claim 1. '
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POLYURETHANE/POLYUREA ELASTOMERS

Abstract .

Polyurethane/urea elastomers having an isocyanate
equivalent index below 100, preferabiy from about 15 to
about 80; containing an effective amount of
polyisocyanate component, and an effective amount of an
isocyanate reactive component comprising at least one
polyamine and at least one polyol, wherein said elastomer
contains from about 1 to about 60 equivalent percent
amine per isocyanate equivalent.

O



