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{57} ' ABSTRACT

A mineral polymer of the silicoaluminate family has a
composition expressed in terms of oxides as follows:

YK20:A1,03:xS8i02:w H20

where, in the fully hydrated form, “w” is a value at the
most equal to 4, “x” is a value in the range of about 4.0
to about 4.2, and “y” is a value in the range of about 1.3
to about 1.52. These mineral polymers are solid solu-
tions which comprise one phase of a potassium polysili-
cate having the formula:

(— DK20:(x—2)Si02:(w— DH20 -

and one phase of a potassium polysialate polymer hav-
ing the following formula:

| I ‘
(K)n(-’Sli"O—?l—"O‘-)m n H20

o o}
1 |

where “n”is the degree of condensatlon of the polymer.

6 Claims, No Drawings
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SYNTHETIC MINERAL POLYMER COMPOUND
OF THE SILICOALUMINATES FAMILY AND
PREPARATION PROCESS

This invention relates to a mineral polycondensation
process for making cast or molded products at tempera-
tures generally up to about 120° C. This process is re-
lated to processes for making zeolites or molecular
sieves.

The products of such processes, however, have char-
acteristic three-dimensional frameworks which are suc-
cessions of tetrahedrons TOj4, where T is silicon, alumi-
num, gallium, phosphorous or the like. Those products
form channels or voids of regular dimensions. The
voids are molecular in size. Accordingly, the mineral
frameworks can be used to separate organic molecules
of different molecular sizes. Those structures also ex-
hibit ion exchange properties. Moreover, those prod-
ucts catalyze several different organic polymerization
systems. :

Numerous patents and other references describe
methods for making those synthetic minerals, zeolitics
and molecular sieves. D. W. Breck’s book entitled, “Ze-
olite Molecular Sieves,” published by Interscience in
1974, is a good reference. Generally, those methods are
hydrothermal syntheses of silico-aluminate gels in
strong, highly concentrated aqueous alkali. The reac-
tant mixture, containing a large excess of water, is
sealed in a container at constant pressure and tempera-
ture. Preferably, the pressure is atmospheric, and the
temperature is in the range of about 25 C. to about 125°
C. The reaction continues over more than ten hours
until crystallization of the products occurs. The chemi-
cal formula for the resulting synthetic zeolites and mo-
lecular sieves may be written as follows:

M,/ nAlSixO2(x 4y WwH20

wherein M is a cation with a valence “n.” Many.crystal-
line products have been made in such hydrothermal
syntheses. However, these products are very porous
and have poor mechanical properties, even when ag-
glomerated with a binder. I have discovered that when
reaction conditions do not favor crystallization or crys-
tal formation, I obtain novel products.

An object of this invention is to provide synthetic
mineral products with such properties as hard surfaces
(5-7 on the Mohs scale), thermal stability and high
surface smoothness and precision. Such products are
useful for tooling, and for molding art objects, ceramics
and the like, and building materials.

The main object is to provide a novel mineral poly-

mer, more precisely a novel mineral polymer com-.

pound, and to provide a method of making a new min-
eral polymer compound.

Other objects such as use of this mineral polymer
compound as a binder are apparent from this specifica-
tion and claims.

The names for these novel three-dimensional poly-
mers are set forth in the following publications:
“IUPAC International Symposium on Macromole-
cules,” Stockholm, 1976, Topic I1I; and “PACTEC
IV,”, Society of Plastic Engineers, U.S.A., preprint
page 151. These mineral polymers are called polysia-
lates and have this empirical formula:

M, (—(Si02),— AlO9),, wH20
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2

wherein “z” is 1, 2 or 3; M is a monovalent cation such
as potassium or sodium, and “n” is the degree of poly-
condensation. Where “z” is 1, the mineral polymer has
this formula:

M,,(—s'i—o—zlxl-—'o—'),,, w H,0
0o o

and is called polysialate or PS for short.

Our new polymer is of the K—PS polymer com-
pound type where “M?” is potassium.

A suitable method for distinguishing our new poly-
mers from known polymers is through their X-ray pow-
der diffraction pattern. K—PS polymer compound has
the characteristic x-ray powder diffraction pattern
given in Table A below. To obtain this data, we used
the Debye-Scherrer method. The radiation used was
the K-Alpha doublet of copper.

