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[57] ABSTRACT

Polyester forming reactants of low volatility including
an organic acid or anhydride such as trimellitic anhy-
dride, and a polyhydric alcohol, such as dipentaery-
thritol or pentaterythritol, are admixed at a tempera-
ture above 400° F. with partially stabilized polypropyl-
ene and asbestos filler to provide a heat stabilized,
asbestos-filled polypropylene composition.

10 Claims, No Drawings
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HEAT STABILITY OF ASBESTOS-FILLED
POLYPROPYLENE

Matter enclosed in heavy brackets[ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue. -

BACKGROUND OF THE INVENTION

This invention relates to a method and a composition
for inhibiting the heat degradation of polypropylene
polymers filled with asbestos reinforcing fibers. More
particularly, the invention relates to stabilized filler
formulations, a method of incorporating asbestos fiber
and stabilizer during plastication of polypropylene, and
to polypropylene products possessing desirable physi-
cal characteristics.

3

10

15

Asbestos fibers possess many desirable properties for 20

use as a reinforcing filler for polypropylene. They im-

prove the hardness, stiffness, and heat deflection of

polypropylene compositions in which they are incorpo-
rated. However, asbestos fibers when used as reinforc-
ing fillers for polypropylene possess one major disad-
vantage—the promotion of polymer instability at ele-
vated temperatures. |
Polypropylene is commonly exposed to elevated tem-
peratures in making useful compositions and articles
out of the resin form, and also in normal uses of some
of these compositions and articles. Such customary
processing procedures as roll compounding, injection
molding, extrusion and the like involve elevated tem-
peratures. In such end uses as electrical insulation,

protective coatings for electrical wire, and plastic pipes
for hot water and steam, elevated temperatures are
frequently and normally encountered.

Despite the fact that asbestos fibers tend to acceler-
ate polymer degradation at elevated tempertures, as-
bestos fibers are widely used in polypropylene as a
reinforcing filler. The polypropylene heat degradation
problem has been ameliorated in the past by utilizing as
fillers varieties of amphibole asbestos such as anthop-
hyllite, in conjunction with chemical stabilizer systems.

While the cost of chrysotile asbestos is only 40 to 50
percent of the cost of anthophyllite, chrysotile’s greater
exposed surface area and potential for chemical reac-
tivity have generally required economically prohibitive
amounts of chemical stabilizers to achieve heat-degra-
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dation properties that even approach the properties of 50

anthophyllite-filled polypropylene. In other words, to

achieve the same heat stability properties, the cost of

the stabilizers needed for use with chrysotile have gen-
erally exceeded the sum of the cost of the stabilizers
needed for use with anthophyllite and the cost differen-
tial between the anthophyllite and chrysotile. Thus,
there has existed a need for improved stabilizer compo-
sitions, and for methods of inhibiting the heat degrada-
tion of asbestos-filled polypropylene.

SUMMARY OF THE INVENTION

The invention provides an improved heat stabilized,
asbestos-reinforced polypropylene composition com-
prising asbestos fiber, polypropylene, and the product
of compounding polyester forming reactants having a
melting point of from 250°-550° F. including 1 to 2
parts by weight of an organic acid or anhydride and 1 to
2 parts of a polyhydric alcohol, such as dipentaery-
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thritol or pentaerythritol in the presence of the poly-
propylene at a temperature above 400° F.

The invention also provides a process of producing a
fiber reinforced, heat-stabilized polypropylene article
comprising admixing at a temperature above 400°F. a
mixture comprising 1 to 2% by weight of an organic
acid or anhydride; 1 to 2% by weight of a polyhydric
alcohol such as pentaerythritol or dipentaerythritol;
dry asbestos fiber; and polypropylene resin; and mold-
ing the admixture to produce a heat stabilized polypro-
pylene article.

The invention further provides a filler composition
that is capable of improving the strength properties of
molded polypropylene articles without deleteriously
affecting the heat degradation properties of the article.
The filler composition comprises | to 2 parts by weight
of trimellitic anhydride; 1 to 2 parts by weight of penta-
erythritol or dipentaerythritol; and 35 to 40 parts by
weight of chrysotile asbestos fiber. For optimum prop-
erties, the filler composition also includes 1 to 2 parts
by weight in the aggregate of conventional peroxide
decomposition stabilizers such as dilauryl or distearyl
thiodipropionyl phosphites, or metal complexes, and
free radical scavengers such as ditert.-butyl-p-cresol
and other hindered phenols.

