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1. A fine aqueous dispersion of an organophilic sheet silicate, consisting

10.

essentially of a sheet silicate capable of cation exchange and a
quaternary organic onium salt reacted therewith, which dispersion
comprises from 3 to 30% by weight, based on the anhydrous organophilic
sheet silicate, of a water-soluble, natural polymer and/or ether derivatives
thereof.

A process for producing a fine dispersion of an organophilic sheet silicate
in an aqueous medium, starting from a water-containing precipitate of a
sheet silicate capable of cation exchange and a quaternary organic
onium salt, which comprises stirring the precipitate into a clear aqueous
solution of a water-soluble, natural polymer and/or ether derivatives
thereof at a temperature of up to 50°C, or stirring the precipitate and the
water-soluble natural polymer and/or the ether derivative thereof
simultaneously into the aqueous medium at a temperature of up to 50°C.
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Invention Title: FINE AQUEOUS DISPERSION OF AN ORGANOPHILIC SHEET SILICATE

The following statement is a fuil description of this invention, including the
best method of performing it known to us
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Description
Fine aqueous dispersion of an organophilic sheet silicate

EP-A-0 542 215 describes a fine aqueous dispersion of an
organophilic sheet silicate, which comprises a sheet
silicate capable of cation exchange and a quaternary
organic onium salt reacted therewith and from 3 to 30% by
weight, based on the organophilic sheet silicate, of
polyvinyl alcohol. This fine dispersion is suitable as a
coating composition for paper and cardboard and also as
a lubricant additive for conventional coating com-
positions. To produce the dispersion, polyvinyl alcohols
are also used in addition to the precipitate, by which is
meant the organophilic sheet silicate after mechanical
separation of the water. In a preferred embodiment of the
production process, both precipitate and polyvinyl
alcchol are introduced into an aquecus medium at a
temperature in the range between 90 and 98°C while
stirring with high shear force. The mixture is stirred
until the polyvinyl alcohol is completely dissolved and
until the desired fine degree of dispersion of the
precipitate with the bound interlaminar water is also
obtained.

Although the use of polyvinyl aleohol gives perfectly
good results from the point of view of printing, the
abovementioned production process has various disadvan-
tages. It has thus been found that the heating and
sometimes long stirring, particularly under high shear
forces, required for the production of the dispersion are
process measures which should be largely avoided.

It is an cbject of the present invention to provide a
fine aqueous dispersion which gives comparable results to
the fine dispersions specified in EP-A-0 542 215 and in
whoee production process the abovementioned disadvantages
do not necessarily have to be accepted.
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Surprisingly, it has been found that this can be achieved
by the use of water-soluble, natural polymers in place of
the polyvinyl alcchol.

The invention provides a fine aqueous dispersion of an
organophilic sheet silicate, consisting essentially of a
sheet silicate capable of cation exchange and a
quaternary organic onium salt reacted therewith, which
dispersion comprises from 3 to 30% by weight, based on
the organophilic sheet silicate, of a water-soluble,
natural polymer and/or a derivative thereof.

The invention likewise provides a process for producing
a fine dispersion of an organophilic sheet silicate in an
aqueous medium, starting from a sheet silicate capable of
cation exchange and a gquaternary organic onium salt
reacted therewith, which comprises stirring the expressed
reaction product of sheet silicate and onium salt into an
aqueous solution of a water-soluble, natural polymer
and/or a derivative thereof or setirring the reaction
product of sheet silicate and onium salt and the water-
soluble natural polymer and/or the derivative thereof
simultaneously into the aqueous medium.

These organophilic sheet silicates are obtained by
methods known per se, as are als®o described in the
article by Prof. Dr. A. Weiss, Angew. Chem. Vol. 75, No.
2, 113-148 (1963) with the title "Organische Derivate der
glimmerartigen Schichtsilikate" and in the N.L. Rheology
Handbook of National Lead Inc. Industries, New York 1983
with the title "Leitfaden flir den Einsatz rheologischer
Additive" [Guidelines for the use of rheoclogical
additives] (German translation published by N.L. Kronos
Titan GmbH, Leverkusen) but which are not dried.