The X-ray pattern of K—PS is related to that of
natural kaliophilite (KAISiO4), which corresponds to
the general formula of polysialate. This natural mineral
is not a zeolite, but an anhydrous feldspathoid with the
formula:

K,,(—Sli—O—zlkl—O—),,, w H0
o o
where “w” is a value in the range of 0 to 1.
This distinction is very important. Mineral polymers
containing zeolitic water must be dehydroxylated at a

‘temperature up to about 400° C. if they are to be used

without damage at higher temperature. On the con-
trary, mineral polymers of the kaliophilite type will
resist thermal shock. Thermal shock resistance is a fast
test for distinguishing a zeolitic framework from a feld-
spathoidic one.

Mineral polymer polysialates K—PS have this chemi-
cal formula: -

K20:A1)03:28i02:H0.

The method of making K—PS comprises preparing a
reactant mixture in which the oxide-mole ratios are
higher than stoichiometric values. For example, the
ratio Si0,/A1,03 is in the range of 3.3 to 4.5, instead of
2. These conditions differ from those used in a process
of making synthetic (Na, K) Poly(Sialate-Siloxo) or
(Na, K)—PSS mineral polymers which are described in
French patent application No. 79.22041, and. have this
empirical formula:

(Na, K)n(—?i—o—.fl\l—O—Sli—O—)m w Hz0
o) o o

In French application No. 79.22041 and correspond-
ing U.S. patent application Ser. No. 182,571, filed Aug.
29, 1980, now U.S. Pat. No. 4,349,386 the oxide-mole
ratios used for making (Na, K)—PSS fall in the range
of:

(N0, K20)/8i03 0.20 to 0.28
SiO2/AlO3 3.5t04.5
- HaO/(Nay0, K,0) 15 to 17.5
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-continued

4

The method for making K—PS polymeric compound
comprises preparing a potassium silico-aluminate/water

gismondine, gmelinite and phillipsite, whereas the poly-
mer obtained here is amorphous. Thermogravimetric
analysis of this polymer gave a loss of water amounting
to 5% by weight up to 325° C., the weight remaining
constant for higher temperature. By contrast, thermo-
gravimetric analysis of (Na, K)—PSS gave a loss ‘of
water in the range of 21% to 29% by weight between
100° C. and 500° C. This polymer does not exhibit zeo-
litic properties. It is brittle, but hard: 5 on the Mohs
scale. -~ \ .

A synthetic kaliophilite KA1Si04.0.1Hz O has been
prepared by H. Besson, S. Caillere and S. Henin
(Comptes Rendue Academie des Sciences de Paris, Vol.
272, Series D, pp. 2749-2752 (1971)), using silico-alumi-
nate gels and potassium carbonate (K2C0O3). The X-ray
pattern of this anhydrous synthetic kaliophilite is given
in Table A. Its pattern is related to that of K—PS, but
shows a strong line at 3.10 Angstroms, accompanying
the broad line at 2.79 to 3.23 Angstroms. Table A also
gives X-ray patterns of synthetic zeolites related to the
polymer K—PS, such as zeolite Z (or zeolite KF), zeo-
lite G (or zeolite K—G), and zeolite W (or zeolite
K—M, K—H). These patterns are given in D. W,
Breck’s book cited above. o

Table B shows the oxide-mole ratios of the reactant
mixture used for the synthetic zeolites from Table A.

TABLE B
Zeolite Kalio-
Zeolite Z Zeolite G w philite K-PS
K70/Si0; 0425 " 0.50 0.6 [Excess 0.261t00.36
Si02/A103 4 5 6 2to'4 4t04.2
Hy0/Al03 Excess Excess 75 Excess 12.5to 23
K,0/A1;03 1.7 2.5 3 Excess 1.12 to 1.6
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Naz0, K20)/ALO ] . . " .
(Nay0, K20)/A1203 0.8 to 1.20 mixture where the composition of the reactant mixture,
in terms of oxide-mole ratios, falls within the ranges
shown in Table C below.
TABLE A )
Zeolite Z Zeolite G Zeolite W Kaliophilite (K)-PS
KAISiO4,3H20 K AlSi»06,5H20 KsAlsSig028,25H20 KAISIiO4 (K)n(—Si—O—Al—0~—),
] |
o ; 0 0

d(ay 1 d(A) 1 AT d(A) 1 d(A) 1

— 9.47 mS 9.99 20 10 halo 10-14 11.5 halo

— — 8.17 49 — —
745 VVS — 7.09 54 - —

— 690 m - — —

—_ 522m 5.34 28 _ -
4.8 vw - 5.01 56 — —

— AR - 4.45 21 4.49 35 449 m

—_ 4328 4.28 35 4.28 40 427w

— 370w 3.64 20 —
347 m 3.46'S - 3.5235 352 m
3.29m — 3.25 100 33235 3338
3.09 VS 3.11 mw 31775 broad band  3.23 halo
2978 2.93 VVS 2.95 71 3.10 100 to .
282VS 2.80 w 27253 broad band  2.79

