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The present Invention relates to a process for
the manufacture of artificlal asbestos-like ma-
terial. It consists essentlally therein that oxide-
silicate foundation masses of approximately the
chemical composition of the products to be man-
ufactured but preferably contalning an excess of
NazO (f desired replaced In part by CaQ) are
heated In the presence of certaln products,
namely fiuorine compounds and water, to tem-
peratures below thelr melting point. Preferably
the operation is carried out in a closed or indl-
rectly heated reaction chember.

In the case of the constltuents which are not
volatile under the conditions of the reaction
(e. g. MgQ) the differences of the composition
of the starting products must not differ very
much from the analytical result of the corre-
sponding natural asbestos by eg. 10% or even
less when that particular same type of asbestos
13 to be obizined; if it is only desired to obtain
asbestos, ho matter of what composition, then
1t is suficlent that all the constituents of asbestos
should be present In the ingredients, the com-
bination belng Immaterial; NaaO must always be
present. In the case of the constituents which
are volatile under the reaction conditions, in the
first ease If 1t 1s desired to obtain an ashestos of a
certain composition such an excess must be pres-
ent that quantities corresponding to those found
by analysis In natural asbestos are present at the
end of the reaction. In the second case if any
asbestos Is to be obtained 1t is sufficient that the
constituent concerned s present at the end of
the reaction, or an equivalent constituent, e.g.
CaO instead of NaaO, FeQ Instead of MgO,
Alz0On Instead of 5103 (all may only be partly re-
placed). Naturally all constituents which are
not absolutely necessary for the formation of
asbestos can be omitted. BSI10, MgO, Na:0 must
always be present (the last named as stated must
be always present In excess compared with nat-
ural asbestos, unless another composition of the
synthetic asbestos 1s considered), otherwise the
NazO excess must amount from about 2% if the
natural asbestos contains NaiO to approximately
20% (with rising temperature less).

Naz0 may be replaced by CaO up to about 80%

8102 may be replaced by AlzOz up to about 10%

MgO may be replaced by FeO up to about 0%

The quantity of fluorine amounts approxi-
mately to 3-40% of the asbestos, the first per-
centage helng preferably in the case of a closed
reaction vessel, the latter In the case of an open
reaction vessel; in the latter case 20 to 309 Is the
optimum quantity. ‘The lowest quantity of water
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amounts to 10% in closed reaction vessels (al-
ready Introduced by the constituents of the start-
ing mixture) to 1500%, preferably 300 to 500%.
‘The water is preferably intraduced into the reac-
tlon mixture as steam. With increasing pressure
less water is necessary. ‘The water used up by
the reaction, e.g. also by escaping water-contain-
ing reaction gases is replaced in any suitable
form: liquid water, steam, water-containing ma-
terials o.th.l.

When working under pressure the temperature
can be a5 low as 260°C. and when working with-
out pressure it can be as low as about 700°, In
the former case the best results are obtained at
350°, In the latter case at about 900 to 1000°.

The minimum duration of the reaction has not
definite limits, and it is possible for example to ob-
tain & yleld already after a quarter of an hour.
The maximum dursation depends on the reaction
conditions e. g. helght of the mixture of starting
materials and the optimum or the practical com-
pletion of the reaction can for example be ascer-
tained simply by the removal of samples and the
quantitative analysls thereof with reference to
the asbestos formed.

The same principle can be employed for the
manufacture of all types of asbestos, thus there-
fore the non-fluorinated ingredients can be made
up from oxides and SiO:, depending on the
analysls of the natural asbestos desired which Is
to be manufactured. In thisconnection it should
be noted that it 1s unnecessary to keep accurately
within stoichiometric proportions.

The fluorine can be added to the ingredients
In my desired suitable manner and that either
in the cold or at higher temperatures, for example
by

(@) treating them with hydrofluoric acid (gas-
eous or Hquid) ;

() the addition of sllicofluorides;

(¢) passing in SiF4 or another volatile silicon-
fluorine compound; according to known reac-
tions 8i0s Is thus added simultaneously;

(d) the Introduction or passing in of any de-
sired decomposable organie fluorine compounds;

(e) other metal fuorides, acid fuorides, double
fluorides e.g. AlFs, NaHF: or cryolite;

(1) self-decomposing also non-metal fluorides,
the residual portion of which does not pass into
the asbestos-fibre or only In part, e.g£. platinum
fluoride, manganese fluoride, ammonium fluoride;

(¢) the addiflon of elementary fluorine.

