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ABSTRACT THE DISCLOSURE

Thermoplastic compositions having high flexural moduli
in excess of 1.0 10f p.s.i. have been prepared from poly-
hydroxyether-reaction products of a dihydric phenol and
itralohydrin having a degree of polymerization of at
Jeast 30 and from about 30 10 50% by weight, based on
the weight of a thermoplastic polyhydroxyether, of highly
refined Coalinga asbestos.

‘! This invention relates to asbestos modified thermo-
[plastic polyhydroxyethers having high flexural moduli and
more particularly to compositions containing refined as-
"bestos.

While thermoplastic polyhydroxyethers exhibit excel-
lent physical properties such as tensile strength, impact
and abrasion resistance, flexibility, chemical and salt spray
resistance and flexibility, they do not possess sufficient
stiffiness as measured by flexural modulus to be suitable
for such structural uses as storm window and screen
frames, bobbins in the textile industry, commutators in
electric motors and generators and the like. For such
end uses, flexural moduli of at least 1.0 10® p.s.i. are
necessary, which values are emmuch higher than those of
any known thermoplastic polymeric materials. Some glass
fiber filled polymers. that is modified polymers, have
flexural moduli in this range but their uses are strictly
limited by exceptionally poor surfaces due 1o protrusions
of glass fibers.

It is. therefore, an object of this invention to provide
modified thermoplastic polyhydroxyethers having en-
hanced flexural moduli.

It is another object to provide modified thermoplastic
polvhydroxyethers having smooth surfaces when molded
or shaped into useful structural forms.

Other objects will become apparent to those skilled in
the art upon examination of the description of the inven-
tion which follows.

These objects have been achieved by asbestos-modified
thermoplastic polyhydroxyether compositions consisting
essentially of:

(a) Thermoplasiic polyhvdroxyether and

(b) From about 30 to about 505%, based on the weight
of thermoplastic polyhydroxyether, of refined dispersed,
and opened absestos fibers, a special form of asbestos
which will be described fully later.

The term “thermopladic polyhydroxyether” herein re-
fers to substantially lincar polymers having the general

formula:
{D—O—E—03,

wherein D is the radial residunm of a dihydric phenol. E
is an hydroxyl containing radic.! residuum of an epoxide,
and n represents the degree of polymerization and is at
least 30 and is preferably 80 or more. The term “thermo-
plastic polyhydroxyether” is intended to include mixtures
of at least two thermoplastic poly hvdroxyethers.

The thermoplastic polyhydroxyethers can be prepared
by admixing from about 0.985 to about 1.015 moles of
an epihalohydrin with one mole of a dihyvdric phenol to-
gether with from about 0.6 1o 1.5 moles of un alkali metal
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hydroxide, such as, sodium hydroxide or potassium hy-
droxide generally in an agueous medium at a tempera-
ture of about 10° to about 50° C. until at least about 60
mole percent of the epihalohydrin bas been consumed.
The thermoplastic polyhydroxyethers thus produced bave
reduced viscosities of at least 0.43. Reduced viscosity val-
ues were computed by use of the equation:

Reduced vkcosily-!ﬂ"

cly

wherein 1, is the efflux time of the solvent (tetrabydro-
furan), 1, is the effux time of the polyhydroxyether solu-
tion, ¢ is the concentration of the polyhydroxyether solu-
tion in terms of grams of polyhydroxyether per 100 ml.
of tetrahydrofuran.

