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ABSTRACT OF THE DISCLOSURE

Cured ethylene-acrylic acfd copolymer compositions
have been obtained by mixifig and heating the capolymers
with refined, water dispersed and open chrysotile asbestos
fibers. The resultant prod -efhanced physical
properties when compared with the unmodified ethylene-
acrylic acid copolymers.

This invention relates to curable carboxyl contain-
ing olefin polymer compositions and more particularly
to those which can be crosslinked by heating.

In the past, users of thermoplastic polymers have found
it desirable to effect their cure or crosslinking in order
to enhance physical properties, such as tensile strength
or tensile modulus at both ambient and elevated tem-
peratures. Various crosslinking techniques have been em-
ployed with thermoplastic polymers such as oxidative
coupling, treatment with free radical initiators, exposure
to ionizing radiation, sulfur ~ulcanization and the like.
However such techniques involve the use of expensive
reagen:s, or techniques or both and increase the overal
cost of the cured produced. .

It has been found that the cure of carboxyl-containing
olefin polymers can be facilely carried out by blending
and beating therewith chrysotile asbestos fibers. Since
many polymeric compositions contain fillers to improve
physical properiies and reduce cost this discovery car-
ries with it a double benefit in that the chysotiie asbestos
can serve a secondary function as a filler.

Fillers in thermoplastic polymers generally have not
been found 1o serve as crosslinking agents which makes
the above-described asbestos fibers unique in this re-
gard. The action of said asbestos on carboxyl-containing
olefin polymers is also unusual and unexpected as evi-
denced by the fact that such well known thermoplastic
olefin polymers as ethylene/vinyl acetate, polyethylene,
polypropylene, ethylene propylene copolymers, ethylene/
alkyl acrylates and the like are not cross-linked by said
asbestos.

The crosslinking action of said asbestos is also unique
in that fillers such as calcium carbonate, talc, alumina
and the like do not crosslink carboxyl-containing olefin
polymers and that it is reversible up to loadings of about

100 parts per hundred or resin under an applied stress.

erized therewith an «,S-ethylenically unsaturated car-
boxyl-containing olefin polymers containing up to about
100 phr. of asbestos.

The solvent resistance of carboxyl-containing olefin
polymers cured with said asbestos is also superior to other

similar thermoplastic olefin polymers, such as ethylene/

vinyl acetate or ethylene/ethyl acrylate coploymers, filled
with an equal amount of said asbestos.

The cured products of this invention can be used as
table tops, plastic tile, flooring, decorative laminates mold-
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ed articles, cable jacketing, pipe and other like applica-
tions which will become readily apparent to those skilled
in the art upon further reading of the specification.
Although not essential, it is preferred 10 employ as the
carboxyl containing a-olefin polymers of this invention
interpolymers of «-olefins having the general formula:

R—CH=CH;

where R is selected from the group consisting of hydrogen
and alkyl radicals having up to 10 carbon atoms, the
olefin content of said interpolymer being at least 50
mole percent of the total interpolymer and interpolym-
erized therevith an a.f-cthylznically unsaturated car-
boxylic acid having one or more carboxytgroups, said
unsaturated carboxylic acid constituting up to about S0
mole percent of the total interpolymer.

However, the present invention is not limited to in-
terpolymers derived from the interpolymerization of an
a-olefin and an «,S-ethylenically unsaturated carboxylic
acid. The starting polymer used to make the cross-
linked polymer compositions used in this invention can
also be provided by oxidizing olefinic polymers, such
as those described in U.S. 3,155,644 by grafting carboxylic
acid containing monomers onto an olefin polymer back-
bone by methods well known in the graft polymerization
art such as the method described in U.S. 2,970,129 which
are incorporated herein by reference or by grafting mono-
mers such as carboxylic acid dsrivatives, i.e., esters, an-
hydrides, amides, nitriles and the like onto an olefin poly-
mer backbone followed by conversion of free carboxylic
acid groups after grafting.

Also included within the purview of this invention are
halogenated, carboxyl containing a-olefin polymers. The
method of introducing the halogen into these polymers
is not at all critical and so can be accomplished by first
preparing a halogen-free interpolymer of, for example,
ethylenec-acrylic acid and then halogenating that inter-
polymer by methods well known in the art or by inter-
polymerizing a halogen containing vinyl monomer with
an a-olefin and an unsaturated carboxylic acid. A spe-
cific example of this laiter class of interpolymers is one
obtained by interpolymerizing ethylene vinyl chloride and
acrylic acid. Other examples include interpolymers of
ethylene-vinylidene chloride-acrylic acid, etbylene-vinyl
chloride-methacrylic acid, ethylene-vinylidene chioride-
methacrylic acid, ethylene-vinyl bromide-acrylic acid,
cthylene-vinyl bromide-methacrylic acid, ethylene-vinyl
fluoride-acrylic acid, ethylene-vinyl fluoride-methacrylic
acid, ethylene-vinylidene fluoride-acrylic acid, ethylene-
vinylidene fluoride-methacrylic acid, ethylene-vinyl jodide-
acrylic acid, propylene-vinyl chloride-acrylic acid propyl-
ene-vinyl chloride-methacrylic acid, propylene-vinylidene
chloride-acrylic acid, propylene-vinylidene chloride-meth-
acrylic acid and the like.

As indicated above, the a-olefins preferably employed
in the polymers of this invention are a-olefins having the
general formula:

RCH=CH;,

where R is either a hydrogen or an alkyl radical having up
to 10 carbon atoms. Thus, suitable a-olefins include,

FooiuoJ &

ethylene, propylene, butene-1, pentene-1, hexane-1, neo-
hexane, octene-1, nonenc-1 decene-1, 3-methylbute
4-methylpentene-1, 3-methylhexencl- 4,4-dimethyl
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1, and the like. Although polymers of higher olefins can
be used, they are not as commercially available or eco-
nomical as the lower olefins.