The invention improves the thermal degradation
properties of asbestos-filled polypropylene and permits
the economical substitution of chrysotile asbestos fi-
bers for anthophyllite fibers as reinforcing fillers for
polypropylene. At comparable cost levels, the stabiliz-
ing method of the invention can be utilized with chryso-
tile asbestos to provide almost double the oven life of
polypropylene-containing a comparable amount of
anthophyllite, and a commercial stabilizer. Alterna-

tively, if less of the stabilizer ingredients are utilized In
the method of the invention, then a comparable oven
test life can be achieved at a lower cost than is possible
using anthophyllite and a commercial stabilizer.

The invention also permits dramatically increasing
the oven life of anthophyllite-filled polypropylene.

In another embodiment, the invention provides a
method of producing a fiber reinforced, heat-stabilized
polypropylene article comprising (a) admixing at a
temperature above about 400° F. a mixture comprising
about 0.5-5 parts by weight of a stabilizing agent such
as pentaerythritol, dipentaerythritol and tripentaery-
thritol and carbohydrates such as maltol, which reacts
with metallic hydroxides such as Mg(OH). on the sur-
face of asbestos fiber; dry asbestos fiber; and polypro-
pylene resin to neutralize the chemical reactivity of the
metal hydroxide sites on the asbestos fiber; and (b)
molding the admixture to produce a heat-stabilized
polypropylene article. -

The pentaerythritols when added to polypropylene
and asbestos as dry ingredients and compounded there-
with are at least as effective in their heat-stabilizing
effects, and much less expensive, when compared to
the best known heat stabilizing techniques which in-
volve surface treating the fibers, such as treatment with
isocyanates or SiF, gas. The ability to achieve this de-
gree of heat stabilization starting with a relatively mex-
pensive dry ingredient is surprising and unexpected.

The invention resides in the novel processes, compo-
sitions, and improvements shown and described. Both
the foregoing general description and the following
detailed description are exemplary and explanatory,
and should not be considered to restrict the scope of
the mnvention. |
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DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

In accordance with the process of the present inven-
tion, an organic acid or anhydride, such as trimellitic
anhydride, and a polyhydric alcohol, such as dipenta-
erythritol, are admixed with asbestos fiber and polypro-
pylene resin at a temperature above 400° F. While the
exact reason that the present invention provides out-

5

standing stabilizing results has not been proven, it is 10

believed that the acid or acid anhydride and the poly-
hydric alcohol react to form a polyester, a reaction
which may decompose the peroxide radicals which
normally form on the polymer chain to initiate the
polypropylene degradation reaction. |
- The mvention effectively and efficiently stabilizes
asbestos-filled propylene polymers, that is, homopo-
lymeric propylene and copolymers of propylene and
another 2 to 8 carbon olefin. Good stabilizing results
are obtained on propylene copolymers which contain
at least about 80% by weight polymerized propylene in
the copolymer. Both the so-called “low density”’ and
“high density” or high crystallinity polypropylene com-
posttions can be stabilized .in accordance wn:h the in-
vention. .

The mvention is suitable for stabilizing solid resinous,
asbestos-filled. polypropylene compositions in which

the polypropylene has an average molecular weight of

15,000 and more, usually at least 20,000, and is readily
usable with commercial grades of polypropylene in-
cluding so-called prestabilized resin. Such polypropyl-
ene resins usually have a density of from 0.86 to 0 91
and a melting point above 150° C.

It is desirable to dry the asbestos fiber at tempera-
tures of at least 350° F. prior to mixing the fibers with
the other components of the mixture. It is believed that
any water present on the asbestos fibers is liberated
through stream distillation when the fiber, polypropyl-
ene and stabilizer constituents are admixed at elevated
temperatures. Steam  distillation tends to extract any
stabilizer, such as a dilauryl thiodipropionyl phosphite
which is susceptible to extractmn by water, and is
therefore undesirable.

