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(57) Process for the preparation of paper character-
ised by the fact that an aqueous gypsum suspension hav-
ing Brookfield viscosity at 25°C and 100 rpm comprised
between 100 and 1,000 mPa·s and containing from 60
to 85% by weight of gypsum in the form of calcium sul-
phate dihydrate (Ca2SO4.2H2O) is added to the cellulose
aqueous suspension used for the production of paper,

the aqueous gypsum suspension containing from 0.1 to
2% by weight of an acrylic sulphonated polymer, or of an
acrylic carboxylated polymer or of a polynaphthalene sul-
phonate, and from 0.1 to 1.0% by weight of an organic
polyphosphonate.
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Description

Technical Field

[0001] The present invention relates to stable, concentrated aqueous gypsum suspensions that are useful for the
production of paper and cardboard and contain high amounts of gypsum.
[0002] In the present description, with the term stable, concentrated aqueous gypsum suspensions we mean suspen-
sions having a CaSO4*2H2O concentration comprised between 60% and 85% by weight.
[0003] In the following description we will use the term "paper" to include cardboard too.

Background Art

[0004] As it is known, many solutions have been proposed to make it possible to prepare stable, concentrated calcium
sulphate suspensions, mainly based on the use of specific complexing agents and dispersants.
[0005] In particular, in our Italian patent Application VA2006A000044 a method providing highly concentrated aqueous
gypsum suspensions having low viscosity is described, by adding gypsum in the form of hemi-hydrate or anhydrous salt
to a basic aqueous solution containing a polyacrylic sulphonated dispersant and an organic polyphosphonate.
[0006] These low viscous, highly stable and highly concentrated gypsum suspensions are mixable with suspensions
based on other pigments and they do not form foams, which would render troublesome their use.
[0007] While continuing our research on the compositions disclosed in the above said patent application, it was found
that it is possible to use the suspensions described therein (modified in their particle size distribution) directly in the
production of paper, to charge it with calcium sulphate as filler in the desired quantity.
[0008] As it is known, the use of calcium sulphate as additive in paper production is always looked at suspiciously in
paper mills, despite its low cost among additives, because of its tendency to form solid masses that could stop the paper
production plant.
[0009] In European patent EP 0056200 B1 a method was described allowing the use of aqueous calcium sulphate
suspensions, which are directly prepared in a reactor located next to the paper production plant and introduced in diluted
form (generally with concentration below 20%) directly in the paper production plant.
[0010] This method has a drawback: it also needs the preparation, directly next to the paper production plant, of the
aqueous suspension of calcium sulphate, because it is economically disadvantageous to transport the large amounts
of water of such suspensions.