The a,8-cthylznically unsaturated carboxylic acids used
in the polymers of this invention preferably have 3 to 8
carbon stoms, although those having a greater number of
carbon atoms can also be used, if desired. Specific exam-
ples include: acrylic acid, methacrylic acid, ethacrylic
acid, itaconic acid, maleic acid, fumaric acid, and half
esters of the above dicarboxylic acids such as, methyl hy-
drogen maleate, methy] hydrogen fumarate, ethyl bydro-
gen maleate, ethy] hydrogen fumarate and the like.

The starting polymers used to make the crosslinked
pelymer compositions of this invention are not limited to
two components. Therefore, additional copolymerizable
monomers can be employed together with the olefin and
carboxylic acid comonomers. The scope of the starting
polymers which can be used is exemplified, although not
limited by the follcwing interpclymers: ethylene ‘acrylic
acid interpolymers, ethylene methacrylic acid interpoly-
mers, ethylene/itacoric acid interpolymers, ethylene/
methyl hydrogen maleate interpolymers, ethylene/maleic
acid interpolymers. ethylene/acrylic acid/methy} acrylate
interpolymers, ethylene/acrylic acid/ethyl acrylate inter-
polymers, ethylene/methacryvlic acid/methyl methacrylate
interpolymers, ethylenc/methacrylic acid/ethyl methacry-
late interpolymers, ethylene/methacrylic acid/ethy] acry-
Jate interpolymers, ethylene/meihacrylic acid/methy]
acrylate interpolymers, ethylene/acrylic acid/methyl
methacrylate interpolymers, ethylens/methyl hydrogen
maleate/ethyl acrylate interpolymers, ethylene/acrvlic
acid/vinyl acetate, ethylene/methacrylic acid/vinyl ace-
tate interpolymers, ethylene/propylene/acrylic acid inter-
polymers, ethylene/propylene/methacrylic acid inter-
polymers, ethylene/maleic acid/ethyl vinyl ether inter-
polymers, ethylene/butene-1/acrylic acid interpolymers,
cthylene/nechexene/acrylic acid interpolymers, propyl-
ene/acrviic acid interpoiymers, butene-1/acrylic acid in-
terpolymers and the like.

The weight peicent of carboxyl gronps present in the
carboxyl-cortaining olefin polymers can be about 1.5 to
30 percent although i1 is preferred 1o use polymers con-
taining abouwt 3 1o 20 percent carboxyl groups.

The melt index of carboxyl-containing olefin polymers
can range from about 0.1 to 1000 dg./min. with about 1
10 400 dg./min. being the preferred range.

While not intending to be bound by any particular
theory or explanation, it is believed that the curing proper-
ty exhibited by said asbestos is attributable 1o the surface
of the chrysotile asbestcs which contains —MNg—OH
groups and which can react with the carboxyl-containing
olefin polymer to form a salt bond., i.e. a meia! carboxilate
link. Furthermore, the refincment of the asbestos, which
results in an opening of the asbestos fiber bundles, is ac-
companied by ar increased surface area and enhances the
cn:;sslink reaction by making more surface groups avail-
able.

The presence of a salt bond as crosslink makes this car-
boryl-polymer-asbestos composition reprocessable at the
lower levels of claimed asbestos loading. e.p. under about
50 or 100 phr. That is, a product can be fully or partly
cured during blending or fabrication, but remolded or
extruded subsequently. This adds more flexibility to this
composition and yields a reprocessability feature not found
in sulfur-cured rubbers or peroxide-cured polyolefins.

The refined asbestios used in this invention is obtained
by the dispersion of the asbestos in water 1o break up the
ashestos fibrous mass into small clusters of asbestos fibers
and to some extent into minute individual fibers, Water-
dispersion of the asbestos is preferably obtained through
agitation of asbestos in water in the presence of a chemical
dispersing agent, such as aluminum chloride. This disper-
sion technique is described in U.S. 1,907,616 and US.
2.661,287, for example. Additional methods of dispersing
the asbestos emploving chemical dispersing agents are de-
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scribed in U.S. 2,626,213 and U.S. 2,652,325. These small
clusters and minute fibers preferably contain surface elec-
trical charges which aid in maintaining the dispersed state.
When dispersing agents such as aluminum chloride and
ferric chloride are used, the water-dispersed asbestos has
electropositive surface charges.

Dispersion of asbesios fibers in water will generally re-
move subs:antially all of the impurities, such as colorants,
gangue and abrasive materials, This is especially true if
chemical dispersing agents are employed. The presence of
sbrasive materials or electrical conductors, such as mag-
netite, in the asbestos can cause difficulty in subsequent
processing steps.

The preferred asbestos for use in the present invention
is chrysotile, but other forms, such as anthophyllite,
crocidolite, tremolite and amosite, can also be used. The
use of these other types of asbestos results in a lower
degree of crosslinking. That is, melt viscosity on addition
of fillar to polymer is increased, but the compositions do
not have the same level of high temperature (i.e., 150° C.)
properties attained in the chrysotile blends. The chrysotile
is further preferably obtained from asbestos deposits near
Coalinga, Calif. This latter materijal is composed of &
Jarge proportion of short fiber asbestos which is readily
dispersed into substantially individual fibers. 1t is conven-
tional among most asbestos producers to classify chrysotile
asbestos fibers by fiber length into short, medium and long
using the Quebec Standard Test and 1o price them accord-
ingly, with the shori the cheapest and the long the most
expensive.

