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(57) Abrége/Abstract:
The invention relates to a method for producing hydrotalcites, using at least one compound of a divalent metal (component A)
and at least one compound of a trivalent metal (component B), at least one of the two components not being used in its dissolute
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(57) Abréege(suite)/Abstract(continued):

form. The inventive method Is characterized by a) subjecting a least one of the components A and/or B that are not used In its
dissolute form shortly before or during mixing of the components, and/or b) the mixture containing components A and B to an
Intensive grinding step until an average particle size (D.,) of approximately 0.1 to 5 ym is reached, and, optionally after an aging

treatment or hydrothermal treatment, removing, drying and optionally calcinating the hydrotalcite product so obtained. The
amorphous hydrotalcite precursors or finely divided crystalline hydrotalcites obtained by the Iinventive method are especially
useful as catalysts or catalyst supports, or as nanocomposite fillers or co-stabilizers in a polymer matrix.
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Absiract

A method is described for the manufacture of hydrotalcites by using at least one compound of a
bivalent metal (Component A) and at least one compound of a trivalent metal (Component B),
wherein at least one of these components is not used in the form of a solution, characterized in that

a) art least one of the Components A and/or B which is not used in the form of a solution, shortly
before or during mixing of the components, and/or |

b) the muxture contmmng the Componcﬁta A and B

18 subjected to intensive grinding until an average particle size (Dso) in the range of approx. 0,1 to §
um 18 obtained, and optionally, after aging treatment or hydrothermal treatment, the resulting
hydrotalcite product is separated, dried, and optionally calcinated.

‘The hydrotalcite precursors and/or fine-particle crystalline hydrotalcites which can be obtained by

using the method in accordance with this present invention may be used in particular as catalysts or
catalyst carriers or as nanocomposite filling agents or ca-stabilizers in a polymer matrix.
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Apnl 18, 2002
4465-X-21.533
PATENT APPLICATION

Method for the Production of Hvdrotalcites

This present invention concemns a procedure for the productlon of hydrotalcites from compounds of
bivalent and trivalent metals.

Hydrotalcite as it occurs in nature is derived from the mineral brucite and has the following idcal
formula:

[MgaAlz(OH)m] 003 ° nH;O

In hydrotalcite, some magnesium iong have heen replaced by aluminum ions, as a result of which the
individual layer receives e positive charge. This is compensated by carbonate anions which, together
with crystal water, are located in the intermediate layers,

In synthetic hydrotalcites, magnesium may have been substituted, whether as whole or in part, by
Zing, calcium, iron(1l), cobalt, copper, cadmium, nickel and/or manganese, and aluminum may have
been substituted, whether as a whole or in part, by iron(Il), boron, manganese, bismuth and/or
cerium.

The pertinent literature basically described three different methods for the syntheesis of hydrotalcites:

The oldest method refers to the coprecipitation of solutions of bivalent and trivalent metals in the
presence of an anion. The pH value is either Kept constant or set to neutral to slightly basic values,
starting initially either in the highly acidic or in the highly basic range. This step is followed by
hydrothermal treatment. This methad works for virtually all hydrotalcites which can be produced. A
summary of such coprecipitation synthesis can be found in "Catalysis Today" 11 (2), (1991), pages
173 through 301, in particular on pages 201 through 212. These procedures are limited in terms of
their technical application since, in part, they require a certain quality of raw materials (cost of raw
matcrials) and a pretreatment of the raw materials (duration of synthesis) and require  very
complicated equipment. In addition, during the conversion, as byproducts, soluble salt, such as
sodium chloride, are formed which must be rinsed out of either the precipitation of the precursor
- product or from the final product, which requires larger quantities of cleaning water and increases the
salt content of the waste water. The most common and cheapest soluble salts include the metal
chlorides. In the different system parts, chlorides cause heavy corrosion. System parts which come
into contact with such raw materials must be designed to withstand the same. Generally speaking,

- only ttanium equipment or coatings are suitable for this purpose, which makes the system equipment
very costly.

The salt-oxide method describes the conversion of a metal salt with the oxide or hydroxide of the
other metal. By using acids or bases, the pH vale is ultimately set to an optimal value. Usually, this
value is in the neutral to slightly basic range. For example, MgO can be converted to hydrotalcite by

using AlCl;. By selecting suitable raw materials, this results in cost savings compared with the
caprecipitation method, considering that oxides are generally less costly than soluble salts, and the
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waste water also contains legs galts. One of the disadvantages of this method is that the manufacture
of pure-phase products is very difficult.

The third method refers 1o the conversion of the oxides, hydroxides or carbonates of the bivalent or
trivalent metals. The patent literature, e.g. DE 20 61 114, US 5,399,329 as well as US 5,578,286,
contains examples for such method. In addition to relatively low raw material costs, the waste water
has a rclatively low salt content.

Among other things, WO 01/12570 describes the manufacture of an abrasion-resistant formed body
containing crystalline anionic clay by mixing MgO with gibbsite or amorphous alumina gel. This
patent application furthermore describes optional homogenization of the slurry. This is follow by
calcination, resuspension, and aging of the molded bodies.

In summary, in case inexpensive raw materials are used, so far, it has been impossible to achieve a
high and constant product quality. Consequently, prior art products therefore exhibit the following
major disadvantages:

High cost of raw materials used: soluble salts are offered in the form of solutions (e.g. as a MgCl,
solution or as an AlCI; solution) or solids. Solid produocts of soluble salts are more expensive than
their solutions and can not be used for economical reasons. Because of the generally higher content
of anions, their metal content is low (e.g. MgClz : SH;0: approx. Mg content = 11%). Insofar as
oxides or hydroxides of the metals are planned to be used, they must be highly reactive to ensure
successful conversion. This, in turn, leads to high raw material costs.

