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ABSTRACT OF THE DISCLOSURE

An elastically compressible dry foam material is made
by dispersing fibrous asbestos in a liquid, foaming the
dispersion, molding the foamy dispersion, and then dry-
ing it at 40 to 100° C. Subsequent tempering above 200°
C. results in a bulk-elastic material of 0.002 to (.3 g./cm.3
specific gravity which is heat and sound insulating, non-
flammable and chemically stable.

—— T R T e

My invention relates to porous and elastically fiexible
insulating bodies consisting substantially of inorganic fiber
material and to methods of producing such bodies.

It has long since been known to produce shaped in-
sulating bodies of foam material, particularly organic ma-
terial such as synthetic plastic. As a rule, a distinction is
made between rigid foam bodies, the so-called hard foams
(for example polysterene) and flexible, sponge-like
products (foam rubber). None of these foam bodies, how-
ever, exhibits a satisfactory thermal stability. Even if the
skeleton substance itself is not inflammable, it detericrates
under the effect of elevated temperatures by embrittling or
melting, depending upon the kind of organic skeleton ma-
terial being employed, and ultimately becomes decom-
posed and carbonized.

It has been attempted to minimize the thermal sensi-
tivity of such foam bodies by employing inorganic skele-
ton materials (foam concrete, cell concrete and the like).
However, such products in comparison with the known
organic products exhibit an excessively high specific
gravity and completely lack the desired flexibility.

Solving thermal insulation problems therefore has in-
volved the predicament of either employing organic foam
bodies favorable as to specific gravity and elasticity but
unfavorable as to thermal stability, or resorting to foam
bodies of the inorganic type, thus achieving thermal sta-
bility at the expense of a disadvantageously high specific
gravity and a virtually absent elasticity.

Generally, the use of structural bodies of one or the
other type of foam material has the advantage that these
materials are readily accessible and that a large number
of methods are available of producing various foam bodies
in any desired shapes.

It is an object of the invention, therefore, to provide
insulating foam bodies of any desired shape which are
free of the above-mentioned disadvantages heretofore
encountered with such bodies and hence are not inflam-
mable, exhibit sufficient elasticity and sufficient thermal
stability, do not tend to embrittle and/or do not have an
excessively high specific gravity.

I have discovered that porous, flexible and bulk-elastic
and non-inflammable, shaped insulating bodies consisting
substantially only of inorganic fibers can be produced
in an extremely simple manner by first preparing a foamy
dispersion of asbestos fiber material, then molding the dis-
persion to the desired shape, and then solidifying the
molded product to obtain the shaped elastic body.

It is known to employ asbestos fibers as an admixture
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in the production of shaped insulating bodies. Generally,
however, the bodies heretofore produced in this manner
constituted rigid porous structure on silicate or hydraulic
base in which the asbestos fibers are contained as rein-
forcing inclusions. Further known are bodies made of
mixtures of rock-wool and cellulose fibers with silicate
binding agents, but these have the disadvantage of being
partially inflammable, aside from exhibiting an unsatis-
factory elasticity.

I have found that by virtue of the above-described
method according to the invention, employing otherwise
conventional foaming processes, there result shaped in-
sulating bodies which, for example in the temperature
range of —100° up to more than -+550° C., exhibit no
fatigue phenomena even under continuous stress. Further-
more, the insulating bodies made according to the in-
vention possess an extremely low specific gravity, for ex-
ample between 0.002 and 0.03, preferably between 0.005
and 0.01 g./cm.3.

The method according to my invention is preferably
performed by preparing dispersions of asbestos fibers,
preferably aqueous dispersions, in which the asbestos ma-
terial is largely dissociated down to the individual fibers
or down to bunches comprising only a few individual
fibers. The preparation of such dispersions is preferably
effected by first wetting the asbestos fiber material, then
foaming or swelling the wetted fibers, and thereafter add-
ing into the swelled asbestos fiber material, the agents
required for complete dispersion and foaming. In ma-
terial whose fibers, for example, have been individualized
down to a diameter above 10x approximately, has been
found to be well suitable. Especially favorable have been
found masses in which the main quantity of the fiber
bunches has a diameter of aboui 20 to 100y, although
bunches of larger thickness of up to 200 or 300 are like-
wise applicable.