The dihydric pheno! contributing the phenol radical
residuum D, can be either a dihydric mononuclear phenol
or 2 polynuclear phenol such as those having the gencral
formula:

r (\")' (Y
HO Ar—Rl—Ar OH
L Jd

wherein Ar is an aromatic divalent hyvdrocarbon such as
naphthalenz and, preferably, phenylene, Y and Y,; which
can be the same or different are alky! radicals, preferably
having from 1 to 4 carbon atoms, halogen atoms, i.e.,
fluorine, chlorine, bromine and iodine, or alkoxy radicals.
preferably having from 1 to 4 carbon atoms, r and z are
integers having a value from O to a maximum value cor-
responding to the number of hydrogen atoms on the
aromatic radical (Ar) which can be replaced by sub-
stituents and R! is a bond befween adjacent carbon atoms
as in dihydroxydiphenyl or a divalent radical including,
for example,

-
]

—0—, —S—, —SO0—, —SO;— and —S—S—, and di-
valent hydrocarbon radicals such as alkylene, alkylidene,
cycloaliphatic. e.g., cycloalkylene and cycloalkylidene,
halogenated alkoxy or aryloxy substituted alkylene, akyl-
idene and cycloaliphatic radicals as well as alkarylene and
aromaltic radicals including halogenated, alkyl, alkoxy or
aryloxy substituted aromatic radicals and a ring fused to
an Ar group; or R! can be polyalkoxy, or polysiloxy, or
two or more alhvlidene radicals separated by an aromatic
ring, a tertiary amino group, an ether linkage, a carbonyl
group or a sulfur containing group such as sulfoxide, and
the like. :

Examples of specific dihydric polynuclear phenols in-
clude among others.

The bis(hydroxypheny!)alkanes such as

2,2-bis(4-hydroxyphenyl) propane,
2,4’-dihydroxydiphenylmethane,
bis(2-hydroxyphenyl)methane,
bis{4-hvdroxyphenyl)methane.
biz(4-hydrexy-2,6-dimethyl-3-methoxyphenyl) methane,
1.1-bis(4-hydroxyphenyl)-ethane,
1,2-bis(4-hydroxyphenyl)ethane,
1,1-bis(4-hydroxy-2-chlorophenyl)ethane,
1,1-bis(3-methyl-4-hydroxyphenyl)ethane,
1.3.bis(3-methyl-4-hydroxyphenyl) propane,
2.2-bis(3-phenvi-4-hydroxyphenyl) propane,
2.2.bis(3-isopropyl-4-hydroxypheny!l)-propane,
2,2-bis(2-isopropyl-4-hydroxyphenyl ) propane,
2,2-bis(4-hydroxynaphthyl ) propane,
2,2-bis(4-hydroxyphenyl ) peniane,
3.3-bis(4-hydroxyphenyl) pentane,
2.2-bis(4-hydroxyphenyl ) heptane,
bis(4-hydroxyphenyl)phenylmethane,
bis(4-hydroxyphenyl)cyclohexylmethane,
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3
1,2-bis(4-hydroxyphenyl)-1,2-bis{ phenyl) propane,
2 .2-bis(4-hydroxyphenyl)-1-phenyl-ppropanc