Suitable sheet silicates capable of cation exchange are
all synthetic or natural sheet silicates, which can
contain up to from 12 to 20% by weight of impurities in
the form of other minerals such as feldspar. Such sheet
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silicates are, for example, montmorillonite, hectorite,
saponite, sauconite, beidellite, nontronite and pre-
ferably bentonite.

Suitable quaternary organic onium salts are, in par-
ticular, compounds of the formula

where R' and R? are Cy4-C,,-alkyl, Cg4-C,,-alkenyl or benzyl
and R? and R* are C,-C4-alkyl or C;-C,-hydroxyalkyl and A~
is an anion, preferably chloride. Particular preference
is given to the compounds dimethyldistearylammonium
chloride and benzyldimethylstearylammonium chloride. When
the exchangeable cations of the sheet silicate are
replaced by the quaternary organic onium ion, water is
removed. This is carried out by the conventional methods
of separation technology, e.g. by filtration or express-
ing. The precipitate obtained after the separation of
water comprises from about 70 to 80% by weight of water.
The term precipitate means the organophilic sheet sili-
cate after the separation of the water. In the process of
the invention, the precipitate is preferably used for
producing the fine aqueous dispersion.

For the fine aquecus dispersion of the invention, suit-
able water-soluble, natural polymers and/or derivatives
thereof are preferably:

1. Water-soluble cellulose ethers:
The viscosity limite of these cellulose ethers are

usually from 10 to 500,000 mPa:*s, in particular from 20
to 150,000 mPa:s (measured as a 2% strength agueous
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solution in distilled water using a Héppler falling
sphere viscometer at 20°C). The mean molecular weight is
usually between 5,000 and 500,000.

Examples which may be mentioned are: mathylcellulose,
methylhydroxyethylcellulose, methylhydroxypropyl-
cellulose, hydroxyethylcellulose, hydroxyethylhydroxy-
propylcellulose, carboxymethylcellulose or carboxymethyl-
hydroxycellulose. Preference is given to hydroxyethyl-
cellulose, methylhydroxyethylcellulose and sodium car-
boxymethylcellulose.

The most important cellulose ethers in practice are shown
in Table I together with their etherification data. The
average degree of substitution (AS) indicates the average
number of alkyl groups (here: methyl, ethyl and propyl)
per anhydroglucose unit. The molar degree of substitution
(MS) indicates the average number of hydroxyalkyl groups
(here: ethyl and propyl) per anhydroglucose unit.

In the alkoxy-hydroxypropylhydroxyethylcellulose shown in
Table I, the alkoxy group comprises from 2 to 8 carbon
atoms, which can be linked to one another linearly or in
a branched manner and make up from 0.05 to 50% by weight
of the substituted cellulose ether.
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Table I: Water-soluble cellulose ethers

1.3 - 2.2

e
AS Ms
Methylcallulone 1.4 - 2.2
Methylhydroxyethylcellulose 0.5 - 0.7 0.05 - 0.5
Mathylhydroxypropylcellulose 0.5 - 0.7 0.1 ~ 1.0
Hydroxyethylcellulose - 0.5 - 0.7
Hydroxyethylhydroxypropyl-
cellulose MS HE: 0.9 - 2
MS HP: 0.6 - 0.9
Hydroxypropylceilulose - 2.0 - 3.5
Ethylhydroxyethylcellulose 0.7 - 1.2 0.8 - 2.7
Carboxymethylcellulose-Na 0.5 - 1.5 -
Carboxymethylhydroxyethyl-
cellulose 0.3 - 0.6 0.3 - 2.3
Alkoxy-hydroxypropyl-hydroxy-
ethylcellulose - 1.5 - 3.5
AS OCH, MS
Carboxymethylated
methylhydroxyethyl- or [ 1.3 - 2.0 10.08 - 0.5
methylhydroxypropylcellulose 7




.t

2. Starch ethers

The data for starch ethers preferably used are shown in

Table II.
Table II
5 Starch ether MS AS Viscosity*
measured as
2% strength
aqueous
solution
Hydroxypropylatarch 0.1 - 0.8 - 5 - 100
Carboxymethylstarch - 0.1 - 0.8 5 - 100
Hydroxypropylcarboxy- 0.1 - 0.8 0.1 - 0.5 {5 - 500
methylstarch
—

10 * Measurement using Hoppler falling sphere viscometer at
20°C in distilled water.
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3. Guar gum derivatives

Table III below shows the preferred guar gum derivatives.