An aqueous suspension of water-dispersed ashestos can
be flocculated by ths additicn of any acid or base which
will adjust the pH of tie dispersed ansbestos slurry to &
value outside the ranpe of about 2 to 7.5. An alternate
means of flocculation is the »ddition of an interfering or
flocculating ion, such as sulfaie, nitrate or pho-phate. The
flocculated ashestos can be “redispersed” 1o a colloidul
suspension, if desired. by adjusting the pH to a value with-
in the range of about 2 10 7.5 or Ly removiag the in-
terfering ion. Useful flocculants sre hydrochloric acid,
sulfuric acid, sodium carbonate, aluminum sulfate, am-
monium hydroxide, sodium hydroxide and the like. Such
flocculated fibers can then be filtered and dried. This com-
pacted form of water-dispersed ashestos can be introduced
“as is" directly to molten thermoplastic carboxyl-contzin-
ing olefin polvmer for production of the modified poly-
mer. Alternatively, the compacted water-dispersed as-
bestos can be broken up into ficfly matzrial by mechani-
cal means, such as a hammer mill, before introducing
it into the polymer.

The water-dispersed asbestos uscful in the present in-
vention can be conveniently characterized in terms of
its flocculated and dried form. Measurements are pen-
erally made on an “opened” form of the product.

In the following description of characterization tests,
the asbestos fibers. before being tested, are generally
opcned by one pass through a laboratory size Mikro-pul-
verizer employing a screen with 0.046 in. slots.

Dry bulk density.—Opened asbestos fiber is Joaded into
a tared standard volume (12 in. x 12 in. x 12 in.) after pass.
ing the fiber through a 19 in. long fluffing column. The
distance from the bottom of this column 10 the receiving
container is 12 inches. The container is filled so that a 6-
inch peak stands up above the top. This peak is carefully
removed with a straight-edge and the gross weight of the
container is determined. By subtracting the tare weight,
the weipht of asbestos is obtained directly in pounds per
cubic foot. Water-dispersed asbestos useful in the process
of the present invention should have a dry bulk density
obtained in this manner of less than about 6 pounds per
cubic foot. Preferably the dry bulk density is less than
about 3 pounds per cubic foot. Non-dispersed prior ert
asbestos fibers generally had a dry hulk deasily of greater
than about 6 pounds per cubic foo! and gencrally about
7-8 pounds perjcubicfoot. ~
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Wet bulk volume.—Twenty grams of opened asbestos

fibers are placed in a 1-liter graduated cylinder and suf-
ficient water is added to form l-liter of asbestos-water
slurry. The cylinder is then inverted ten times to insure
uniform mixing. The eylinder is then set in an upright
position and allowed to settle for three hours. At the end
of this time the volume of the bulked asbestos is read
in milliliters. Water-dispersed asbestos useful in the pres-
ent invention should have a value greater than about 300
ml. and preferably greater than about 500 ml. Non-dis-
persed ashestos fiber generally has a value less than about
300 ml. and quite frequently below about 200 ml. in this
test.

The sensitivity of the Wet Bulk Volume test described
ebove can be increased by additional mechanical agita-
tion of the asbestos-water slurry. In this version of the
Wet Bulk Volume test, forty grams of opened asbestos
are mixed with water to form two liters of asbesios-water
shurry. This slurry is then placed in a well known pulp
disintegrator and agitated and beaten for 2 min. The dis-
inteprator is described in TAPPI (Technical Association
of the Pulp and Paper Industry) Standard T-205-m-58,
Appendix A. The slurry is then discharged, divided sub-
stantially in half and poured into two separate J-liter
graduated cylinders. Additional water is added to each
cylinder to form 1-liter portions of asbestos-water slur-
ries. These cylinders are then inverted and allowed to
stand according to the above described procedure. Water-
dispersed asbestos results in a bulked asbestos volume
of greater than 900 ml. in this test while non-dispersed
asbestos has wet bulk volume less than about 500 ml.
in this test.

Oil adsorption.—A § gram sample of esbestos fibers
is placed in a 500 ml. mortar. Di-octyl phthalate (DOP)
is added dropwise from a gradvated burette to the asbes-
tos in the mortar. The resulting mixture is ground between
the mortar and a pestle until sufficient DOP has been
added to cause formation of a paste that adheres to the
pestle. The end point is taken at the time when all of
the asbestos-DOP mixture adheres to the pestle. Since
oil adsorption data for prior art asbestos are penerally
based on a 10-pram asbestos sample, the measured quan-
tity of DOP adsorbed on the S-gram sample is multiplied
by 2 to give the results in milliliters DOP/10 grams of
fiber for comparison purposes. Dispersed asbestos fiber
useful in the present inveniion should have an oil ad-
sorption value greater than about 14 milliliters DOP/10
grams of opened fiber. Prior art non-dispersed opened
asbestos fibers had an oil adsorption of about 8-10 milli-
ters DOP/10 grams of fiber.

Reflectance.—~Three to five grams of asbestos fiber are
rapidly agitated in about 300 to 500 ml. of clear water.
The resulting slurry is vacuum filiered to produce a uni-
form filter cake. The filier cake is oven-dried at 105* C.,
preferably calendered. and the reflectance measured on
the top and botlom surfaces of the resulting product. Re-
flectance is measured according to TAPPI Standard T-
452-m-58 and reported as percent of ultimate refiectance
based on magnesium oxide as 160 percent reflectance.
Dispersed asbestos useful in the present invention should
preferably have an average reflectance value based on the
top and botrom readings greater than about 72 percent.
The useful reflectance range is about 70 to about 80 per-
cent. Prior art non-dispersed asbesios fiber had average
reflectance values in the range of about 48 to about 72
percent.