One goal in the planning of new systems is the efficient utilization of resources and minimal
environmental impact. In case salt solutions are used, the transportation costs are unreasonably high

because of the relatively low content of active ingredients. The anion parts which are not
incorporated in the product are discharged into the waste water system.

In accordance with prior art methods, raw matorials which arc as active as possible are uscd, in
particular in oase suspensions of solids are planned to be used. The storability of active raw materials
1s limited.

In a system, the handling of active raw materials is more difficult. Processing these active raw
matenials 1s also problematic because their reactivity greatly change as a result of different storage
times in the system. As a result, the final product (hydrotalcite) is subject to significant fluctuations
in quality. For example, MgO binds in water while producing a significant amount of heat. In the
case of prolonged storage times or in the event of system malfunctions, an aqueous MgO suspension
therefore represents a safety risk, MgO is particularly difficult to handle as an active raw material.
Active specics should be used as suspensions with a low content of solids, In case excessively
diluted suspensions are used, however, the cost of the preparations increases, considering that larger
volumes need to be treated (boiler size, pumping assemblies, stirring elements).

Another problem arises, for example, in case aluminum is used in the form of inexpensive and highly
available aluminate solutions. They are stabilized by using sugar derivatives to ensure that, during
storage, no crystallization of AI(OH); takes place. The sugars are not incorparated in the product and
are discharged into the waste water, This increases the CSB value beyond the permissible threshold
values. Cheaper qualities of sodium aluminate solutions have varving contents of active substance.
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On the other hand, in case less reactive raw materials are used, it is not possible to manufacture
hydrotalcite with a high degree of phase purity. Phases of initial substances can be detected, or other
phases, which gre indicative of incomplete conversion of the raw materials, The quality of the
hydrotalcites obtained is frequently insufficient for specific applications, such as e.g. as a PVC
stabilizing agent.

The object of this present invention was therefore to provide a method for the manufacture of
hydrotalcites which permits the advantageous use of inexpensive and environmentally harmless
initial materials in the production of hydrotalcites and which overcomes the above-described
drawbacks of state-of-the-art methods while still supplying high-quality hydrotalcites.

This is achieved by the method as disclosed in Claim 1 hereof. Preferred embodiments of this
method are detailed in the sub claims.

Surprisingly, a method was discovered to manufacture hydrotalcites by using at least one compound
of a bivalent metal (Component A) and at loast onc compound of a trivalent metal (Component B),
whercein at least one of the above components is not used in the form of a solution, characterized in
that a) at least one of the Components A or B which is not used in the form of a solution, shortly
before or during mixing of the components, and/or b) the mixture of the Components A and B is
subjected to intensive grinding until an average particle size (Dsg) of approx. 0.1 to 5 pm, in
particular approx. 0.5 to § pum, preferably 1 to § pm, and optionally, after aging treatment or
hydrothermal treatment, the resulting hydrotalcite product is separated and dried. The average
particle size (Dso value, i.e. 50% of the existing particles are smaller than the specified particle size)
after intensive grinding can, in a preferred embodiment hereof, also be 3 um or smaller, in particular
Z um or smaller.

Preferably, the Dy value (meaning that 90% of the cxisting particlcs arc smaller than the sﬁcciﬁcd
particle size) after intensive grinding is between 1 and 5 pm or smaller, in particular between 1 and 4
um, and perticularly preferably between 1.5 and 3 pum.

For the purposes of this present invention, the term “hydrotalcite” refers to a double-layer hydroxide
compound with the following general formula:

AwBx(OH),C,-n H20

wherein A represents a bivalent metal cation, B a trivalent metal cation, and C a monovalent or
plurivalent anion and for w, X, y, z, and n, the following conditions apply: 0 <z<X S4sw=sAYy
and 122n2 0.

This also covers compounds with the formula AsB2(0OH)16Cz - 4H,0, wherein A is either Mf"’, Fe*t,
and Za®', B is cither A**, Fe*, and Cr', and C is sclected from a group of anions containing OH,
Cl', Br', CH}COO', Cng', 5042', P043', FO(CN)G* and somc borates > carboxylatcs, and
polyoxymetalates, wherein ¥ < z < 2 (depending on the charge of the substituted anions).

Preferred embodiments of this present invention refer to the compounds derived from the formula
MgsAl2(OH)16]COs . nH30 specified above. Compared with brucite, in hydrotalcite, some
magnesium ions have been substituted by aluminum ions, as a result of which the individual layer
receives a positive charge. This is compensated by carbonate anions which, together with crystal

water, are located in the intermediate layers. In synthetic hydrotalcites, magnesium may have been
substituted, whether as whole or in part, by zinc, calcium, iron (II), cobalt, copper, cadmium, nickel
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and/or manganese, and aluminum may have been substituted, whether as a whole or in part, by iron
(1IT), boron, manganese, bismuth and/or cerium. In the hydrotalcites in accordance with this present
invention, the carbonate that is primarily present in the intermediate layers may afterwards be
substituted, whether as & whole or in part, by one or several of the above anions, including by anions
with organic radicals.

This present invention makes it possible to advantageously use inactive standard raw materials which
are inexpensive end readily available on the market to produce high-quality hydrotalcites. In
particular, the hydrotalcites manufactured in accordance with this present invention have a phase
purity of > 90%, in particular > 95%, particularly preferably > 98%, as determined by using the
ASTM C 1365-98 method. The process is safe and only has a very minor impact on the environment
(in particular the waste water).

In addition, the procedure in accordance with this present invention permits the manufacture of fine-
particle, powdery hydrotalcites, in particular with an average particle size (Dso) in the range from 0.1
and 2 um, in particular between 0.1 and 1 pm. and particularly preferably between 0.5 and 1 pm.

