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Rheologically stable aqueous mineral material suspensions comprising organic 

polymers having reduced volatile organic compound (VOC) content 

The present invention relates to aqueous suspensions of mineral materials, and more 

5 specifically to aqueous suspensions with rheological stability comprising a mineral 

material and at least one organic polymer having reduced VOC (Volatile Organic 

Compound) content. 

Mineral material, with which one skilled in the art is well familiar comprises, for 

10 example natural calcium carbonate such as marble, calcite, limestone and/or chalk, 

and/or synthetic calcium carbonate such as scalenohedral and/or aragonitic and/or 

calcitic crystal forms and miscellaneous analogous fillers containing calcium 

carbonates such as dolomite or mixed carbonate based fillers of various metals such 

as, in particular, calcium associated with magnesium and analogues, various matter 

15 such as talc or analogues, and mixtures of these fillers, such as, for example talc-

calcium carbonate or calcium carbonate-kaolin mixtures, or mixtures of natural 

calcium carbonate with aluminium hydroxide, mica or with synthetic or natural 

fibres or co-structures of minerals such as talc-calcium carbonate or talc-titanium 

dioxide co-structures. 

20 

For a long time now, it has been quite common to use in a wet grinding process , as a 

grinding aid agent, water soluble polymers based on partially or totally neutralised 

polyacrylic acid or its derivatives (EP 0 046 573, EP 0 100 947, EP 0 100 948, EP 0 

129 329, EP 0 261 039, EP 0 516 656, EP 0 542 643, EP 0 542 644) to provide 

25 aqueous mineral suspensions that meet the required refinement and viscosity criteria, 

but these grinding aid agents are mostly polymerized in presence of organic solvents 

like isopropanol or in presence of large quantity of catalysts which are harmful for 

the environment and may be dangerous for the user while environmental regulations 

are requiring more and more low VOC levels and low content of polluting and/or 

30 toxic sub-products. 



WO 2014/048856 
-2-

PCT/EP2013/069641 

The skilled man knows another type of solution disclosed in WO 02/49766, EP 0 850 

685, WO 2008/010055, WO 2007/072168 to obtain aqueous suspensions of refined 

mineral material, with a dry matter concentration that can be high, while having a 

low Brookfield™ viscosity that remains stable over time. This known type of 

5 solution discloses the use of specific dispersants like copolymers of acrylic acid with 

maleic acid or like particular rate of neutralization or like the use of inorganic 

fluorine compound used to put into aqueous suspension of the mineral particles 

issuing from the mechanical and/or thermal up-concentration step following a step of 

wet grinding at a low solid content without the use of dispersing agent nor grinding 

10 aid. 

Accordingly, there is a need for producing rheologically stable mineral material 

suspensions comprising organic polymers with reduced VOC content while keeping 

rheological stability. 

15 

With respect to this problem of VOC content, the skilled man knows the solutions 

disclosed in WO 2005/095466 and in WO 2006/024706 providing water soluble 

polymers made in water but by the technique of controlled radical polymerization 

RAFT (Reversible Addition Fragmentation Transfer) having the disadvantage of 

20 containing free sulfur atom-containing sub-products or CS2 or H2S which are toxic 

and dangerous for the end-users, in particular during producing aqueous mineral 

material suspensions. 

Additionally, the skilled man in the art knows US 3,006,779, which discloses a 

25 completely different solution based on an inorganic dispersant consisting of a 

homogeneous mixture of sodium phosphate glass, zinc oxide and a potassium or 

lithium salt or hydroxide. 

Finally, the dissertation entitled "Influence of polyelectrolyte adsorption on rheology 

30 of concentrated calcite dispersion" (Robert Petzenhauser-1993) which studies the 

influence of different polyacrylates with regard to the calcite suspension confirms 
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that difficulties are existing in terms of the stability of viscosity of the resulting 

suspensions with all the studied polyacrylates, including lithium polyacrylates. 

Accordingly, none of the known solutions provides the skilled man with a solution to 

5 the problem of achieving rheologically stable aqueous suspensions of refined mineral 

material allowing the use of water-soluble organic polymers with reduced VOC 

level, with a dry matter concentration that can be high, while having at once a low 

Brookfield™ viscosity that remains stable over time, a reduced dispersant and/or 

grinding aid agent content and/or thermally and/or mechanically increased solids 

10 content. 

Faced with the above-mentioned problem of achieving aqueous mineral material 

suspensions with the required properties while minimizing the VOC content without 

impairing the properties of the final products like the optical properties of the paper, 

15 the Applicant has found surprisingly that polymers of acrylic and/or methacrylic acid 

having a weight molecular weight Mw in the range from 800 to 8000 g/mol, a 

polydispersity index Ip in the range of from 2 to 3 and prepared by polymerization in 

water using a compound of the formula (I) 

wherein 

- X represents Na, K or H, and 

- R represents an alkyl chain comprising 1 to 5 carbon atoms 

and 

25 wherein the weight percentage (weight/weight) between the compound of formula (I) 

and said monomer(s) is in the range from 0.1 to 2.5 %, preferably from 0.15 to 1.5 

%, is especially advantageous to provide high solids and low viscous aqueous 

slurries with improved rheological stability comprising a mineral material and at 

least one organic polymer with reduced VOC content. 

F S R 

20 (I) 

30 
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According to one aspect of the present invention, a rheologically stable aqueous 

mineral material suspension comprising organic polymers having a reduced content 

of VOC is provided, comprising 

a) at least one mineral material, and 

5 b) at least one polymer of acrylic and/or methacrylic acid, 

wherein the at least one polymer of acrylic and/or methacrylic acid 

- is obtained by polymerization of acrylic and/or methacrylic acid monomer(s) in 

water using a compound of formula (I) 

10 

R S R 

xooc^s^^s^coox 
(I) 

wherein 

- X represents Li, Na, K or H, and 

15 - R represents an alkyl chain comprising 1 to 5 carbon atoms, and 

wherein the compound of formula (I) is used in an amount of from 0.1 to 2.5 

%, preferably from 0.15 to 1.5 wt.% based on the weight of said monomer(s); 

- has a weight molecular weight Mw of from 800 to 8000 g/mol; 

- has a polydispersity index Ip in the range from 2 to 3; and 

20 wherein the aqueous mineral material suspension has a content of volatile organic 

compounds (VOC) of < 20 mg/kg, preferably < 5 mg/kg, more preferably < 1 

mg/kg, most preferably < 0.2 mg/kg. 

