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The bresent invention relates to the manufac-
ture of synthetic mineral matters and agglom-
erates, and in particular articles of this kind
of monoblock form.

An object of the present invention is to pro-
vide articles of this kind which can be utilised
as abrasive products, refractory products, Insu-
lating or conducting products for heat and/or
electriclty.

Another object of the present invention is to
provide binders for the obtalnment of the syn-
thetic matters above mentioned from substances
such ag sbrasive materials, refractory materials,
insulating or conducting substances for heat
and/or electricity, cementation and molding ma-
terlals, and s0 on.

A further object of the present invention 1is
to provide a method of manufacturing the prod-
ucts ahove referred to.

Still another object of the present Invention is
to permit of manufacturing in a synthetic man-
ner crystallized materlals and crystallized min-
eralogic species such as they exist in nature, and
this with the following advantages: Due to the
fact that the process Involves the passage of the
products through a fluid or pasty state, it 1s easy
to give the final objects shapes that could at most
be obtalned at the cost of a slow and expensive
work from the known natural species when the
latter are bodies of considerable hardness; when
these species are rare or difficult to obtain, the
method according to the present invention re-
duces the cost and difficulty of obtalning them.
Of course in the case of synthetic products iden-

tical to natural products, the Invention involves :

these products only insofar as they are artificially
obtained through my method. My invention also
permits of creating crystallized mineralogic spe~
cles which, ag far ag I am aware, were uhknown
up to the present time and constitute, on the
other hand, valuable Industrial products.

Stil1 another object of the present invention is
to provide products which, within their fleld of
utilization, differ from the known products, com-
parable from the point of view of thelr utiliza-
tion, by a higher percentage of truly active ele-
ments. For Instance, In the case of refractory
products, the infusibillty of the whole product
may be higher than that of the agglomerated
material. Also, the cohesion of the finished prod-
uct may he higher, and, if account is taken there-
of, the hardness 1s greater.

The essentlal feature of the binder according
to the present invention is the following: It In-
cludes, on the one hand, a mineral colloidal jel,
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on the other hand one or several mineral com-
pounds kept in balanced solution through the net-
work of the Jel and cepable of reacting both
with this jel and with one another, with the pro-
duction of deflned crystels. Furthermore, the
constituents of the jel (that Is to say the mineral
components of the Jel and the mineral com-
ponent or components of the mineral bodies in
solution) are chosen in such manner as to pro-
duce crystalline systems which are identical, iso-
morphous, or compatible (for instance by twin-
ning or by zoning) together and, eventually, with
the crystals of the matier to be agglomerated if
the latter is of crystalline structure.

A particularly advantageous kind of binders
of this kind Is that in which the chief elements
have atomic numbers close to one another and
to those of the chlef elements or of the elements
of the elements of the matter to be agglomerated.

According to still another feature, which has
been found to be Important from an industrial
point of view, the binder for the agglomeration of
a given raw material (that is to say a binder the
combponents of which are chosen accordingly, as
above explained) has characteristics correspond-
ing not only with the nature of the raw material
to be agplomerated but also with 1ts granulo-
metric composition and its density, and this, in
particular, with a view to permitting an adjust-
ment, es perfect as possible, of the adhesive and
adsorption power, without Involving, on the other
hand, any change in the physico-chemical prop-
ertles of the final crystals. It will be readily
understood that it is possible, in thils way, to
obtain the highest possibility from the binder,
and, In particular, to use a minimum amount of
said binder for the preparation of the flhal prod-
uct, and also to reduce to 2 minimum the dura-
tion of the treatments from the addition of the
binder to the obtainment of the final product.
The characteristics of the binder which are re-
ferred to are chiefly the volume of the mineral
colloidal jel, the density of the solution reialned
by the jel and the final density of the binder.
It is impossible to glve, concerning these char-
acteristics, a rigorous general law, but any per-
son skilled in the art will be able, in every case,
to determine the best possible characteristics, ac-
count being taken of the fact that the adhesive
power varies in direct proportion to the density of
the binder, which must also vary in direct pro-
portion to the mean size of the grains of the
matter to be agglomerated, whereas the adsorp-
tlon power varies in inverse ratio to the density
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of the binder and also to the mean size of the
grains of matter to be agglomerated.

The preparation of the binders above definted
from Lhe constitutive elements, once the latter
have been chosen with a view to the final product
to be obtained, Is effected ag a rule through the
known means and methods of the art. An ex-
ample will [llustrate the process to be employed
in a particular case,

The nmrthod of manufacturing the final prod-
ucts frorn. the binders and the matters to be ag-
glomerated essentlally comprises the Intimate
mixing of the binder and of the matter in ques-
tion, the operation of giving the desired shape to
the more or less fluld mass thus obtained, a dry-
ing at temperatures which, as a rule, average
from 200 to 250° C., a baking at higher tempera-
tures {(ahove 1000° C.) with, possibly, periods for
which the product that is belng treated is main-
tained at the same temperature, for the obtain-
ment of the phenomenons specific to each kind
of matter that 1s treated, and finally a cooling.