4

in addition 1o oxirane oxygen, ether oxygen —O—, oxa-
carbony! oxygen

and the like: ‘l)
Di(hydroxyphenyl)sulfones such as 5 —t=U-
bis(4-hydroxyphenyl }-sulfone, carbonyl oxygen
2,4'-dihydroxydiphenyl sulfone, o
§’.chloro-2,4'-dihydroxydipheny! sulfone, _&_
§’.chloro-4,4-dihydroxydipheny! sulfone, and the like.
and the like; e e elorabyarm epibromohyérin. 1.
Di(bydroxyphenyl)ethers such as ) epoxy - 1-methy! - 3 - chloropropane, 1,2<poxy-1-butyl-3-
bis(4-hydroxyphenyl)<ther, ::lolr%propane. 1,2-epoxy-2-methyl-3-flucropropane, and
the 4,3"-, 4,21-, 2,2"-. 2,3"-dihydroxydiphenyl ethers, 15 usteative diepoxides i
4,4'-dihydroxy-2.6-dimethyldiphenyl ether, Hlustrative diepoxides include
bis(4-hydroxy-3-isobutylphenyl)ether, diethvlene glyco! bis-(3.4-epoxycyclohexane-carboxylate),
bis(4-hydroxy-3-isopropyiphenyl)ether, bis-3,4-epoxycyciohexylmethyl }-adipate,
bis(4-hydroxy-3-chlorophenyl)ether, bis(3,4-epoxycyclohexyimethyl ) phthalate,
bis(4-hydroxy-3-fluorophenyl)ether, op 6-methyl-3,4-epoxycyclobexylmethyl-6-methyl-3.4-
bis(4-hydroxy-3-bromopbenyl)ether, epoxycyclohexane carboxylate,
bis(4-hydroxynaphthyl)ether, 2-chloro-3,4-epoxycyclohexyimethyl-2-chloro-3,4-
bis(4-hydroxy-3-chioronaphthyl)ether, epoxycyclohexane-carboxylate,
bis (2-hydroxydiphenyl)-¢ether, digylcidyl ether,
4,4'-dihydroxy-2,6-dimethoxydipheny! ether, o5 bis(2,3-epoxycyclopentyl)ether,
4,4'-dihydroxy-2,5-diethoxydiphenyl ether, 1,5-pentanediol bis(6-methyl-3.4cpoxycyclohexylmethyl)
ether,
and the like. bis(2,3-epoxy-2-ethylhexyl)adipate,
Also suitable are the bisphenol reaction products of diglycidyl maleate,
4.vinylcyclohexene and phenols e.g., 1,3-bis(p-hydroxy- 30 diglycidyl phthalate,

phenyl)-1-ethylcyclchexane, and the bisphenol reaction
products of dipentene or its isomers and phenols such as
1,2 - bis(p - hydroxypheny!) - 1 - methyl-4-isopropylcyclo-
hexane as well as bisphenols such as 1,3,3-trimethyl-1-(4.

hydroxypbenyl)-6-hydroxyindane, and 2,4-bis(4-hydroxy- =

phenyl)-4-methylpentane, and the like.
Panticularly desirable dihydric polynuclear phenols
have the formula

(‘-)l (Yi)s

—-011

wherein Y and Y, are as previously defined, r and z have
values from 0 to 4 inclusive and R! is a divalent saturated
aliphatic hydrocarbon radical, particularly alikylene and
alkylidene radicals having from 1 to 3 carbon atoms, and
cycloalkylene radicals having up to and including 10
carbon atoms.

Mixtures of dihydric phenols can also be employed and
whenever the term “dihydric phenol" or “dihydric poly-
nuclear phenol” is used herein, mixtures of these com-
pounds are intended to be included.

The epoxide contributing the hydroxyl containing radi-
cal residuum, E, can be a monoepoxide or diepoxide. By
“epoxide” is means a compound containing an oxirane
group, i.e., oxygen bonded to two vicinal aliphatic car-
bon atoms, thus

—C——C=
7
o

A monoepoxide contains onc such oxirane group 2nd
provides a radical residuum E containing a single hy-

kY
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3-oxatetracyclo] 4.4.0.1719,02.4 J.undec-8-y] 2,3-¢poxy-
propyl ether,

bis(2,3-epoxycyclopentyl}sulfone,

bis(3,4-epoxyhexoxypropy!)sulfone,

2,2"-sulfonyldiethy! bis(2,3-epoxycyclopentanecar-
boxylate), -

3-oxatetracyclo]4.4.0.17.1°,024 .undec-8-y1 2,3-cpory-
butyrate,

4-pentenal-di- (6-methyl-3,4-cpoxycyclohexyimethyl)
acetal,

ethylene glycol bis(9,10-epoxystearate),

diglycidy] carbonate,

bis(2,3-epoxybutylphenyl)-2-ethylhexy] phosphate,

diepoxydioaane. butadienedioxide. and 2,3-dimethy! buta-
diene dioxide. The preferred diepoxides are those wherein
each of the oxirane groups is connected to an electron
donating substituert which is not immediately connected
to the carbon atoms of that oxirane group. Such dicpoxides
having the grouping

wherein A is an electron donating substituent such as
0

. I
—_——, _}_, —f—, =80—=, —ENj—, «=C=U—, 07 —=N=—
|

q iy
1

Q
and Q is a saturated hydrocarbon radical such as an
alkyl. eyclouihyl aryl or aralky] radical.