According to another aspect of the present invention, a method for producing an 

25 aqueous mineral material suspension with rheological stability comprising organic 

polymers having reduced VOC is provided comprising the steps of 

a) providing at least one mineral material, 

b) providing water, 

c) providing an aqueous solution of at least one polymer of acrylic and/or 

30 methacrylic acid, which 
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- is obtained by polymerization of acrylic and/or methacrylic acid monomer(s) in 

water using a compound of formula (I) 

wherein 

- X represents Li, Na, K or H, and 

- R represents an alkyl chain comprising 1 to 5 carbon atoms, and 

wherein the compound of formula (I) is used in an amount of from 0.1 to 2.5 

%, preferably from 0.15 to 1.5 wt.% based on the weight of said monomer(s); 

- has a weight molecular weight Mw of from 800 to 8000 g/mol; 

- has a polydispersity index Ip in the range from 2 to 3; 

d) mixing the mineral material of step a) with the water of step b), 

e) mixing the aqueous solution of at least one polymer of step c) with the 

mineral material before and/or during and/or after step d); 

wherein the aqueous mineral material suspension has a content of volatile organic 

compounds (VOC) of < 20 mg/kg, preferably < 5 mg/kg, more preferably < 1 mg/kg, 

most preferably <0.2 mg/kg. 

According to another embodiment of the invention, the water of step b) is preheated 

before it is mixed with the mineral material in step d). 

The mixing step may be carried out under mixing and/or homogenizing and/or 

particle dividing conditions at room temperature, i.e. at 20 °C ±2 °C. According to 

one preferred embodiment, the mixing is carried out at a temperature of from 5 to 

140 °C, preferably from 10 to 110 °C and most preferably from 20 °C to 105 °C. 

According to another preferred embodiment of the invention the mixing is carried 

out at high temperatures of from 70 °C to 105 °C. Heat may be introduced by 

internal shear or by an external source or a combination thereof. 

(I) 
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The skilled person will adapt these mixing and/or homogenizing conditions such as 

the mixing speed and temperature according to his process equipment. For example, 

the mixing and homogenizing may take place by means of a ploughshare mixer. 

Ploughshare mixers function by the principle of a fluidized bed produced 

5 mechanically. Ploughshare blades rotate close to the inside wall of a horizontal 

cylindrical drum and convey the components of the mixture out of the product bed 

and into the open mixing space. The fluidized bed produced mechanically ensures 

intense mixing of even large batches in a very short time. Choppers and/or dispersers 

are used to disperse lumps in a dry operation. Equipment that may be used in the 

10 inventive process is available, for example, from Gebriider Lodige Maschinenbau 

GmbH, Germany. 

According to one preferred embodiment of the present invention, mixing is carried 

out using a fluidized bed mixer or ploughshare mixer. 

15 

According to one embodiment of the present invention, mixing may be carried out 

for at least 1 s, preferably for at least 1 min, e.g. for at least 15 min, 30 min, 1 hour, 2 

hours, 4 hours, 6 hours, 8 hours, or 10 hours. 

20 According to an optional embodiment of the present invention, the method comprises 

the additional step of heating the mixture of step d) and/or e) between 50 °C and 

120 °C, preferably between 60 °C and 110 °C, and most preferably between 70 °C 

and 105 °C during and/or after step d) and/or e), e.g., by use of internal shear or by 

an external source or a combination thereof. 

25 

According to one embodiment of the present invention, the aqueous solution of at 

least one polymer of step c) is, in a first step, mixed with the calcium carbonate 

containing material of step a), and then, in a second step with the water of step b). 

30 According to one exemplary embodiment of the present invention, the aqueous 

solution of at least one polymer of step c) is mixed with the mineral material of step 

d). 
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According to another embodiment of the present invention, the aqueous solution of at 

least one polymer of step c) is, in a first step, mixed with the water of step b), and 

then, the obtained solution is mixed with the mineral material of step a). 

5 

According to another embodiment of the present invention, the aqueous solution of at 

least one polymer of step c) and the mineral material of step a) are mixed in one step 

with the water of step b). 

10 According to a preferred embodiment of the present invention, the method for 

producing an aqueous mineral material suspension with improved rheological 

stability comprising organic polymers with reduced VOC content comprises a 

grinding step f), wherein step e) can be performed before, during and/or after step f). 

15 As an exemplary embodiment, the mineral material of step a) contains a ground 

calcium carbonate which is obtained by wet grinding a calcium carbonate containing 

material and step e) is carried out before and/or during and/or after wet grinding the 

calcium carbonate containing material. 

20 In general, the grinding step can be carried out with any conventional grinding 

device, for example, under conditions such that refinement predominantly results 

from impacts with a secondary body, i.e. in one or more of: a ball mill, a rod mill, a 

vibrating mill, a roll crusher, a centrifugal impact mill, a vertical bead mill, an 

attrition mill, a pin mill, a hammer mill, a pulveriser, a shredder, a de-clumper, a 

25 knife cutter, or other such equipment known to the skilled man. However, any other 

device that is able to divide the calcium carbonate containing composite particles 

formed during method steps d) and/or e) of this exemplary embodiment into smaller 

particles may be used. 

30 Nevertheless, generally, grinding step f) is carried out preferably in a ball mill, 

preferably in combination with a cyclone device that re-circulates agglomerates 

and/or aggregates formed during mixing back to the inlet of the milling device. A 
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cyclone device enables the separation of particulate material such as particles, 

agglomerates or aggregates, into fractions of smaller and larger particulate material 

based on gravity. 

5 In case, the mineral material is a calcium carbonate containing mineral powder and 

comprises a wet ground calcium carbonate containing mineral material, the grinding 

step may be performed under conditions such that autogenous grinding takes place 

and/or by horizontal ball milling, and/or other such processes known to the skilled 

man. The wet processed ground calcium carbonate containing mineral material thus 

10 obtained may be washed and dewatered by well-known processes, e.g. by 

flocculation, filtration or forced evaporation prior to drying. 

Furthermore, it can be advantageous that the aqueous mineral material suspension 

obtained from the step e) or f) is screened and/or concentrated in a further step g). 

15 

"Screening" in the context of the present invention is implemented by the well-

known devices for "screening" like sieves, grit centrifuges, cyclones, classifiers, etc.. 