— 2598 2.54 26 2.61 45 2.56 w
2.35s 2298 2408 2.24 20 2.25 vw
220 w 2.19 mS 2.18 10 2.13 37 2.17 vw

However, if the reactant mixture is exclusively com- 3q TABLE C

posed of a potassium polysilicate, potassium hydroxide Oxide-Mole Ratios of the
(KOH) and alumino-silicate oxide (Si20s, Al202)y, then Reactant Mixture
-the mineral -polymer produced ‘is not (Na, K)—PSS. K20/Si03 0.25 to 0.48
The X-ray powder diffraction pattern and the thermo- Si09/A1;03 3.3 to 4.5
gravimetric analysis are different. The X-ray patterns of 35 gzgj 2{283 01‘9’ t° :;56
(Na, K)—PSS are related to those of natural analcime, 20/A0 3 20

The usual method for preparing this mixture com-
prises dissolving in water an alumino-silicate oxide,
KOH, and a potassium polysilicate. The alumino-sili-
cate oxide (Si20s, A2O2), may be prepared from a
polyhydroxy-alumino-silicate  having the formula
(Si20s, Al,(OH)4)n, where the aluminum cation is in the
octahedral state and is in six-fold coordination. The
polyhydroxy-alumino-silicate is calcined and dehydrox-
ylated at, say, between 550° C. and 800° C. The result-
ing alumino-silicate oxide has the aluminum cation in
four-fold coordination and in a tetrahedral position.

Various polyhydroxy-alumino-silicates may be used
as the starting material for the preparation of alumino-
silicate oxide, including minerals having basal spacings
of about seven Angstroms and having at least one alu-
minum cation located in the octahedral layers. Exam-
ples are alushite, carnat, china clay, lithomarge, neokao-
lin, parakaolinite, pholenite, endellite, glossecolite, hal-
loysite, milanite, berthierine, fraignotite, grovenite,
amesite and chamoisite.

The silico-aluminate mineral polymer compound
obtained by polycondensation of a reactant mixture as
given in Table C, will have a composition expressed in
terms of oxides as follows:

yK20:A1203:x8102:wH20

where, in the fully hydrated form, “w” is a value at the
most equal to 4, “x” is a value in the range of about 3.3
to about 4.5, and *‘y” is a value in the range of about 0.9
to 1.6.
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The mineral polymer compound is a solid solution
which comprises 35 to 90 parts by weight of a potassium
polysilicate (y—1)K20:(x—2)SiO:(w —1)H20 and 10
to 65 parts by weight of the mineral polymer K—PS,
-which has the formula: . .

(K)n(—Sli—O—?il—O—)m nH20
o o

10

and an X-ray pattern related to that of the natural min-
eral kaliophilite as shown in Table A.

The quantities of the reactants, namely potassium
polysilicate, alumino-silicate oxide and potassium hy-
droxide, fall in the ranges shown in Table C. Preferably,
the ratio (K20)/AL03 is in the range of about 1.3 to
1.52, and the ratio SiO2/Al1x03 is in the range of about
4.0 to 4.2. Higher ratios induce a free potassium silicate
phase in the solidified polymer compound, and cause
potassium silicate migration which can disturb the phys-
ical and mechanical properties of the resulting mineral
products. If the ratio of potassium oxide to aluminum
trioxide is lower than 1.1, and the ratio of silicon dioxide
to aluminum trioxide is lower than 3.7, the solidified
polymer compound will have numerous cracks, and
cannot be used in the fabrication of molded objects.

By contrast, the oxide-mole ratios of reactant mix-
tures for synthetic crystalline zeolites Z, G and W are
always much higher -than the values for the X—PS
polymer compound, as Table B shows. In particular,
water is employed in large excess, and the KO quanti-
ties are much higher. :

In the reactant mixture, according to Table C, the
quantity of water present equals the sum of solvent
water plus the bound water in the reactants. The reac-
tant mixture is viscous, but i not a gel. Rather, the
mixture becomes a mineral resin with unique rheologi-
cal properties after reacting for at least about one hour
at ambient temperature, say 25° C.

