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(57) Abréegée/Abstract:

A process for the production of an aluminosilicate containing at least 9 weight percent alumina, having a BET surface area of 300-
600 m?/g, and an average pore volume of 0.2-0.5 ml/g is disclosed. The process includes the steps of preparing an agueous
solution comprising at least one metal silicate, adjusting the pH of said aqueous solution comprising at least one metal silicate with
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(57) Abrege(suite)/Abstract(continued):

a sufficient amount of an agueous solution comprising at least one aluminum salt to produce an agueous solution having a pH of
4.4-7 .7, precipitating aluminosilicate from the agueous solution by concurrently dosing additional agueous solution comprising at
least one metal silicate in such a manner such that the pH is maintained at 4.4-7.7, steps (a)-(c) being carried out at a temperature
of 0-80 °C and Isolating said aluminosilicate. The aluminosilicate I1s useful as a pressure sensitive pigment In carbonless copy

paper.
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(54) Title: PROCESS FOR MAKING ALUMINOSILICATE FOR RECORD MATERIAL

(87) Abstract

A process for the production of an aluminosilicate containing at least 9 weight percent alumina, having a BET surface area of 300-600
m?/g, and an average pore volume of 0.2-0.5 mV/ g is disclosed. The process includes the steps of preparing an aqueous solution comprising
at least one metal silicate, adjusting the pH of said aqueous solution comprising at least one metal silicate with a sufficient amount of an
aqueous solution comprising at least one aluminum salt to produce an aqueous solution having a pH of 4.4-7.7, precipitating aluminosilicate
from the aqueous solution by concurrently dosing additional aqueous solution comprising at least one metal silicate in such a manner such
that the pH is maintained at 4.4-7.7, steps (a)-(c) being carried out at a temperature of 0-80 °C and isolating said aluminosilicate. The
aluminosilicate is useful as a pressure sensitive pigment in carbonless COpY paper.
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Process for Making Aluminosilicate for Record Material

FIELD OF THE INVENTION

The present invention relates to a process for the production of
aluminosilicates and to particular aluminosilicates having a high
surface area and alumina content which are produced therefrom.

BACKGROUND OF THE INVENTION

Aluminosilicates useful 1in copy paper are known from Belgian patent
publication 812,140. These aluminosilicates have a surface area of
300-800 m2/g, an average pore volume of 0.5-1 ml/g, an average
particle diameter of 3-15 um, and an alumina content of 7.5-28 % by
weight. Also disclosed 1is a process for the production of
aluminosilicates which consists of reacting aluminum sulphate and

sodium silicate in solution.

U.S. patent 3,915,734 discloses a sodium aluminosilicate useful as
rigments in paper coatings, as fillers in rubber compounds, in inks,
paints, plastics and the like. The reaction mixture from which the
aluminosilicate 1is obtained includes an alkali metal silicate, an
aluminum salt, and alkaline earth metal salt. The use of a reaction
mixture not containing an alkaline earth metal salt in a similar

process is mentioned in U.S. patent 2,/739,073.

In a preferred process of U.S. patent 3,915,734, a portion of the
solution of the alkali metal silicate, e.g., sodium meta- or
disilicate, is added to the reaction media prior to the introduction
of the aluminum salt solution, e.g., aluminum sulphate. In general,
the pH should be maintained at 8-12 until all of the alkali metal
silicate has been added. The addition of the aluminum salt solution
may then be continued until the pH is reduced to 8-10. The
temperature of the reaction vessel is maintained at 65°C throughout
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the reaction. In Example 4 the aluminum sulphate and sodium silicate
solution are added simultaneously while the pH is maintained at 8.0 by
adjusting the rate of addition of the two solutions.

The process disclosed in U.S. patent 3,915,734 differs from the
present process in one important respect: the precipitation must be
carried out at a pH from 8.0-10.0. This difference is critical since
the pH at which precipitation is carried out exerts a strong influence

on the properties of the aluminosilicate product.

