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(54) Title: IMPROVEMENTS RELATING TO OPTICAL BRIGHTENING AGENTS

(87) Abstract: The instant invention relates to stilbene optical brightening agents which combine a high solubility in water while
providing superior fluorescent whitening effects when applied to the surface of paper in either the size-press or in a pigmented coating
composition and which show a reduced anionic charge. The instant optical brighteners may also be used for finishing of textiles.



WO 2006/000573 PCT/EP2005/052960

IMPROVEMENTS RELATING TO OPTICAL BRIGHTENING AGENTS

The instant invention relates to stilbene optical brightening agents which combine a
high solubility in water while providing superior fluorescent whitening effects when
applied to the surface of paper in either the size-press or in a pigmented coating
composition and which show a reduced anionic charge.

PRIOR ART
Stilbene optical brightening agents (OBAs) of the following formula

" (SOM),
T

i~
i

in which

M s typically an alkali metal atom,

n is0,1,0r2, and

R is an amino acid residue from which a hydragen atom of the amino group has
been removed, such as have been disclosed in, e.g. Japanese Kokai 62-106965,
PCT Application WO 96/00221 and PCT Application WO 98/42685, represent the
state-of-the-art for producing coated papers with a high degree of whiteness.

Compounds of said formula typically have good solubility in water which is
advantageous for the paper industry in which optical brighteners are most conveniently

marketed and used in the form of aqueous solutions.

The high anionic charge generated by the amino acid residues can however create a
difficulty for papermakers who wish to recycle broke — that is, to repulp any paper
waste generated in the paper making process — in that the optical brightener can be
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extracted in the repulping process leading to a build-up of anionic charge in the system
which can interfere with cationic chemicals used, e.g. for sizing, or retention and
drainage purposes.

There is therefore a need for optical brighteners which combine the high solubility in

water characteristic of said compounds with a reduced anionic charge.

DESCRIPTION OF THE INVENTION

Surprisingly, we have found that compounds of formula (1) combine a reduced anionic
charge with a high solubility in water while providing superior flucrescent whitening
effects when applied to the surface of paper in either the size-press or in a pigmented
coating composition.

The present invention pravides a compound of formula (1)

Dcanl
—{l u O MO,S,
so,M . " N R

)@Hﬂ"

(MOgS),
in which
M is hydrogen, an alkali metal cation, ammonium or ammonium which is
mono-, di- or trisubstituted by a Cz-Ca-thl'OXY&lle radical,
n is0,1,0r2,
R’ is hydrogen, a straight-chain C1-Ca alkyl or branched C;3-Cs alkyl group

which is not substituted by a heteroatom, and
R?and R® are each, independently of one another, a straight-chain C,-Cs alkyl or branched C;-Cq
alkyl group which is not substituted by a heteroatom, and does not form a ring,

or mixtures of said compounds.

Further aspects of the instant invention are a process for the preparation of compounds
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of formula (1), and the use of compounds of formula (1) as optical brightening agents,
especially for paper.

The compounds of formula (1) are prepared by stepwise reaction of a cyanuric halide
with

a) adiamine of formula

@

b) an amine of formula

Y SO
4 (MO,S) 4

and

c) anamine of formula

R @

As a cyanuric halide there may be employed the fluoride, chloride or bromide. Cyanuric
chloride is preferred.

Each reaction may be carried out in an aqueous medium, the cyanuric halide being
suspended in water, or in an aqueous/organic medium, the cyanuric halide being
dissolved in a solvent such as acetone. Each amine may be introduced without dilution,
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or in the form of an aqueous solution or suspension. The amines can be reacted in any
order, although it is preferred to react the aromatic amines first. Each amine may be
reacted stoichiometrically, or in excess. Typically, the aromatic amines are reacted
stoichimetrically, or in slight excess; the aliphatic amines are generally employed in an
excess of 5-30% over stoichiometry.