The torm “inactive raw materials” refers to raw materials that are insoluble, i.c. the solubility of the
reaction medium and/or solvent used, preferably water, at 25° C and at a pH value of 6 to 7, is less

than S x 107, in particuler less than 1 x 107, and particularly preferably less than 5§ x 107%, The BET
surface (DIN 66123) of such materials is generally less than 30 m*/g, preferably less than 10 m?/g, in

particularly less than approx. 6 m*/g. Such products are relatively stable during storage, easier to
handle and generally less expemnisive than active products. Surprisingly, such inactive raw materials
can be activated inexpensively through intensive grinding and converted to a high-quality
hydrotalcite. Examples for such inactive raw materials are oxides, hydroxides, and carbonates of
bivalent and trivalent metals, preferably of magnesium and zinc, wherein the term “carbonates™
refers to both neutral carbonates (e.g. MgCQ3) as well as basic carbonates (such as magnesia alba
and/or bicarbonates [c.g. Mg(HCO;3);]). The oxides of zinc and the oxides of aluminum are
particularly preferred.

These insoluble (inactive) raw materials (Components A and/or B which are not used in the form of
a solution) are preferably used in the form of a suspension.

In accordance with this present invention, at least one source of bivalent metal and at least one
source of a trivalent metal is used. One or several compounds each can be used, and different

bivalent and/or trivalent metals can be contained therein.

Preferred bivalent mectals include, but arc not limited to Mg?*, Ca®*, Zn?*", Mn?*, Co?*, Ni¥*, Fe?*,
Srz"', Ba?* and/or Cu?t, ! 3

Preferred trivalent metals include, but are not limited to Al>", Mn'", Co**, Ni**, C’*, Fe'*, Ga*',
Sc’", B*" and/or trivalent cations of rare earth metals.

Intensive grinding greatly increases the reactibility of the compounds of bivalent and trivalent metals
that are not used in the form of a solution, in particular that of the above-mentioned inactive raw
materials, such as insoluble carbonates, oxides, and/or hydroxides of the bivalent metals and/or the
oxides and hydroxides of the trivalent metals, which permits surprisingly good hydrotalcite
convasions and qualitics. In the process, it was surprisingly found that, to achieve particularly good
results, intensive grinding should be performed in such a manner that an average particle size (Dso)
in the approximate range from 0.1 and 5 pm, in particular botween 0.4 and 2 pm, and particularly

4
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preferably between 0.4 and 1.1 pm is abtained. The preferred Doo values are between 1 and 10 pm,
in particular between 1 and 5 um, and particularly preferably between 1.5 and 2.5 pm. Considering
_ that, usually, the initial average particle size of the raw materials is significantly higher than after
intensive grinding, the intensive grinding process in accordance with this present invention produces
significanily smaller particles, usually by at least approx. 30%, rather than merely leading to

homogenization and/or mixing of the suspension.

It is assumed that the intensely ground particles exhibit a particularly advantageous surface/volume
ratio which favors subsequent conversion to high-quality hydrotalcite. Ultimately, a high-quality,
fine-particle hydrotalcite is obtained which, for example, is particularly snited for use as a plastic
additive. For this application, hydrotalcites with an average particle size (Dso) of less than approx. 1
um snd a Dyp value of no more than 2 to 3 um are preferred.

Generally speaking, intensive :(intense) grinding can be performed with any suitable grinding
apparatus as long as the parameters in accordance with this present invention are observed.
Preferably, intensive grinding is carried out in a wet mill, in particular in a pear mill or annular gap
mill, During grinding, a high quantity of energy (approx. 0.5 to 10 kW/l, preferably approx. 1 to 10
kW/l) is applied, and this high quantity of energy also leads, in addition to grinding/mixing, to a
chemical reaction, i.e. a solid-particle reaction, assumingly because ions detach from the activated
surface. During the final grinding stage, in a preferred embodiment hereof, the energy quantity can
be reduced, e.g. to 2 to 5 kW per liter.

Preferably, inteasive grinding is performed at a pH value in the range from approx. 7 to 13.5 and at
temperatures in the range between approx. 20 to 100° C. During grinding, the temperature increases.

In accordance with the method of this present invention, at least one of the original components, i.e.
onc compound of the bivalent and/or trivalent metals and/or the mixture of the compounds of the
bivalent and/or trivalent metals is subjected to above-mentioned intensive grinding. To the extent
that, as a result of the intensive grinding specified for the method in accordance with this present
invention, the initial components have already been sufficiently activated for the manufacture of
hydrotalcites, in many cases, additional intensive grinding during and/or after mixing the compounds
of the bivalent and trivalent metals is no longer required. The same may apply in case only one of the
above Companents A and B is used as an inactive raw material, in particular in the form of a
suspension, whereas the other component is used in the form of a solution.

In a particularly prefarred embodiment of the method in accordance with this present invention, as a

compound of the bivalent metal (Component A), inactive magnesium oxide is used and subjected to
the intensive grinding in accordance with this present invention. In this case, as a compound of the

trivalent metal (Component B), aluminum hydroxide can be used which is converted to sodium
aluminate by adding sodium hydroxide. Intensive grinding of the sodium aluminate solution is
therefare not required. The initially inactive magnesium oxide is transferred, at least partially, to the
hydroxide during intensive grinding (wet grinding). Preferably, at this point in time, carbon dioxide
is already being supplied as a carbonate source, Afterwards, mixing with the compound of the
trivalent metal is carried out, preferably with the above-mentioned sodium aluminate solution.

In casc intensive grinding in accordance with a preferred emmbodiment hereof is carried out during or
after mixing the compounds of the bivalent and trivaleat metals, such intensive grinding can

preferably be continned until an amorphous or crystalline hydrotalcite phase is formed.
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Such an intensive grinding of the mixing suspension, which may be performed e.g. for 1 to 3 minutes
with 7 kW per liter and/or approx. 10 to 20 minutes at S kW per liter, produces new phases: initially
an amorphous hydrotalcite phase and, only to a limited extent (e.g. 3 10 4 percent), a crystalline
hydrotalcite phase. The amorphous hydrotalcite precursor phase is present with a small granular size.
In case the amount of energy supplied is increased, i.e. by extending the duration of grinding, the
percentage of the crystalline hydrotalcite phase increascs.