British patent publication 1,477,557 discloses an aluminosilicate
having a surface area of 185-622 m2/gram. A process for making the
same consists of mixing at high shear rate concentrated aqueous
solutions of alkali metal silicate such as sodium silicate and of a
metal salt other than an alkali or alkaline earth metal such as
aluminum sulphate. The pH of the resulting aqueous composition 1s
from 2-7.5. Preferabiy, the alkali metal silicate is sodium si'icate
and the metal salt is aluminium sulphate. These aluminosilicates can
be used in water purification, as fillers in paper and textiles, as
coatings for filaments and fibres 1in synthetic textiles, 1in the
compression moulding industry, in water desalination, and as a filler

1n soap.

The process of the British patent publication differs from the present
process in that it employs a far higher ratio of S$i02:Nap0 than 1s
used in the present process. Further, this patent does not have as a
primary goal the production of high surface area products and thus
states that equally good results are obtained at pH 2.5-3.5 as at pH
5.0-6.0 whereas in the present process, pH 2.5-3.5 cannot be

successfully employed.
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International patent publication WO 8,103,642 describes a record
material carrying a colour developer composition comprising a hydrated
silica/hydrated alumina composite. A process for making the coated
record material consists of reacting hydrated silica and hydrated
alumina together in an aqueous medium to produce a dispersion of said
composite, applying a coating composition incorporating said composite
to a substrate and drying the coated substrate to produce said record
material, characterized in that the mean alumina content of the
composite on a dried weight basis is up to 7.5%. For example the
composite can be prepared by adding together sodium silicate and
aluminium sulphate solution, and subsequently reducing the pH to /.0
by addition of sulphuric acid.

In JO 2221-113, JO 3193-620, and JO 3193-621 a process for the
production of aluminosilicate mullite precursors is disclosed. In the
process, solutions of aluminum salt and alkali metai silicate are
orovided to the reaction zone and reacted at a temperature above 80°C

at a pH of 4-10.

Furopean patent application publication 434 306 discloses a process
for the production of aluminosilicates and the wuse of these
aluminosilicates in carbonless copy paper. In this process, an acid
aluminum salt solution is prepared and then metal silicate solution 1s
added thereto until the pH is 4.0 and aluminosilicate begins 1o
orecipitate. Then, the solution is further alkalified with a strong
base to a pH of 7 to induce further precipitation of aluminosilicate
and separating the aluminosilicate from the reaction media. Notable
is that this process requires an additional hydrothermal treatment of

the aluminosilicate gel to produce an acceptable product.

The foregoing processes are all suitable for the production of
aluminosilicates. However, large variations in the properties of
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these aluminosilicates are observed when employing these processes.
Accordingly, there 1is a need 1in the art for a well-defined
aluminosilicate production process which provides aluminosilicates
having a high alumina content, a high surface area and consistent
properties. These aluminosilicates are suitable for the production of

record materials such as carbonless copy paper.

[t is the primary object of the present invention to provide a well-
defined aluminosilicate production process which provides a
consistent, high quality aluminosilicate with a high alumina content
and a high surface area. [t is a further object of the present
invention to provide a particular aluminosilicate product which 1is
suitable for use in carboniess copy paper, among other applications.
These and other objects of the invention will be apparent from the
summary and detailed description which follow.

SUMMARY OF THE INVENTION

The present invention relates to a process for the production of an
aluminosilicate containing at least 9 weight percent alumina, having a
BET surface area of 300-600 m2/g, and an average pore volume of of
0.2-0.5 ml/g. The process comprises the steps of:

a) preparing an aqueous solution comprising at least one metal
silicate and having an Si02:metal oxide molar ratio of 2.8-3.5;

b) adjusting the pH of said aqueous solution comprising at least
one metal silicate with a sufficient amount of an aqueous soilution
comprising at least one aluminum salt to produce an aqueous

solution having a pH of 4.4-7.7;
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¢) precipitating aluminosilicate from the aqueous solution of step
(b) by concurrently dosing additional aqueous solution comprising
at least one metal silicate and having an Si02:metal oxide molar
ratio of 2.8-3.5, and additional aqueous solution comprising at
least one aluminum salt to the aqueous solution of step (b) in
such a manner such that the pH is maintained at 4.4-/./, steps
(a)-(c) being carried out at a temperature of 0-80°C; and

d) isolating said aluminosiiicate.