Magnetic fraction.—This deteymination is made by
mixing a small portion of opened ashestos fiber in water
to form a thin pulp slurry and then removing magnetic
material from this slurry with a magnet. The magnetic
material thus cbtained is then mixed with water to form
a new pulp and this pulp is then cleaned of magnetic ma-
terial with a magnet. The resulting material attracted to
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the magnet is designated as cleancd magnetics. The per-
cent magnetic fraction is then determined as follows:

weight of cleaned magnetics
weight of original sample
¥ 100 = percent magnctic {fraction

Disp=rsed asbestos useful in the present invention
should have a magnetic fraction Jess than about 1.0 weight
percent and preferably less than about 0.5 weight percent.
Prior art non-dispersed asbestos had magnetic fractions
greater than 1.0 weight percent and generally greater than
2.0 weight percent. The test for magnetic fraction can
conveniently be carried out on the pulp sample employed
above for measurement of wet bulk density.

An alternate method can be used to measure the
magnetic fraction of the asbestos. This method involving
the electromagnetic properties of asbestos is described in
ASTM (American Society for Testing Materials) Stand-
ard D 1118-57. The water-dispcrsed asbestos useful in
the present invention should have a2 magnetic fraction less
than about 1.0 weight percent and preferably less than
avout 0.5 weight pcrcent as measured by this latter
techrique.

The composition of the present invention can include
the usval additives for thermoplastic resins such as anti-
oxidants, pigments, colorants, opacifiers, Jubricants,
plusticizers, extenders and the like, without materially
affecting tbe properties of the composition.

The range of asbestos (preferably chrysotile) used in
the prescnt invention can range from about § to 400
parts per hundred parts of carboxyl<containing olefin
polymer although it is preferred to employ about 10 to
100 parts.

Coaventional mixing equipment such as a two-roll
mill, Banbury miser. sizma mixer, Brabsnder Plastograph
angd other devices well known in the art can be used for
blending the asbestos and carboxyl-containing olefin
polymers used in this invention. These two components
can be dry-blended or emulsions or solutions of the
polymer can be used.

The preferred temperature range used to effect a curing
or crosslinking of the claimed composition lies between
atout 150° C. and 200° C. al.hough temperatures above
and below thess limits can also be used if desired.

The invention is further described in the examples
which follow in which a!l parts and percentages are by
weight unless otherwise specified.

EXAMPLE 1

One hundred parts of olefin resin identified as an
ethylene-acrylic acid copolymer containing 34.0% acrylic
acid copolymerized thercin and having a melt index of
118 dg./min., a tensile strength of 4,200 ps.i., an elonga-
tion of 420% and a tensile secant modulus of 3Xx10°
p.si. (the tensile measurements being made at 23° C.)
was fluxed on a 2-roll mill at 110* C. and 20 parts of
refined and water dispersed chrysotile asbestos fibers were
milled in immediately after fluxing. Milling time wus
about § minutes including 10 end passes to disperse the
asbestos.

A 20 mil compression molded plaque was made and the
plaque cured in the compression mold for about 15
minutes at about 190° C. and 750 ps.i.g.

Specimsns 27 long, %* wide and 20 mils thick were
cut from the pluques for tensile strength, elongation and
s=cant modulus measurements using an Instron Tensile
testing machine at 23* C. and 150° C. Secant modulus
measurements were made at 1% elongation at a rate of
0.2 inch/minute. The rate was then increased to 2
inches/minute until break for tensile strength and elonga-
tion measurements.

Melt index of the products was determined according
1o ASTM D-1238-57T. ’
e ~
A V] 6 ‘.' 2
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Flow index of the products was determined according
1o ASTM D-1238-57T but at 440 ps.i.

Percent gel was determined by putting a 0.3 gram piece
of the 20 mi! plaques prepared as above into a 100 mesh
copper wire cage which was then immersed in refluxing
ethy] benzene for 16 hours. The cage was removed from
the refluxing ethyl benzene and dried at 110° C. for 3
hours. The weight of resin remaining in the cage is
measured as gel.

The measured properties of the cured ethylene-acrylic
acid copolymer/chrysotile product are presented in
Table 1,

EXAMPLE 2

Example 1 was repeated except that the etbylene/
acrylic acid copolymer contained 14% acrylic polym-
erized therein, had a melt index of 10 dg./min., a flow
index of 300 dg./min., a tensile strength of 4800 pas.i.,
an elongation of 750% and a secant modulus of 15x10°
p-s.i. The properties of the cured product are contained
in Table L

EXAMPLE 3

Example 1 was repeated except that the ethylene/
acrylic acid copolymer contained 10.5% acrylic acid
polymerized therein, had a melt index of 10 dg./min., a
tlow index of 300 dg./min., a tensile strength of 4130,
an clongation of 800% and a secant modulus of 10.7 X 10°
p.si. The properties of the cured product are contained
in Table I

Control 1

Example 1 was repeated except that the olefin resin
was an ethylene/vinyl acetate copolymer containing 28%
viny! acetate copolymerized thercin, having a melt index
of 15 dg./min., a tensile strength of 1940 p.s.i., an elonga-
tion of 760% and a secant modulus of 3.5x10? p.s.i. The
properties of the product shown in Table 1 show no indica-
tion that chrysotile effected curing or crosslinking of
etbylene vinyl acetate copolymer.