Applicable to advantage are additional mineral fibers
such as rock-wool fibers, glass fibers and similar materials.
Suitable, for example, is rock wool produced from talc
as available in the trade under the name “Silanwolle.”
Further suitable is spun glass made alkali-free by applica-
tion of acid and heat, such a glass material being avail-
able in the trade under the name “Refrasil.”

Virtually all kinds of asbestos, including those of in-
ferior quality, are suitable, for example chrysotile-asbestos
3R, Cassiar A, AA, AK, CuG3, TC299, blue asbestos
Cape C and D. Relative to these various kinds of asbestos,
reference may be had to “Handbook of Asbestos Textiles,”
second edition, Asbestos Textile Institute, Dr. Myril C.
Shaw, secretary, Schoolhouse Lane, Philadelphia 44, Pa.

As mentioned, conventional foaming processes may be
used for producing the insulating shaped bodies according
to the invention.

In general, the dispersion of the asbestos fibers or of
the asbestos-containing mixture of inorganic fibers (dis-
persion of fine fiber bunches or individual fibers) is mixed
together with a foaming medium, and the dispersion is
then converted to foam. Preferably used as dispersion me-
dium is water, or preparations which contain water, for
example a mixture of water with organic water-soluble
liquids such as alcohol, or water mixed with liquids which
form an emulsion. Also applicable, however, are water-
free organic liquids. In each case the dispersion medium
may contain other organic or inorganic auxiliary agents.

Suitable as organic water-soluble substances for use in
the dispersion are alcohols such as methanol and ethanol.
The alcohols added to the aqueous dispersion serve, on the
one hand, to give the foam finer and more uniformly dis-
tributed pores and, on the other hand, to reduce the energy
required for subsequently evaporating the water. Suitable
as emulsifying substances to be added to the dispersion are
low-boiling liquids, for example dichlordifluormethane.
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The purpose of adding an emulsifying substance is the
following. When this substance is added to the dispersion
of asbestos fibers at low temperature and under pressure,
and the entire mixture slightly foamed, the mixture can
be filled into pressure containers such as bottles. When
thereafter the foam is released from the pressure bottle
through a reduction valve at normal room temperature,
the low-boiling, volatile substance causes a great amount
of foaming which facilitates employing the resulting foam
in situ,

Other organic or inorganic auxiliary agents which may
be added to the dispersion medium are, for example, the
following,

Inorganic additions:
Graphite.
Perlite.
Vermiculite.
Kieselguhr.,

Organic additions:

Teflon.

Synthetic resins, epoxide resins, phenol formaldehyde
resins and melamine resins.

Styrene.

Such further inorganic or organic additions serve the
following purposes. The inorganic auxiliary additions as
well as Teflon, serve as fillers which increase the specific
gravity of the foam material. Synthetic resins permit
rendering the resulting foam material hydrophylic or add-
ing a pressing operation to obtain shaped insulating bodies
which are resistant to high temperature. Styrene with an
addition of catalysts can be polymerized at temperatures
between 60 and 100° C. Foam-promoting additions to
the dispersion may consist of soaps, for example salts of
fatty acids, particularly alkali salts of fatty acids, such as
sodium stearate or sodium oleate, and other known foam-
ing agents. The ratio of fiber material to foam-forming
material is generally kept between 10:1 and 1:1 (all parts
are by weight). Preferred is the range of approximately
5:1 to 2:1 and particularly a fiber/foaming-agent ratio of
about 3:1. It has been found advantageous to add alk-
arylsulfonates, such as alkylbenzenesulfonate, alkylnaph-
thalensulfonate and similar compounds. Added to the dis-
persion in such cases are either non-ionic interlinking or
wetting agents or ionic agents whose charge is preferably
opposite that of the asbestos fiber; that is when chrysotile
asbestos is being used, the addition should be anionic and
when blue asbestos is used, the addition should be cationic.
In most cases, the wetting or interlinking agent is added
in quantities of 1 to 10%, preferably 3 to 7%, by weight
relating to the weight of the fiber material.