While noi intending to be bound by any particular theory
or explanation, it is believed that the unusually high

droxyl group, a diepoxide contains 1wo such oxirane ¢3 flexural moduli exhibited by the modified thermoglastic
groups and provides a radical residuum E containing two polyhydroxy-cihers of the present invention are altribut.
hydroxyl groups. Saturated epoxides, by which term is able 10 the refinement of the asbestos modificr which re-
meant dicpoxides free of ethylenic unsaturation, i.e., sults in an opening of asbestos fiber bundies. This open-
SC=C< and acetylenic unsaturation, ic.. —C=C—, ing phenomenon is accompanied by increased surface area
are preferred. Particularly preferred are halogen sub- 50 and facilitates wetling of the asbestos surfuce by the poly-

stituted saturated monoepoxides, i.e., the epihalohydrins
and saturated diepoxides which contain solely carbon.
hydrogen and oxygen, especially those wherein the vizinal
or adjacent carbon atoms form a part of an aliphatic
hydrocarbon chain. Oxygen in such dieponides can be.

-y
o

5 fibers and '
rs and to soze ;xlgnl

hydroxyether while in the molten state.

The rcfined asbestos used in this invention is obtained
by the dispersion of the asbestos in water to break up
the asbestos fibrous mass into small clusters of asbestos
into minute individual fibers.

FEC

l\)u
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Water-dispersion of the asbestos is preferably obtained
through agitation of asbestos in water in the presence of &
chemical dispersing agent, such as aluminum chloride.
This dispersion technique is described in U.S.P. 1,907,616