It has been found that, to achicve good results, the method in accordance with this present invention
requires that a carbonate source be added to the exoess, For the purposes hereof, the term “excess”
refers to a quantity of > 0.5 mol of CO; and/or carbonate per mol of Al (or trivalent metals used,
respectively). The preferred ranges are: > 0.5 to 3 mol, in particular 0.8 to 2.5 mol, particularly
preferably 1.0 to 2.0 mol of CO; and/or carbonate/mol of Al or trivalent metals used, respectively. In
accordance with this present invention, they are added prior or during mixing of the compounds of
the bivalent and trivalent metal, although in all cases prior to any optional hydrothermal post-

treatment of the preparation.

Surprisingly, it has been found that the addition of carbon dioxide as a carbonate source produces
particularly advantageous results, Alternatively, carbonate may also be supplied by using a
carbonate~containing compound of the bivalent and/or trivaleat metal or by additionally supplying
carbonate-containing salts. However, the addition of COj; is clearly preferred. By adding CO;, the pH
value of the suspension of the raw materials or of the mixing suspension can alsoc be set to and/or

maintained at the desired value.

In case, in accordance with one of the embodiments hereof, at least one of the Components A or B is
separately activated by means of intensive grinding, this is carried out, in accordance with this
present invention, shortly prior to subsequent conversion as per the method herein. This is intended
to ensure that the activation achieved through intensive grinding is not lost prior to the conversion as
. per the method in accordance with this present invention as a result of undesired reactions. Usually,
intensive grinding is therefore performed no more than five hours prior to subsequent conversion in
accordance with this present invention. It is assumed that the active particle surfaces which were
activated during intensive grinding could play a role in this respect.

The solid content of the suspension(s) and/or mixed suspension containing the compounds of the
bivalent and trivalent metals that are used is preferably between 30 and 60 percent by weight. Insofar
as the apparatuses used for intensive grinding are concerned, these limits have also been found to be
practicable; however, on a case-by-case basis, lower or higher solid contents may also be used.

One preferred embodiment of the method for the manufacture of hydrotaleites from compounds of
bivalent and trivalent metals is characterized in that (a) separate suspensions of the insoluble
carbonates, oxides and/or hydroxides of the bivalent metals and the oxides or hydroxides of the
trivalent metals, or (b) a mixed suspension of the components are subjected to intensive grinding
until an average particle aize (DS0) of approx. 1 to 5§ p, wherein, in casc tho oxides or hydroxides of
the bivalent and trivalent metals are used, prior, during, or after intensivc gninding, a carbonatc
source 15 added; in case (a), the separate suspensions are mixed, and wherein, in both cases, intensive
grinding continues until an amorphous hydrotalcite phase and/or a hydrotaloite phase which is
Characterized by a sharp X-ray diffraction diagram is obtained; the resulting product is separated,
dried, and optionally calcinated.

Components A and B are preferably mixed at a temperature of approX. 40 to 100° C, in particular at
temperaturcs of approx. 80 to 90° C.
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The conversion of the mixture of the compounds of the hivalent and trivalent metals (Components A

and B) occurs immediately. As a result, the conversion times prior to thermal or hydrothermal post-
processing between 0 and 48 hours are usually sufficient.

In one cmbodiment of this present invention, the carbonates, oxides, and/or hydroxides of the
trivalent metals may be substituted, whether as a whole or in part, by soluble salts (c.g. sodiwm

aluminate).

“As compounds of the trivalent metals, preferably, aluminum hydroxide, active forms of aluminum
oxide and/or sodjum aluminate are used. The latter hydrolyze in the suspension, as a result of which
a reaction between the aluminum hydroxide and the carbonate of the bivalent metal ocours. The
NaOH which forms in the process is used to adjust the pH value.

In another embodiment of this present invention, insoluble carbonates of the bivalent metals may be
manufactured in situ by converting the respective oxides and/or hydroxides with soluble carbonates.
Preferably, to at least one of the suspensions, in particular to a mixed suspension of the oxides or

hydroxides of the bivalent or trivalent metals, sodium bicarbonate and/or sodium carbonate are added
as a carbonatc source. As a result, the pH value of the suspension can be set to the desired value. The

pH value preferably ranges from approx. 6 to 13.5. Such soluble carbonates or bicarbonates may also
be added in case the insoluble carbonates of the bivalent metals are used.

The amorphous hydrotalcite phase and/or the partially crystalline hydrotalcite phase can, as per one
embodiment of the method in accordance with this present invention, be subjected to hydrothermal
post-treatment and/or a thermal aging process, wherein the product obtained is separated from the

suspension, dried, and optionally calcinated.

Hydrothermal post-treatment is generally performed at temperatures between > 100 to 200° C for a
peniod of approx. 1 to 20 hours; such treatment covers a heating phase, a holding phase, and cooling
phase. These individual phases are dependent on the size of the system used. Hydrothermal post-
treatrment further inoreases the percentage of the crystallinc hydrotalcite phase characterize by a
sharp X-ray diffraction diagram, whereas the percentage of the amorphous hydrotalcite Precursor
phase decreases accordingly.

Generally speaking, through the raw materials, a suspension (sludge, slurry) with a content of salid
particles of approx. 30 to 60 percent by weight is pumped with a prolonged residence time in the
grinding chamber of the mill used. In case 8 FRYMA-MS-32 annular gap mill is used, the grinding
chamber was filled, for example, with a high percentage (up to approx. 70 percent) with grinding
clements (Al203, ZrO,, glass spheres). The temperature of the studge (slurty) is between approx. 20
and 100° C; the pH value is between approx. 7 and 14. During the grinding process, the viscosity of
the sludge (slurry) increases, As tho residence time in the grinding chamber increases (= iancreasing
number of pumping runs or lower pumping rate), the particles are finely grounded. In a3 preferred
embodiment hereof, in general, a granular size of approx. 0.5 to 1 um (Dso value, i.c. the particle size
of S0 percent of the particles is below the specified value) is achieved.