Control 2

Exampie 1 was repeated except that the olefin resin
was a Jow density polyethylene having a melt index of
1.7 dg./min., a fiow index of 118 dg./min., a tensile
strength of 1920 p.sd. The properties of the product as
shown in Table ] show no indication that cbrysotile effected
curing or crosslinking of low density polyethylene.

Control 3

Example 1 was repeated except that the olefin resin
was an ethylenc-ethyl acrylate copolymer containing 18%
ethyl acrylate copolymerized therein and baving a melt
index of 6 dg./min., a flow index of 180 dg./min., a
tensile strength of 2120 p.s.i., an elongation of 730 p.s.i.
and a secant modulus of 6X 103 p.s.i. The properties of
the product shown in Table 1 do not indicate that chryso-
tile effected curing or crossfinking of ethylenc-ethyl
acrylate copolymer.

Control 4

Example 2 was repeated except that the chrysotile
asbestos fibers were replaced by 20 parts of talc sold under
the trademark Mistron vapor by Sierra Tale Company.
The data shown in Table I indicate that talc does not
effect curing or crosslinking of ethylene-acrylic acid
copolymer.
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Contro} §

Example 1 was repeated except that calcium carbonate
powder was substituted for chrysotile asbestos fibers. The
data presented in Table I indicate that powdered calcium
carbonate does pot effect the cure or crosslinking of
ethylene-acrylic acid copolymer.

EXAMPLE 4

Example 3 was repeated except that the amount of
chrysotile used was increased from 20 to 100 phr. The
properties delineated in Table 1 indicate that a cured
ethylene-acrylic acid copolymer was obtained.

EXAMPLE §

Example 2 was repeated except that the amount of
chrysotile used was increased from 20 to 100 phr. The
properties of the product shown in Table ] indicate that
8 cured or crosslinked ethylene-acrylic acid copolymer
was obtained.

EXAMPLE 6

Example 1 was repeated except that the amount of
chrysotile used was increased from 20 to 200 phr. The
properties of the resultant product presented in Table 1
indicate that a cured or crosslinked filled ethylene-acrylic
acid copolymer baving excellent tensile properties at both
23° C. and 150° C. was obtained.

Control 6

Control 4 was repeated except that the loading of tale
was changed from 20 to 100 parts per hundred of resin.
The data shown in Table I indicate that talc is not com-
parable to chrysotile for the curing or crosslinking of
ethylene-acrylic acid copolymer.

Control 7

Control 5§ was repeated except that the loading of cal-
cium carborate powder was increased from 20 to 43
parts per hundred of resin. The data shown in Table 1,
rarticularly the tensiis properties at 150° C. indicate that
calcium carbonate does not eflectively cure or crosslink
ethylesic-acrylic acid copolymer.

Contro] 8

Control 3 was repeated except that the loading of
chrysotile asbestos fibers was increased from 20 to 100
gar;; pler hundred of resin. The product data is shown in

able 1.

Control 9

Control 2 was repcated except that the Joading of
chrysotile asbestos fibers was increased from 25 to 150
parts per hundred of resin. The product data are shown
in Table L.

Control 10

Example 1 was repeated with the exception that the
olefin resin was an ethylenc-vinyl acetate copolymer con-
tain_ing 18% vinyl acetate copolymerized therein and
having a melt index of 2 dg./min., a tensile strength of
3000 p.s.i., an elongation of 760% and a tensile secant
modulus of 6X10% p.s.i., and the loading of refined and

water dispersed chrysotile asbestos fibers was increased
from 20 to 50 parts per hundred of resin. The pro
of the product are contained in Table L

Ai3523

Published by AsbestosClaims.Law
asbhestosclaims.law/library/15380/5


https://asbestosclaims.law/library/15380/5

‘ 8,427,280 "
TABLE ]
Properties of Cured Plaque
Tensile Pro]
Rasin . Filler Loading, perias
phr.} Oel, Melt Melt At C. At180° C.
Percent 1ndes, Flow,
: dg/min.  dg./min. T.8.3 Elong.. Mod ! T.8.} Mod.}
. pad. Peroent pal. - Y RN psl.

A Y o 97 NE ¢ . 4,700 28 29, 000 ™ 100
B ) 25 1\ eee
[9] [0 2 2]
D ¢ 2 25
E (" 25 b
F (¢ 2 21
B ® 2 N
B 9 20 48
C [0 100 100
B [ 80 100
A > 200 100
B v} 100 [}
B g 43 W
¥ ¢ 100 67

. . E ? 150 ks

Coatrol 10.cceeeceees. O ) 80 28

3 Parts per hundred ofresin, 2 Tensilestrength. 3 Becant modulus. ¢ NE=Noestrusion, ! Refined and water dispersed chirysolile ashes-
tos fibers.  * Tale sold under the trademark Mistron Vapor by Eierra Tale Co. ' Calcium carbonat>.

NotE.—A = Ethyleae-serylic acid eopolyroer (65:34): B~ Ethyleneserslic acid copolymer (¥6:14): C = Ethylene-aerylic scid copolymer (61.5:10.);
D= !l':thrler(iavllsl;yl acetste copolymer (72:25); E=Polyetlylene, Jow density: F=Ethylene-ethyl scrylate copolymer (5=:18); U=Ethylene-vinylacciata
eopolymer (82:18).