In a second aspect, the present invention relates to an
aluminosilicate characterized in that it contains at least 9 weight
percent alumina, and it has a BET surface area of 300-600 m?/g, and an
average pore volume of of 0.2-0.5 ml/g. In a third aspect, the
present invention relates to the use of this aluminosilicate 1n
carboniess copy paper (also known as pressure-sensitive record

material).

DETAILED DESCRIPTION OF THE INVENTION AND PREFERRED EMBODIMENTS

In the first step of the present process, an aqueous solution of at
least one metal silicate is prepared. This agueous solution has an
Si0p:metal oxide molar ratio of 2.8-3.5, and, more preferably,
3.0-3.4. The solution generally has a solids content in the range of
0.1-20% and more preferably in the range of 1-10% by weight of the
total solution. Particulariy preferred solids contents are from 2-5%
by weight. Such solutions are commercially available, but generally
having a solids content of 35-50%. A simple dilution of these higher
solids solutions gives a suitable starting solution for the present

Drocess.
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The preferred metal silicate solution is a solution of sodium
silicate. Other metal silicates can also be used such as potassium
silicate, for instance. The metal silicate solution, generally having
a pH of 10-11, can be used as is 1in the process of the present
invention or can be alkalified by addition of a strong base such as
sodium hydroxide, thereby permitting a larger addition of acidic
aluminum salt to the metalsilicate solution without lowering the pH to

an undesirably low level.

In the second step of the process, the pH of the metal silicate
solution is adjusted to 4.4-7.7 by addition of an acidic aluminum salt
<olution thereto. The more preferred pH range is from 5.0-7.5, and
most preferred is from 5.5-6.5. The quantity of aluminum salt
solution required will depend upon the initial pH of the metal
<ilicate solution and whether it was alkalified, as well as on the pH
of the aluminum salt solution and the pH desired for the particular
reaction conditions. It is also possible to adjust the pH of the
aluminum salt solution, for example with sulfuric acid, prior to 1ts

addition to the metal silicate solution.

This pH adjustment step can also be performed by simultaneous addition
of aluminum salt solution and additional metal silicate solution so
long as the net result is a pH reduction of the metal silicate
solution into the desired pH range. In addition, some precipitation
will be observed during the pH adjustment step due to reaction of the

aluminum salt with the metal silicate.

The preferred aluminum salt solution 1s a solution of aluminum
sulphate, although other aluminum salts can also be empioyed. The
aluminum salt solution is generally employed in a concentration of
3-20 percent Alp03 by weight of the total solution, and more

preferably in a concentration of 5-15%.
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The third step in the process of the present invention 1is the
precipitation of aluminosilicate from the aqueous solution having a pH
of 4.4-7.7 obtained from the second step 1in the process. The
aluminosilicate is precipitated by concurrently dosing additional
aluminum salt solution and additional metal silicate solution in such
a manner as to maintain the pH of the reaction media at 4.4-7.7. The
metal silicate solution generally has a solids content in the range of
5-50% and more preferably in the range of 10-35% by weight of the
total solution. Particularly preferred solid contents are from 20-30%

by weight.

The preferred dosing method is the simultaneous dosing of metal
silicate and aluminum salt solutions 1in amounts, relative to one
another, that will maintain the pH in the desired range. Even more
preferred is to dose the metal silicate solution at a constant rate of
0.1-10 weight percent per minute, based on the weight of the initial
metal silicate solution prepared in the first step of the process and
to then adjust the dosing rate of aluminum salt solution so as to
maintain the pH in the desired range. An even more preferred metal
silicate dosing rate is from 0.5-5.0 weight percent per minute, based
on the weight of the initial metal silicate solution prepared in the

first step of the process.

The first three steps of the process of the present invention are
carried out at a temperature of 0-80°C and more preferably at 20-60°C.
Wwhile the temperature has some influence on the properties of the
final product, other parameters can be adjusted to modify the
properties if it is desired to perform the process at a particular
temperature. Typical reaction times for the third step i1n the process
range from 1-4 hours and, more preferably from 2-3.5 hours.
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Once the precipitation step is completed the aluminosilicate product
is isolated from the aqueous reaction medium. This 1is conveniently
done by filtration, for example, in a standard plate filter press.