The beneficial effects of the invention are achleved
when using -either- amphibole or- chrysotile asbestos.
However, because of chrysotile’s lower cost;, from an
economic standpoint the invention is most advanta-
geously practiced when chrysotlle 1s used as the rem-
fc:rcmg filler. | | |

[t 1s desirable In producmg a fiber reinforced, heat—
stabilized polypropylene article in accordance with the
invention to dry mix the organic acid or anhydride and
the polyhydric alcohol with the polypropylene before
admixing with the asbestos fiber. In addition, signifi-
cantly improved stabilization results are achieved if the
acid or acid anhydride, polyhydric alcohol, and poly-
propylene are prefluxed before addition of the asbestos
fiber; 1.e., admixed at a temperature above about 400°
F. | -

In an alternate procedure, trimellitic anhydride and
pentaerythritol (or substitutes) which are soluble in
water above 90° C. may be dissolved in distilled water
at 90° to 100° C. and applied by spray or immersion to
the fiber surfaces as a coating, and then air dried at
100° C. before dry mixing with the polypropylene and
a standard stabilizer system. Or the organic acid or
anhydride and the polyols in powder form may be dry
mixed with the fiber and stored at normal temperatures
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indefinitely before mixing with the polypropylene.
When applied as a fiber coating or dry mixed with the
fiber, the combination of trimellitic anhydride and
dipentaerythritol are as effective in providing heat sta-
bility to filled polypropylene as when dry mixed with
the polypropylene powder, fiber, and standard stablllz-
ers before admixing above 400° F, |

The preferred organic acids and anhydrides such as
trimellitic anhydride and the preferred polyhydric alco-
hols, pentaerythritol or dipentaerythritol, should have
relatively low vapor pressures at polypropylene work-
ing temperatures, that is, 450° to 500° F., so that they
are not lost from the mix during hot-working, and a
melting point of from 250° to 550° F. Other polyester-
forming reactants which can be used include organic
acids or anhydrides such as o-phthalic, and derivatives
of terephthalic acids having the requisite melting point
and volatility . characteristics; and hexahydric alcohols
such as the higher melting point forms of mannitol and
sorbitol and their derivatives.

The preferred polyhydric aleohols are belleved to
react in situ with alkali metal hydroxides such as the
Mg(OH), which is the surface layer of chrysotile fiber.
The ettect of this reaction is to neutralize the chemical
effect the Mg(OH), surface has on the polypropylene
degradation reaction during and after compounding
(plastication) and molding. The pentaerythritol used as
an admixture with standard stabilizer systems, but with-

out the organic acid, provides a substantial improve-

ment in heat stability which is equivalent in. effect to
other effective methods of fiber treatments or coatings
used for the same purpose; this heat stability is equiva-
lent to about 65% of that shown by the standard an-
thophyllite (uncoated) filled polypropylene.

The outstanding improvement in heat stability ob-
tained by using both dipentaerythritol and trimellitic
anhydride or suitable substitutes with chrysotile is be-
lieved to be the combined effect of the dipentaery-
thritol reaction with the fiber surface as described
above and the slow polyester forming reaction of the
two additives. | | :

Thus, as described above, it is desirable to preflux the
stabilizers with polypropylene for about one minute
before adding asbestos fiber because this. facilitates

melting and dispersing of the stabilizers and special

additives with the polyolefin before addition of chryso-
tile, thus giving maximum initial benefit. The stabilizing

ingredients are compatible with the resin at all temper-

atures to which the composition is to be subjected.
The stabilizers of this invention can be used in con-

without  disadvantageous effect upon the stabilizing
action of the other stabilizers. It is desirable and usually
necessary in order to obtain the maximum benefits of
the Invention to incorporate other stabilizers into the
polypropylene composition, especially those added as
free radical inhibitors, i.e., hindered phenols or organic
phosphites. Other stabilizers which act as peroxide
decomposers such as thioesters may be of less impor-
tance when used with the stabilizers of this invention.
Relatively low levels of these conventional stabilizers,
0.5 to 2 parts by weight per 10 to 40 parts by weight of
asbestos fiber, are usually incorporated into the poly-
propylene composition.

Preferably, the prefluxed or premixed stabilizer sys-
tem and polypropylene resin are admixed with asbestos
fiber in suitable mixing equipment, such as a mill, a

Banbury mixer, or an extruder. Mixing is continued



" Re. 29.099

S

until the ingredients of the admixture are substantially
uniform, and a temperature of at'least 400° F. and
preferably 450°-550° F. has been reached. The stabi-
lized, fiber-reinforced polypropylene can then be
molded into the desired shape by.any convenient tech- 5
nique. The asbestos-reinforced, stabilized polypropyl-
ene possesses good resistance to dlscoloratlon and em-
brittlement on aging and heating.