By "screening", it has to be understood a beneficiation by removing coarse particles 

having a particle size of more than 45 |_un. 

20 

"Up-concentration" is conducted, e.g. by a thermal up-concentration or a mechanical 

up-concentration such as by means of a centrifuge, filter-press, tube-press or thermal 

separation or a mixture thereof. 

25 According to another optional embodiment of the present invention, the method 

comprises the additional step of heating the mixture of step d) and/or e) between 

50 °C and 120 °C, preferably between 60 °C and 110 °C and most preferably 

between 70 °C and 105 °C during and/or after step d) and/or e), and furthermore, the 

mixture of step d) and/or e) is concentrated and/or ground during the heating. 

30 Heating can be carried out by use of internal shear or by an external source or a 

combination thereof. 
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According to still another aspect of the present invention, a method for producing 

composite particles is provided comprising the steps a) to e) and/or f) and/or g) of the 

inventive method for producing an aqueous suspension with improved rheological 

stability comprising a polymer of acrylic and/or methacrylic acid with reduced VOC 

5 content and a further step h) of drying the obtained suspension. 

"Drying" in the context of the present invention is implemented by the well-known 

devices for "drying" like jet-driers, spray-driers, etc. 

10 The subsequent step of drying may be carried out in a single step such as spray 

drying, or in at least two steps. 

It is also common that such a mineral material undergoes a beneficiation step (such 

as a flotation, bleaching or magnetic separation step to remove impurities. 

15 

According to still another aspect of the present invention, composite particles 

obtainable by the inventive method for their production are provided. 

Still another aspect of the present invention is the use of the inventive aqueous 

20 mineral material suspension or mineral material composite particles in paper, 

plastics, paint, coatings, concrete and/or agriculture applications and/or life science 

applications like water treatment, detergent, cosmetic, food and feed is provided, 

wherein preferably the aqueous suspension is used in wet end process of a paper 

machine, in cigarette paper, board, and/or coating applications, or as a support for 

25 rotogravure and/or offset and/or ink jet printing and/or continuous ink jet printing 

and/or flexography and/or electrophotography and/or decoration surfaces, or the 

aqueous suspension is used to reduce sun light and UV exposure of plant leaves. 

Advantageous embodiments of the present invention are defined in the 

30 corresponding sub-claims. 
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In this respect "aqueous solution of a polymer of acrylic acid or methacrylic acid" 

means a solution of a polymer of acrylic acid and/or methacrylic acid in which water 

is the solvent. 

5 "VOC content" means the content of any organic compound having an initial boiling 

point less than or equal to 250 °C measured at a standard atmospheric pressure of 

101.3 kPa. 

"Reduced VOC content" means that the VOC content is lower than the conventional 

10 content of a polymer of acrylic and/or methacrylic acid, and is preferably < 20 

mg/kg, preferably < 5 mg/kg, more preferably < 1 mg/kg, most preferably <0.2 

mg/kg of the aqueous mineral material suspension. 

In a preferred embodiment the at least one polymer of acrylic and/or methacrylic acid 

15 has a reduced content of free polluting sulphur atom-containing sub-products. This 

means that the content of sulphur atom-containing sub-products which are free to be 

present in a solution of the polymer is lower than the conventional content of a 

polymer of acrylic and/or methacrylic acid, and is preferably less than 0.1 mol.-% 

relating to the total amount of polymer as measured by diffusion nuclear magnetic 

20 resonance spectroscopy. 

"Sub-products" means products resulting from the degradation of any transfer agents 

and/or of the compounds of formula (I) present during the polymerization process. 

25 "Weight molecular weight Mw" means the average by weight of molecular weights 

determined using the size exclusion chromatography (SEC) method described in the 

experimental section. 

30 

"Polydispersity index Ip " means the weight average molecular weight Mw divided by 

the number average molecular weight Mn so that it corresponds to the molecular 

weight distribution of the different macromolecules within the polymer. 
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Preferably the aqueous mineral material suspensions according to the invention are 

high solids suspensions. The term "high solids aqueous mineral material suspension" 

means suspensions having a solids content of at least 10 wt.-%, preferably at least 

45 wt.-%, based on the total weight of the aqueous suspension. According to a 

5 preferred embodiment the aqueous suspension according to the present invention has 

a solids content from 45 to 82 wt.-%, preferably from 60 to 78 wt.-%, and more 

preferably from 70 to 78 wt.-%, based on the total weight of the aqueous suspension. 

Preferably the aqueous mineral material suspensions according to the invention are 

10 low viscous aqueous suspensions. The term "Low viscous aqueous suspension" 

means that the Brookfield viscosity of the aqueous suspension is between 25 and 

4000 mPa- s, preferably between 25 and 2000 mPa- s, very preferably between 25 and 

1000 mPa- s measured at 20 °C. 

15 "Rheological stability" or "rheologically stable" means that the initial Brookfield™ 

viscosity of the aqueous mineral material suspension after 1 hour of production is 

below 4000 mPa- s, preferably below 2000 mPa- s, more preferably below 1000 

mPa- s measured after 1 minute of stirring by the use of a RVT model Brookfield™ 

viscosimeter at room temperature and a rotation speed of 100 rpm (revolutions per 

20 minute) with the appropriate spindle, and that the Brookfield™ viscosity of the 

aqueous mineral material suspension after 8 days of unstirred storage is below 4000 

mPa- s, preferably below 2000 mPa- s, more preferably below 1 000 mPa- s measured 

after 1 minute of stirring by the use of a RVT model Brookfield™ viscosimeter at 

room temperature and a rotation speed of 100 rpm with the appropriate spindle. 

25 

According to a preferred embodiment, the mineral material is selected from calcium 

carbonate-containing mineral like natural calcium carbonate, synthetic calcium 

carbonate, surface modified calcium carbonate and miscellaneous analogous fillers 

containing calcium carbonates such as dolomite or mixed carbonate based fillers of 

30 various matter such as clay or talc or analogues or mixtures with synthetic or natural 

fibers; various matter such as talc or analogues; mica, clay, titanium dioxide, etc. and 

preferably selected from the group comprising natural calcium carbonate (GCC) such 
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as marble, chalk, limestone and/or calcite; precipitated calcium carbonate (PCC) 

such as aragonitic PCC, vateritic PCC and/or calcitic PCC, especially prismatic, 

rhombohedral or scalenohedral PCC; surface modified calcium carbonate; dolomite; 

talc; bentonite; clay; magnesite; satin white; sepiolite, huntite, diatomite; silicates; 

5 and mixtures thereof. 