EXAMPLES 11-22

Chrysotile in three grades, viz, Carey Canadian 7RF
grade, and Union Carbide's Coalinga refined (1502-P) 35
and standard (JT-100) grades, was compared with other
asbestos types, viz, amosite, antbophyllite, crocidolite,
and tremolite in their relative abilities to cure or cross-
link an ethylenc-acrylic acid copolymer containing 15%
acrylic acid copolymerized therein and baving a melt 4
index of S0 dg./min., & flow index of 990 dg./min., &

EXAMPLES 2344

Example 1 was repeated except that various copoly-
mers or terpolymers were substituted for the resin used
in Exaraple 1 and the chrysotile asbestos fiber loadings
were varied. Deiails of the compositions gnd properties
of the cured products are presented in Table III.

tensile strength of 3830 p.s.d., an elongation of 810% and
a tensilg secant modulus of 9107 p.s.i. (the last three EXAMPLES 4547
properties being measured at 23° C.). The procedure used Example 1 was repeated except that plasticized resin

in Example 1 was followed. The properties of the cured 45 . ;
plagues are presented in Table 1I. The classification of E:a?ltgr:lp::g:&tg;:-;‘:;T:;I?bﬂ loadings of 100 pbr.

asbestos fibers is described in The Encyclopedia of Chem-
jcal Technology, vol. 2, 1960, Interscience Publishers,

New York, N.Y.
TABLEII
Properties of Cured Plaques
R bes Losdi 'l'ensuens.lsngth ot m'reml'!o .
esin Asbestos Type ing, . reneth &
phr. ¢ Percent M.I. 1500 C
[$10] (F.1.)

Btr Elong., Mod, Str, Mod,

psdi. Percent pasl. psi.  pad

. H  Chrysotile, Carey,} e TRF-9. ecceccncen eene 20 83 .3 3800 e ™ ? 0

H Chrysotile, Uidon arbide,? refined grade.. . 20 o NE 2,700 20 40 15 1]

H  Chrysotile, Union Caorbide? standard grade, 20 83 .03 2,600 240 [}
H Amosite, ACOA ? grade GW..coeaccavoocoan 20 a 1.v 1,90 210
H  Amosite, ACOAI prade RM/A....._... 20 M 13 2,100 270
H Anthophyllite, ACOAS grade AB-6B 20 1" 13 2,200 380
M  Anthophyliite. Huxhﬁ.‘ erude HF-718RF 20 21 T 2,000 33%
H Crocidolite, ACOA S H blue 20 46 7 1,800 60
H Termolite, ACOAS. ....... 20 30 4 1,900 45
F Chrnoule. Union Carbide s, 50 120 NE 3,100 310
F Anthophyilite, AB-8B..... 80 49 cemseces 3,400 318
F  Crocidoliie ACOA, Hblue... 80 [~ S 2,800 15

1 Avallable from Carey-Canadian Mines, Ltd. # Axaljsble from Union Carbide, Mining & Metals Division. 8 Avallable from Asbestos Corp-
of America. _ ¢ Availatle from Huzley Development Compans'. s Melts.
Notk.—~NE«No Extrusion; M.1.=Melt Indes; F.l.=Flow Indez; Ha Ethylene-acrylic scid copolymer (85:15); F =Ethylene-ethyl serylate copolynier
(R2:18). A cAAA
ruJd o 4-
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TABLE 111
Piopertles of Cured Plu-jues
Chrysotile ‘Tensile Pronerties
Resin Loading, Gel, Melt
Comuposition phe. pereent “h’:,l‘e‘;. At23* C. At180° C.
TE.! Elong, Mod.t T80 Mod
ps.l. percent pst.  pal | X 5N
Ezxp. No.
.23 A 8
2. A 10
28. - A 200
% J am
27 K 80
» K 20
il L 80
P M 50
3 N 0
8. 1 4 %
33. A 100
a4. . R &
as. . B 80
b T8 .. T 0
1y 20
3. Y 20
. w Ho
0. J 20
4l .Y £.5
4. . X [
43. . Z LY
“. .1 100
45... . Hena 1w
46..ceeeen H+Lb 100
aneeennn +cc 100

= Ethylenc-acrylic acld copolymer (85:13) M.1.=50 dg./min.

J = Ethylene-acrylic ocid copolyiner (»5:13) M.1.=1w dg.2nin.

E = Ethylese-ucrylic ncid copuly mep (¥7.5:2.5) M 1.=2.5dg.n:in.
1. = Ethylenc-acrylic ncid copolyuser (45:5, M.I.=20 dg.min.

21 = Ethyieneacrylic acid copulymer (97:3! M.]l.=2 dg.‘min.

N = Ethylene-acrylic scid copolynier (51:1'0 M.l =20 dg.min.
¥ =Ethylene-acrylic ucid copolymer (67:33; M.1.=42 dg.min.
R=Ethylene-acrylic scid copolymer (50:40) M.]l.=4¢) dg./min.
S=EtLylene-cthyl uerylate-acrylicacid terpolyiner (72:24:4%.
TwF.thylene-vinyl acetate-acryiic acid terpolymer (38:37:
U= Ethylene-vinyl occtste-scryhic acld terpolymer (73:20;
VeFihylene-viryl scetste-scrylic acid terpolymer (¥0:3
W 2677 chlorinated eihiylene acrylic scid copulywer (87,
X = Einyleuc-acryhic scid-sodium acrylste terpolymer (7 17).
Y = Ethylene-acrylic acid-sodium scrylate terpolymer (63:16:21).
Z=Elhyiene-acrylic acid copolymer (a2:le) MI=i¢s dg.miin,

auw 30 Juris per bundred of 1 of iquid hispheuol A epoxy resin having an epoxide equivalent of 185-200and

& viteotity of 1 Sk 1t 500 centipolies ut 25° C.
Lb =20 purts per hundred of 11 of trioe1y] phosphate.
cca4u parts per hundred of H of triocty] phosphate.
i Tenstle sirengila.
$ Secunt Modulus.
8 NE=No extrusion.
¢ Meits.