Generally, the product is washed to remove impurities and, 1n
particular, unreacted metal silicate and sodium sulfate therefrom.
The type and degree of washing will generally be dictated by the
product specifications and economic factors. Washing is generally
done with water, and preferably demineralized water, and repeated
several times until the concentration of dissolved salts in the wash
water is reduced to a minimum. Once washing is complete a wet filter

cake is obtained.

More preferably, washing of the filter cake is generally done witn
water. After having reduced the concentration of dissolved salts 1n
the wash water to a minimum, the filter cake can be washed with an
ammonium salt solution, e.g. ammonium sulfate or ammonium chioride.
This is done when a sodium-free aluminosilicate is required. To remove
the excess of ammonium salts, the filter cake is washed again with
water. Once washing is complete a wet filter cake is obtained, which
is dried by conventional means. To remove ammonia from the surface of
the dried aluminosilicate, the product can be calicined in air at

elevated temperatures (300-700°C).

The filter cake is then broken up and dried by conventional means.
One drying method employs a fluidized bed dryer and temperatures of
130-160°C. A more preferred drying method employs a flash dryer, an
inlet temperature of about 350°C and an outlet temperature of 120°C.

Once drying is complete, the dried product 1s mechanically broken 1nto
small particles by, for example, milling in a hammer mili and/or by
slurrying the product and using a ball mill. The aluminosilicate 1s
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gener'a'il ly milled to an average particle .size of 1-15 um and, more
preferiably, 4-12 um. The resultant product may be dried and sold in
bags gr can be slurried and transported in tanks.

The aluminosilicate product is useful in carbonless copy paper as a
pressure sensitive pigment, as well as in coatings and other typical
applications of aluminosilicates.

The aluminosilicate product of the present invention contains at least
9 weight percent alumina, more preferably from 9-15 weight percent
alumina and, most preferably, 10-14 weight percent of the

aluminosilicate is alumina.

The aluminosilicate product has a BET surface area of 300-600 m2/g
and, more preferably, the BET surface area is from 400-550 m2/g. The
aluminosilicate also has an average pore volume of of 0.2-0.5 ml/g.,

and, more p.referably. from 0.25-0.4 ml/g.

More preferred aluminosilicates are also characterized by having an
average particle size of 1-15 um and more preferably, 5-12 um; a DBP
oil absorption of 50-200 ml1/100 g and, more preferably, 80-150 mi/100
g; and the pH of a 2% by weight solution of the aluminosilicate in

demineralized water is 8.5-11.0 and, more preferably, 9-10.

In the accompanying drawings which are included to illustrate the present invention
Figure 1 is a plot of pore volume and surface area of the aluminosilicate product
against pH at which precipitation is conducted. '

The invention will be further illustrated by the following examples in which all
percentages are percentages by weight.
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Examples 1-21 and Comparative Examples A-P

Several different aluminosilicate products were prepared by
essentially the same process varying only the dosing time,
temperature, pH, 5102:Na20 molar ratio and washing conditions. The
production process used was essentially as follows.
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In a 20 liter RVS reactor, was placed 7 liters of demineralized water
at the desired reaction temperature (20 or 60°C). To this water was
added 500 grams of concentrated sodium silicate solution (27.5% Si09)
whereby a pH between 10-11 was obtained. Thereafter, the pH was
lowered to the desired pH (see Table 1) by addition of aluminum
sulfate solution (8% aluminum oxide) over a period of about 20 minutes
(about 225 grams for an Si0:Nap0 ratio of 3.3).

Thereafter, over the dosing period specified in Table 1, additional
aluminum sulphate (typically 2.6 kg of solution) and sodium silicate
solutions (typically 8.58 kg of a diluted solution containing 1/3
water and concentrated sodium silicate solution) were added to the
reactor contents. The sodium silicate solution was added at a
constant rate and the pH was held at the value listed in Table 1 Dby
adjusting the rate of addition of the aluminum sulphate solution.