In case the mixed suspension containing the components A and B is subjected to intensive grinding,
the energy that is supplied directly leads to the formation of a mixed phase consisting of an X-ray
amorphous and a crystalline hydrotalcite. The latter provides the crystallization nuclei during an
optional post-processing through hydrothermal post-treatment. Compared with a prior-art
hydrothermal hydrotalcite synthesis, this procedural step produces significantly hetter results (higher
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crystellinity, higher yield, shorter duration of synthesis, end improved quality). The preceding
intensive grinding procese therefore makes it possible, as already mentioned earlier, to optimize the
entire process in termse of increased flexibility in the selection of raw materials (cheaper raw
materials) and shaorter durations of synthesis.

Studies of the X-ray diffraction spectrum show that the percentage of crystalline hydrotalcite in the
sludge (slurry) rises as the residence time in the grinding chamber increases. In case the sludge
(slurry) in the circuit is pumped through the grinding chamber, grinding makes it possible to directly
produce crystalline hydrotalcite without requiring any hydrothermal post-treatment. The grinding
process produces particularly good results in case basic carbonates or bicarbonates of the bivalent
metals and aluminum hydroxide are used.

Instead of hydrothermal post-treatment or in addition thereto, an aging treatment may also be
performed in the temperature range between approx. 90 to 135° C for a period between 0.1 to 10

hours.

Another aspect of this present invention concerns the hydrotalcites which are obtained through the
method described herein which, in particular when used as plastic additives, exhibit unexpected
advantages compared with prior-art hydrotalcites.

Two embodiments of the method in accordance with this present invention are explained in morce
detail in the Figures attached hereto:

Figure 1 shows a procedural schematic of a first embodiment of this present invention, and

Figure 2 shows a procedural schematic of a second embodiment of this present invention.

As shown in Figure 1, initially, from the raw materials (metal oxides, hydroxides, carbonates) as well
as from soda and/or bicarbonate and water, at a pH value of 7 to 14, a sludge (slurry) s prepared
which 18 processed, at a temperature of approx. 20 to 100° C, in annular gap mill (FRYMA MS32).
Depending on the grinding level, cither predominantly an amorphous hydrotalcite phase with a low
percentage of a orystalline hydrotalcite phase (left branch of the procedural schematic) or
predominantly the crystalline hydrotalcite phase with a low percentage of the amorphous hydrotalcite
phase (right branch of the procedural schematic) is obtained. In the right-hand branch, no
gzldroﬂlennal post-treatment i1s performed, and the product ie immediately isolated, dried, and
cinated. .

In the lefi-hand branch, the amorphous hydrotalcite phase is suhjected to hydrothermal post-
treatment, .whorein the low percentage of the crystalline hydrotalcite phase provides the
crystallization nuclei. Hydrothermal post-treatment generally occurs at temperatures in the range
from approx. 100 and 200° C and with reaction times in the range from approx. 1 to 20 hours, The
product obtained is filtered, dried, and optionally calcinated.

A8 shown 1n Figure 2, imitially, aluminum hydroxide and sodium hydroxide are used to produce a
sodium aluminate solution at an elevated temperature (approx. 100° C). In a sepearate container, in
gold water (maximum 20° C), magnesium oxide is suspended. This is followed by intensive grinding
in acco_rdance with this present invention (wet grinding). In the process, partial conversion to
magnesium hydroxide also takes place. Afterwards, carbon dioxide is added, as a result of which. on
onc hand, the pH value can be lowered and set to the desired range between pHY9 and pH 11. At the
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same time, the excessive carbon dioxide supplies the carbonate which is required for the intermediate
layers of the hydrotalcite.

After mixing the Na aluminate solution with MgO suspension treated as described above to form a
mixed suspension and converting it for approx. 1 hour, conventional hydrothormal treatment may be
performed to achieve the desired hydrotalcite crystallite size. Finally, filtering, drying and optionally
deagglomeration are carried out.

The hydrotalcites which can be obtained by using the method in accordance with this present
invention can either be used as (a) catalysts or catalyst carriers, or (b) as filling agents and co-
stabilizers for polymers.

For the first application (a), in particular largely amorphous hydrotalcites which exhibit high surfaces
(approx. 60 to 80 m”/g), as determined by BET (DIN 66132), a marked fine particle structure as well

as good deformation properties are particularly suited. For this application, however, products
obtained through hydrothermal post-treatment are also suitable in case catalysts and/or catalyst

carricrs with a small surface and larger crystallites are desired.

These catalysts can be used for all reactions where hydrotalcite catalysts are used. By way of
example, the synthesis of glyocol ethers from olefin oxides (US 5,110,992) and the epoxidation of
olefins (US 5,260,495) may be mentioned. Further reactions are specified in Chem. Commun., 1998,
pages 295 through 296.

For other reactions, to the hydrotalcites in accordance with this present invention, activation
components such as nickel and noble metals, can be added. In this form, the catalysts are snitable for
hydrogenations, dehydrogenations, alkylations, etc.

The hydrotalsites which can be obtained in accordance with this present invention are particularly
suited for use a3 filling agents since they can be produced with an entirely white color, which makes
it possible to produce entirely white and/or transparent polymeric composite materials. In addition,
surprisingly, the hydrotaleites which can be obtained in accordance with this preserit invention were
found to be very easy to incorporate into plastics. For thie purpose, however, in individual cases, the
amorphous hydrotalcite precursor phase can also be used.