After aging, the mineral resin may be used alone, or
may be mixed with organic or inorganic additives or
fillers. The resin may be used as a binder or a mineral
cement for organic or mineral particles or fibers. The
resin is cast, poured, squeezed or vibrated into a mold
and heated to a temperature up to about 120° C., but
preferably to a temperature in the range of about 60° C.
to about 95° C. When polycondensation is complete, the
solids are separated from the mold and dried at a tem-
perature up to about 100° C.

Polycondensation and heating times are a-function of
the ‘temperature and. the heating process used. At an
ambient temperature, such as 25° C., polycondensation

requires more than 15 hours. At 50° C., polycondensa-

tion requires about four hours; at 85° C., about 1.5
hours; and at 95° C., about 0.5 hours. These times may
differ, and are often shorter when other heating tech-
niques are used. Such other techniques include high
frequency, microwave, Joule effect or electrical wires
within the reactant mixture itself. Because the reactant
mixtures are polyelectrolytes, these heating techniques
effect rapid polycondensation and drying.

The pot life of the mineral resin can be as long as two
to four hours at ambient temperature depending on the
sequence of mixing the reactants. ‘Longer pot life is
attained if the potassium hydroxide is not mixed directly
with the reactive alumino-silicate  oxide solution. In
fact, if the alkali is added directly to the alumino-silicate
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6
oxide solution, the resulting product differs from the
polymers of this invention. :

The method of preparing our new mineral polymer
compound comprises masking either the alumino-sili-
cate oxide or the potassium hydroxide. Masking of the
potassium hydroxide can be effected by mixing the
alkali in water with polysilicate, and then adding this
solution to the alumino-silicate oxide. Preferably, we
mix the alumino-silicate oxide with aqueous polysili-
cate, to the exclusion of alkali, and add this solution to
a strong aqueous potassium hydroxide solution. These
two reactant mixtures are stable and retain their reactiv-
ity even after long storage periods. Moreover, these
mixtures are easy to handle and store.

Polycondensation is best effected in a closed mold
under hydrothermal conditions and in the presence of
water. Evaporation of water from the mixture during
polycondensation is undesirable. ‘To prevent water
evaporation at the surface of a reactant mixture placed
in an open mold, the surface can be covered with a thin
plastic film or thin layer of a hydrophobic liquid. After
heating the mixture in the mold, the polycondensed
solid is separated from the mold and dried. The molded
object has good physical and mechanical properties,
including a surface hardness in the range of 5 to 7 Mohs,
depending on the nature of the mineral fillers added to
the resin. The precision of the molded product’s surface
compares favorably with the quality obtained with such
organic resins as epoxies and polyurethanes.

The following examples illustrate the methods of
making the new K—PS polymer compound and some
of its properties.

EXAMPLE 1

We prepared 860 grams of a reactant mixture contain-
ing 11.33 moles water, 1.630 moles potassium oxide,
4.46 moles of silicon dioxide and 1.081 moles of alumi-
num trioxide. The source of aluminum trioxide is the
alumino-silicate oxide prepared by dehydroxylating a
natural polyhydroxy-alumino-silicate (Si2Os, Al
(OH)4),. The source of silicon dioxide is this alumino-
silicate oxide and a potassium silicate. The source of
potassium oxide is this potassium silicate and potassium
hydroxide. The oxide-mole ratios in the reactant mix-
ture are shown in Table D,

TABLE D

K20/8i0; 0.36
Si02/AL03 4.12
H20/A1203 . 16.03
K,0/A1,03 1.51

The reactant mixture, which had the viscosity of a
resin, was aged for a period of one hour at ambient
temperature (25° C.), then placed under vacuum to
eliminate air and gas bubbles. The outgassed resin was
poured into a mold. , .

The surface of the resin in contact with the atmo-
sphere was covered with a thin polyethylene film to
prevent water evaporation during curing, which was
effected at 85° C. in an oven over a period of 1.5 hours.

The hardened mineral product was separated from
the mold and dried at 85° C.