For substitution of the first halogen of the cyanuric halide, it is preferred to operate at a
temperature in the range of 0 to 20°C, and under acidic to neutral pH conditions,
preferably in the pH range of 2 to 7. For substitution of the second halogen of the
cyanuric halide, it is preferred to operate at a temperature in the range of 20 to 60°C,
and under weakly acidic to weakly alkaline conditions, preferably at a pH in the range
of 4 to 8. For substitution of the third halogen of the cyanuric halide, it is preferred to
operate at a temperature in the range of 60 to 102°C, and under weakly acidic to
alkaline conditions, preferably at a pH in the range of 7 to 10. The pH may be
controlled by addition of suitable acids or bases as necessary, preferred acids being
e.g., hydrochloric acid, sulphuric acid, formic acid or acetic acid, preferred bases being
e.g., alkali metal (e.g., lithium, sodium or potassium) hydroxides, carbonates or
bicarbonates, or aliphatic tertiary amines e.g. triethanolamine or triisopropanolamine.

The aromatic amines of formula (3) are exemplified by aniline, aniline-2-sulphonic acid,
aniline-3-sulphonic acid, aniline-4-sulphd|’1ic acid, aniline-2,4-disulphonic acid and
aniline-2,5-disulphonic acid. Preferably, (3) is aniline-2,5-disulphonic acid.

The aliphatic amines of formula (4) are exemplified by isopropylamine, N-
methylisopropylamine, N-ethylisopropylamine, 2-butylamine, 2-amino-3-
methylbutylamine, 1-ethylpropylamine, 1,3-dimethylbutylamine and 1,5-
dimethylhexylamine. Preferably (4) is isopropylamine, N-methylisopropylamine or 2-
butylamine.

The optical brightening agents of the invention have the advantage of lower anionic
charge compared to analogous compounds of the prior art. Surprisingly, such optical
brightening agents also have higher solubility in water than analogous compounds in
which the aliphatic amine either has only one alkyl substituent on an a-carbon, or is
substitued by a hydroxyl group. Aliphatic amines of the former type are exemplified by
diethylamine as described in Swiss Patent CH 532,686. Aliphatic amines of the latter
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type are exemplified by 2-amino-1-propanol as described by Wilkowska and Konopski
in Organika, 2001, volume 1999-2000, pages 85-94.

The synthesized compounds of formula (1) may, if desired, be separated and isolated
in a conventional way, e.g. by salting out or by precipitation by addition of an acid, and
then filtered, washed and dried. If desired, the solution of the synthesized compound
may be desalinated and optionally concentrated, e.g. by ultrafiltration or merﬁbrane
filtration. Alternatively, the filtered, washed and optionally dried compound may also be
redissolved in water and the solution so-formed may be desalinated and optionally
concentrated. The desalinated aqueous solution of the compound may, if desired, be
dried. The liquid or dry compounds may be used as such or may, if desired, by blended
with conventional blending agents, such as solubilizing aids or hydrotropes, e.g. urea
or mono-, di- or triethanolamine, or other additives such as polyethyleneglycols or
polyvinylalcohols. In a preferred aspect to the invention, the compounds of formula (1)
are used in the form of an aqueous concentrated solution, e.g. at a concentration of 5
to 55, preferably 10 to 40% by weight. In a further preferred aspect to the invention, the
aqueous concentrated solutions of compounds of formula (1) contain 2 to 40,
preferably 5 to 20% by weight polyethyleneglycol.

The compounds of formula (1) are suitable for use as optical brightening agents,
particularly for the optical brightening of cellulosic substrates, e.g. textiles, non-wovens
or paper.

For the optical brightening of textiles and non-wovens, the compounds of formula (1)
may, for example, be employed in padding processes, where the brightener
concentration in the treatment bath may be kept almost constant. In the finishing of
textiles (fabrics or, preferably, non-woven fabrics) with binding agents, especially
synthetic resins, the optical brightener may be added to the synthetic resin either in the
treatment bath or before. The brightener may be fixed, and the finishing agent cross-
linked, in accordance with the cold dwell process or by heat treatment, optionally after
intermediate drying. Owing to their stability towards acids and salts, e.g. magnesium
chloride and zinc chloride, the compounds of formula (1) are also suitable for the
optical brightening and simultaneous crease-proof finish of cotton. They may be
employed at concentrations in the range of 0.01 to 2.5, preferably 0.03 to 1.0% optical
brightener based on dry substrate.
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The compounds of formula (1) are particularly suitable as optical brightening agents for
the brightening of paper and non-wovens, more particularly they are preferred for
optical brightening of paper after sheet formation, or non-wovens after web formation.