As a polymeric phase for the nanocomposite filling agents which can be used in accordance with this
present invention, virtually all technically usable polymer materials are suitable.

The manufacturc of the composite materials from the polymer matrix and the finely dispersed

nanocomposite filling agents uses methods that are known from prior art. In general, these methods
involve the following steps: - .

a) incorporation of the hydrotalcite into a monomer, oligomer, or polymer, wherein proferably,
highly-shearing mixers and dispersing aggregates are used:

b) optional polycondensation, polymerization or thermal and/or chemical crosslinking of the
monomers and/or polymers, and

c) subscquent processing of the resulting composite material through pouring, extrusion and/or
injection molding,
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Suitablc polymers include, among others, polyolefins, polyhalogen carbohydrates (e.g. PVC),
epoxides, polyesters, acrylates, methacrylates, polyurethanes, polycarbamides, polyamides,
polycarbonates, and rubber,

As highly shearing dispersing aggregates, high speed stirring devices, colloid mills, kneading
devices, extruders and other dispersing aggregates may be used. Dispersion may occur at room
temperature or at elevated temperatures.

The hydrotalcites in accordance with this present invention arc also suited aa: co-stabilizers for
polymers, in particular for polyhalogen carbohydrates and olefins. In the former case, they capture

the HC! which forms during disintegration. In the latter case, they prevent discolorations resulting
from the chain reduction caused by residues of the catalysts that are used in the manufacture of the

polyolefins.

Below, this present invention shall be explained in more detail with reference to the following
examples:

Initial Preparation:

Intensive grinding was performed by using a FRYMA annular gap mill (spherical filling level 709,
pump setting 2 to 4 | of suspension per minute with an energy input of approx. 7 kW per liter).

First, preliminary tests were conducted with the raw materials (MgCO,;, MgO, Al(OH),, basic
ZnCOs, ZnO) to determine their behavior in the mill and to properly adjust the sludges (slurries) for
actual testing (solid content). During the preliminary tests, after three runs (total 9 minutes) through
the mill; for the dried powder, an average grannlar size between 1 and 3 pm (= Dgp value) was
measured. It was furthermore determined that the viscosity of the sludge (slurry) increases
significantly; in some cases, it was necessary to dilute the sludge (slurry) with H,0.

Example 1: Intensive erinding of the Mixed Suspension Contain
Bivalent and Trivalent Metals

> the of the

INHOUNRGS

Upon completion of the tests regarding raw material behavior, five tests were conducted in the
annular gap null (sphencal filling level 70%; pump setting 2 to 7 1 of suspension per minute; number
of runs 5; sampling after the first, third, and fifth run to determine grain size).

The testing parameters are summarized in Table 1.

10
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Tablel

To prepare the specimens. a sam
, | ple of approx. 50 mg was mix '
ethanol and treated for S minutes in an ultrasound finger, ’I;i i:uzsezlzgz pw?sthh'mgﬁ&eéot?] tl? i
e

d. ] e [
1Spetsion wt of the device, and ethano] was added until the correct concentration of the samp]
es

was displayed by the meastring devs
as well as printed out, 8 Covice. At the end of the measur cment, the results were both stored
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Table IT

Lxample Z: Intensive srinding g1 the lpactave Raw viaterial (viol,

2 liters of cold (20° C) water arc placed in a working container. In the same, 1667 g of MgO are
dispersed by using a Pendraulik stirrer.

Cold water was used to prevent an immediate reaction to Mg (OH),. The BET surface of the MgO

used was 3 m%/g; the solubility product in water is 25° C (pH 7) is < 1 x 107'°,

The resulting magnesium suspension was performed by using a stirrer ball mill (pearl mill), type
Drais PM-1 RL-V) uander the following conditions: one run, throughput 125 g per minute; degree of
filling of the grinding chamber: 70% with Al2O; spheres (diameter 1 to 1.5 mm); final washing with
1 liter of washing water; cnergy uptake of the mill: 0.8 kW; energy input: 2.7 kW per liter).

After intensive grinding, the averege particle size was roughly 0.7 um (Dsp). During heating of the
suspension, at least partially, conversion to Mg (OH); already occurred. The solid content of the
suspension 1s roughly 30%. .

276 g of the ground MgO suspension (Mg content 17.6%) were diluted in 2 1 of VE water.

From below, 58.8 g of CO2 were supplied. In the process, the magnesinm hydroxide is at least
partially converted to magnesium carbonate. Such supply is maintained for a total duration of
approx. 2 to 3 hours. In the process, the pH value drops from roughly pH 11 to approx. pH 10.

In a separate container, 70.9 g of aluminum hydroxidc arc dissolved in 128 g of sodium hydroxide
(NaOH content 50%) at 100° C while forming sodium aluminate.

Afterwards, the magnesium hydroxycarbonate dispersion which was obtained as described above is
mixed with the Na aluminate solution while stirring. If necessary, the pH value of the mixed
suspension is set to approx. pH 11; the temperature of the mixed suspension is roughly 80° C.

The resulting product can be filtered, washed, and dried by using prior-art methods, e.g. spray

drying. Depending on the specific requirements of the hydrotalcite manufactured, a subsequent
conventional hydrothermal treatment may also be performed.

The X-ray diffractogram of this product shows a pure hydrotalcite phase.

. Hvdrother Treatment

020 g each of the sludges of Example 1 were diluted with 2 liters of water. The mixed suspension of
Example 2 as well as the Reference Examples 1 and 2 (see below) were nsed in noa-diluted form. In

12
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. a stirred autoclave, these mixed suspensions (sludges, slurries) were then continually heated within |
two hours to 180° C in a single step, kept at 1B0° C for six hours, and cooled down to 80° C over a
period of ten hours. The resulting hydrotalcite crystals were filtered off and dried at 140° C.,

The corresponding values for the products afier the tests 3 and 4 of Example 1 are shown below:
heated to 140° C over one hour, kopt at 140° C for six hours, and cooled down to 80° C over a period

of ten hours.