Suitable as anionic addition according to the foregoing
are for example the following materials:

The material available in the trade under the name
“Rapidnetzer,” consisting of sodium sulfonate or succinic
acid; or Duponal, consisting of sodium lauryl sulfate; or
Ruco-Netzer, consisting of sodium salts of the fatty
alcohol-sulfates.

Applicable as the above-mentioned cation-active addi-
tion is the material available in the trade under the name
Repelat D, consisting of laurylpyridiniumsulfonate or tri-
ethyllaurylammoniumchloride.

Suitable as non-ionic additions are polyglycolether de-
rivatives, for example palmitylpolyglycolether or stearyl-
polyglycolether.

I have found that the asbestos fiber dispersion can also
be foamed satisfactorily without adding any soap, that is
by adding only Duponal or Ruco-Netzer, for example.

In most cases the dispersion bath employed contains 0.5
to 8%, preferably 1 to 5% by weight of fibers relative to
the weight of the dispersion medium, particularly water,
even though higher concentrations of fiber materials are
likewise applicable. Conventional industrial water is appli-
cable. Hard water, for example with a hardness of 13-16°
and more, has been found particularly favorable. The
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degree of hardness is here given in German graduations
(° dH). A German degree of hardness (1° dH) corre-
sponds to 10 mg. CaO in 1 liter Hy,0. 1° dH=1.79° French
hardness=1.25° English hardness. The German hardness
scale is in accordance with the German industrial standard
according to DIN-Standards Nos. 8101-8106.

The conversion of the suspension to foam is effected by
stirrers, by blowing gas through the dispersion, by pump-
ing, beating and other foam-producing means. The pore
size and thus the insulating properties are determined by
the kind of foaming agent used, by the particular foaming
process employed and also by the ripening periods. The
size of the foam cells may also be controlled or modified in
known manner by length of the processing time, the dry-
ing temperature (a lower temperature produces smaller
pores), and by a combination of such expedients.

The resulting foam can be shaped in any suitable man-
ner. For example, it may be cast into molds. Injection
molding is likewise applicable. The foam may further be
sucked by vacuum into a mold. It may be trowelled or
centrifugally flung into a mold. Another way of shaping
is to impregnate the foam with synthetic resin and then
mold the bodies in any suitable manner. A further possi-
bility is to employ as a mold a structure to be insulated.
In this case, the foam material is placed upon the struc-
ture to be insulated and is solidified in contact with and
adherence to the structure.

The solidification of the foam after shaping is likewise
effected in known manner in dependence upon the foam-
ing process used. The solidification may be modified or
controlled by employing suitable hardeners or bonding
agents which in some cases may be added already to the
dispersion of the asbestos fiber. Thus, for example, syn-
thetic plastic material such as silicone resin may be
entered into the dispersion of asbestos fibers before stirring
the dispersion to a foamy mass and processing it as de-
scribed above. The addition of synthetic resins mainly
serves to provide uniform pores in the foam, but also
affords making the finished asbestos-foam material hy-
drophobic.

The resulting solidified bodies of foam may thereafter
be subdivided in any desired manner, for example by
cutting or sawing, or the shaped body may be used as it
comes out of the mold. Particularly favorable insulating
qualities are obtained when care is taken to have the
individual cells in the foam closed and sealed so that
virtually no exchange of gas takes place between the in-
dividual cells. This effect is achieved for example when
employing soaps as foaming agents (alkali salts of fatty
acids) with dispersions of asbestos fibers.

By employing the above-described starting materials
and processing steps, T have succeeded in producing
shaped insulating bodies which for all technological pur-
poses consist only of asbestos fibers, i.e., are virtually free
of bonding agents. This flexible bulk-elastic material may
contain slight quantities of the auxiliary agents employed
for producing the dispersion. Any such trace amounts
however do not affect the behavior of the products made
according to the invention as to their inorganic asbestos
qualities.