Ground (or natural) calcium carbonate (GCC) is understood to be a naturally 

occurring form of calcium carbonate, mined from sedimentary rocks such as 

limestone or chalk, or from metamorphic marble rocks. Calcium carbonate is known 

10 to exist as three types of crystal polymorphs: calcite, aragonite and vaterite. Calcite, 

the most common crystal polymorph, is considered to be the most stable crystal form 

of calcium carbonate. Less common is aragonite, which has a discrete or clustered 

needle orthorhombic crystal structure. Vaterite is the rarest calcium carbonate 

polymorph and is generally unstable. Ground calcium carbonate is almost 

15 exclusively of the calcitic polymorph, which is said to be trigonal-rhombohedral and 

represents the most stable of the calcium carbonate polymorphs. The term "source" 

of the calcium carbonate in the meaning of the present application refers to the 

naturally occurring mineral material from which the calcium carbonate is obtained. 

The source of the calcium carbonate may comprise further naturally occurring 

20 components such as magnesium carbonate, alumino-silicate etc. 

According to one embodiment, the calcium carbonate containing material comprises 

one ground calcium carbonate. According to another embodiment of the present 

invention, the calcium carbonate-containing material comprises a mixture of two or 

25 more ground calcium carbonates selected from different sources of ground calcium 

carbonate. For example, the at least one ground calcium carbonate may comprise one 

GCC selected from dolomite and one GCC selected from marble. 

30 

According to another embodiment, the calcium carbonate-containing material 

consists of only one ground calcium carbonate. According to another embodiment of 

the present invention, the calcium carbonate-containing material consists of a 
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mixture of two or more ground calcium carbonates selected from different sources of 

ground calcium carbonate. 

"Precipitated calcium carbonate" (PCC) in the meaning of the present invention is a 

5 synthesized material, generally obtained by precipitation following a reaction of 

carbon dioxide and calcium hydroxide (hydrated lime) in an aqueous environment or 

by precipitation of a calcium- and a carbonate ions source in water, for example 

CaCl2 and Na2CC>3, out of solution. Additionally, precipitated calcium carbonate can 

also be the product of introducing calcium and carbonate salts, calcium chloride and 

10 sodium carbonate for example, in an aqueous environment. Further possible ways of 

producing PCC are the lime soda process, or the Solvay process in which PCC is a 

by-product of ammonia production. Precipitated calcium carbonate exists in three 

primary crystalline forms: calcite, aragonite and vaterite, and there are many 

different polymorphs (crystal habits) for each of these crystalline forms. Calcite has a 

15 trigonal structure with typical crystal habits such as scalenohedral (S-PCC), 

rhombohedral (R-PCC), hexagonal prismatic, pinacoidal, colloidal (C-PCC), cubic, 

and prismatic (P-PCC). Aragonite is an orthorhombic structure with typical crystal 

habits of twinned hexagonal prismatic crystals, as well as a diverse assortment of 

thin elongated prismatic, curved bladed, steep pyramidal, chisel shaped crystals, 

20 branching tree, and coral or worm-like form. Vaterite belongs to the hexagonal 

crystal system. The obtained PCC slurry can be mechanically dewatered and dried. 

PCC may be vaterite, calcite or aragonite. 

According to one embodiment of the present invention, the calcium carbonate 

25 containing material comprises one precipitated calcium carbonate. According to 

another embodiment of the present invention, the calcium carbonate containing 

material comprises a mixture of two or more precipitated calcium carbonates selected 

from different crystalline forms and different polymorphs of precipitated calcium 

carbonate. For example, the at least one precipitated calcium carbonate may 

30 comprise one PCC selected from S-PCC and one PCC selected from R-PCC. 
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According to another embodiment, the calcium carbonate containing material 

consists of only one precipitated calcium carbonate. 

According to another embodiment the calcium carbonate containing material is a 

5 mixture of ground calcium carbonate and precipitated calcium carbonate. 

In addition to calcium carbonate, the calcium carbonate containing material may 

comprise further particles of calcium associated with magnesium and analogues or 

derivatives, various silicates such as clay, for example kaolin clay and/or talc and/or 

10 mica and/or analogues or derivatives, and mixtures of these fillers, such as, for 

example, talc-calcium carbonate or calcium carbonate-kaolin mixtures, or may 

additionally comprise metal oxides such as titanium dioxide and/or aluminium 

trioxide, metal hydroxides such as aluminium tri-hydroxide, metal salts such as 

sulfates carbonates such as magnesium carbonate and/or gypsum, satin white and 

15 mixtures thereof. 

Most preferably, it is a GCC chosen among marble, chalk, calcite or limestone or a 

PCC chosen among aragonitic PCC or calcitic PCC like rhombohedral PCC or 

scalenohedral PCC, or mixtures thereof. 

20 

According to one embodiment the amount of calcium carbonate in the calcium 

carbonate containing material is at least 80 wt.-%, preferably at least 95 wt.-%, more 

preferably between 97 and 100 wt.-%, and most preferably between 98.5 and 

99.95 wt.-%, based on the total weight of the calcium carbonate containing material. 

25 

According to another embodiment the mineral material has a weight median particle 

size dso from 0.1 to 100 |_un, preferably from 0.25 to 50 |_un, more preferably from 

0.3 to 5 |_un, and most preferably from 0.4 to 3.0 |_un determined as mentioned in the 

experimental section. 

30 

The solids content of the aqueous suspension obtained by the inventive method can 

be adjusted by the methods known to the skilled person. To adjust the solids content 
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of an aqueous mineral material comprising suspension, the suspension may be 

partially or fully dewatered by a filtration, centrifugation or thermal separation 

process. For example, the suspension may be partially or fully dewatered by a 

filtration process such as nanofiltration or a thermal separation process such as an 

5 evaporation process. Alternatively, water may be added to the solid mineral material 

until the desired solids content is obtained. Additionally or alternatively, a 

suspension having an appropriate lower content of solid particles may be added to 

the particulate material of the mixed suspension until the desired solid content is 

obtained. 