The grain size distributions (as specified above) as well as the epecific surfaces (as per BET; DIN
66131) as well as the degree of crystallinity, expressed as the ratio between the amorphous and the
crystalline hydrotalcite phase as determined by the X.ray diffraction method in accordance with
ASTM D 396/85 were determined. The product was analyzed in terms of peak height (h;) and the
half-value width of the peak (b)) (003 peak at 2@ = 11.7%) as compared with a standard (ha and/or

ba).

The degree of crystallinity K determined in such a manner is specified in Table III, in addition to
further properties of the products obtained.

The X-ray diffraction tests showed that, in all tests, depending on the residence time in the annular

gap mill, Mg/Al hydrotalcite and/or Mg/ZiwWAl hydrotalcite was formed. The percentage of
crystalline hydrotalcites goes up as the residence time in the mill increases. Based on the reflex width
of the hydrotalcite reflexes. it can be concluded that very small hydrotalcite crystals have formed.
After five runs through the mill, the D50 valuec is between 1.8 and 3.3 um. The usc of basic
carbonates of the bivalent metals yielded higher percentages of the crystalline hydrotalcite phase in

the product mixture, In case oxides were used, it was necessary to constantly readjust the pH value
of the sludge (slurry).

-Reference Kxample 1

In an autoclave, in 2.1 liters of water, 84.8 g of water-free soda were dissolved. The autoclave was
closed, and 23.7 g of carbon dioxide were added.

A solution of 406.6 g of MgCl; . 6 H;0 and 121.2 g of AICl, in one liter of water was produced. This
solution was then pumped into the autoclave within two hours after carbon dioxide addition.

The suspension was filtered off and washed in a chloride-free manner. Afterwards, the remaining
residue was once again charged in 3 liters of water to which, prior thereto, 84.8 g of water-free soda
and 23.7 g of carbon dioxide had been added. This suspension was then subjected to the
hydrothermal treatment as described above under Item 2.

Reference Example 2
Hydrotalcite synthesis, including hydrothermal post-reamment, was performed as described in

Examplc 2, cxcept that no intensive grinding was performed. In addition, & similar MgOQ as in
Example 2 was used, although with an average particle size of approx. 0,7 pm.

13
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Example 3: Use of the AMUIBCY] od H drotalcites as a Plastic Additive

In a quick mixer (manufactured by Henschel), the following components were weighed in and
intensely mixed up to a temperature of 120° C:

Solvin 271 PC 2 kg
DIDP (stab.) 1kg
Zinc stearate 0.1 kg
Caloium stearate 0.2 kg

This dry blend was used for the subsequent tests after stirring for 24 hours.

110 g of the dry blend and 0.73 g of the hydrotalcite are processed at 180° C for flve minutes on a
roller calander to a rolled fabric. The front roller is operated with 15 rpms, the rear roller with 11
rpms. The distance between the rollers is set to 0.4 mm.

From the resulting rolled fabric, 50 mg are cut out and placed in a glass tube. On the top of the tub, a
litmus paper is positioned which is used to detected the first traces of HC! which are detached from
the PVC. The glass tube is stored in a thermoblock at 200° C, The time until the first occurrence of
HCI traces, indicated by the red discoloration of the indicator paper, is determined. This value is
referred to as the VDE value.

lable ITY
TestNo. | Grein Distibution | BET [m%/g] | Degree of Cristallinity | VDE [min] |
I(Bxamplel) 108 [21 T 17  1100%=Standard1(Std. 1) | 31 |
| 2(Bxamplel) = 08 136 | 18  [90%w(Std 1) | 28 |
A(Bxamplel) 110 139 |14 [ 100%=Standard 2(Std.3) | 35
 S(Bxamplel) =~ =0 108 142 | 16 | 90%(Swd. 1 30
EE-I!—%‘I-
Reference Examplel 1082  [14 | 95%(Std. 1) | 30 |
RofersnceBxample2 |18 |48 [ 17 [70%@Sw€d. 1y | 16

The above results clearly show that the method in acoordance with this present invention makes it
possible to manufacture partioularly advantageous hydrotalcites which are even superior to the
products manufactured by using the coprecipitation method insofar as the VDE values are concerned.

14
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4465'x-'2 1 o 53 3
PCT/ER02/04352
Stid-Chemie AG

Amended Claims

A. method for the manufacture of hydrotalcites by using at ledst one compound of a
bivalent metal (Component A) and at least one compound of a trivalent metal (Com-
ponent B), wherein at least one of these components is not used in the form of a so-
lution, characterized in that

a) at least one of the Components A or B which 1s not used in the form of a solu-
tion, shortly before or during mixing of the components, and/or

b) the mixture containing the Components A and B

1s subjected to intensive grinding until an average particle size (Dso) in the range of
approx. 0.1 to 5 um is obtained, wherein the solid content of the suspension(s) with
the Components A or B and/or the mixed suspension containing both components is
approx. between 30 and 60 percent by weight and, optionally, after aging treatment
or hydrothermal treatment, the resulting hydrotaloite product is separated, dried, and
optionally calcinated.

Mcthod in accordance with Claim 1, characterized in that intensive grinding contin-
ues until an average particle size (Dso) in the range of approx. 0.5 to 5 pm, in par-
ticular epprox. 1 to 5 pm, is obtained.

Method in accordance with Claims 1 or 2, characterized in that intensive grinding
continues until an average particle size (Dsp) in the range of approx. 3 um or less, in
particular approx. 2 pum or less, ig obtained.

Method in accordance with one of the preceding Claims, characterized in that inten-
sive grinding continues until an average particle size (Do) in the range of approx. 1
to 5 pm, in particular approx. 1.5 to 4 um, and particularly preferably in particular
1.5 to 3.5 pm is obtained.