Table III

Guar endoaperm flour (natural
galactomannan) 100 - 20,000 mPa-s
Viscosity (1% in water):
{measured using Brookfield RVT,
25°C, 20 rpm)

Carboxymethylguar
Viscosity (3% in water): 100 - 20,000 mPa-s
Hydroxypropylguar

Viscosity (1% in water): - 100 - 10,000 mPa-s

Carboxymethylhydroxypropylguar
Viscosity (1% in water): 100 - 20,000 mPa-'s

'Catienized guar
(quaternary substitution AS ca. 0.13)
Viscosity (1% in water): | 100 - 20,000 mPa-s

4, Xanthan gum derivatives

These compounds are anionic polysaccharides which are
produced by fermentation and extraction from Xanthimonas
campestris. The viscosity is 100 - 10,000 mPa*s (measured
using Brookfield RVT, 25°C, 20 rpm, 1% strength agueous
solution).

5. Alginates

Designation for the salts and esters of alginic acid.
Low-vigcosity ammonium or sodium salts of alginic acid
are preferably used. The alginates are usually used
together with cellulose ethers and/or starch ethers.

In the process of the invention, the water-soluble,
natural polymer and/or the derivative thereof is intro-
duced while stirring inté & heated or unheated aqueous
medium and the mixture is stirred at a temperature of up
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to 50°C, preferably in the range from 20°C to 50°C, until
complete solution has occurred. Particularly preferably,
the water-soluble, natural polymer and/or the derivative
thereof is introduced at a temperature between 30°C and
45°C while stirring. Further suitable constituents of the
aqueous medium are water-miscible liquids, e.g. anti-
foaming agents and/or surfactants. The agueous medium
preferably comprises water without addition of water-
miscible liquids.

Likewise while stirring, the precipitate is introduced
into the solution, with the temperature of the dispersion
lying in the abovementioned temperature range. It is
particularly advantageous for the stirring to be carried
out with high shear force. The addition of the precipi-
tate to the polymer solution is carried out by known
methods, in the simplest case by plain addition. The
shear procedure is continued until the desired fine
degree of dispersion is achieved (process A). It is
likewise possible to introduce the water-soluble, natural
polymer and/or a derivative thereof simultaneously with
the precipitate into a heated or unheated agqueous medium
while stirring, preferably with high shear force, and to
stir until the desired fine degree of dispersion is
achieved (process B). The simultaneous introduction is
likewise carried out according to known measures, in the
simplest case by plain addition.

The dispersion of the precipitate is carried out by
methods known per se. Depending on the particle size of
the particles present, it is appropriate to first carry
out the dispersion of the precipitate in the solution
using a normal propeller stirrer and to subsequently
carty out the fine dispersion. The fine dispersion of the
precipitate is carried out using suitable devices, such
as a colloid mill, the Ultraturrax (manufactured by:
Jahnke und Kunkel) or a "Caddy Mill® stirrer. In the fine
dispersions of the invention, the organophilie sheet
silicates are present in a mean particle size of below
20 um, preferably bétween 5 and 0.5 um.
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The fine aqueocus dispersions of the invention generally
possess a total solids content of from 12 (5 23% by
weight, based on the anhydrous fine dispersion. The
content of water-soluble, natural polymer and/or deriva-
tive thereof in the fine aqueous dispersion lies between
3 and 30% by weight, preferably between 12 and 17% by
weight, based on the anhydrous organophilic sheet

silicate.

The fine dispersions of the invention can be used
directly for coating paper and cardboard, with it being
advisable to preserve the fine dispersions produced by
known measures. The preservation can be carried out by
addition of suitable disinfectants such as hydrogen
peroxide or quaternary ammonium salts having bactericidal
properties. To the fine dispersions of the invention can
be added, prior to coating, optical whiteners known to
those skilled in the art, preferably cationic or only
slightly ionogenic optical whiteners, to suppress the

yellow cast occurring in aqueous coatings.