The metal oxldes of the initial mixture are
thus converted wholly or in part primarily before



the finishing burning into the fluorides or silico
fiuorides, oxyfluorides etc.

It is also possible to replace the oxides wholly
or partly by equivalent gquantities of other com-
pounds, e.g. by hydroxide, carbonate, bicarbon-
ate, chloride, oxalate, nitrate, fluoride or wholly
or partly by equivalent quantities of the metals.
This means that such compounds are used which
under reaction condition yleld the starting ma-
terfals e.g. NaiaCO3;—»Nax0, NaF-Na:0-L-HF,
MgF;—»MgQ-+2HF, CaF»—~»Ca0+2HP. Silicic acld
can he contained in the Ingredients in any de-
sired form, that Is for example as stlica gel, (“ac-
tive silicie acid”) water-glass or kieselguhr. It is
further possible to use natural minerals or rock
as addition substances, €.2. magnesite, ollvine,
greenstone or other sllicates, sand or c¢lay, and
finally artificially manufactured glasses or te-
ramic masses.

The formation of fibres which takes place dur-
ing the burning and final ignition is helped by
giving the initial miXtures a greater internal sur-
face or providing cleft surfaces, This can be
obtained by granulating the dry powdered mix-
ture with water, better with water-glass or with
salt solution, by rolling out the meistened mixture
into leaflets, by the formation of plates or other
kind of distortion. Further a granular formation
may be obtalned by the addition to the ingre-
dients of sawdust or other combustible carrier
inaterials or also by the addition of granulated
solid water-containing silica gel which shrinks
during the burning. Another method - consists in
entbedgding the components of the mixture made
into a paste with water in a voluminous gel by
the addition of water-glass selution, the forme-
tion of cleft surfaces taking place through the
shrinking while drying or during the burning.

The mixture of ingredients thug prepared, the
fluorine content of which (as fluoride and/er sil-
ico-fluoride) is preferably adjusted to 20 to 35%
of its dry weight, is now subjected fa ignition,
preferably by indirect heating, as for example
in a mufile furnace. The ignition temperature for
the manufacture of all types of asbestos always
lies below the melting point of the reacfing mess.
The temperature of ignition can be lowered if
the duration is correspondingly increased. "The
water is already advantageously introduced as
steam or superheated steem during the warming
up, beginning at a temperature of the mass of
150 to 200°C. in such a way that it reaches all
parts of the ingredients. The mtroduction of
water wvapour is continued with advantage
through the entire lgnition and after ignition.
During the after-lgnition at temperatures under
500° acid resgents, such as carbonic acid, hydro-
chloric acid or other acid vapours can be added
to the steam to accelerate the removal of fluorine.

During the heating of the mixture fluorine cocm-
pounds are set free as sublimates (e.g. alvminium
fluoride and iron flucride), and hydroflucric acid
and silicontetrafluoride escape. These gases or
vapours can be recovered in any desired suitable
manner, for example by condensation, by adsorp-
tion by means of suitable adsorbing agents, hy
passing into water or substances reacting with
them (as for eXxample oxides, carbonates or sili-
cates—such as ground serpentine stone—which
can combine with fluorine in this manner) and
worked up for the making of a new mixture, or
they can be led into the crude mixture of ingre-
dients which still require the additicn of fluorine
befare the flnal ignition, or by a cembination
of these regeneration methods.
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The reactlon atmosphere is preferably kept in
a reducing state which can be effected hy the
addition of hydrogen or by the additlon of carbon
contajining compounds, for example sawdust.

The mixtures may advantageously be gulded
through the reaction chamber on endless bands,
carriages (tunnel furnace) or the like. The syn-
thetic asbestos obtained (raw asbestos) is pre-
pared for the various purposes for which it 1s
required by sorting or classification according to
fibre length, by treatment with aclds or salt solu-
tions (for the removal of the remaining fiyorine
and for permuting the hases), as well as by me-
chanical preparation and granulation. The re-
movel of the flucrine is also possible by treatment
‘with acid and water vapours. (final product).