Msthod in accordance with one of the preceding Claims, characterized in that a fine-
particle, powdery hydrotalcite is produced, preferably with an average particle size
(Dso) m the range from 0.1 and 2 pm, in particular between 0.1 and 1 pum, and par-
ticularly preferably between 0.5 and 1 um.

Method in accordance with one of the preceding Claims, characterized in that the
hydrotalcites which are produced have a phase purity of > 90%, in particular > 95%,
particularly preferably > 98%.

Method in accordance with one of the preceding Claims, characterized in that at
least one of the Components A or B contalns, as a solubility product in the reaction
medium and/or solvent used, preferably water, at 25° C and a pH of 7 of legs than § x.

15
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108, in perticular less than 1 x 10, and preferably less than 5 x 1071, and is nsed in
the form of a suspension and/or slurry.

- Method-in acc&rda.nce with one of the preceding Claims, characterized in that the

compound af the bivalent metal is selected from the croup of carbonates, hydroxy-
carbonares, oxides, and/or hydroxides.

Method in accordance with one of the prmeqmé CIM, characterized in that the
compound of the trivalent metal is an oxide and/or a hydroxide.

Method in accordance with one of the preceding Claims, characterized in that prior,
during, or after mixing of the compounds of the bivalent and trivalent metals (Com-
ponents A and B), at least one carbonate source is added, in particular carbon diox-
ide.

Method in accordance with one of the preceding claims, characterized in that prior,
during, ar after mixing and/or conversion of the compounds of the bivalent and
trivalent metals (Components A and B), at least one carbonate source is added, in
particular carbon dioxide, in 2 quantity ranging between at least 0.5 mol of CO,
end/or carbonate per mol of Al (or wtivalent metals used, respectively), preferably
between 0.5 to 3 mol, in particular between 0.8 and 2.5 mol, particularly preferably
1.0 to 2.0 mol of CO, and/or carbonate/mol of Al (or trivalent metals used,
respectively). ,

Method in accordance with one of the preceding Claims, characterized in that the
Component A, as a bivalent metal, contains Mg?*, Ca?*, Zn?*, Mn?*, Co?, Ni?*, Fe**.

- 8", Ba** and/or Cu?".

Method in accordance with one of the preceding Claims, characterized in that the
Component B, as a trivalent metal, contains Al’*, Mn®", Co®", Ni**, Cr**, Fe'*, Ga®*,
So**, B and/or trivalent cations of rare earth metals.

Method in accordance with onc of the preceding Claims, characterized in that, in
case (b) of Claim 1, intensive grinding continues until an amorphous hydrotalcite
phase and/or a hydrotalcite phase which is characterized by a sharp X-ray diffraction
diagram is obtained.

Method in accordance with ane of the preceding Claims, characterized in that the
Components A and B are mixed at a temperature of approx. 20 to 100° C, in particu-
lar at temperatures of approx. 40 to B0° C.

Mothod in accordance with one of the preceding Claims, characterized in that, as
Component B, at least partially, in lieu of the carbonates, oxides, and/or hydroxides
of the trivalent metala, soluble salts are used.

Method in accordance with one of the proceding Claims, characterized in that, as
compounds of the bivalent metals, the carbonates, oxides, and/or hydioxides of
magnesium and/or zinc, and as compounds of the trivalent metals, aluminum hy-
droxide, active forms of aluminum oxide, and/or sodium aluminate are used.
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Method in accordance with one of the preceding Claims, characterized in that in-
soluble carbonates of the bivalent metals are manufactured in situ by converting the
respective oxides and/or hydroxides with soluble carbonates.

Method in accordance with one of the preceding Claims, characterized in that at
least to one of the suspensions with the Components A or B, preferably to the mixed
suspension of the oxides of bivalent and the trivalent metals, sodium carbonate, so-

- dium bicarbonate or carbon dioxide are added as a carbonate source.

Method in accordance with one of the preceding Claims, characterized in that, as a
Component A, magnesium dioxide is used as an aqueous suspension ang, prior to
mixing with Component B, is subjected to intensive grinding to activate the magne-
siuma dioxide and form magnesium hydroxide.

Method in accordance with one of the preceding Claims, characterized in that, as a
Componeat B, a sodium aluminate solution is used which can be manufactured by
mixing caustic soda with aluminum hydroxide.

Method in accordance with one of the preceding Claims, characterized in that inten-
sive grinding is performed at.a pH value in the range from approx. 7 to 13.5, in par-
ticular in the range from 9 to 13, and at temperatures in the range between approx.
20 to 100° C, in particular in the range from 40 to B0° C.

Method in accordance with one of the preceding Claims, characterized in that inten-
siw.; grinding is performed in a wet mill, in particular in an annular gap mill or pearl
mill,

Method in eccordance with one of the preceding Claims, characterized in that the
amorphous hydrotalcite phase and/or the partially erystalline hydrotalcite phase is
subjected to hydrothermal post-treatment and/or-& thermasl aging process and the
product that is obtained is separated from the suspension, dried, and optionally cal-
cinated. .

Method in accordance with one of the preceding Claims, characterized in that hydro-
thermal post-treatment is performed at temperatures between > 100 to 200° C for a
period of approx. 1 to 20 hours, -

‘A hydrotalcite obtainable by using one of the procedures in accordance with one of

the preceding Claimes.

The use of the hydrotalcites which can be obtained by using one of the procedures in
accordance with cne of the preceding Claims 1 through 25 as catalysts or catalyst

The use of the hydrotalcites which can be obtained by using one of the procedures in

accordance with one of the preceding Claims 1 through 25 as filling agents and/or
co-stabilizers for polymers. - |

Fetherstonhaugh & Co.
Ottawa, Canada
Patent Agents
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