Most preferably, the compounds of formula (1) are suitable for the brightening of paper
after sheet formation. This may be effected by adding the optical brightener to a
pigmented coating composition, or to a sizing solution or suspension. The paper may
be of fine or coarse nature, and of bleached or unbleached cellulose.

For the treatment of paper in the size-press, sizing solutions or suspensions containing
0.2 to 30, preferably 1 to 15 grams per litre of the optical brightener, may be used. The
sizing solution or suspension also contains a binding agent in a concentration of
preferably 2 to 15% by weight. The pH is typically in the range 5-9, preferably 6-8.

The binding agent or size is typically an enzymatically or chemically modified starch,
e.g. oxidized starch, hydroxyethylated starch or acetylated starch.

Pigmented coating compositions are essentially aqueous compositions that contain at
least one binder and a white pigment, in particular an opacifying white pigment, and
may additionally contain further additives such as dispersing agents and defoamers.

Although it is possible to produce coating compositions that are free from white
pigments, the best white substrates for printing are made using opaque coating
compositions that contain 10-70% white pigment by weight. Such white pigments are
generally inorganic pigments, e.g., aluminium silicates (kaolin, otherwise known as
china clay), calcium carbonate (chalk), titanium dioxide, aluminium hydroxide, barium
carbonate, barium sulphate, or calcium sulphate (gypsum).

The binders may be any of those commonly used in the paper industry for the
production of coating compositions and may consist of a single binder or of a mixture of
primary and secondary binders. The sole or primary binder is preferably a synthetic
latex, typically a styrene-butadiene, vinyl acetate, styrene acrylic, vinyl acrylic or
ethylene vinyl acetate polymer. The secondary binder may be, e.g., starch,
carboxymethylcellulose, casein, soy polymers, or polyvinyl alcohol.
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The sole or primary binder is used in an amount typically in the range 5-25% by weight
of white pigment. The secondary binder is used in an amount typically in the range 0.1-
2% by weight of white pigment; starch however is typically used in the range 5-10% by
weight of white pigment.

The optical brightener of formula (1) is used in an amount typically in the range 0.01-
1% by weight of white pigment, preferably in the range 0.05-0.5% by weight of white
pigment.

The following examples shall explain the instant invention in more details. If not
indicated otherwise, "%" and "parts" are meant by weight.

EXAMPLES

PREPARATIVE EXAMPLE 1

A solution of 26.6 parts aniline-2,5-disulphonic acid and 8.4 parts sodium hydroxide in
40 parts water is added to a stirred suspension of 19.4 parts cyanuric chloride in 60
parts ice water. The pH is kept at 6 by the dropwise addition of 30% sodium hydroxide.
The mixture is stirred below 10°C until primary aromatic amine groups can no longer be
detected by the diazo reaction. A solution of 18.5 parts 4,4’-diaminostilbene-2,2'-
disulphonic acid and 4.0 parts sodium hydroxide in 25 parts water is then added, the
pH is adjusted to between 6.5 and 7.5 by the addition of 30% sodium hydroxide and
the mixture is stirred at 30°C until a negative diazo reaction is obtained. 8.4 parts 2-
butylamine are added, and the mixture is heated at reflux for 2 hours, the pH being
kept at 8 to 9 by the addition of 30% sodium hydroxide. The product is diluted to 400
parts with water to give an aqueous solution comprising 16.3% of (5) as its hexasodium
salt and 4.4% sodium chloride.
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PREPARATIVE EXAMPLE 2