It is sometimes advisable to ignite for & second
time, the fluorine, water and NazO content being

‘made up to the original quantity preferably be-

fore second lgnition. Also new raw material may
be added instead.

After the first ignition the fibrous material can
be rendcred parallel by rolling under tension,

The partial replacement of Naz0 by CaQ can
be carvied out up to about 80%, the CaQ being
included in the calculation, which is sometimes
already present in the natural mixture.

The so obtained intermediate and fingl prod-
ucts are new. They differ from natural asbestos
in that the intermediate products (raw artificial
asbestos) show & grealer content in Na2O and
fluorine than the natural asbestos and a smaller
room weight (weight/volume, therefore taking
also in consideration the spaces between the crys-
tals, i.e. the volume of pores) than the natural
asbestos. The latler is about 0,2 to 0,6 preferakly
0,3 compared with about 2,5 to 3,0 of the natural
asbestos. The fluorine content of the shtained
raw asbestos is about 3 to 16%, ihe fluorine con-
tent.of the natural asbestos being up to 3%. The
Nazd content of the raw asbestos is about 2 to
15%, the Naz0 content of the natural asbestos
being as a rule less than 2%. It must be men-
tioned that the raw asbestos obtained according
to the invention is a useful and markefable prod-
uct.

As to the final artificial asbestos it differs from
the matural asbestos in that its room weight is
about the same as of the synthetic raw asbestos.

The same applles to fluorine and NasO content,.

The new produet always contains S10z, MgQ
and Nasz0; a replacemcent may take place as
lined out above on page 3.

The following examples illustrate how the in-
‘vention may be carrled out In practice, but it
is to be understood that the inventlon is in no
way Hmited to the detalls given in these ex-
amples,

Erample 1

4 parts -ef megnesium oxlde, 6 parts of silicic
acid e, g. as kicselguhr), 6 parts of sods, 2 parts
of zmronlum chloride, and 15 parts of ammo-
nium silico-fiugride are mixed preferably under
addition of 1-2 parts of saw dust and granu-
lated with about 10 parts of & 20% waterglass
solution. Thereupon the mixture i3 heated up
to temipcraures of 908-1000°C. in cherges of 10
kg with ihe introductionh of steam for 4 to 5
hours in crucibles, retorts or the like,

Exampie 2
10 parss of calelum carbonate, 10 parts of s0da,
48 parts of sillcic acid and 21 parts of magnesium
fluoride are mixed (raw material) in crucibles or
retorts and heated in the presence of .small
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quantities of steam, which is for example sup-
plied or developed from the combustion gases of
the firing or in any other desired manner until
the completion of the reaction, i.e. depending on
the proportions of the mixture, generally at least
an hour and more up to about 1000°C, but In
any case below the melting point.

Example 3

0.8 parts of fluor-spar, 1.3 parts of sodium
chloride, 2.0 parts of magnesium oxide and 5.8
parts of silicic acld hydrate are mixed and heated
in closed chambers, for example in retorts pro-
vided with safety valves, heatable boilers similar
to those used for example for lime-sandstone
manufacture, or other vessels until the comple-
tion of the formation of the asbestos in constant
presence of steam to temperatures of about
1000°, but in any case below the melting point
of the mixture.

According to this example the water necessary
is supplied by the silicic acid hydrate. It can
likewise be withdrawn from other compounds,
eg. from water-glass, hydrates or hydroxides.
Further the water can be introduced as liquid
or vapolur into the mass in the reaction chamber
before or during the reaction and preferably in
small quantities, as It is used up by the reactions,
adsorption, diffusion or discharge. An addition
of larger quantities of water Is undesirable owing
to the high pressures which would then occur.