The fine dispersions of the invention also possess a high
stability and storage life and are suitable for the
production of coating compositions for paper amd card-
board, in particular pigment-containing coating com-
positions, which then likewise possess a good stability
and storage life.

The fine dispersions of the invention are suitable for
both one-sided and two-sided coating of paper and
cardboard. They are suitable for coating all types of
papers, as are required in gravure printing, web offset
printing, sheet-fed offset printing and letterpress
printing. They are particularly suitable for the coating
of paper of relatively low weight, such as LWC or LLWC
papers. The coating is carried out by means of suitable
devices such as air-brush c¢oating machines, "Gravure
Coater", "Blade Coater®, film pressea or size presses;
using known methods.
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For economic reasons, efforts are made to use thin
printing papers for printed products having long print
runs, for example for periodicals or mail order catalogs.
However, thieg gives problems in reaspect of the opacity,
i.e. in printing there is an interfering showing-through
of the print on the other side of the paper. To prevent
this effect, the fine aqueous dispersions produced by the
process of the invention are applied to the paper.
Depending on the choice of application system and the
type of paper selected, the fine aqueous dispersion is
diluted to lower solids contents. It has thus been found
that it is advantagecus, when using size presses, to
adjust the fne dispersion to a total solids content in
the range between 7 and 9% by weight, based on the
anhydrocus fine dispersion. When using film presses, it is
advantageous to adjust the fine dispersion to a total
solids content in the range from 19 to 22% by weight,
based on the anhydrous fine dispersion.

It has been found that the fine dispersions can also be
used as additive for pigmented coating compositions of
the conventional type in an amount of from 0.3 to 15% by
weight, preferably from 1 to 2.5% by weight, based on the
total dry content of the coating composition, with them
being used as a replacement for the calcium stearate used
as lubricant. Cationiec coating compositions are
preferred.

Besides the dilution of the fine diepersions, it is also
possible to concentrate the fine dispersions by suitable
measures, such as vacuum distillation, and to use them in
this concentrated form for the coating of paper and
cardboard. The fine dispersions of the invention produced
by <¢oncentration preferably possess a total solids
content of £from 20 to 40% by weight, based on the
anhydrous fine dispersion. It has been found that these
concentrated fine dispersions can also be used aa addi-
tive for pigmented coating compositions of a cationic or
conventional type in an amount of from 0.3 to 15% by
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weight, based on the total dry content, with them being
used as a replacement for the calcium stearate used as
lubricant.

The paper and cardboard coated with the fine dispersions
of the invention are glazed in a subsequent process step,
with the glazing being carried out, if desired, with
cooled rollers.

The advantages of the fine aqueous dispersion of the
invention are that it can be produced with omission of
the hitherto usual strong heating of the solution. For
the fine dispersions of the invention, the amount of
coating applied preferably lies within a range from 1.0
to 2.5 g/m?, preferably from 1.4 to 2.1 g/m?, on each
side. The advantages which are achieved on printed
articles using the fine dispersions of the invention are
as follows: full toluene density, reduction in the
strike-through and show-through of the printing ink,
increase in definition and the depth of color,
improvemént of the color acceptance, increase in ink
gloss and reduction in the "missing dots". For cardboard,
which is often varnished after printing, the varnish
consumption is reduced by the cocating with the
composition of the invention, it being possible to apply
the fine dispergion of the invention directly onto the
cardboard or onto one or more pigmented precoats.

Owing to their oleophilic surface properties, the fine
dispersions of the invention can be preferably used in
gravure printing and web offset printing.

General directions for producing the fine dispersion
Process A

The water-soluble cellulose ether is sprinkled into the

caleculated amourit of aqueous medium while stirring at
30°¢ with a propeller stirrer. To the clear solution, the
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precipitate is successively added at this temperature
while stirring. Subsequently the mixture is homogenized
with strong shearing using the Ultraturrax (manufactured
by Jahnke und Kunkel) until a colloidal fine dispersion
is obtained. The fine degree of dispersion is determined
using a Malvern 2600 C (manufactured by: Malvern,
England; type: laser light scattering device).