pounds per cubic foot and generally about 7-8 pounds

per cubic fool.
WET BULK VOLUME

Twenty grams of opened asbestos fibers are placed in

and US.P. 2,661,287, for example. Additional methods & 3 ).Jjter graduated cylinder and sufficient water is added
of dispersing the asbestos emrloying chemical dispersing to forin l-liter of asbestos-water slurry. The cylinder i
agents are described in U.S. 2,626,213 and U.S. 2,652,325. then inverted ten times to insure uniform mixing. The
These small clusters and minute fibers preferabl;: contain cylinder is then set in an upright position and allowed to
surface electrical charges which 2id in maintaining the  geyije for three hours. At the end of this time the volume
dispersed state. When dispersing agents such as aluminum |, of the bulked asbestos is read in milliliters. Water-dis-
chloride and ferric chloride are used, the waler-dispersed persed asbestos useful in the present invention should have
msbestos has electro-positive surface charges. a value greater than about 300 ml. and preferably greater
Dispersion of asbestos fibers in water will generally re- than about 500 ml. Non-dispersed asbestos fiber generally
move substantially all of the impuriiies, such as colorants, hzs a value Jess than about 300 ml. end quite frequently
garigue and abrasive materials. This is especially true il 16 betow about 200 ml. in this test.
chemical dispersing agents are employed. The presznce of The sensitivity of the Wet Bulk Volume test described
abrasive materials or electrical conductors, such as mag- above can be increased by additional mechanical agitation
netite, in the asbestos can cause difficulty in subsequent of the asbestos-water slurry. In this version of the Wet
processing steps for the production of modified thermo- - Byulk Volume test, forty grams of opened asbestos sre
plastic polyhydroxyethers. ) . 20 mixed with water 1o form two liters of asbestos-water
The preferred asbestos for use in the present invention slurry. This slurry is then placed in a well known pulp dis-
is chrysotile, but other forms, such as anthophyllite and inteprator and apitated and beaten for 2 min. The disin-
amosite, can also be used. The chrysotile is further prefer- tegrator is described in TAPPI (Technical Association of
ably obtained from asbestos deposils near Coalmg:.'Callf. the Pulp and Paper Industry) Standard T-205-m-58,
This latter material is composed of a large proporiion of g3 Appendix A. The slurry is then discharged, divided sub-
short fiber asbestos which is readily dispersed into sub- stantially in half and poured into two separate 1.liter
stantially individual fibers. It is conventionul amonz most graduated cylinders. Additional water is added to each
asbestos producers to classify chrysotile asbestos fibers by cylinder 10 form 1-liter portions of asbestos-water slur-
fiber length into short, medium and long using the Quebec ries. These cylinders are then inverted and allowed to
tandard Test and 1o price them accordingly, with the 30 gand according to the above described procedure. Water-
short the cheapest and the long the most expensive. dispersed asbestos results in a bulked asbestos volume of
An agueous suspension of water-dispersed asbestos can greater than 900 ml. in this test while non-dispersed as-
be floczulated by the addition of any acid or base which bestos has wet bulk volume less than about 500 ml. in
will adjust the pH of the dispersed asbestos slurry to a this test.
value cutside the range of about 2 mf”' An ;:hcmalt 35 OIL ADSORPTION
means of focculation is the addition of an interfering or ] \ ) . B
fiocculating ion. such as suifate, nitrate or phosphate, The mlA r:oflr::n 6?_'22\'] ‘;fhf;:f:“:s(gtg;; :: z?;:: :i':o.pj?sg
floccuiated asbestos can be “redispersed” 1o a colloidal g LT graduated buretie to the asbestos in the mortar.
suspension, if desired, by adjusting the pH to a value )xllh- Th; resulting mixture is ground between the mortar and a
in the range of about 2 10 7.5 or by removing the inter- 40 pestle until sufficient DOP has been added 1o cause forma-
fering ion. Uscful flocculants are )‘\ydrochlonc acid, sul_- tion of a pasie that adheres to the pesile. The end point
furic a:id, §ou.um‘§arbor.lfzie. glumxnumhsull:itsle.Samhm;m- is 1aken at the time when all of the asbestos-DOP mixture
um hydroxide. sodiurm hydroxide and; ; ‘;dc‘T;:'c oc- adhcres 1o the pestle. Since oil adsorption data for prior
culated ficers can ther be filtered and dried. This com- art asbestos arc gererally based on a 10-gram asbestos
pacted form of water-dispersed asl-.esl.gs can be introduced . sample. the measured quantity of DOP absorbed on the
“2s is" directly 1o molicn the_rmoplasuc polyhydroxyether 43 :‘i-gx'am‘ sample i-s‘ multiplied by 2 to give the results in
for production of the modificd polymer. Allerna}lvely. milliliters DOP/10 grams of fibsr for comparison pur-
the compacted water-dispersed asbestos can be broken up T riinereed asbestos filier usful in the present in-
into fluffy materizl by mechanical means, ]sfxd'sdas a h;m- vention shou'd have an oil adsorption valuc preater than
mer mill. before introducing it into the polYbydroxyeiher- gy about 14 milliliters DOP/10 grams of cpened fiber. Prior
The water-dispersed asbestos useful in the present 3 art non-dispersed opened asbestos fibers had an oil adsocp-
vention can be conveniently characterized in terms of its tion of about 810 milliliters DOP/10 grams of filter
flocculated and dried form. Mcasurements are generally : :
made on an “opencd” form of the product, REFLECTANCE
In the following description of characterization tests, Three to five grams of asbestos fiber are rapidly agitated
the asbestos fibers, before being tested, are generally 55 jn about 300 10 500 ml. of clear water. The resulting
opencd by onc pass through a laboratory size Mikro-pul- slurry is vacuum filtered to produce a uniform filter cake.
verizer employing a screen with 0.046 in. slots. The filter cake is oven-dried at 105* C., preferably calen-
DRY BULK DENSITY dcred, and the reflectance measured on the top and bog-
) tom surfaces of the resulting product. Reflectance is
Openced asbestos fiber is loaded into a tared standard 60 mcusured according 10 TAPPI Standard T—452-m~$8 and
volume (12 in. x 12 in. x 12 in.) after passing the fiber reported as percent of ultimate reflectance based on mag-
through a 19 in. long flufling column, The distance from nesium oxide as 100 percent reflectance. Dispersed as-
the bottom of this column to the receiving container is bestos useful in the present invention should preferably
12 inches. The container is filled so that a 6-inch peak _ have an average reflectance value based on the top and
stands up above the top. This peak is carefully removed 65 bottom readings preater than about 72 percent. The useful
with a straight-edge and the gross weight cof the container reflectance range is about 70 to about 80 percent. Prior
is determined. By subitracting the tarc weighi, the weight art non-dispersed asbestos fiber had average reflectance
of asbestos is obtained directly in pounds per cubic foot.  values in the range of about 48 to about 72 percent.
Water-dispersed asbestos useful in the process of the pres- 70 MAGNETIC FRACTION