In order to carry out the method according to
the present invention, it is particularly advan-
tageous to employ materials for agglomeration
chosen from one or several of the following
groups, given merely by way of example:

1. Abrasive products, both natural and arti-
fielal, such as emeris, corundum, siliclum car-
bide, boron carbide, various carbides and nitrides,
either alone or in the form of mixtures, flint-
stone, quartz, tripolli or rottenstone, and all
abrasive compounds;

2. Natural or artificial alumina, simple or com-

plex ores or oxldes, such as bauxite, magnesite :

chromite, zircona, iron and chromium oxides;
oxides of the elements of the rare group, gluci-
num, molybdenum, tungsten, titanlum, vanadi-
um, thorium.

3. Bllica and natural or artificial sllicates.

The invention has, among other advantages,
that of permiiting the utilization of such matters
in proportions as high, for instance, as 85 to
98.89%.

For the constitution of the binders according
to the present invention, I may make use, in
particular, of bodies chosen, according to the
nature, the granulometric composition, and,
eventually the crystalline composition of the

matter or matters to be agglomerated, in the fol- °

lowing groups hereinafter cited merely by way
of example:

1. Halogenous acids, such as hydrochlorlc and
hydrofluoric acids;

2. Oxygenated acids, such as phosphoric, borie, *

silicie, carbonie, chromie, molybdic, tungstic, va-
nadic, titanic acids;

3. Salts of sodium, potassium, lthium, calcium,
barium, glucinum, magnesium, aluminium, iron,
chromium, zine, tin, lead, and all metallic salts
of the halogenous or oxygenated acids of the
type of these mentloned under 1;

4, Natural or artificial oxldes, either anhy-
drous or hydrated, of potassium, sedium, lithi-
um, calecium, barium, gluclnum, magnesium, alu-
minium, iron, chromium, zine, zirconlum: oxides
of rare earths.

It is further possible to make use of matters
capable of producing or maintaining, in the
course of the thermal treatments, and more espe-
cially of the baking, a reducing, or on the con-
trary oxidizing atmosphere. As examples of
matters of this kind, I will cite coke, graphite,
coal In varlous states, mineral or vegetable oils,

{1

10

20

25

30

40

G0

k{ ]

cellulose and its derivatives, oxides and salts of
chromium and iron.

Finally, I may, if necessary, make use of sec-
ondary materials and fillers, for instance of dolo-
mite, “chamotte,” quartzite, apatite, Infusorial
earth, clays, kaolins, micas, feldspars, and so on,
the additional bodies in questlon being, for in-
stance, introduced at the rate of some percents.

In order better to explain the method accord-
ing to the present Invention for preparing the
binders and the final products, I will hereinafter
examine the varlous steps of the manufacture
of a specific body, these indications having, of
course, no limitative character.

I will consider the case in which it is desired
to agelomerate a raw material consisting chiefiy
of rhombohedral alumina, and choice is made,
for the constitution of the binder, of elements
capable of supplylng, after reaction and final
crystallization, rhombohedral magnesian tour-
maline having the following composition:

80y 48.5
AQsy 308
MegO 12.0
BOz 6.9
Na:O 1.8

These components are used in the form of the
various products in commercial use. For in-
stance, alumina is in the form of hydrate in an
equimolecular phosphoric solution; magnesia 1s
in the form of chloride of magnesium with 6
molecules of water; boron is in the form of boric
acid; the laiter, decomposed by the acldity of
the medium, will add 1ts free sillca to the main
silica Introduced in the form of silica jel. In
other words, for preparing 100 gr. of binder, I
take the following elements:

G.

A, Magnesium cholride of 30° Bé._________ 26,2
B, Hydrate of alumina -~ 13.3
Phosphoric acid of 60° Bé_._____________ 28.1

C. Sodium silicate of 43° Bé._______________ 3.1
Water (for dilution of the silicate) _____ 6.2

D. Silica Jel with 40% water (D=1.60) _____ 21.1
E. Boric anhydride e 2.0
100.0

I heat to 70° C., on the one hand, the mag-
nesian solution to which there is added the borle
anhydride, most of which will dissolve., During
the cooling period, when the mass 1s at a tem-
perature of about 50°, the silica jel is intro-
duced. On the other hand, I dissolve, in a steam
bath, until lactescent formation of metaphos-
phate occurs, the hydrate of alumina in phos-
phoric acid and I add the product thus obtained
to the composition precedingly obtained. When
the suspension is flnished, I pour the small
amount of silicate therein, while stirring moder-
ately. The mixture is left alone for a period of
at least seven days. 'The density of such a mix-
ture is 1,51, It gives, after baking, a proportion
of crystalline binder of 28.3% In weight. For
one kilogramme of raw material to be agglomer-
ated, I will therefore chose a weight of the mix-
ture corresponding to the desired percentage of
baked binder; for instance 70.6 gr., represent 20
gr. of crystals, that is to say an agglomeration
at the rate of 2%.