According to another embodiment the aqueous suspension has a solids content from 

10 to 82 wt.-%, preferably from 45 to 82 wt.-%, more preferably from 60 to 

78 wt.-%, and most preferably from 70 to 78 wt.-%, based on the total weight of the 

aqueous suspension. 

According to another embodiment the aqueous suspension has a pH from 7 to 12, 

preferably from 7.5 to 11, and more preferably from 8.5 to 10 determined as 

mentioned in the experimental section. 

20 According to the invention, the at least one organic polymer with reduced VOC is a 

polymer of acrylic and/or methacrylic acid having a weight molecular weight Mw in 

the range from 800 to 8000 g/mol, and a polydispersity index Ip in the range from 2 

to 3, and is prepared by polymerization in water in presence of a compound of the 

formula (I) 

10 

15 

25 

F s R 

(i) 

30 

wherein 

- X represents Li, Na, K or H, and 

- R represents an alkyl chain comprising 1 to 5 carbon atoms 
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and wherein the weight percentage (weight/weight) between the compound of 

formula (I) and the said monomer(s) is in the range from 0.1 to 2.5 %, 

preferably from 0.15 to 1.5 %. 

5 The polymerisation may be carried out in the presence of a polymerization initiator. 

The polymer of acrylic and/or methacrylic acid preferably contains not more than 0.1 

mol.-% of sub-product CS2, preferably less than 0.05 mol.-%, very preferably less 

than 0.01 mol.-%. 

10 

It has to be noted that said polymer may be totally or partially neutralised by 

neutralization agents having a monovalent neutralizing function or a polyvalent 

neutralizing function such as, for the monovalent function, those selected from 

among the group consisting of the alkaline cations, in particular lithium, sodium, 

15 potassium, ammonium or the primary, secondary or tertiary aliphatic and/or cyclic 

amines such as stearylamine, the ethanolamines (mono-, di-, triethanolamine), mono 

and diethylamine, cyclohexylamine, methylcyclohexylamine, aminomethylpropanol, 

morpholine or, for the polyvalent function, those selected from among the group 

consisting of alkaline earth divalent cations, in particular magnesium and calcium, or 

20 zinc or strontium, and of the trivalent cations, as in particular aluminium, or of 

certain cations of higher valency, and mixtures thereof. 

According to another embodiment the at least one organic polymer with reduced 

VOC content is present in an amount from 0.01 to 10 wt.-%, based on the total 

25 weight of the solids in the suspension, preferably from 0.05 to 5 wt.-%, more 

preferably from 0.1 to 3.0 wt.-%, even more preferably from 0.2 to 2.0 wt.-%, and 

most preferably from 0.25 to 1.5 wt.-% or from 0.5 to 1.25 wt.-%. 

According to another embodiment the at least one organic polymer with reduced 

30 VOC content is present in an amount such that the obtained aqueous suspension has 

a Brookfield™ viscosity between 25 and 4000 mPa- s measured at 20 °C, preferably 



WO 2014/048856 
- 17-

PCT/EP2013/069641 

between 30 to 2000 mPa-s measured at 20 °C, and most preferably between 35 to 

1000 mPa-s measured at 20 °C. 

A "suspension" or "slurry" in the meaning of the present invention comprises 

5 insoluble solids and water, and optionally further additives, and usually contains 

large amounts of solids and, thus, is more viscous and can be of higher density than 

the liquid from which it is formed. 

Throughout the present document, the "particle size" of a calcium carbonate 

10 containing material is described by its distribution of particle sizes. The value dx 

represents the diameter relative to which x % by weight of the particles have 

diameters less than dx. This means that the d2o value is the particle size at which 

20 wt.-% of all particles are smaller, and the d75 value is the particle size at which 

75 wt.-% of all particles are smaller. The ds0 value is thus the weight median particle 

15 size, i.e. 50 wt.-% of all grains are bigger or smaller than this particle size. For the 

purpose of the present invention the particle size is specified as weight median 

particle size dso unless indicated otherwise. For determining the weight median 

particle size ds0 value for particles having a ds0 value between 0.4 and 2 |_un, a 

Sedigraph 5120 device from the company Micromeritics, USA, can be used. 

20 

The Brookfield™ viscosity is defined as the viscosity measured by a Brookfield 

viscosimeter at 20 °C ±2 °C at 100 rpm and is specified in mPa- s. 

According to the present invention the "absolute value" or "modulus" of a real 

25 number is the numerical value of the real number without regards to its sign. 

Where the term "comprising" is used in the present description and claims, it does 

not exclude other elements. For the purposes of the present invention, the term 

"consisting of' is considered to be a preferred embodiment of the term "comprising 

30 of'. If hereinafter a group is defined to comprise at least a certain number of 

embodiments, this is also to be understood to disclose a group, which preferably 

consists only of these embodiments. 
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Where an indefinite or definite article is used when referring to a singular noun, e.g. 

"a", "an" or "the", this includes a plural of that noun unless something else is 

specifically stated. 

5 

Terms like "obtainable" or "definable" and "obtained" or "defined" are used 

interchangeably. This e.g. means that, unless the context clearly dictates otherwise, 

the term "obtained" does not mean to indicate that e.g. an embodiment must be 

obtained by e.g. the sequence of steps following the term "obtained" though such a 

10 limited understanding is always included by the terms "obtained" or "defined" as a 

preferred embodiment. 

The scope and interest of the invention will be better understood based on the 

following examples and figures which are intended to illustrate certain embodiments 

15 of the invention and are non-limitative. 

Description of the figure: 

Figure 1 shows GC/MS spectra illustrating the VOC reduction in inventive example 

20 2 compared with comparative example 1. 

Examples 

1. Measurement methods 

25 

pH measurement 

The pH was measured at 25 °C using a Mettler Toledo Seven Easy pH meter and a 

Mettler Toledo InLab® Expert Pro pH electrode. A three point calibration (according 

to the segment method) of the instrument was first made using commercially 

30 available buffer solutions having pH values of 4, 7 and 10 at 20 °C (from Aldrich). 

The reported pH values were the endpoint values detected by the instrument (the 
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endpoint was when the measured signal differs by less than 0.1 mV from the average 

over the last 6 seconds). 

Particle size distribution (mass % particles with a diameter < X) and weight median 

5 grain diameter (dsn) of particulate material 

Weight median grain diameter and grain diameter mass distribution of a particulate 

material were determined via the sedimentation method, i.e. an analysis of 

sedimentation behaviour in a gravimetric field. The measurement was made with a 

Sedigraph™ 5120. 