EXAMPLE 48

The solvent resistance of a resin-asbestos composition
cured as in Example 1 was demonstrated with an
ethylene-acrylic acid copolymer containing 10.5 percent
acrylic copolymerized therein and baving a melt index
of 10 dg./min., a flow index of 300 dg./min., a tensile
strength of 4130 psi., an clongation of 800% and a
secant modulus of 10.7x10% p.si. (the latter three con-
tents determined at 23° C.) and 100 phr, of refined and
water dispersed chrysotile asbestos fibers.

45

S50

EXAMPLE 49

The abrasion resistance of cured resin-asbestos com-
position of Example 44 was measured on 2 Taber Abrader
using CS-17 abrader wbeel (1000 g. w1.). Weight loss in
grams was taken as the index of abradability. The com-
positions from cured Control 6 and 8 were also sub-
jected to the abrasion test for comparison. Results are
shown in Table V.

Weighed strips 1" x %" x 0.020" were immersed in TABLE V
a number of solvents for § days and the percent weight " "
gain recorded. The Jower the weight gain the higher the 55 __ Composiion Creles W1, loss, grams
solvent resistance. Eromple st i S oo

As Control 2 an ethylene etby! acrylate copolymer Control 8. . 138 0. 0088
containing 185 by weight of ethyl acrylate and having I Test stopped when test specimen began Lo Lesr lrom wear.
a melt index of 6 dg./min., a flow index of 180 dg./min., 60 s Completivp of 235 tycles would bave resulted in 8 much prester

a tensile strength of 2120 p.sd., an elongation of 730%
and a secant modulus of 6> 10° p.s.i. was also cured as
in Example 1 with 180 phr. of refined and water dispersed
chrysotile asbestos fibers and 1” x ¥2” Xx 0.020" strips
immersed in the same solvents as Example 4 for 5 days.
The comparative data are presented in Table IV,

85

weigbt Joss.

EXAMPLE 350

When Example 1 is repeated with the exception that
the olefin resin is an ethylene-acrylic acid-vinyl acetate
terpolymer (72.3/12.1/15.6) a cured product having

TABLE IV comparable properties is obtained.
Solvent Percent Wt. gain Percent Wi, gain
of Exp. ¢ of Con!
Toloene.. 2 ™ 70 EXAMPLES 51-59
shulacl 3 ¢
A:ﬂone.......... - 2 2 The superiority of asbestos cured etbylene/acrylic acid
Curbon tetrachioride. . ... fd 137 compositions Bs to stress crack resistance compared to

1 ¢ octsDne, leaded.
8 SAE-20 nou-detergent type.

75

the ethylene/acrylic acid copolymer controls is shown
io Table VL. A

N A

VRGP

TR
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TABLE VI

14
hindered polyphenol (M.P. 49-52° C.) antioxidant was
prepared on a differential speed two-roll mill (180° C,