.ent invention should have a dry bulk density obtzined in
this manner of less than about 6 pounds per cubic foot.
Preferably the dry bulk density is lcss than about 3 pounds
por cubic foot, Noa-dispersed prior urt a.bestos fibers
generally had a dry bulk densily of greater than about 6

This determination is made by mixing a small portion
of opened asbestos fiber in water 1o form a thin pulp
slurry and then removing magnetic material from this
slurry with a magnet. The magnetic maicrial thus

=5 tained is then mixed with water to form a new pulp

* - AT35 T

-

Union Carbide trial exhibit UC-101: U.S. Patent 3,396,139, Asbestos-Modified Thermoplastic Polyhydroxyethers, R....
ACL Doc 15377 - Page 4 of 6

Published by AsbestosClaims.Law
asbestosclaims.law/library/15377/4


https://asbestosclaims.law/library/15377/4

3,396,139

this pulp is then cleaned of magnetiz material with a
magnet. The resulting material attracted to the magnet
is designated as cleaned magnetics. The percent magnetic
fraction is then determined as follows:
Weight of cleaned magneties X
Weight of original sample
100= percent magnetic fraction

Dispersed asbestos useful in the present invention should
have a magnelic fraction less than about 1.0 weight per-
cent 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 con-
veniently be carried out on the pulp sample employed
above for measurement of wet bulk density.

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

The composition of the present invention can include
the usual additives for thermoplastic resins such as pig-
ments, colorants, opacifiers, Jubricants, extenders and the
like, without materially affecting the properties of the
composition. :

The particular mode of incorporation of the thermo-
plastic polyhydroxyether with the refined asbestos is not
generally critical for many applications such as mold-
ing compositions, where blending, tumbling, stirring,
milling and like techniques of intimate mixing can be used.

The following examples illustrate the compositions of
the present invention. All parts and percentages are by
weight unless otherwise stated.

Example 1

The thermoplasticpolyhydroxyether used was prepared
by the reaction of equimolar amounts of 2,2-bis(4-by-
droxyphenyl)-propane and epichlorohydrin together with
sodium hydroxide. Equipment used was a vessel provided
with an agitator, thermometer, and reflux means. There
was placed in the vessel:

Parts
2,2-bis(4-hydroxypheny!) propant ceeeecemecaaae 114.5
Epichlorohydrin (99.156) PUIre cccecccccccceaae 46.8
Ethanol cocccccccccceeacccaaaaa - 960
) TITET, Vo) U 10.0
Sodium hydroxide (97.5% ) PUIC cmceecmmccaaaa- 226
Water 70.0