A sufficient amount of the polyester-forming reac-
tants, for example, trimellitic anhydride and penta- 10
erythritol or dipentaerythritol, with additional stabiliz-
ers, is used to improve the stablity against heat deterio-
ration under the conditions to which the polypropylene
composition will be subjected. Small economically
competitive amounts are usually adequaté. Amounts 15
within the range from about 1 to about 2 parts of each
of trimellitic anhydride and dipentaerythritol or penta-
erythritol per 35 to 40 parts of asbestos fiber impart
satisfactory heat resistance. Preferably, stoichiometri-
cally equivalent amounts of acid or acid anhydride and 20
polyhydric alcohol are used, unless the filled polypro-
pylene product is exposed to hydrolysis at high temper-
atures. Water extraction tests on asbestos-filled poly-
propylene suggest that the polyester forming reaction

reverses itself by hydrolysis at elevated temperatures. 25

As a result oven stability is greatly reduced especially
with chrysotile. A change in the stoichiometric propor-
tionts of acid and polyol to give a surplus of the organic
acid would be expected to inhibit the reverse reaction

and maintain oven life after water extraction. This is 30

primarily important only for filed polypropylene prod-
uct exposed to high temperature water (washing ma-
chine parts, etc.). |

The amount of asbestos filler incorporated is usually
from 10 to 40 parts per 100 parts of filled polypropyl- 35
ene composition. When additional stabilizers are em-
ployed to obtain additional stabilization effects, the
amount of total stabilizer is preferably within the range
from about 0.5 to about 2.0% by weight of the total
eomposmon meludmg polypropylene and asbestos fi- 40
ber. | ~

The total amount of polypropylene resin in the filled
polypropylene composition will be the balance required to
total 100 parts of composition after accounting for the
other components. | 45

~As a convenience for manufacturers of asbestos-
filled polypropylene products, the invention provides a
filler composition comprising 1 to 2 parts by weight of
trimellitic anhydride; 1 to 2 parts by weight of polyhyd-
ric alcohol selected from the group consisting of penta- 50
erythritol, dipentaerythritol, and mixtures thereof, and
35 to 40 parts by weight of chrysotile asbestos fiber.
This filler compos1tlon can be directly incorporated in
the polymer in suitable mixing equipment such as a
mill, Banbury mixer, or plastication rolls. The direct 55
incorporation of such a filler composition into polypro-
pylene permits achieving good heat resistance and is
very convenient. However, it should be noted that pre-
fluxing the stabilizers with the resin before addition of
the asbestos filler produces an oven test life that usually 60
exceeds that obtained by simply fluxing a filler eompo-
sition, as above described, with polypropylene resin.

For a better understanding of the invention, the fol-
lowing examples are provldecl These examples are
intended to be illustrative and should not be construed 65
as llmltmg the invention. All parts and percentages
listed in the specification and claims are by welght
unless otherwise noted.

6

' EXAMPLES -4

A series of heat—stablhzed asbestos ﬁlled polypropyl-
ene compositions are prepared in accordance with the
invention. Each composition.is formed by compound-

ing dry mixtures of a commercially available polypro-

pylene resin, chrysotile asbestos group 7 fibers, and
stabilizing iflgredients at 450° F. for about 3 to 5 min-

-utes.

Each of the composntlons includes trimellitic anhy-
dride and a polyhydric alcohol, 40 parts by weight of
chrysotile asbestos fibers sold by Johns-Manville Cor-
poration under the grade designation shown in Table I
below, and 1.8 parts of a standard, four-component
stabilizer mixture used in anthophyllite-filted polypro-
pylene. Sufficiently polypropylene is provided to bring
the total weight of each composition to 100 parts.