10 

The method and the instrument are known to the skilled person and are commonly 

used to determine grain size of fillers and pigments. The measurement was carried 

out in an aqueous solution of 0.1 % by weight of Na4P2C>7. The samples were 

dispersed using a high speed stirrer and ultrasonic. 

15 

Weight solids (wt.-%) of a material in suspension 

The weight solids were determined by dividing the weight of the solid material by 

the total weight of the aqueous suspension. The weight solids content was 

determined using a Moisture Analyser MJ 33, Mettler Toledo. 

20 

Specific surface area (BET) measurement 

The specific surface area (in m /g) of the mineral filler was determined using 

nitrogen and the BET method, which is well known to the skilled man (ISO 

9277:1995). The total surface area (in m ) of the mineral filler was then obtained by 

25 multiplication of the specific surface area and the mass (in g) of the mineral filler. 

The method and the instrument are known to the skilled person and are commonly 

used to determine specific surface of fillers and pigments. 

30 

Brookfield viscosity 

The Brookfield viscosity was measured after 1 minute of stirring by the use of a RVT 

model Brookfield™ viscometer at a temperature of 20 °C (±2 °C), and a rotation 
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speed of 100 rpm (revolutions per minute) with the appropriate disc spindle from 

N° 1 to 5. In the following examples the Brookfield viscosity was measured during 

and after the addition of the polymer to the aqueous slurries to determine the amount 

of polymer actually needed to obtain a Brookfield viscosity within a defined range. 

5 

Weight molecular weight Mw by GPC (SEC) 

A test portion of the polymer solution corresponding to 90 mg of dry matter is 

introduced into a 10 ml flask. Mobile phase, with an additional 0.04 wt.% of 

10 dimethylformamide, is added, until a total mass of 10 g is reached. The composition 

of this mobile phase at pH 9 is as follows: NaHCOs: 0.05 mol/1, NaNC^: 0.1 mol/1, 

triethanolamine: 0.02 mol/1, 0.03 wt.% of NaN3. 

The SEC equipment is consisting of an isocratic pump of the Waters™ 515 type, the 

15 flow rate of which is set at 0.8 ml/min., a Waters™ 717+ sample changer, a kiln 

containing a precolumn of the "Guard Column Ultrahydrogel Waters™" type which 

is 6 cm in length and has an internal diameter of 40 mm, followed by a linear column 

of the "Ultrahydrogel Waters™" type which is 30 cm in length and has an internal 

diameter of 7.8 mm. 

20 

Detection is accomplished by means of a Waters™ 410 type differential 

refractometer. The kiln is heated to a temperature of 60°C and the refractometer is 

heated to a temperature of 45°C. 

25 The SEC is calibrated with a series of sodium polyacrylate standards supplied by 

Polymer Standard Service having maximum molecular weight of between 2000 and 

1-106 g/mol and a polydispersity index of between 1.4 and 1.7 and also with a 

sodium polyacrylate of average weight molecular weight of 5600 g/mol and 

polydispersity index equal to 2.4. 

30 

The calibration graph is of the linear type and takes account of the correction 

obtained using the flow rate marker (dimethylformamide). 
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Acquisition and processing of the chromatogram are accomplished through use of the 

PSS WinGPC Scientific v. 4.02 application. The chromatogram obtained is 

incorporated in the area corresponding to molecular weights higher than 65 g/mol. 

5 

VOC measurement (expressed as isopropanol/acetone content) 

The volatiles in the suspension were measured by GC/MS measurements using the 

following equipment and parameters. 

10 For this purpose, approximately 0.2 g of carbonate suspension was placed in a GC 

head space vial and mixed with approximately 50 mg of anhydrous sodium sulphate. 

After closing the vial the sample was analysed by head space GC/MS as described 

below. 

15 Head space mode 

HS TurboMatrix 40 Trap Perkin Elmer 

Temp. Mode: Oven 90°C, Needle 100°C, Transfer 110°C, Trap Low 40°C, Trap 

High 280°C 

Timing: Thermo 20.0 min, Delay: 0.8 min, Pressurize 1.0 min, Dry Purge 5.0 min, 

20 Desorb 0.1 min, 

Trap Hold 5.0 min 

Column: 107 kPa, Vial: 107 kPa, Desorb: 107 kPa 

GC Method AutoSystem XL Perkin Elmer 

Column: Optima 5 MS 1.0 |am, 50m * 0.32 mm, Macherey-Nagel 

25 Injector 130°C, Split on 

Temp.: 50°C 3.0 min, 10°C/min to 220°C 5.0 min 

Pressure: 70 kPa 

MS Turbo Mass Perkin Elmer 

Solvent Delay 0.0 min 

30 Full Scan 25 to 300 (EI+) 

Weight sample: ca.0.2 g 
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NMR analysis 

The NMR analysis was carried out by diffusion NMR spectroscopy. 

5 The molar percentage of free sulphur atom-containing polymer of acrylic and/or 

methacrylic acid is determined by the diffusion NMR method, which is well known 

to the skilled man as DOSY (diffusion ordered spectroscopy) method using a 

spectrometer Bruker AV 500 equipped with a 5 mm catheter TXI ('HJ 'C,31?). 

The samples to be analysed are solubilized in heavy water before examination by 
1 13 10 NMR H with pre-saturation of the signal of the water and by NMR C: experiences 

1 13 ID and 2D (correlations H/ C simple and long distance). 

2. Sample Preparation 

15 Example 1 (Comparative Example = PA 1) 

A natural calcium carbonate of Italian origin was obtained by first autogenously dry 

grinding by a hammer mill 10 to 300 mm calcium carbonate rocks to a fineness 

corresponding to a ds0 value of between 42 to 48 |_un, and subsequently wet grinding 

this dry-ground product at 55 to 60 °C in water in a 1.4-litre vertical attritor mill 

20 (Dynomill) at a weight solids content of between 75 and 76 wt.-%, based on the total 

weight of the suspension, until 60% had a diameter below 1 |_un and ds0 equals 0.75 

|_un. During the grinding processes, 1.5 dry wt.-%, based on the total weight of solids 

in the suspension of a 50 mol-% sodium - 50 mol% magnesium neutralized 

polyacrylate, Mw 5500, produced by radical polymerisation in water/isopropanol 

25 was added and mixed during grinding to obtain a Brookfield viscosity between 100 

and 200 mPa-s. 