A solution of 26.6 parts aniline-2,5-disulphonic acid and 8.4 parts sodium hydroxide in
40 parts water is added to a stirred suspension of 19.4 parts cyanuric chloride in 60
parts ice water. The pH is kept at 6 by the dropwise addition of 30% sodium hydroxide.
The mixture is stirred below 10°C until primary aromatic amine groups can no longer be
detected by the diazo reaction. A solution of 18.5 parts 4,4’-diaminostilbene-2,2’-
disulphonic acid and 4.0 parts sodium hydroxide in 25 parts water is then added, the
pH is adjusted to between 6.5 and 7.5 by the addition of 30% sodium hydroxide and
the mixture is stirred at 30°C until a negative diazo reaction is obtained. 8.4 pérts 2-
butylamine are added, and the mixture is heated at reflux for 2 hours, the pH being
kept at 8 to 9 by the addition of 30% sodium hydroxide. The aqueous solution so-
formed is cooled to 80°C and treated with 20 parts polyethylene glycol of average
molecular weight 1,500. The solution is returned to reflux for 10 minutes, then diluted to
400 parts with water. The resulting aqueous solution, comprising 16.3% of (5) as its
hexasodium salt, 5% polyethylene glycol 1,500 and 4.4% sodium chloride, has an
anionic charge of 0.75 peq/g (Lasertrim particle charge analyzer), and shows no signs
of precipitation after 2 weeks at 5°C.

COMPARATIVE EXAMPLE 2A

Preparative Example 2 is repeated using 15.3 parts iminodiacetic acid in place of 8.4
parts 2-butylamine to give an aqueous solution comprising 18.9% of (6) as its
decasodium salt, 5% polyethylene glycol 1,500 and 4.4% sodium chloride. The solution
has an anionic charge of 1.35 peq/g (Lasertrim particle charge analyzer).
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5 COMPARATIVE EXAMPLE 2B
Preparative Example 2 is repeated using 8.4 parts diethylamine in place of 8.4 parts 2-

butylamine to give an aqueous solution comprising 16.3% of (7) as its hexasodium salt,
5% polyethylene glycol 1,500 and 4.4% sodium chloride. The solution precipitates

within 6 days at 5°C.
10
HO,S
H 3:2
N
NN SOH
—/ N HO,S
SO,H N Y
HO,S, N>/7 \>—N\_
=N
O
H
SO,H
COMPARATIVE EXAMPLE 2C

15  Preparative Example 2 is repeated using 8.6 parts DL-2-amino-1-propanol in place of
8.4 parts 2-butylamine to give an aqueous solution comprising 16.4% of (8) as its
hexasodium salt, 5% polyethylene glycol 1,500 and 4.4% sodium chloride. The solution
precipitates within 6 days at 5°C.
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PREPARATIVE EXAMPLE 3

Preparative Example 2 is repeated as far as completion of the reaction with 2-
butylamine. The aqueous solution so-formed is desalinated by membrane filtration and
concentrated to a solution containing up to 40% of (5) in the form of its hexasodium
salt. The solution is warmed to 80°C and treated with 10 parts polyethylene glycol of
average molecular weight 1,500. The solution is returned to reflux for 10 minutes, then
diluted to 200 parts with water. The resulting aqueous solution has a viscosity of 0.02-
0.03 Pa.s at 20°C and comprises 32.6% of (5) as its hexasodium salt, 5% polyethylene
glycol 1,500 and 0.1% sodium chloride.

PREPARATIVE EXAMPLE 4

Preparative Example 2 is repeated using 6.8 parts isopropylamine in place of 8.4 parts
2-butylamine to give an aqueous solution comprising 16.0% of (9) as its hexasodium
salt, 5% polyethylene glycol 1,500 and 4.4% sodium chloride.
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PREPARATIVE EXAMPLE 5
5 Preparative Example 2 is repeated using 8.4 parts N-methylisopropylamine in place of

8.4 parts 2-butylamine to give an aqueous solution comprising 16.3% of (10) as its
hexasodium salt, 5% polyethylene glycol 1,500 and 4.4% sodium chloride.