When the mixture {s made, it is important to
take care that the value of the ratio of the
molecular weights of the components which char-
scterize the mineralogic species that are consld-
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ered is correct. In the present instance, these
molecular weights are those of S1Qz, AlaOk, MgQ,
B:0: and Na20 and they must correspond to the
respective proportions in rhombohedral mag-
nesian tourmaline.

In the mixture above defined, the volume of
the colloidal jel, the density of the solutions re-
tained by said jel and the density of this mixture
have been chosen in such manner that the vis-
coslty of said mixXture, the power of adhesion to
the grains of alumina to be agglomerated, and
the power of adsorption of the reagents and of
water are optlma, account being taken of the
granulometric composition of alumina (in the
present case, corundum containing 99.5% of
alumina of 80 Standard wires fineness, 85%;
corundum containing 99.59% of alumina, of 100
Standard wires fineness, 15%) and of the phys-
icochemical evolution of the medium.

The mixture 1s made homogenous, preferably in
a colloidal mill, and it is malaxated with alumina
and also with 1 or 2 per cent of coke powder in
a mixer of suitable type. I add a small amount
of water, i. €. from 05 to 1 per cent. I mold
under & high pressure, the best results being
obtained for values approximating 600 kgs per
sq. cm (as a matter of fact, the shaping of the
mass may include several known operations, such
as pressing, wire drawing, pouring, etc.). The
molded pieces are then carried to the dryer, where
they are subjected to temperatures up to about
260° C, for perlods of time ranging from 12 to 48
hours according to the size of the plece. The
hardened pieces are taken from the dryer and

baked for periods of time ranging from 2 to 7 -

days, according to the volume of the plece. They
remain for a period of time from 6 to 18 hours
at 1260°, are brought to a temperature of 1370°
in 6 to 18 hours and kept at this temperature
for 6 to 10 hours, after which they are allowed
to cool and removed from the oven.

Although the process must not bhe considered
as limited to detalis of operation resulting from
the application of the complex phenomenons in-
volved In the course of the treatment, it is ad-
vantageous to take into account the following
remarks which will help in understanding the
sequence of reactlons taking place in the chosen
example:

When incorporating the matter to be agglom-
erated to the binder and giving the shape to the
mass, the crushing of the mass produces a re-
action due to the breaking of the jel which re-
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Ieases the electrolytes which up to then were im-
mobilized, When the drying operation takes
place, the jel concentrates. . As soon as the tem-
peratures become lower than 100° C., a hydrol-
vsis is started with the disengagement of acid gas
and steam, which produces the phenomenon of
solidification of the binder. This hydrolysis Is
exothermie, but it must be started by an external
heat. From 100 to 260°, the water interposed
between the cells is given off, which produces the
final destruction of the jel. The double decom-
position reactlons begin to occur. From 260 to
600°, In the course of the baking, dehydration
is completed and dry melting begins. The chlo-
rides, borates, phosphates produce the formation
of the first crystalline germs. Pree silica passes
at 570° Into the state of trydimite. From 600
to 1000°, the double decompositlon reactions take
place, the chlorides are decomposed, the mineral-
izlng reactions being to take place. At the same
time, as & consequence of the disengagement of
volatile elements, which disengagement takes
place untll the end of the heating, the melted
bath is supersaturated. From 1000 to 1400°,
phenomenons of dissolution, of molecular trans-
formations of deposlts by lgneous supersatura-
tion develop, with the production of the crystal-
line mineral species intended to be obtained
when the composition of the binder was chosen.
The reducing bodies begin to act.

In a general manner, the form of the baking
curve, the height of the temperature, the tlme
for which the products remain heated at varlous
tempergtures depend upon the minerals to be
obtalned, the melting temperature of the eutectics
and the viscosity of the vitreous and dissolving
bath.

The last step of the transformations preceding-
l¥y described is that of the eoollng, that Is to say
of the petrifaction, of the mass. The equilibrium
of the melted bath containing the erystals which
have been produced under the effect of double
decompositions or respective supersaturations is
unstable. The bath remains in the IHquid or
vitreous state only owing to an eXcess of silica
resulting from he primitive jel. During the cool-
ing, the mass contracts, same as, during the de-~
hydration at the beginning, the jel had con-
tracted. The excess of silica, alumina, etc. 1s
driven out. This is the reason why the cooled
binder often shows, in thin lamellas, a porphyritic
or trachytic structure.

WLADIMIR DITERICHS,