Example 2 (Inventive Example = IN 2) 

A natural calcium carbonate of Italian origin was obtained by first autogenously dry 

30 grinding by a hammer mill 10 to 300 mm calcium carbonate rocks to a fineness 
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corresponding to a ds0 value of between 42 to 48 |_un, and subsequently wet grinding 

this dry-ground product at 55 to 60 °C in water in a 1.4-litre vertical attritor mill 

(Dynomill) at a weight solids content of between 75 and 76 wt.-%, based on the total 

weight of the suspension 60% had a diameter below 1 |_un and dso equals 0.75 |_un. 

5 During the grinding processes, 1.5 dry wt.-%, based on the total weight of solids in 

the suspension, of an aqueous solution of a 50 mol-% sodium - 50 mol-% 

magnesium neutralized polyacrylate, having a Mw equal to 5320 g/mol and an Ip of 

2.5, produced by polymerisation in water using 0.28 wt % based on the weight of 

acrylic acid of the compound of formula (I) wherein X represents Na and R is the 

10 propyl group, was added and mixed during grinding to obtain a Brookfield viscosity 

between 150 and 250 mPa-s. 

3. Results 

15 Particle size distribution after grinding is shown in Table 1: 

Particle size after 
grinding [jam] 

PA 1 
[wt.%] 

IN 2 
[wt.%] 

<3 97.2 98.0 

<2 89.8 91.0 

< 1 60.5 62.6 

<0.5 36.5 38.4 

<0.2 18.0 16.5 

Grinding efficiency is shown in Table 2: 

Example Grinding time for 1.5 kg of dry calcium 
carbonate to reach fineness of 90 wt.- % < 2 jam 

Solids 
[weight %] 

PA 1 33 min 74.0 

IN 2 30 min 74.5 

Table 1 and 2 demonstrate that the inventive dispersant performs equal in respect to 

grinding efficiency and suspension stability compared to the prior art. 
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Dispersing properties are shown in Table 3: 

Sample Brookfield viscosity at 100 rpm 
1 hour after production 

Brookfield viscosity at 100 
rpm 

24 hour after production 
PA 1 185 176 

IN 2 165 172 

5 Table 3 demonstrates that the inventive dispersant performs equal to the prior art in 

respect to suspension stabilization. 

VOC reduction is shown in Table 4: 

Example 
VOC 

expressed as acetone/isopropanol content 

PA 1 big peak of 245'469 area units detected at 3.53 min by GC 
and identified as acetone/isopropanol blend by MS 

IN 2 
very little peak of 885 area units detected between 3.5 and 
3.6 min by GC and identified as acetone/isopropanol blend 
by MS corresponding to < 0.5 area % compared to PA 1 

10 

Table 4 and figure 1 show the reduced VOC content as measured in the suspension 

for inventive example 2 vs. prior art example 1. 

15 A calibration curve for isopropanol (IPA) was made by using pure isopropanol in 

water, injecting different volumes into the vials: 

Cone, of IPA in jag Area under the peak 
0 0 

1.031 33999 
5.006 164726 
10.35 320763 

14.998 467117 
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Prior art Sample PA 1 

Using the calibration to calculate the absolute value corresponding to the 245'469 

area units of "PA 1" equals 7.9 ug isopropanol, which equals 39.6 mg/kg 

isopropanol/acetone in the suspension. 

5 

Inventive sample IN 2 

Using the calibration to calculate the absolute value corresponding to the 885 area 

units of "IN 2" equals 0.025 ug isopropanol, which equals 0.12 mg/kg 

isopropanol/acetone in the suspension. 

10 
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Claims 

1. A rheologically stable aqueous mineral material suspension 

comprising 

5 a) at least one mineral material, and 

b) at least one polymer of acrylic and/or methacrylic acid, 

wherein the at least one polymer of acrylic and/or methacrylic acid 

- is obtained by polymerization of acrylic and/or methacrylic acid monomer(s) in 

water using a compound of formula (I) 

10 

R S R 

xooc^s^^s^coox 
(I) 

wherein 

- X represents Li, Na, K or H, and 

- R represents an alkyl chain comprising 1 to 5 carbon atoms, and 

wherein the compound of formula (I) is used in an amount of from 0.1 to 2.5 

wt%, based on the weight of said monomer(s); 

- has a weight molecular weight Mw of from 800 to 8000 g/mol; 

- has a polydispersity index Ip in the range from 2 to 3; and 

wherein the aqueous mineral material suspension has a content of volatile 

organic compounds (VOC) of < 20 mg/kg. 

2. The aqueous suspension according to claim 1, wherein the mineral 

25 material is selected from calcium carbonate-containing mineral such as natural 

calcium carbonate, synthetic calcium carbonate, surface modified calcium carbonate 

and fillers containing calcium carbonates such as dolomite or mixed carbonate based 

fillers of such as mixtures with clay or talc or mixtures with synthetic or natural 

fibers; and from talc, mica, clay, titanium dioxide, bentonite, magnesite satin white, 

30 sepiolite, huntite, diatomites, silicates and mixtures thereof. 

15 

20 
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3. The aqueous suspension according to claim 2, wherein the amount of 

calcium carbonate in the calcium carbonate containing material is at least 80 wt.-%, 

preferably at least 95 wt.-%, more preferably between 97 and 100 wt.-%, and most 

preferably between 98.5 and 99.95 wt.-%, based on the total weight of the calcium 

5 carbonate containing material. 

4. The aqueous suspension according to any one of claims 1 to 3, wherein the 

mineral material is selected from the group comprising natural calcium carbonate 

(GCC) such as marble, chalk, limestone and/or calcite; precipitated calcium 

10 carbonate (PCC) such as aragonitic PCC, vateritic PCC and/or calcitic PCC, 

especially prismatic, rhombohedral or scalenohedral PCC and mixtures thereof. 

5. The aqueous suspension according to any one of claims 1 to 4, 

wherein the aqueous suspension has a solids content from 10 to 82 wt.-%, preferably 

15 45 to 82 wt.-%, more preferably from 60 to 78 wt.-%, and most preferably from 70 to 

78 wt.-%, based on the total weight of the aqueous suspension. 

6. The aqueous suspension according to any one of claims 1 or 5, 

wherein the mineral material has a weight median particle size ds0 from 0.1 to 

20 100 |_un, preferably from 0.25 to 50 |_un, more preferably from 0.3 to 5 |_un, and most 

preferably from 0.4 to 3.0 |_un. 