Disclosure of Invention

[0011] The Applicant has now found that it is possible to use stable, concentrated aqueous suspensions of gypsum
in the production of paper.
[0012] It is therefore a fundamental object of the present invention a process for the production of paper containing
from 5 to 35% by weight of calcium sulphate dihydrate, characterised by the fact that a stable aqueous gypsum suspension
having Brookfield viscosity at 25°C and 100 rpm comprised between 100 and 1,000 mPa*s and containing from 60 to
85% by weight of gypsum in the form of calcium sulphate dihydrate (Ca2SO4.2H 2O) is added to the cellulose aqueous
suspension used for the production of paper.
[0013] In particular, said stable, aqueous gypsum suspension, which represents a further object of the present inven-
tion, contains from 0.1 to 2% by weight of an acrylic sulphonated polymer, or of an acrylic carboxylated polymer or of a
polynaphthalene sulphonate, and from 0.1 to 1 % by weight of an organic polyphosphonate, and comprises gypsum in
dihydrate form having particle size between 35% and 60% below 2 micron.
[0014] The use of an acrylic sulphonated polymer or of an acrylic carboxylated polymer or of a polynaphthalene
sulphonate, acting as dispersing agent, and of the organic polyphosphonate allows to obtain stable, concentrated gypsum
suspensions having rheological characteristics and stability which render them suitable for use in the method according
to the invention.
[0015] The use of a polynaphthalene sulphonate is preferred, because, advantageously, it can also be used in acid
environments, that are typical of the paper production with acidic sizing, that is at pH about 4.5.
[0016] Preferably the Brookfield viscosity of the suspensions, at 25°C and 100 rpm, is comprised between 100 and
500 mPa*s.
[0017] The acrylic sulphonated polymers useful for the preparation of the suspensions of the present invention are
obtained by polymerisation of acrylic and/or methacrylic acid, in acidic or salt form, with a monomer containing a sulphonic
functional group and have a molecular weight from 5,000 to 40,000 dalton (measured with an acrylic acid standard);
they are well known polymers, available on the market, and sold by way of example in the form of aqueous slurries by
Lamberti SpA; they can be used in this form for the preparation of the gypsum suspensions of the invention.
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[0018] Preferably the molar ratio between the total sum of acrylic and/or methacrylic acid and monomer containing a
strongly acidic functional group is from 3 to 30, preferably from 3 to 10.
[0019] More preferably, the sulphonated acrylic polymer is a copolymer of acrylic acid, methacrylic acid and 2-acry-
lamido-2-methyl-1-propanesulphonic acid, where the molar ratio between acrylic and methacrylic acid is from 2 to 8.
[0020] The polynaphthalene sulphonates useful for the realisation of the present invention are condensation products
of formaldehyde and sulphonated aromatics acting as dispersants, and are also normally available in the market; they
are generally prepared by reacting an aromatic sulphonated compound (such as naphthalene sulphonic acids, naphthol
sulphonic acids, alkylated naphthalene sulphonic acids, alkylated naphthol sulphonic acids, and also toluenesulphonic
acid, benzenesulphonic acid, phenolsulphonic acid and similar compounds) with formaldehyde, to form a condensation
product which is usually neutralised or alkalinised by adding a sodium hydroxide solution.
[0021] Among the sulphonated formaldehyde-aromatic condensation products which are commercially available as
dispersants and are useful for the realisation of the present invention we cite TAMOL NN 9104, sold by BASF.
[0022] Among the acrylic carboxylated polymers useful for the realization of the present invention we cite the copol-
ymers of acrylic, methacrylic, itaconic, fumaric, maleic acid, optionally copolymerized with acrylamide, having molecular
weight from 1,000 to 10,000 dalton and obtained by using as initiators persulfate/metabisulfite or ipophosphite and as
neutralising agents sodium or potassium hydroxides, or carbonates.
[0023] In the present text, with the term "organic polyphosphonate" we mean organic phosphonates containing two
or more phosphonic groups, in the form of acid or salt thereof.
[0024] Polyphosphonates useful for the realisation of the present invention are: aminotri(methylene-phosphonic acid),
aminotri(methylene-phosphonic acid)pentasodium salt, 1-hydroxyethylidene-1,1-diphosphonic acid, 1-hydroxyethyli-
dene-1,1-diphosphonic acid tetrasodium salt, diethylenetriamine penta(methylene phosphonic acid)pentasodium salt,
diethylenetriamine penta(methylene phosphonic acid)trisodium salt, hexamethylene diamine tetra(methylene phosphon-
ic acid), hexamethylene diamine tetra(methylene phosphonic acid)potassium salt, and mixtures thereof.
[0025] Other useful polyphosphonates are described in EP 1713568.
[0026] The aqueous gypsum suspensions of the present invention are repared by adding hemi-hydrate gypsum to an
aqueous solution containing the dispersing agents and the organic polyphosphonate in a bead mill, gently grinding to
homogenise the suspension.
[0027] The dihydrate gypsum which is obtained in these conditions has a particle size from 35% to 60% by weight
below 2 microns.
[0028] The grinding avoids excessive sedimentation and compaction of the product, even in case no suspending
agents are used.
[0029] According to a particularly advantageous aspect of this invention, it is observed that the possible presence of
sedimentation in the suspension can be eliminated by simple mechanical stirring, even after months from its preparation.
[0030] The hemi-hydrate gypsum useful for the preparation of the aqueous suspensions of the present invention is
commercially available and is normally obtained by calcinating dihydrate gypsum.
[0031] EXAMPLE 1
[0032] 3 gypsum suspensions are prepared with the following ingredients:

• Hemi-hydrate calcium sulphate
• Sequion 50 K33 (33% by weight hexamethylene diamine tetra(methylene phosphonic acid) potassium salt from
Bozzetto SpA, Italy)
• AA= 45% aqueous solution of sodium acrylate homopolymer
• AA-MA-AMPS=30% aqueous slurry of acrylic acid, methacrylic acid and 2-acrylamido-2-methyl-1-propansulphonic
acid sodium salt terpolymer (monomers molar ratio: 4: 1: 1)
• Tamol NN 0104, polynaphthalene sulphonate from BASF (Germany)

[0033] with the quantities reported in Table 1 and the following procedure:
[0034] The bead mill is charged with 400.6 g of water, 6.9 g of Sequion 50 K33 and 8.2 g of Tamol NN 0104.
[0035] Stirring is started and 584.3 g of calcium sulphate hemi-hydrate are added with 300ml of beads having diameter
1.5-2.0 mm.
[0036] After 30 minutes stirring the product is discharged.
[0037] The next samples were prepared using the same procedure and substituting Tamol NN 0104 with AA-MA-
AMPS (Suspension 2) or with AA (Suspension 3).
[0038]
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[0039] EXAMPLE 2
[0040] Use of the calcium sulphate dihydrate suspensions as fillers in the production of paper sheets.
[0041] Ingredients:

- Calcium sulphate dihydrate suspension prepared as Sample No 1 of Example 1
- Calcium sulphate dihydrate suspension prepared according to the method of patent EP 0056200 B1
- Cellulose paste (3% in water)
- Colloidal silica (Nalco 8694, from Nalco, USA, 0.01 % solution)
- Retention agent (Nalco 74648, anionic polyacrylamide from Nalco, USA, 0.01 % solution)

[0042] Two series of sheets are prepared having different fillers, the first with calcium sulphate dihydrate prepared as
sample No. 1 of Example 1, the second with calcium sulphate dihydrate prepared according to the method of patent EP
0056200 B1.
[0043] To obtain 80 g/m2 sheets, 65 g of cellulose fibre paste are taken and 0.93 g of calcium sulphate dihydrate
prepared as sample No. 1 of Example 1 are added into it (1st series), diluting with water saturated with calcium sulphate
dihydrate to 500 g total weight.
[0044] 7.8 g of colloidal silica Nalco 8694 (0.01 % solution) and 0.5 g of retention agent Nalco 74648 (0.01 % solution)
are then added.
[0045] The paste is then inserted in the sheet-maker machine and the sheet is prepared.
[0046] The 2nd series is prepared in the same conditions.
[0047] For each series, 6 sheets having grammage of 80 g/m2 were prepared.
[0048] The sheets are conditioned for 24 hours in a room at 21°C and 50 % r.h.
[0049] Example 2.1
[0050] The sheets prepared as in Example 2 were characterised by taking the following measurements, and reporting
the results in Table 2:

- Grammage - Tappi method T410
- Opacity - Tappi method T425
- Ash at 500 and 900°C - Tappi method T211
- Charge
- Tensile breaking - Tappi method T494

[0051]

[0052] The charge is calculated by multiplying the ash value at 500°C per 1.25 (conversion factor from CaSO4 to

Table 1

Calcium sulfate dihydrate suspensions

Sample No. Susp. Conc. %
Tamol NN 9104 

%
AA-MA-AMPS 

%
AA %

Brookfiel d 
Viscosity 100 
rpm (mPa*s)

Particle size % < 
2 Pm

1 70,0 1,2% / / 270 42,8

2 70,0 / 1,0 / 215 40,1

3 70,0 / / 1,0 310 43,5

Table 2

1ST SERIES 2ND SERIES

ASH %
500°C 22.61 20.77

900°C 20.56 18.15

CHARGE % 28.26 25.96

Opacity 93.83 93.64

Tensile breaking (m) 3465 3563
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CaSO4*2H2O).