Of course, if desired, the products according to the
invention may be charged with other substances during or
after the production process. For example, bonding agents
or fillers may be added. However, in contrast to the known
asbestos-containing shaped bodies of insulating materials
in which the presence of considerable amounts of bond-
ing agents is indispensable, such additions are not neces-
sary for products made according to the invention.

After formation and shaping of the foam material, the
foam body is dried, for example at 40 to 100° C. It may
then be subjected to further heat treatment at higher
temperature, preferably at an approximate minimum tem-
perature of about 200° C. This makes it possible to ar-
rive at a flexible material in which the foam-forming
agents, which prior to the heat treatment may have
amounted to a few percent by weight, for example 5%
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relative to the asbestos, are partially destroyed and par-
tially driven out of the material by diffusion, so that
ultimately only negligible traces will remain. The subse-
quent heating may result in the occurrence of some reac-
tions between the inorganic skeleton fiber and the sub-
stances employed for foam formation, thus permitting a
modification of the fiber properties in a desired man-
ner. The thermal after-treatment may also be effected in
situ. This is preferable particularly in cases where the
foam material is deposited upon a structure to be insulated
and is then solidified while adhering to the structure.

Insulating shaped bodies according to the invention
are applicable in all cases where insulating structures are
to be subjected to a large range of temperatures and are
required to have only slight weight, to be substantially
not inflammable or also acoustically of good sound-sup-
pressing properties. Insulating bodies according to the
invention are therefore particularly well applicable for
airplane, rocket, vehicle, house and ship construction,
also as insulating material for refrigerating, air-condi-
tioning and the like purposes. Described in the following
are typical examples,

Introductory remarks to Examples 1 to 6

The following examples of compositions Nos. 1 to 6
can be processed in the same manner. It therefore appears
helpful to first describe the processes applicable with
these examples.

The mixtures specified under each of Examples Nos.
1 to 6 are stirred or beaten in a vessel until converted to
foam. This is done with the aid of a medium-speed stirrer
mechanism or also by means of a circulation pump. The
foam is cast into molds and thereafter dried. The casting
operation in each case may be greatly facilitated by suck-
ing the foam into the evacuated mold so that the foam
will adhere to the mold walls on which it is dried. The
foam material of each Example 1 to 6 may also be
deposited in situ by spackling or by spraying it from a
pressure container onto a base or support to which the
finished product is to remain adherent.

The foam in the molds or in situ is dried at tempera-
tures between 50 and 150° C. The product thus obtained
from the mixtures according to Examples 1 to 6 has a
specific gravity of approximately 0.002 to 0.03 kg./dm.3.
It exhibits excellent heat-insulating and sound-insulating
property, is bulk-elastic and flexible. In this constitution
the foam may be used as a finished product although
it still contains slight residues of the organic additions.

However, the completely dried foam material may be
additionally subjected to high-temperature treatment. The
temperatures preferably employed are above 200° C., and
the treatment is effected in a steam atmosphere to pre-
vent oxidation of the organic constituents. Any organic
substances, such as interlinking and foaming agents, as
may still be contained in the dried foam, are eliminated
by the high-temperature treatment down to negligible
traces. It has been found that the high-temperature treat-
ment need not necessarily be effected in a steam atmos-
phere. It suffices to temper the dried foam in normal at-
mosphere. However, the temperature treatment in steam
offers the advantage that the organic substances can be
reclaimed in this manner, whereas they oxidize when tem-
pering in normal atmosphere.