Proceas B

Water-soluble cellulose ether and precipitate are jointly
introduced into the initially charged aqueous medium
while stirring with a propeller stirrer. The dispersion
is then, as in process A, sheared until a colloidal
dispersion is obtained. The fine degree of dispersion is
determined as in process A.

Table V: (Data in % by weight)

’ . m.
Example 1 2 | 3 ’ 4
Process ‘ A A | A ] A
préeipitate“’ 50 | 65 55 59
HEC?) ] | 2.21 0.75
- MHECY) 1
|| Na-cMc?? 1
Starch ether®’ 1.87 1.25
Preservative®’ 6.1 0.1 | O.i 0.1
Optical whitemez” | 0.03 | 0.03 | 0.03 | 0.0
Water to 106 toe 100 to 100 to 100
1)

Prepared from Na-bentonite and distearyldimethyl-
ammonium chloride, solids content 20% by weight

Hydroxyethylcellulose ether, granular, standard
etherification (MS = 0.5-0.7), viscosity: 20 mPa‘s
(measured wusing H3ppler viscometer. 2% strength

2)
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aqueous solution, 20°C)
3 Methylhydroxyethylcellulose ether, granular,
standard etherification (AS = 0.5-0.7), viscosity:
300 mPa*s (measured using HOppler viscometer, 2%
5 strength aqueous solution, 20°C)

4) Carboxymethylcellulose ether, granular, standard
etherification (AS = 0.5-0.7), viscosity: 300 mPa-s
(measured wusing Héppler viscometer, 2% strength
agueous solution, 20°C)

10 5 here: ®Solvitose H4
6) here: ®Mergal K9N (manufactured by: Hoechst AG)

7) here: ®Blancophor liquid (manufactured by: Bayer AG)
Coating, glazing and printing test

An SC paper (about 10% by weight of pulp, about 21% by

15 weight of filler) is coated with the fine dispersion of
Example 2. The coating is carried out by means of a
"Gravure Coater" ("Multi-Coater" having a contrarotating
gravure roller, uptake of coating composition: about
33 ml/m?). The base paper is coated on both sides. The

20 application facility is directly followed by the drying
of the cocated paper. The paper is glazed prior to the
printing test (Table VI).

Table VI:
Experiment Speed | Rule pressure Roller
25 No. [m/min] |} [RN/m] temperature
[°C]
A0 200 300 90
Al/A2 - 200 225 45
A3 /A4 200 225 45 "
AS/A6 200 225 45 H
Cmmeeresrpussuimemayscs . :’.*‘ T >

30 The glazed SC raw paper (A0) possesses a weight of
40 g/m?. Table VII specifies the coatings carried out
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(coatings Al/A2, A3/A4, AS/A6).

Experiment Length of Weight applied [g/m?®] Weight of
No. paper paper
(Coating) [m)] Front Reverse [g/m?]
(outsida) (insida)
A0 ca. 12,000 - - 40
Al ca. 12,000 2
44
A2 ca, 12,000 2
A3 ca. 12,000 2
42
A4 ca. 12,000 -
A5 ca. 12,000 1
42
A6 ca. 12,000 1




In the printing test, the results shown in Table VIII are obtained.

Table VIIX
Coating | Weight | White- Opacity | Permea- | Beck smoothness Gloss Ink gloss
. of ness bility
paper to air
tg/m?} outside | inside outside inside outside | inside
longi- | trans- | longi- | trans-
tudi- verse tudi- verse
nal nal
E A 40 64.3 . 87.3 42 895 852 25.4 22.3 26.1 21.4 61.1 32.8
AK1/A2 44 63.9 | 68.2 9 857 833 37.3 30.6 35.8 30.1 60.3
A3 /A4 42 65.7 89.4 20 648 345 39.3 24.5 14.7 13.0 59.3
I AS5/A6 42 66.1 89.9 28 602 446 26.4 21.6 20.7 18.1 59.9
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A fine aqueous dispersion of an organophilic sheet silicate, consisting
essentially of a sheet silicate capable of cation exchange and a
quaternary organic onium salt reacted therewith, which dispersion
comprises from 3 to 30% by weight, based on the anhydrous organophilic
sheet silicate, of a water-soluble, natural polymer and/or ether derivatives
thereof.