Claims

1. A process for the preparation of paper containing from 5 to 35% by weight of calcium sulphate dihydrate, charac-
terised by the fact that an aqueous gypsum suspension having Brookfield viscosity at 25°C and 100 rpm comprised
between 100 and 1,000 mPa*s and containing from 60 to 85% by weight of gypsum in the form of calcium sulphate
dihydrate (Ca2SO4.2H2O) is added to the cellulose aqueous suspension used for the production of paper, the
aqueous gypsum suspension containing from 0.1 to 2% by weight of an acrylic sulphonated polymer, or of an acrylic
carboxylated polymer or of a polynaphthalene sulphonate, and from 0.1 to 1.0% by weight of an organic polyphos-
phonate.

2. The process as claimed in 1 further characterised by the fact that from 35% to 60% of the gypsum contained in
the suspension has particle size below 2 micron.

3. The process as claimed in 1 or 2 where the gypsum aqueous suspension contains from 0.1 to 2.0% by weight of a
polynaphthalene sulphonate.

4. The process as claimed in 3 where the gypsum aqueous suspension has Brookfield viscosity, at 25°C and 100 rpm,
between 100 and 500 mPa*s.

5. The process as claimed in 4 where the polyphosphonate is selected among: aminotri(methylene-phosphonic acid),
aminotri(methylene-phosphonic acid)pentasodium salt, 1-hydroxyethylidene-1,1-diphosphonic acid, 1-hydrox-
yethylidene-1,1-diphosphonic acid tetrasodium salt, diethylenetriamine penta(methylene phosphonic acid)pentaso-
dium salt, diethylenetriamine penta(methylene phosphonic acid)trisodium salt, hexamethylene diamine tetra(meth-
ylene phosphonic acid), hexamethylene diamine tetra(methylene phosphonic acid)potassium salt, and mixtures
thereof.

6. A gypsum aqueous suspension having Brookfield viscosity at 25°C and 100 rpm comprised between 100 and 1,000
mPa*s containing: a. from 60 to 85% by weight of calcium sulphate dihydrate (Ca2SO4.2H2O) having particle size
between 35 and 60% by weight below 2 micron; b. from 0.1 to 2.0% by weight of an acrylic sulphonated polymer,
or of an acrylic carboxylated polymer or of a polynaphthalene sulphonate; c. from 0.1 to 1.0% by weight of an organic
polyphosphonate.

7. The gypsum aqueous suspension according to claim 6 having Brookfield viscosity, at 25°C and 100 rpm, between
100 and 500 mPa*s.

8. The gypsum aqueous suspension according to claim 6 or 7 containing from 0.1 to 2.0% by weight of a polynaphthalene
sulphonate.

9. The gypsum aqueous suspension of claim 8 where the polyphosphonate is selected among: aminotri(methylene-
phosphonic acid), aminotri(methylene-phosphonic acid)pentasodium salt, 1-hydroxyethylidene-1,1-diphosphonic
acid, 1-hydroxyethylidene-1,1-diphosphonic acid tetrasodium salt, diethylenetriamine penta(methylene phosphonic
acid)pentasodium salt, diethylenetriamine penta(methylene phosphonic acid)trisodium salt, hexamethylene diamine
tetra(methylene phosphonic acid), hexamethylene diamine tetra(methylene phosphonic acid)potassium salt, and
mixtures thereof.
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