At the end of the dosing step, the precipitate was separated by
filtration and washed free of salts by repeated washings with
demineralized water. Finally, the aluminosilicate product was dried
in a flash dryer at an inlet temperature of 350°C and an outlet
temperature of 120°C. The dried product was milled in a hammer mill.
The properties of the end products can be found in Table 1.
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The pore volume was measured wusing a modified version of
ASTM.D4641-87. More particularly, instead of using the desorption
isotherm, the adsorption isotherm was employed. Further, the
calculations of pore volume were based on the assumption that the
relative pressure (P/P,) was 0.97 rather than the 0.99 in the ASTM

method.

In Figure 1, the pore volume and surface area of the aluminosilicate

products are plotted against the pH at which the precipitation
reaction is carried out. This figure shows the clear 1mprovement

obtained when working at pH's of 4.4-/./.

The foregoing detailed description and examples of the invention have
heen presented for the purposes of illustration ana description ontly
and are not to be construed as limiting the invention in any way. The
scope of the invention is to be determined from the claims appended

heretfo.
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What is claimed is:

1. A process for the production of an aluminosilicate containing at least 9 weight
percent alumina, having a BET surface area of 300-600 m2/g, and an average pore
volume of 0.2-0.5 ml/g; comprising the steps of:

a) preparing an aqueous solution comprising at least one metal silicate and
having an SiO2:metal oxide molar ratio of 2.8-3.5;

b) adjusting the pH of said aqueous solution comprising at least one metal
silicate with an aqueous solution comprising at least one aluminum salt to produce
an aqueous solution having a pH of 4.4-7.7;

c) precipitating aluminosilicate from the aqueous solution of step (b) by
concurrently dosing additional aqueous solution comprising at least one metal
silicate and having an SiO2:metal oxide molar ratio of 2.8-3.5, and additional
aqueous solution comprising at least one aluminum salt to the aqueous solution of
step (b) in a manner such that the pH is maintained at 4.4-7.7, steps (a)-(c) being
carried out at a temperature of 0-80°C; and

d) isolating said aluminosilicate.

2. A process as claimed in claim 1 further comprising the step of alkalifying the
aqueous solution of step (a) to a pH of 10-11 prior to carrying out step (b) of the
process.

3. A process as claimed in any one of claims 1-2 wherein said aqueous
solutions of at least one metal silicate comprise 0.1-20 weight percent of solids, and
said aqueous solution of aluminum salt comprises an aluminum salt concentration of

3-20 weight percent.

4. A process as claimed in any one of claims 1-3 wherein said aluminum salt
comprises aluminum sulphate and wherein said metal silicate comprises sodium

silicate.
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S. A process as claimed in any one of claims 1-4 wherein step (d) comprises the
step of isolating the aluminosilicate by filtration and further comprising the steps of:

e) washing the aluminosilicate to remove substantially all residual metal
silicate and metal sulfate therefrom;

f) drying the aluminosilicate,and

g) reducing the aluminosilicate to the desired particle size by mechanical

treatment.

6. A process as claimed in any one of claims 1-5 wherein the two solutions

dosed in step (c) are dosed simultaneously.

7. A process as claimed in any one of claims 1-6 wherein the aqueous solution
comprising at least one metal silicate is dosed in step (c) at a constant rate of 2-20
weight percent per minute, based on the weight of the aqueous solution of step (a),
and the rate of addition of the aqueous solution comprising at least one aluminum
salt is adjusted to maintain the pH at the desired level.

8. An aluminosilicate characterized in that it contains at least 9 weight percent
alumina, and it has a BET surface area of 300-600 m2/g, and an average pore
volume of 0.25-0.4 ml/g.

9. An aluminosilicate as claimed in claim 8 further characterized in that it has an
average particle size of 1-15 um and a DBP oil absorption of 50-200 mi/100 g.

10. An aluminosilicate as claimed in any one of claims 8-9 further characterized
in that the pH of a 2% by weight solution of said aluminosilicate in demineralized

water is 8.5-11.0.

11. An aluminosilicate as claimed in any one of claims 8-10 which is made by a

process in accordance with any one of claims 1-7.
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12. The use of an aluminosilicate as claimed in any one of claims 8-11 in
carbonless copy paper.
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