The density of the product was 1.7 grams per milli-
liter, and its hardness was 4.5 on the Mohs scale. The
product was white and low in porosity. Physico-chemi-
cal analysis of the mineral product gave this molar com-
position: s
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1.5K20:A1203:4.1Si02:3H20

which corresponds to the formula of a polymer com-
pound. This polymer compound contains, in a solid. 5
solution, one phase of a potassium polysilicate which-
corresponds to the formula:

0.5K20:2.18i02:22H0

and one K—PS which corresponds to the formula: 10

(K),,(—?i—o—?l—-o—-),, nH,0
o o) ‘

The X-ray powder diffraction pattern is essentially that
shown for K—PS in Table A. To obtain this data, we
used the Debye-Scherrer method, K~A1pha of doublet
copper, in a 57.3 mm chamber.

The product obtained had many cracksin it. If at Ieast 20
one mineral filler is added to the reactarit mixture after,
during or even before aging, these cracks disappear.
The mechanical and physical properties of the molded.
objects obtained followmg this process are excellent.
Tensile strength is about 180 kg/cm?, hardness may 25
reach 7 on the Mohs scale, and linear dilatation coeffici-
ent, as a function of temperature, is in the range of 2 to
5X10-6m/m/°C. .

EXAMPLE 2

Following the steps described in Example 1, we pre-.

pared 960 grams of a reactant mixture containing 22.88
. moles of water, the other components being unchanged.

The oxide-mole ratios of the reactant mixture are set
forth in Table D, except Ho0O/Al,03 which was 21.

The fluid reactant mixture was aged for one hour at
ambient temperature. Then we added 640 grams of
synthetic cordierite (with mullite), with a size range
lower than 120 microns. The viscous mixture was
poured into a mold and hardened at 85° C. The product 40
had a density of 2.3 grams per milliliter and a surface
hardness of 5 on the Mohs scale. Its external dimensions
indicated that polycondensation took place without any
shrinkage.

X-ray diffraction was determined by a different tech- 45
nique, plotting the theta/2 curve under cobalt emission
at 1.79 Angstroms. The pattern showed the very strong
lines of cordierite and the middle strong lines of mullite,
weak lines at 4.49/4.28/3.53/2.59/2.28/2.16 Angstroms
and a broad line between 3.38 and 2.80 Angstroms, 50
which is covered with the strong lines of cordierite.
This X-ray diffraction pattern is identical to that of
K—PS shown in Table A.

EXAMPLE 3

Following the steps described in Example 1, we pre-
pared 792 grams of a reactant mixture containing 13.5
moles of water, the other components being unchanged.
The oxide-mole ratios of the reactant mixture are set
forth in Table D, except H2O/Al>03 which was 12.5. 60

The fluid reactant mixture was aged for one hour at
ambient temperature. Then we added 540 grams of
synthetic cordierite (with mullite), with a size range
lower than 120 microns, and we followed the steps
described in Example 2. : -

We determined the X-ray diffraction pattern by the
same technique as in Example 2 and obtained the same
lines for K—PS, plus weak lines at 3.24/2.95/2.88/2.82
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Angstroms. These are in the broad amorphous band for
K—PS, namely between 2.79 and 3.23, cited in Table A.

The ratios HoO/Al;03 may vary from 10 to 25. Pref-
erably, the ratio is in the range of 14 to 20. Higher ratios
increase the porosity of the solidified product. Lower
ratios induce a free alkalinity and cause migrations
which can disturb the potassium silicate phase in the
solid solution of the polymer compound. Preferably, the
oxide-mole ratios of the reactant mixture fall within the
range in Table E below.

TABLE E

K20/8i0; 0.30 to 0.38
Si02/A1;03 4.0 to 4.20
H0/A1L03 14 to 20

K20/A1,03 1.3 to 1.52

EXAMPLE 4

Followmg the steps described in Example 1, we pre-
pared 860 grams of a reactant mixture and added 220 ..
grams of muscovite with a size range lower than 120"
microns and 90 grams of calcium fluoride (CaF5) in fine
powder form. We obtained a viscous resin which we
mixed with 1,150 grams of zircon sand. The resulting
zircon sand/resin’ mixture was cast and vibrated in a
mold, then heated at 85° C. for a period of 1.5 hours.
The dried product had a density of 3.0 grams per milli-
liter. It was shiny and had a surface hardness of 6 on the
Mohs scale.

Interpretation of the X-ray diffraction pattern is not
easy. The strong lines of zircon and calcium fluoride -
and the numerous lines of muscovite cover practlcally
all the lines of K—PS.