N o

10

PREPARATIVE EXAMPLE 6
Preparative Example 2 is repeated using 10.0 parts 1,2-dimethylpropylamine in place
of 8.4 parts 2-butylamine to give an aqueous solution comprising 16.7% of (11) as its

15  hexasodium salt, 5% polyethylene glycol 1,500 and 4.4% sodium chloride.
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PREPARATIVE EXAMPLE 7
5 Preparative Example 2 is repeated using 11.6 parts 1,3-dimethylbutylamine in place of

8.4 parts 2-butylamine to give an aqueous solution comprising 17.0% of (12) as its
hexasodium salt, 5% polyethylene glycol 1,500 and 4.4% sodium chloride.

o

10

PREPARATIVE EXAMPLE 8
Preparative Example 2 is repeated using 14.9 parts 1,5-dimethylhexylamine in place of
8.4 parts 2-butylamine to give an aqueous solution comprising 17.7% of (13) as its

15  hexasodium salt, 5% polyethylene glycol 1,500 and 4.4% sodium chloride.
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PREPARATIVE EXAMPLE 9

A solution of 18.2 parts aniline-4-sulphonic acid and 4.2 parts sodium hydroxide in 20
parts water is added to a stirred suspension of 19.4 parts cyanuric chloride in 60 parts
ice water. The pH is kept at 6 by the dropwise addition of 30% sodium hydroxide. The
mixture is stirred below 10°C until primary aromatic amine groups can no longer be
detected by the diazo reaction. A solution of 18.5 parts 4,4’-diaminostilbene-2,2'-
disulphonic acid and 4.0 parts sodium hydroxide in 25 parts water is then added, the
pH is adjusted to between 6.5 and 7.5 by the addition of 30% sodium hydroxide and
the mixture is stirred at 30°C until a negative diazo reaction is obtained. 8.4 parts 2-
butylamine are added, and the mixture is heated at reflux for 2 hours, the pH being
kept at 8 to 9 by the addition of 30% sodium hydroxide. The aqueous solution so-
formed is cooled to 80°C and treated with 20 parts polyethylene glycol of average
molecular weight 1,500 and 80 parts urea. The solution is returned to reflux for 10
minutes, then diluted to 400 parts with water. The resulting aqueous solution comprises
13.8% of (14) as its tetrasodium salt, 5% polyethylene glycol 1,500, 20% urea and
4.4% sodium chloride.
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APPLICATION EXAMPLE 1
5  Sizing solutions are prepared by adding a solution of brightener (5) in the form of its

sodium salt, made as described in Preparative Example 2, at a range of concentrations
from 10 to 80 g/l to a stirred, aqueous solution of an anionic potato starch (Perfectamyl
A4692 from AVEBE B.A.) at 60°C. The solution is diluted with water to a starch content
of 5% and allowed to cool.

10
The sizing solution is poured between the moving rollers of a laboratory size-press and
applied to a commercial 75g/m? AKD (alkyl ketene dimer) sized, bleached paper base
sheet. The treated paper is dried for 5 minutes at 70°C in a flat bed drier. The dried
paper is allowed to condition, then measured for CIE whiteneés on a calibrated Elrepho

15  spectrophotometer. The measured values show a surprisingly high level of whiteness.

OBA Concentration (g/l) CIE Whiteness using
Brightener of Example 2

0 95.5

10 108.7

20 115.0

40 122.9

60 126.9

80 129.1

The results are also shown in graphical form in FIGURE 1.

20
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APPLICATION EXAMPLE 2
A coating composition is prepared contalning 500 parts chalk (commercially available

under the trade name Hydrocarb 90 from OMYA), 500 parts clay (commercially
available under the trade name Kaolin SPS from IMERYS), 470 parts water, 6 parts
dispersing agent (a sodium salt of a polyacrylic acid commerclally available under the
trade name Polysalz S from BASF), 200 parts latex (an acrylic ester copolymer
commercially avallable under the trade name Acronal S320D from BASF) and 400
parts of a 20% solution of Anionic Oxidized Potato Starch (commercially available
under the trade name Perfectamyl A4692 from AVEBE) in water. The solids content is
adjusted to 65% by the addition of water, and the pH is adjusted to 8-9 with sodium
hydroxide.

The solution of brightener (5) in the form of its sodium salt, made as described in
Preparative Example 2, is added at a range of concentrations from 0.1 to 0.6% to the
stimed coating composition. The brightened coating composition is then applied to a
commercial 75 gsm neutral-sized white paper base sheet using an automatic wire-
wound bar applicator with a standard speed setting and a standard load on the bar.
The coated paper is then dried for § minutes in a hot alr flow. The dried paper is
allowed to condition, then measured for CIE Whiteness on a calibrated Elrepho
spectrophotometer.