2. A fine aqueous dispersion as claimed in claim 1, wherein the sheet
silicate capable of cation exchange comprises montmorillonite , hectorite,
saponite, sauconite, beidellite, nontronite and/or bentonite, in particular

bentonite.

3. A fine aqueous dispersion as claimed in claim 1 or 2, wherein the
quaternary organic onium salft comprises compounds of the formula
(NRTR2R3R4)+ A-, in which
R? and R2 are Cg-Cap-alkyl, Cg-Coz-alkenyl or benzyl,

ce -
0 .
2 .
) .
. esse

R3 and R4 are Cy-Cy-alkyl or C4-Cy4-hydroxyalkyl and A- is an anion.

®e 0909 o8 esee oo
.
s

L *
o8 eve o

4. A fine aqueous dispersion as claimed in any one of claims 1 to 3, wherein

.t the water-soluble, natural polymer and/or the derivative thereof is a
5::2‘:: cellulose ether, a starch ether, a guar gum derivative, a xanthan gum
:::5‘:. derivative and/or an alginate.

03 5. A fine aqueous dispersion as claimed in claim 4, wherein the water-

soluble cellulose ether possesses a mean molecular weight between
5,000 and 500,000 and a viscosity between 10 and 500,000 mPa.s,
measured as a 2% strength aqueous solution in distilled water using a
Héoppler falling sphere viscometer at 20°C.
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A fine aqueous dispersion as claimed in claim 5 wherein the water-
soluble cellulose ether possesses a viscosity between 20 and 150,000
mPa.s measured as a 2% strength aqueous solution in distilled water
using a Hoppler falling sphere viscometer at 20°C.

A fine aqueous dispersion as claimed in any one of claims 1 to 6, which
comprises from 12 to 17% by weight of a water-soluble, natural polymer
and/or a derivative thereof, based on the total weight of the anhydrous
organophilic sheet silicate.

A fine aqueous dispersion as claimed in any one of claims 1 to 7, wherein
the mean particle size of the organophilic sheet silicate is less than 20um.

A fine aqueous dispersion as claimed in claim 8 wherein the mean

particle size of the organophilic sheet silicate is from 5 to 0.5um.

A process for producing a fine dispersion of an erganophilic sheet silicate
in an aqueous medium, starting from a water-containing precipitate of a
sheet silicate capable of cation exchange and a quaternary organic
onium salt, which comprises stirring the precipitate into a clear aqueous
solution of a water-soluble, natural polymer and/or ether derivatives
thereof at a temperature of up to 50°C, or stirring the precipitate and the
water-soluble natuyral polymer and/or the ether derivative thereof
simultaneously into the aqueous medium at a temperature of up to 50°C.

The process according to claim 10 wherein the stirring occurs at a
temperature of 20 to 50°C.

Paper or cardboard, coated on one or both sides with the fine aqueous
dispersion as claimed in any one of claims 1 to 8.
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13.  Paper or cardboard as claimed in claim 12, wherein the amount applied
is equal to or less than 2 g/m2.

14. A coating composition for paper or cardboard comprising a fine aqueous

dispersion as claimed in any one of claims 1 to 8.

15. A lubricant additive for cationic or conventional coating compositions
comprising a fine aqueous dispersion as claimed in any one of claims 1

to 8.

DATED this 13th day of September, 1996.
HOECHST AKTIENGESELLSCHAFT

WATERMARK PATENT & TRADEMARK ATTORNEYS
290 BURWOOD ROAD

HAWTHORN VICTORIA 3122

AUSTRALIA

KJS:KR Doc 8 AU6597294 WPC
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Abstract HOE 93/F 176
Fine aqueous dispersion of an organophilic sheet silicate

The present invention relates to a fine aqueous dis-
persion of an organophilic sheet silicate, congisting
essentially of a sheet silicate capable of cation
exchange and a quaternary organic onium salt reacted
therewith, which dispersion comprises from 3 to 30% by
weight, based on the organophilic sheet silicate, of a

water-soluble, natural polymer and/or a derivative
thereof.
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