EXAMPLE 5

Following the steps described in Example 1, we pre-
pared a reactant mixture. After aging, the resin was
painted on a mold which was the negative of a sculp-
ture. During the same period, we mixed five kilograms

“of flint with a size range from 0.5 to 5 mm, with 0.5

kilograms, or 10% by weight of the resin. This mixture
was cast and vibrated in the painted mold. The mold
was covered with a polyethylene film and cured at
ambient temperature (25° C.). Next day, we obtained a
sculpture which was separated from the mold and had a
very fine, hard and shiny surface.

We have used the potassium silico-aluminate reactant
mixtures described above in order to make molded
objects obtained by the agglomeration of 5 to 95 parts
by weight of mineral and/or organic fillers, with 5 to 95
parts by weight of a binder which is-a mineral polymer
compound. This mineral polymer compound has a for-
mula with a molar composition as follows:

YK20:A1503:x5102-:wH2O

where, in the fully hydrated form, “w” is a value at the
most equal to 4, *“x” is a value in the range of about 3.3
to about 4.5, and *“y” is a value in the range of about 0.9
to about 1.6.

This mineral polymer compound is a solid solutlon
which comprises 35 to 90 parts by weight of a potassnum ~
polysﬂlcate w1th the formula: S

= l)KzO (X—Z)Sloz (w— 1)1{20 _
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and 10 to 65 parts by weight of a potassium polysmlate
with the formula:

(K)n(—?i—o‘f?l*O—)A, n H,O
0O O

and having an X-ray powder diffraction pattern related
to the natural mineral kaliophilite, as shown in Table A
for K—PS.

Molded objects with high thermal shock resistance
were obtained by addition of fillers such as muscovite,
synthetic or natural alumino-silicate, zircon, chamotte
and other ceramics or refractory products.

The molded objects resist the direct action of a flame
and may be used at temperatures in the range of 300° C.
to 1,200° C. Preferably, they are first dried and dehy-
drated at a temperature below 350° C. Dehydration and
dehydroxylation of ‘the mineral polymer compound
transforms the molded object into. a product having
excellent thermal stability properties equivalent to or
better than ceramic materials. Its composition expressed
in terms of oxides is as foilows:

yK20:A103:x8i02

where “x” has a value in the range of about 3.3 to about
4.5, and “y” has a value in the range of about 0.9 to
about 1.6. These polymer compounds are solid solutions
comprising one phase of a potassium polysilicate with
the formula:

(r— DK30:K20:(x = 2)8i02

and one phase of a K—PS polysialate with the formula:

K,,(—Sli—O—?l—O—)n

o] o

The potassium silico-aluminate reactant mixture de-
scribed above becomes a mineral resin which can be
mixed with at least one mineral and/or organic filler,
and used as a binder or cement. These mixtures may also
include such additives and fillers as dyestuffs, pigments,
reinforcement fibers and water-repelling agents. Poly-
condensation and setting occur in the range of room
temperature up to 120° C. ‘

Molded objects of this invention have many uses,
depending on the physical, mechanical or chemical
properties required. They can be used in industries such
as the building industry and may also be used as decora-
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tion, taking the form of objects, molds, tools, blocks and

panels.

These molded objects may support several physico-
chemical, physical or mechanical post-treatments, as
well as finishing or coating operations. If necessary, the
molded objects can be heated to a temperature of at
least 325° C. One obtains ceramic-like products having
excellent thermal and dimensional stability.

I claim:

1. A mineral polymer formed at a temperature of up
to about 120° C. and having a composition, expressed in
terms of oxides, as follows:

YK20:A1;03:x8i02:xH20
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10
where, in the fully hydrated form, “w’ is a value at the
most equal to 4, “x” is a value in the range of about 4.0
to about 4.2, “y” is a value in the range of about 1.3 to
about 1.52, and where the oxide-mole ratios of the reac-
tant mixture from which said mineral polymer is made
are as follows:

Ky0/8i0; 0.30 to 0.38
8i02/A1 03 4.0to 4.2
H,0/A1,0;3 14 to 20
K»0/A1O3 13t0 1.52

said mineral polymer comprising one phase of a potas-
sium potysilicate having the following formuia:

O — DK20:(x—2)SiO:(w=—1)H0

and one phase of a potassium polysialate polymer hav-
ing the following formula:

: | | ‘
(K)n(_s|i_o~l|“—0_)m n HO

o.- O
| I

where “n” is the degree of polymerization of said potas-
sium polysialate polymer, said mineral polymer having
an x-ray diffraction pattern, determined by the Debye-
Scherrer method using the K-alpha doublet of copper,
substantially as follows:

da) 1

10-11.5 halo

449 m

427w

3.52m

3338

3.23 halo to

2.79

2.56 w

225 vw

2.17 vw.