The compounded mixture is compression molded
into % inch thick sheets. The molded sheets are then
tested to determine their oven life at 310° F., that 1s the
time in hours until 10% degradation occurs. Table ]
below shows the oven life at 310° F. of the composi-
tions of Examples 1-4. |

TABLE I
| Oven life
Asbestos | | | at 310°F.
(grade | I - {(hours to
desig- Chemical stabilizers 10% degra-
Example nation) (parts by j_.feight) | dation)
] 7R Trimellitic anhyd_ride (2) | 1,930
Dipentaerythritol (2)
5 TR Trimellitic anhydride (1.5) 1,800
Dipentaerythritol (1.5) o o
3 M Trimellitic anhydride (2) | ;93(}
Dlpentaerythrltol (2)
4 TR Trimellitic anhydride (2) 1,310
Pentaerythrlto] {(2)
Anthophyllite - 900

- control.

A control test is run in which 40 parts of a commer-
cially available anthophyllite asbestos fiber (Aplex 101
sold. by Asbestos Corporation of America) is incorpo-
rated in 58.2 parts of polypropylene resin and 1.8 parts
of the standard commercially utilized, four-component
stabilizer systemn. No trimellitic anhydride or polyhyd-
ric alcohol was added. The oven life of this control
composition is also shown in Table 1. The compositions

of Examples 1-4 all exhibit a significantly increased

oven life at 310° F. compared to the control composi-
tion. Significantly, the compositions of Examples 1-4
can be formulated at less cost than the control compo-
sition containing anthophyllite. - | |

The beneficial stabilizing effects of this invention are

‘much greater when the acid or acid anhydride and a

polyhydnc alcohol are each present in unreacted form
prior to being admixed with the polypropylene than
when the anhydnde and alcohol are prereaeted before

| admlxture

‘Trimellitic anhydride and polyhydrle aleohols (poly-

~ols) are known to combine by condensation reaction at

elevated temperatures to-form a polyester. Final cure
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of the polyester to a thermoset condition takes place
very slowly by free radical polymerization (between
polyester chains) which requires breakdown of an or-
ganic peroxide catalyst. In the asbestos-filled polypro-
pylene composition of this invention, the unwanted
peroxides (which form on the polypropylene chains
and initiate degradation) are believed to be decom-
posed by the slow polymenzstlen of - the polyester
formed by the organic acids and pelyels described m
this invention.

Because trimellitic anhydride and polyhydric alcohol
are known to combine by condensation reaction at
elevated temperatures to form a polyester, the possibil-
ity that a polyester per se might be an effective stabiliz-
ing agent was tested by the following procedure. Chrys-
otile fiber sold by Johns-Manville Corporation under
the grade designation 7R was coated with a commercial
grade of a liquid polyester diluted by 50% styrene
monomer ( Altek 8-JM sold by Alpha Chemical) with-
out using the usual peroxide catalyst by vacuum im-
pregnation. When compounded and molded with poly-
propylene in accordance with the procedure described
above for Examples 1-4, the resulting composition
provides an oven stability of only 600 hours, equivalent
to other fiber treatments which neutralize the chemical
reactivity of the asbestos fiber surfaces (including
dehydroxylation at elevated temperatures, reactions
with SiF, gas or isocyanates at normal temperatures).
When the peroxide catalyst was added to the polyester
before being applied as a fiber coating, the end result
was a 50% decrease in oven life of the molded sheet at
310° F. Adding the peroxide catalyst to the polyester
apparently inhibited its ability to decompose peroxides
which form on the polypropylene chain. These resuits
support the theory that the outstanding effectiveness of
the trimellitic anhydride-polyhydric alcohol mixture in
stabilizing asbestos-filled polypropylene results from a
polymerization reaction of these stabilizers that decom-
poses peroxide radicals which normally form on the
polymer chain and initiate the polypropylene degrada-
tion reaction.

The molded sheets produced in accordance with Ex-
amples 1-4 and the anthophyllite control sheet are
subjected to flexural strength tests and heat deflection
tests with the results shown in Table II below:

TABLE 11
Flexural _
Ultimate Heat
Modulus, strength, deflection,
Example p.s.i. X 10° P.S.i. °F.
Anthophyllite control 5.50 7,280 182
1 4.72 7,900 239
2 5.10 8,350 234
3 5.31 8,330 226
4 6.71 8,860 205

The results of the flexural tests and the heat deflec-
tion test show that the stabilized asbestos composition
of this invention possess physical properties that are
- comparable to or exceed the properties exhibited by an
anthophyllite-containing composition containing a
conventional commercial stabilizer.