OBA Concentration (%) CIE Whiteness using
Brightener of Example 2

0 88.3

04 96.8

0.8 101.1

1.2 105.2

1.6 107.8

2.0 110.7

3.0 115.3

The results are also shown in graphical form in FIGURE 2.
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The reference in this specification to any prior publication (or information derived from it),
or to any matter which is known, is not, and should not be taken as an acknowledgment or
admission or any form of suggestion that that prior publication (or information derived from
it) or known matter forms part of the common general knowledge in the field of endeavour

to which this specification relates.

Throughout this specification and the claims which follow, unless the context requires
otherwise, the word "comprise", and variations such as "comprises" and "comprising", will
be understood to imply the inclusion of a stated integer or step or group of integers or
steps but not the exclusion of any other integer or step or group of integers or steps.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1.

A compound of formula (1)

(SO,M),
(1

R> N=—
N—Q\ N
RV N MO,S
N
H
H \ H
1
=N RZ
b
N R
/®— H
(MO,S),
in which
M is hydrogen, an alkali metal cation, ammonium or ammonium which is

mono-, di- or trisubstituted by a C,-Cs-hydroxyalky! radical,

n is1or2,

R’ is hydrogen, a straight-chain C,-C;g alkyl or branched C;-Cg alkyl group
which is not substituted by a heteroatom, and

R? and R?® are each, independently of one another, a straight-chain C,-Cg alkyl or
branched C,-C; alkyl group which is not substituted by a heteroatom, and
does not form a ring.

A compound according to claim 1 in which

M is hydrogen, an alkali metal cation or ammonium,
n is 1o0r2,
R’ is hydrogen, a straight-chain C,-C, alkyl or branched C,-Cs alkyl group

which is not substituted by a heteroatom, and
R? and R® are each, independently of one another, a straight-chain C,-C, alkyl or
branched C;-Cs alkyl group which is not substituted by a heteroatom, and

does not form a ring.

A compound according to claim 2 in which
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M is hydrogen, sodium or potassium,

n is1or2,

R’ is hydrogen, methyl, ethyl, propy! or i-propyl, and

R? and R? are each, independently of one another, methyl, ethyl or propyl, or i-
propyl, i-butyl, i-pentyl or i-hexyl.

A compound according to claim 3 in which

M is hydrogen or sodium,
n is1or2,
R’ is hydrogen or methyl, and

R? and R? are each, independently of one another, methyl or ethyl.

An aqueous solution containing 10 to 40 % by weight of a compound according to
any one of claims 1 to 4 or of mixtures thereof, and optionally 5 to 20 % by weight of
polyethyleneglycol.

A process for the preparation of a compound according to any one of claims 1 to 4
by stepwise reaction of a cyanuric halide with

a) adiamine of formula

SOM 2)
=
)
MO,S

b)  an amine of formula

Oyw o

(MO,S),

and
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an amine of formula

wherein M, n, and the radicals R', R? and R® have the meaning as defined

in any of claims 1 to 4.

A process according to claim 6 wherein the aromatic amine of formula (3) is aniline-

2;5-disulphonic acid and the aliphatic amine of formula (4) is isopropylamine, N-

methylisopropylamine or 2-butylamine.

A process for optical brightening of cellulosic textiles in the finishing stage,

comprising the steps of:

a)

b)
c)

adding a compound according to any one of claims 1 to 4 to a crosslinkable
finishing agent either in the treatment bath or before,

crosslinking the finishing agent, and

drying the treated textile.

A process for optical brightening of paper comprising the steps of:

a)

b)

c)

adding a compound according to any one of claims 1 to 4 or adding a solution
according to claim 5 to a pigmented coating composition or to a sizing solution
or suspension,

applying the coating composition or the sizing solution or suspension to the
paper,

drying the treated paper. v

A process according to claim 9 comprising the additional step of adding 2 to 15 %

by weight of a binding agent to the sizing solution or suspension.

A compound according to any one of claims 1 to 4 substantially as hereinbefore
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described.

An aqueous solution according to claim 5 substantially as hereinbefore described.

A process according to any one of claims 6 to 10 substantially as hereinbefore
described.
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