2. The mineral polymer of claim 1 comprising 35 to
90 parts by weight of said potassxum polysilicate and 10
to 65 parts by weight of said potassium polysialate poly-
mer.

3. A method for preparing a mineral polymer formed
at a temperature of up to about 120° C. and having a
composition, expressed in terms of oxides, as follows:

yK20:A1;03:x8i02:wH20

where, in the fully hydrated form, “w” is a value at the
most equal to 4, “x” is a value in the range of about 4.0
to about 4.2, “y” is a value in the range of about 1.3 to
about 1.52, and where the oxide-mole ratios of the reac-
tant mixture from which said mineral polymer is made
are as follows:

K20/8i0; 0.30 to 0.38
Si0,/Al,O3 40t042
H;0/A1,03 14 to 20
K,0/AL03 1.3t0 1.52

said mineral polymer comprising one phase of a potas-
sium polysilicate having the following formula:



11

o— l)Kzo:(x —2)Si02:(w— 1)H20

and one phase of a potassium polysialate polymer hav-
ing the following formula:

| |
XKn(— ?i""'O— ?I—O'—)n. n H20

o o
| |

where “n” is the degree of polymerization of said potas-
sium polysialate polymer which comprises reacting
potassium silicate with potassium hydroxide and then
reacting the resulting mixture with alumino-silicate
oxide having the formula:

(Si20s, AO2)r

where the aluminum cation is in fourfold coordinated
state, or reacting potassium silicate with said alumino-
silicate oxide and then reacting the resulting mixture
with potassium hydroxide, said mineral polymer having
an x-ray diffraction pattern, determined by the Debye-
Scherrer method using the K-alpha doublet of copper,
substantially as follows

dA) I

10-11.5 halo

449 m

427 w

3.52m

3338

" 323 haloto |

2.79 pl 2.56 w

2.25 vw

2.17 vw.

4. The method according to claim 3 further compris-
ing adding at least one filler to the reactant mixture, and
heating said reactant mixture until said mixture hardens.

5. A method for preparing a molded object which
comprises preparing a potassium silico-aluminate/water
mixture comprising potassium silicate, potassium. hy-
droxide and alumino-silicate oxide having the formula:

(5i20s, Al202)n

without reacting said potassiuin hydroxide directly with
said alumino-silicate oxide, where the molar ratios of

4,472,199

12

the reactants, expressed in terms of ox1des, have values
in the following ranges: »

K,0/Si02 0.30 to 0.38
SiO2/AL03 4.0to 4.2
Hy0/ALO3 14 to 20
K20/A1,03 1.3 to 1.52

combining said silico-aluminate/water mixture with at
least one filler; placing said silico-aluminate/filler mix-
ture in a mold; said hardening said silico-aluminate/-
filler mixture in said mold at a temperature of up to
about 120° C. to form a solid, molded articles that in-
cludes a mineral polymer having a composition, ex-
pressed in terms of oxides as follows: ‘

10

15
yK20:A1,03:xSi0;

where “x” is a value in the range of about 4.0 to about
4.2 ‘and “y” is a value in the range of about 1.3 to about
1.52, sa1d mineral polymer comprising a potassium .
polysilicate phase, and a potassium polysialate polymer
phase having the formula:

20

25

1 !
(k)n(—sli“O—?l—O)n. n H20
o o
! !
30

where “n” is the degree of polymerization of said potas-
sium polysialate polymer, said mineral polymer having
an x-ray diffraction pattern, determined by the Debye-
Scherrer method using the K-alpha doublet of copper,
substantially as follows:

d(A) I

10-11.5 halo

449 m

427 w

3.52m

3338

3.23 halo to

2.79 -

2.56 w

2.25 vw

2.17 vw.

6. The method of claim 3 wherein said mineral poly-
mer comprises 35 to 90 parts by weight of said potas-
sium silicate and 10 to.65 parts by weight of sa1d potas-
sium polysialate polymer.
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