The thermoplastic polvhydroxyether used was prepared
for 16 hours to accomplish the initial coupling reaction.
The mixture was then heated at 80° C. for an hour.
Sixty parts of a 7:3 mixture of toluene:butanol was added
10 the vessel. Heating of the mixture at 80° C. was con-
tinued another two hours. There was added to the vessel
an additional 50 parts of the 7:3 toluene:butanol mixture
and 4.5 parts of phenol. The contents of the vessel were
continued heated at 80° C. (reflux) for 2% hours. Upon
cooling, the reaction mixture was cut with 200 parts of the
7:3 toluene:buiano} mixture. One hundred parts of water
was added 10 the vessel and agitated with the contents to
dissolve salts present in the reaction mixture. The vessel
contents were allowed to settle for ten minutes during
which time a lower brine phase formed. The lower phase
was separated by decantation. The upper polymer solu-
tion containing phase was washed successively with two
160 part portions of water and a mixture of 85% phos-
phoric acid with 100 panis of water (pH=2) for one
hour. The upper polymer solution phise was again sepa-
rated by decantation and water washied with four succes-
sive 201) part portions of water containing 4.5% butanol.
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“The washed polymer was then coagulated in isopropano),

filtered and dried. There was thus obtained a thermoplastic
polyhydroxyether of 2,2-bis(4 - hydroxyphenyl)propane
and epichlorohydrin having a melt fiow of 7.0 decigrams
per minutes. Mel: flow of the thermoplastic polyhydroxy-
ether was determined by weighting in grams the amount of
polyhydroxyethe: which, at a temperature of 220° C. and
under a pressure of 44 p.s.i., flowed through an orifice
having a diameter of 0.825” and a length of 0.315" over
a ten minute period. Four such determinations were
averaged and reported as decigrams per minute under
a pressure of 44 p.s.i. and at 220° C.

Example 2

Compression molded specimens of modified thermo-
plastic polyhydroxyether compositions prepared by inti-
mately blending 40% by weight of different types of
asbestos fibers including Coalinga Standard (unrefined)
and Coalinga Highly Refined (short fiber-low bulk density
and short fiber-highly opsned asbestos) with thermo-
plastiz pelyhydroxyether in a 2 roll mill at 160° C., were
subjected to flexural modulus and flexural strenpgth mea-
surements. The spacimens in al) cases were smooth, glossy,
black and opaque. The resuliant dzta collected in Table 1
demonsirate the superiority of Highly Refined Coalinga
asbestos over other unrefined short fiber types and even
over the more expensive medium and long fiber types.

The classification of asbestos fibers and the Quebec
Standard Testing Machine used for this classification are
described in the Encyclopedia of Chemical Technology,
vol. 2, p. 138, 1960, Interscience Publishers, NYC,

The Quebec Standard Testing Machine, consisting of
three stacked screens, 2415™ x 14%;” x 342", and a pan
resting on a table driven by an eccentric gear with a 2.
throw and a 193" travel, separates 16 oz. samples of as-
bestos in two minutes of shaking into 4 fractions, viz.,
14" mesh, 4 mesh, 10 mesh and pan. Floats are finer than
the short fibers and are not characterized closely.

TABLE 1
. Flexural  Flexurs)
Asbestos Description Modulus, Strengib,
ped. pad.
Long fiber—well oprned. . .oncecenccneccvacneas 1,00, 000 13, 300
Aled. fiber—semicrudy. ) 13,700
Short fiber—low bulk. 3 13, 660
Bhort fiber—high bulk A 14,400
Floal—Dhigh bulk.... L 13,140
Float—-very high bhulk 5 780
Coalings S1andard Short fiher—Jow bulk...... 890, 000 11,40
Coalings Haghly Refined Short fiber—highly

opened and dlspersed. . c.coicionoinninnnnn 1, 280, 000 17,670

Example 3

Test specimens obtained by injection molding thermo-
plastic polyhydroxyether compositions modified with 40%
by weight of Highly Refined Coalinga asbestos fibers were
subjected to a series of physical and electrical tests. As in
the case of the compression molded specimens, the injec-
tion molded specimens were smooth, glossy, black, and
opaque. The resulis are tabulated in Table 11. The flexural
modulus values obtained with injection molded specimens
are about 209 higher than those obtained with compres-
sion molded specimens.