7. The aqueous suspension according to any one of claims 1 to 6, 

wherein the aqueous suspension has a pH from 7 to 12, preferably from 7.5 to 11, 

25 and more preferably from 8.5 to 10. 

8. The aqueous suspension according to any one of claims 1 to 7, wherein 

the at least one polymer of acrylic and/or methacrylic acid is obtained by 

polymerization of acrylic and/or methacrylic acid monomer(s) in water using a 

30 compound of formula (I) in an amount of from 0.15 to 1.5 wt.% based on the weight 

of said monomer(s). 
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9. The aqueous suspension according to any one of claims 1 to 8, wherein 

the aqueous mineral material suspension has a content of volatile organic compounds 

(VOC) of < 5 mg/kg, preferably < 1 mg/kg, more preferably < 0.2 mg/kg. 

5 10. The aqueous suspension according to any one of claims 1 to 9, 

wherein the at least one polymer of acrylic and/or methacrylic acid has a content of 

free sulphur atom containing sub-products of not more than 0.1 mole-%. 

11. The aqueous suspension according to claim 10, wherein the at least 

10 one polymer of acrylic and/or methacrylic acid contains not more than 0.1 mole-% of 

sub-product CS2, preferably less than 0.05 mole-%, very preferably less than 0.01 

mole-%. 

12. The aqueous suspension according to any one of claims 1 to 11, 

15 wherein the at least one polymer of acrylic and/or methacrylic acid is present in an 

amount from 0.01 to 3.0 wt.-%, more preferably from 0.2 to 2.0 wt.-%, and most 

preferably from 0.25 to 1.5 wt.-% or from 0.5 to 1.25 wt.-%. 

13. The aqueous suspension according to any one of claims 1 to 12, 

20 wherein the at least one polymer of acrylic and/or methacrylic acid is present in an 

amount such that the obtained aqueous suspension has a viscosity between 25 and 

4000 mPa- s measured at 20 °C, preferably between 30 to 2000 mPa-s measured at 

20 °C, and most preferably between 35 to 1000 mPa-s measured at 20 °C. 

25 14. A method for producing a rheologically stable aqueous mineral 

material suspension comprising the steps of 

a) providing at least one mineral material, 

b) providing water, 

c) providing an aqueous solution of at least one polymer of acrylic and/or 

30 methacrylic acid, which 

- is obtained by polymerization of acrylic and/or methacrylic acid monomer(s) in 

water using a compound of the formula (I) 
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R s R 

xooc^s^^s^coox 
(I) 

wherein 

5 - X represents Li, Na, K or H, and 

- R represents an alkyl chain comprising 1 to 5 carbon atoms, and 

wherein the compound of formula (I) is used in an amount of from 0.1 to 2.5 

wt% based on the weight of said monomer(s); 

- has a weight molecular weight Mw of from 800 to 8000 g/mol; 

10 - has a polydispersity index Ip in the range from 2 to 3; 

d) mixing the mineral material of step a) with the water of step b), 

e) mixing the aqueous solution of at least one polymer of step c) with the 

mineral material before and/or during and/or after step d); 

wherein the final aqueous mineral material suspension has a content of volatile 

15 organic compounds (VOC) of < 20 mg/kg. 

15. The method according to claim 14, wherein the mineral material is 

selected from calcium carbonate-containing mineral such as natural calcium 

carbonate, synthetic calcium carbonate, surface modified calcium carbonate and 

20 fillers containing calcium carbonates such as dolomite or mixed carbonate based 

fillers of such as mixtures with clay or talc or mixtures with synthetic or natural 

fibers; and from talc, mica, clay, titanium dioxide, bentonite, magnesite satin white, 

sepiolite, huntite, diatomites, silicates and mixtures thereof. 

25 16. The method according to claim 15, wherein the amount of calcium 

carbonate in the calcium carbonate containing material is at least 80 wt.-%, 

preferably at least 95 wt.-%, more preferably between 97 and 100 wt.-%, and most 

preferably between 98.5 and 99.95 wt.-%, based on the total weight of the calcium 

carbonate containing material. 

30 
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17. The method according to any one of claims 14 to 16, wherein the 

mineral material is selected from the group comprising natural calcium carbonate 

(GCC) such as marble, chalk, limestone and/or calcite; precipitated calcium 

carbonate (PCC) such as aragonitic PCC, vateritic PCC and/or calcitic PCC, 

5 especially prismatic, rhombohedral or scalenohedral PCC and mixtures thereof. 

18. The method according to any one of claims 14 to 17, wherein the at least 

one polymer of acrylic and/or methacrylic acid is obtained by polymerization of 

acrylic and/or methacrylic acid monomer(s) in water using a compound of formula 

10 (I) in an amount of from 0.15 to 1.5 wt.% based on the weight of said monomer(s). 

19. The method according to any one of claims 14 to 18, wherein the 

aqueous mineral material suspension has a content of volatile organic compounds 

(VOC) of < 5 mg/kg, preferably < 1 mg/kg, more preferably < 0.2 mg/kg. 

15 

20. The method according to any one of claims 14 to 19, wherein the water 

of step b) is preheated before it is mixed with the mineral material in step d). 

21. The method according to any one of claims 14 to 20, further comprising 

20 a grinding step f), wherein step e) is carried out before, during and/or after step f). 

22. The method according to claim 21, further comprising a screening 

and/or up-concentrating step g) performed after step e). 

25 23. A method according to any one of claims 14 to 22, further comprising 

a drying step h) of drying the obtained suspension. 

24. Mineral material composite particles obtained by the method 

according to claim 23. 

30 

25. Use of an aqueous suspension according to any one of claims 1 to 13 

or mineral material composite particles according to claim 24 in paper, plastics, 
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paint, coatings, concrete and/or agriculture applications and/or life science 

applications like water treatment, detergent, cosmetic, food and feed, wherein 

preferably the aqueous suspension is used in wet end process of a paper machine, in 

cigarette paper, board, and/or coating applications, or as a support for rotogravure 

5 and/or offset and/or ink jet printing and/or continuous ink jet printing and/or 

flexography and/or electrophotography and/or decoration surfaces, or the aqueous 

suspension is used to reduce sun light and UV exposure of plant leaves. 