The product resulting from the subsequent tempering
at high temperature consists substantially of pure asbestos
only. In addition to the properties already mentioned
above (namely, a specific gravity between 0.002 and 0.3
g./cm.3 heat- and sound-insulating qualities and bulk-
elastic flexibility), the product is no longer flammable,
chemically stable, non-meltable and free of odor. It can
be employed in temperature ranges below 0° up to
+550° C.
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EXAMPLE 1
Ratio of
asbestos
to foaming
Grams Percent agent
Chrysotile Abestos 3R _ ____...._... 1,110.0 1.83 2.5:1
Soap (sodium stearate) ____........_ 444.0 0.73
Anionielinking agent (sulfonic ester
of suecinic aeid) _ __.._._.._____.___ 66. 6 0.11
Water 13° dH 58, 000. 0 95. 68
Methanol. ... ... . 1,000.0 1,65
60, 620. 6 100. 00
EXAMPLE 2
Ratio of
asbestos
to foaming
Grams Percent agent
Chrysotile Asbestos 3% ... _____ 600.0 1.92 1:1
Soap (sodium oleate) _________.______ 600.0 1.92
Non-ionic emulsifier: Palmitypoly
glycolether or stearicacidpoly-
glycolether.__ 80.0 0.26
Water 20° dH_. 30, 000.0 95. 90
31, 280.0 100. 060
EXAMPLE 3
Ratio of
ashestos
to foaming
Grams Percent agent
Blue Asbestos Cape Cooooommeeao. 227.0 1,53 2.05:1
Soap (sodium stearate) - ..._.____.__ 1110 0.75
Cationie linking agent:
Triethyllaurylammonium-
chloride_ ______________________.__ 16.7 0.11
Water 16° dH ool 14,500.0 97.61
14,854.7 100. 00
EXAMPLE 4
Ratio of
asbestos
to foaming
Grams Percent agent
Chrysotile Asbestos 3K ..o coenon.e 600. 0 2.42 ) 3:1
Anionic active linking agent: Du-
ponal (sodium laurylsulfate)..__.. 200. 0 0.81
Water 20° dH oo 24,000.0 96.77
‘ 24,800.0  100.00
EXAMPLE 5
Ratio of
asbestos
to foaming
Grams Percent agent
Chrysotile Asbestos Cassiar A______ ca. 300.0 0. 51 13.5:1
Mineralwool ... __..___ ca. 600.0 102
Ruco-Netzer: (Sodium salt of a
fatty alcohol sulfate) ... _. 66. 6 0.11
Water 13°d¥l ...l 58, 000.0 98. 36
58, 966. 6 100. 00
EXAMPLE 6
Ratio of
asbestos
to foaming
Grams Percent agent
600. 0 2.24 4.8:1
125.0 0. 47
Rapidnetzer
succinic acid)_. - - 75.0 0.28
Water 15° dB oo 26, 000. 0 97.01
26,800.0 100. 00
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EXAMPLE 7

8

3. The method according to claim 1, wherein the as-
bestos comprises fibers and bunches having a diameter of

R%tiot of about 20 to about 100.
to foaming 4. The method according to claim 1, which comprises
Grams  Percent agent admixing other mineral fibers to the asbestos fibers and
Clirysotile Abestos 3F__._______._ 600.0 241 2.5:1  dispersing the mixture in said liquid dispersion medium.
Amog;c hlnkm% aﬁ;ctngz Duponal 2500 100 5. The method of producing porous and bulk-elastical-
Di‘g&;}%ﬁg&;‘etﬁ:ﬂé’(g‘;z;ﬂéﬁg g . ly flexible ins:ulating bo@ies of inorganic ﬁbel: {naterifil,
s Frleﬁgnd% Frigene). ... ... o 0%8.% 9%. gé which comprises dispersing an asbestos-containing min-
R i : 10 eral fiber material in an aqueous dispersion medium con-
24,910.0 100. 00 taining a foam-promoting addition, foaming the resulting

This mixture is especially designed to be filled into pres-
sure bottles. The mixture is first stirred at a pressure
slightly above atmospheric and at a temperature only
slightly above normal room temperature, until it has a
somewhat foamy constitution, The mixture is then filled
into the pressure bottles. When the mixture is released
through the reduction valve of the bottle at normal room
temperature, the low-boiling dichlorodifluoromethane
causes the mixture, as it issues from the valve, to be
subjected to intensive foaming. The foam can thus be
deposited upon any desired support into a mold.

EXAMPLE 8

If the foam material is to be polymerized, the follow-
ing mixture, for example, is suitable:

15

20

25

dispersion, molding the foam to the shape of the insulat-
ing body while the foam still contains the fiber material
in dispersion, and drying the molded foamy dispersion.