TADLE II
Test ASTM No. Value
Fhxural Modulus. p8sdoceneovinncecanes D n-61T....... 1,600, (sn)
Flexural Sirvngth, psi...... reavesann NIMN-61T....... 17, M0
Notched 120d. ft.-1bs.fin 1) 2M-56 e (2]
jear Dis’. Temp. 264 p.s.i. D 645-50 cee [ X
fpecific Gravity, g.fec. . DI S 1.4
Cocflicient of Thermal F. ) w44, . . LX)
Tensile firencth, pas.d.. - D &3a-6IT....... 2, N0
Tensile Modulus, .5t cuveeercecncecennn D 655-61T....... 1, G0, 00
Dieleetric Constant:
eheyeles. .o ooenenno.. e A8
kc. etV 150-T....... S.45
IMICeen.ocerriccacacsacaccncscssnnnee “
Dissipation Factor;
eyeles. ... . LLNe 4ITR
3 kee. . . N AT oS 4 L]
3 o, . . S5, BXH
Ate Hesistamry, sevorids . L [2X g L

RiC072
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Examples 4 and §

Essentizlly similar results as described in Examples 2
and 3 are obtained with modified thermoplastic poly-
hydroxyether compasitions containing 30% and 50% by
weight respectively of asbestos fibers.

Although the invention has been described in its pre-
ferred forms with a certain degree of particularity, it is
understood that the present disclosure has becn made
only by way of example, and that numerous changes may

be resorted to witkqut éeparting from the spirit and scope
of the inventién. —
at is claimed is:

. Thermoplastic compo:itions having bigh flexural
duli in excess of 1 108 p.s.i. consisting essentially of:
woptastic polyh;droxyether having the 2:2n-
erzl formula:

{D—0—E—03;

whercin D is the radical residuum of a dibydric
phenol, left afier removal of phenolic hydroxyl
groups, E is an hydroxyl containing radical residuum
of an epihalohydrin  havirg the  structure
—CH.CHOHCH——, and r rcpresents the degree of
polymerization and is at least 30, the reduced vis-
cosity of szid thermoglastic polyhydroxys:her when
maasured in tetrahydrofuran teing at least 0.43; and
(b) from abom 20 to $0% based on the weight of
thermoplastic polyhydroxyether, of refined wates-
dispersed and cpened asbestos fiters having an

10

15

20

25

10

average wet bulk volume greater than about 300 ml,,
an average dry bulk density of less than about 6 Ibs./
cu. ., an oil adsorplion greater than sbout 14 ml.
diocty] phthalate/10 grams of asbestos, an average
reflectance of greaier than aboul 72% and a mag-
petiz fraction less than about 1.0 weight percent.

2. The composition claimed in claim 1 wherein D is
the radical residuum of a bis(4-bydroxyphenyl)propane.

3. The composition claimed in claim 2 wherein the bis-
(4-hydroxyphenyl) propane is 2,2-bis(4-hydroxyphenyl)
propane and n is at least 80.

4. The composition claimed in claim 1 wherein the
epihalohydrin is epichlorohydrin.

&, The composition claimed in claim 1 wherein the
asbestos fibers are chrysotile fibers.

6. The coinposition claimed in claim 1 contairing about
40% of asbesics based on the weight of thermoplastic
polyhydroxyether.

7. Shaped structure formed from the thermoplastic
comgosition claimed in claim 1.
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