Ezample No. Co:p.:‘uon ‘l:-dmg,| %u:hnm. T?u‘ 20 min.). The cured product (600 g.) was prepa.red and
phs. Fu,bn.  8.1bAn granulated in a Wiley MiH. A combined tensile bar-impact
B 2 s bar molding was injection molded at a pressure of 12,000
4 % 3 bt p.s.i. with a molding cycle of two minutes, with front and
b 4 » >804 l.g rear barrel temperatures of 350° and 250° F.
g ....: ..... >;“4” 380 A second composition was a roll milled (180° C., 20
F o eeeeeeeeens <4 >0 min.) blend of resin H and Carey chrysotile asbestos
} Refined snd water dllspe;ud ¢ 'sotlie ubmo, :zu‘ = moanted in 10 (grade 7_RF-9), 50 phr., 1.0 phr. of a high mdeguln'r
an ﬁ:’é’iﬁ,’;ﬁ?‘ﬁuﬁo l.bsln:nhuh rm,ﬁ:admgu J"ed perallel 1o weight bindered N‘YPhCnO" (M-P. 49‘-52 C.). antioxi-
tbe long direciion of Lbe specimen. Results are reported s modulus of dant and 2 phr. TiO; for whitening. This composition was
topglness n  red by, toting st 130° C. 18 minote, allowed by injection molded similarly at a pressure of 15,000 ps.i.,
compression molding of plaques st 190° C., 20 min : with front and rear barre! temperatures of 440° and 275°
ag-:’n"ﬁlt’..‘.‘.‘ﬂ‘&‘n‘.c’ goddc méﬁl‘,’#‘é’,‘& 'ﬂo'fﬁ’ :tlgo. cx - 18 F. In both injection molding trials, complete mold fill-out
F = Etbylene-acrylic scid copolymer (82:15; M.1.=200). was obtained. Molded bars were smooth and uniform.
EXAMPLE 60 Various properties determined on these specimens are
The ability of these carboxyl oopolymer-lsbestos com- shown in Ta_ble IX.
positions to be reprocessed or reworked, that is the re- g0  As noted in Table IX, reasonable toughness and good
versibility of the salt bond betweén the carboxyl func- strength properties are maintained in these highly filled
tion and the asbestos surface, was shown by re-molding moldings. The high ge! and some Jow level of modulus at
(160* C., 30 min.) plaques which had been previously 150 C. verifies the crosslinked but reworkable polymer-
mold cured (190° C., 30 min.). Measurement of tensile chrysotile structure.
properties of both moldmgs demonstrates that the physn- 25
cal properties of the once cured compositions are main-
tained, as shown in Table VIL.
TABLE VI
Tensile Properties
esin Loading, »°C. 150° C.
Ex.No. Compo-  Asbestos Type Pbr Mol e Elonr, Moduls, Tensde  Elong, Modww.  Fiow
Strength, percent pad. X10-% Strengih, percent pasl. X104 Index
psl X XN R
®eremens Z  Refined Chrywtlle...... 80 3 I 9 won b lm NP
L — - » {3 im 8 .. B ]
[ S, H TUhorefined Chrysotile.... 2 & g: % g:g g 1 bad ° 3.0
L Z  Refoed Chrymtile...... 10 X i ¥ o o
L T— - L N— o {3 I & 8 o o 8
1 Melt indes.
EXAMPLE 66 'L TABLE IX
A composition comprising ethylene/acrylic acid resin Example 67 Ezample 68
H was roll-milled with 50 phr. of chrysotile asbestos Tensile Strength, p.s.d.... 2,200 4,000
(Carey grade 7RF-9) and plaques compression molded at ﬂg:ﬁ’lx;?np ’chzm...:. &‘,3 100028
190° C. for 20 minutes. This molded sample was extruded go Tensile npact, fi.ib.fni.... 164 '
in a gas-driven extrusion plastometer at 190° C. at shear {,‘&gga?:glﬁ 12 An. Tiogen- 3% 2.9
rates up to 42 sec.~), using the maximum pressure (1600 xéieln Indet‘d( Y 'i,g u‘u
p.s.i.) of this plastometer (dic dimensions: lengtb=0.315", el percent.............. 00
diameter=.0827""). The extrudate was smooth and tough, }‘;‘d?,‘:{',’f:ééi‘l:.ﬁz.'l u}g‘ ,,,,,,,, 170. 1?‘2
although cured at 190° C. prior to extrusion. This again g5 Fower Factarat B0ke..........oocoveeee oooeevenes 0.088
demonstrates reprocessability. The following properties 1AL 4O paL
were obtained on the compression molded (190°* C., 20 . .
min.) plaque: The polymer compositions containing about 10-100
parts of chrysotile fibers per hundred parts of carboxyl-
TABLE vVl 60 containing e-olefin being reprocessable as well as cross-
linked can be used in the manufacture of extrusion mold-
Tensile strength, ps.i. 5,100 ed, injection molded or compression molded articles such
Elongation, percent 20 as, for example, pipe, wire and cable covering, laminates,
Modulus, psd. 120,000 tiles and the like.
Gel, percent - - 90 s _ Although the invention bas been described in its pre-
Tensile strength at 150° C., p&d. cocoecccnnne 310 ferred forms, it is understood that the present disclosure
Elongation at 1-':0 C., percent oooeeo-. —————— 30 has been made only by way of example and that numerous
Modulus at 150° C., P$d. cocooacoccenenne 1,400 changes in the details may be made without departing from
: - the spint and scope of the invention.
MPLES 67 AND 68 70  What is claimed is: \
Two compositions were injection molded in a one-ounce 1. Polymer composition capable of being cured to a
Van Dorn Injection Molding macbine. A blend of ethyl- crosslinked product wl.ut:'h comprises:
ene/acrylic acid copolymer (resin H S0 M., 15% aa); (a) carboxyl-containing a-olefin polymer containing
with a chrysotile asbestos (Union Carbide standard grade - from about 1.5 10'30%, based on the weight of poly-
fiber), 25 phr., and 1.0 phr. of a bigh molecular weight 75 mer, of carboxyl groups said carboxyl-containing e-
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olefin polymer baving a melt index of about 0.1-1000
dg./min.; and

(b) from about 5 to 400 parts per hundred of carboxyl-

containing «-olefin polymer of refined, water dis-
persed and opened chrysotile asbestos fibers.

2. Polymer composition claimed in claim 1 wherein the
carboxyl-containing a-olefin polymer is an ethylene-acrylic
acid copolymer containing from about 3 to 20% car-
boxyl groups and bas a melt index of about 1400 dg./
mio. and the amount of chrysotile asbestos fiber is from
about 10-100 parts.

3. Polymer composition claimed in claim 1 wherein the
carboxyl-containing a-olefin polymer is an ethylene-meth-
acrylic acid copolymer._

&. Polymer composition claimed in claim 1 whercin
the carboxyl<ontaining a-olefin polymer is a nethylene-
acrylic acid-acrylate salt terpolymer.

S. Polymer composition claimed in claim 1 wherein
the carboxyl-containing a-olefin polymer is an ethylene-
acryiic acid-acrylate ester terpolymer.

6. Polymer composition claimed in claim 1 wherein
the carboxyl containing a-olefin polymer is an ethylene-
acrylic acid-vinyl acetate terpolymer.

9. Polymer composition claimed in claim 1 wherein the
carboxyl-containing a-olefin polymer contains chlorine
substituents.

8. Polymer composition claimed in claim 1 wherein
the chrysotile fibers have the opened form gross proper-
ties of an average wet bulk volume greater than about 300

10

15

20

16
ml., an average dry bulk density of less than about 6 1bs./
cu. ft, oil absorption greater than about 14 ml. of dioctyl
pbthalate/10 grams of chrysotile, an average reflectance
of greater than about 72 percent and a magnetic fraction
less than about 1.0 weight percent.

9. Polymer composition claimed in claim 8 containing
about 10-100 parts of chrysotile fibers per bundred parts
of carboxyl-containing a-olefin.

10. Structura! article fabricated from the cured poly-
mer composition claimed in claim 1.

11. Structural article fabricated from the cured poly-
mer composition claimed in claim 8.

12. Structural anicle fabricated from the polymer com-
position claimed in claim 1 cured at a temperature of about
150-200° C.
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