6. The method according to claim 5, wherein said dis-
persion medium contains soap or detergent.

7. The method according to claim 5, which comprises
solidifying the molded foam by subjecting it to drying
below 100° C. and to subsequent heating at higher tem-
perature.

8. The method according to claim 5, which comprises
solidifying the molded foam by subjecting it to drying
at a temperature of 40 to 100° C. and to subsequent
heating at a minimum temperature of approximately
200° C.

9. The method according to claim 5, wherein said inor-
ganic fiber material is a mixture of rockwool and asbestos
fiber.

Ratlo of 10. A porous insulating material consisting substantial-

to foaming 30 ly of an asbestos-containing mineral fiber mixture having

Grams  Porcent agent a preponderant asbestos content by weight and forming

Chrysotile Asbestos 3F_.____._.._... 600. 0 2.39 3:1 a dry foam whose specific gravity is between 0.002 and

it i B 4 0.03 g./cm3, said dry foam being non-inflammable, and
Catalyst: (Benzeneperoxide)...___.. 6.0 0.02 bulk-elastic.

Water 16° Qoo 24,000.0 95.60 385 11. A porous insulating material consisting substan-

25,106.0 100. 00 tially only of a dry bulk-elastic foam of fibrous asbestos

The mixture is foamed and molded or processed in
situ as described in the introductory remarks to Examples
1 to 6. Thereafter the polymerization is effected by heat-
ing the foam at a stepwise increased temperature between
65° and 100° C. The dried foam product is still flexible
and can be molded and pressed to highly heat-resistant
shaped bodies of low specific gravity.

EXAMPLE 9

The following mixture is suitable to be pressed to
shaped bodies of extreme resistance to heat:

40

and having a specific gravity between 0.002 and 0.03
g./cm3 and a temperature range of elastic deformation
which comprises the range of —100° to +550° C.

12. A porous insulating material consisting substan-
tially of a dry bulk-elastic foam of fibrous mineralic ma-
terial predominantly composed of asbestos and having a
specific gravity between about 0.005 and about 0.01
g./cm.3,

13. The method according to claim 5, wherein said
fiber material consists substantially all of asbestos and
which comprises solidifying the molded foam by subject-
ing it to drying at a temperature of 40 to 100° C. and to
subsequent heating at a minimum temperature of approx-

55%2;}35 5o imately 200° C., whereby the resulting elastic body con-
Grams  Percont to foa;nglll% sists substantially only of asbestos.
r £ 14. The method according to claim 1, which comprises
Chrysotile Asbestos 3K ooo—ememeerne 600.0 2,41 4.6:1 ifvi TP Tr : . .
Shuysotlle Asbestos IK-....-— .- s oy modifying the solidification of the dispersion by adding
‘ly?rstter (:)[fﬁ sxﬁ%—succinic acido.ooooo- ” 088.8 gg. ﬁg thereto a synthetic plastic in a guantity sufficient to make
a S0 5 S, , 000, 3 .
Melzi:rrnjne-formaldehyde polye 55 the products hydrophobic. . .
e 150.0 0.60 15. The method according to claim 1, which com-
24,960.0 100. 00 prises modifying the solidification of the dispersion by

After foaming, the mass is dried in molds at tempera-
tures between 60° and 130° C. The dried foam material
is still flexible and can be pressed to hard-shaped bodies
of extreme resistance to heat, particularly suitable for
electrical purposes on account of their good insulating
qualities.

I claim:

1. The method of producing a dry, porous and bulk-
elastic insulating foam material of inorganic fibers, which
comprises dispersing fibrous asbestos in liquid dispersion
medium, converting the resulting dispersion to a foam
still containing the fibers in the dispersed state, molding
the foam of fibrous dispersion, and drying the molded
foam to obtain the bulk-elastic material.

2. The method according to claim 1, wherein the as-
bestos comprises fibers and bunches having a diameter
above 10u.

60

65

70

75

adding silicone resin to the dispersion in a quantity suf-
ficient to make the products hydrophobic.

16. The method according to claim 1, which comprises
modifying the solidification of the dispersion by adding
melamine-formaldehyde polycondensate to the dispersion
in a quantity sufficient to make the products hydrophobic.
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