Example 4

The operation Is carrled out as in example 3,
but the mixture contains no silicic acid hydrate.
Finely ground chalcedon or kieselguhr is added
to the mixture instead, In open apparatus a
portion of the silicon escapes as 8iFi, Si0z equiv-
alent of which is added in excess to balance the
loss. The amount of thls excess depends on the
size of the apparatus used and on ithe method
of working particularly on the speed of warming
up. The equilibrium SiQ:4+4HFESIF-2H:0 |5
first pushed very much towards the left at about
400°C. s0 that at slow speeds of heating, as when
using large apparatus, more SiF is evolved. The
optimum $i02 excess must therefore be deter-
mined by experiment at any time for the given
conditions. For charges of 10 kg and a heating
up within two hours it is about 14 of the stoichlo-
metrically necessary quantity of SiOa.

Example 5

The operation is carried out as in example 1,
but an equivalent guantity of magnesite is used
instead of the magnesium oxide,

Exrample 6

10 parts of ground serpentine are mixed with
5 parts of sodium silico-fiuoride, and 3 parts of
sodium chloride, and granulated with water-glass
solution. (In the case of furnaces with ceramic
linings hydrogen or illuminating gas 1s added
during the reaction or the same effect is obtained
more simply by the addition of carbon-contain-
ing substances, as for example about 2 parts hy
weight of sawdust). The mixture is heated In
charges of about 10 kg for about 4 to 5 hours in
retorts or crucibles or the like to 800-1000°C.

Example 7

10 parts of serpentine are melted with 14 parts
of soda, The glass which contalns the necessary
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MgO and Si02 but an excess of sodlum oxide is
treated with a fluorine-containing mixture, for
example with a mixture of 10 parts of magnesium
sillco-fuoride, 5 parts of magnesium chloride
and 6 parts of kieselguhr which have been gela-
tinised with water-glass solution. The mixture
is heated In charges of 10 kg for about 4 to 5
hours in retorts, crucibles or the like to 800 to
1000°C.
Ezxample 8

The operation 1s carrled out as ln Example 7,
but soda is used In part in place of the water-
glass,

Example 9

100 parts of & 20% water-glass solution (from
20 parts of a Naz:0 water-glass of 37° Be. and 80
parts of water) are coagulated at about 20°C. by
the addition of 5 parts of magnesium sllicofiuoride
with constant kneading. The gel which is pasty
at the beginning is allowed to age (for example 24
hours at room temperature), and it is pulverised
and intimately mixed (preferably by rolling) with
the remalning constituents of the mixture, e.g.
with a dry quantity of 12 parts of magnesium
fluoride, 8 parts of 8iOz (in the form of guhr or
quartz) and 4 parts of sodium chloride. The
ignition s carried out as usual. The fimishing ig-
nitlon temperature for this mixture lles at about
1000°,

By varying the quantity of gel, i.e. by increas-
ing or diminishing its amount relative to the
quantity of powder, it 1s perfectly possible to
control the porous volume which is caused by
the shrinking of the gel.

Example 10

& parts of ground serpentine, 3 parts of sodlum
silico-fluoride and 1 part of sawdust give with 6
parts of water and 1.5 of crude hydrochloric acid
& sludee which when stirred with 10 parts of a
20% water-glass gsolution forms a gel-like paste.
After 48 hours ageing at 50 to 60°C. the finish-
ing ignition may be carried out.

The serpentine can he replaced wholly or in
part by kindred magnesium silicates, particularly
by talc.

Example 11

10 parts by weight of short fibred asbestos or
asbestos mixtures, obtalned from the fArst lgni-
tion are worked up In a hollander with water to
half-stufl. To this are added 2 to 4 parts by
welght of sodium silico-fluoride (calculated on the
quantity of asbestos) and 1 part by welght of
sodium chloride (or a quantity of HCl equivalent
ag regards the chorine); potatae flour cr dextrin
is also added and to simplify the formation of
the paper felt about 1 to 3% of textile waste or
cellulose.

After working up on a cylinder machine to as-
bestos paste which is made denser by compres-
gion the recrystalllsing process takes place, for
example in a muffle furnace by lgnitlon at 700 to
1000°C, with the Introduction of steamn in a re-
ducing atmosphere.

The product of the lgnition Is washed with wa-
ter or more sultably holled in autoclaves at about
150 to 200°C, with dilute acids (e.g. 1/100N HCI)
or dlluted magnesium chloride solution (e.g. 3% ) :
preferably a solution of iron or aluminlumchloride
(5%) 15 used,

WERNER LUDKE.