"EXAMPLE 5

A stabilized, anthophyllite-filled polypropylene sheet
is formulated in accordance with the procedure out-
lined for the anthophyllite control in Examples 1-4 and
containing 2% trimellitic anhydride and 2% dipentaery-
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thritol in place of a like weight percent.of polypropyl-
ene. This sheet shows a 10% degradatlen at 1760

hours, at 310° F., an improvement of over 800 heurs in

oven life. S
EXAMPLE 6

An asbestos-filled polypropylene composition is

formed by compounding 56 parts of polypropylene

resin, 40 parts of chrysotile asbestos fiber, 2 parts of
trimellitic anhydride, and 2 parts of dipentaerythrito!l at
450° F. for about 3 to 5 minutes. The compounded
admixture is then compression molded into & inch
thick sheets. When tested for oven life 'at 310° F., the
composition of Example 6 exhibits mgmficantly 1m-
proved oven life over a composition containing only
chrysotile asbestos fiber and polypropylene.

EXAMPLE 7

An anthephylltte -filled polypropylene sheet i1s formu-
lated in accordance with the procedure outlined for the
anthophyllite control of Examples 1-4 with the addi-
tion of 2% tripentaerythritol and 2% fumaric acid
which replaces trimellitic anhydride in the formulation.
The resulting composition exhibits an oven test life of
1656 hours at 310° F. an improvement of better than

- 700 hours when compared to the oven life of the con-
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trol.

The foregoing detailed description has been prewded
for clearness of understanding only and no unnecessary
limitations should be implied therefrom. Some modifi-
cations of the process and preduct described may be
readily apparent to those skilled in the art.

What is claimed 1s:

1. A process of producing an asbestos reinforced,
heat-stabilized polypropylene article comprising:

(a) admixing at a temperature above about 400°F. a
mixture comprising, in parts by weight [ per 100
parts by weight of polypropylene 3. 1 to 2 parts of
polyester forming organic acid of acid anhydnde
having a melting point of 250°-550° F.; 1 to 2 parts
of a polyhydric alcohol having a meltmg point of
from 250°-550° F.; 10 to 40 parts of asbestos fiber;
and sufficient polypropylene resin to make a total of
100 parts of admixture; and |

(b) molding the admixture to produce a heat-
stabilized article.

2. The process of claim 1 1nclud1ng the step of pre-

fluxing at a temperature above 400° F. the ingredients

of said mixture other than said asbestos fiber before the
admixing step.

3. The process of claim 2 in which the asbestos fiber
is chrysotile and including the step of drying the chrys-
otile asbestos fiber at a temperature above about 350°
F. before the prefluxing step to remove moisture from
the fiber which would otherwise distill from the mix-
ture. -

4. The process of claim 1 in whleh the orgamc acid or
anhydrlde is trimellitic anhydride and the polyhydric
alcohol is dipentaerythritol. |

‘5. The process of claim 4 in which said mlxture in-
cludes about two parts by weight of trimellitic anhy-
dride, two parts by weight dipentaerythritol snd 35 to
40 parts by weight of asbestos fiber.

6. The process of claim 1 in which 0.5-2.0 parts by
weight of a free radical inhibitor selected from the
group eonslstmg of hindered phenols and organic phos-
phites is admlxed w1th the asbestos fiber and pelypro-
pylene resin.
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7. A heat-stabilized filler-reinforced polypropylene
composition comprising, in parts by weight [ per 100
parts by weight of polypropylene 3. 35 to 40 parts of
ashestos fiber, [ polypropylene, and 3 the product of
compounding 1 to 2 parts of an organic acid or anhy-
dride and 1 to 2 parts of a polyhydric alcohol, the or-
ganic acid or anhydride and the polyhydric alcohol
having a melting point of from 250°-550° F., in the
presence of the asbestos fiber and polypropylene at a

temperature above about 400° F., and sufficient poly-

h
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10
propylene resin to make a total of 100 parts of composi-
tion. |

8. The composition of claim 7
mately equal parts by weight of trimellitic
and the polyhydric alcohol are present.

9. The composition of claim 8 in which the polyhyd-
ric alcohol is dipentaerythritol.

10. The composition of claim 8

chrysotile asbestos.
o : & % :

in which approxi-
anhydride

in which asbestos Is
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