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Title of Invention

Alkoxylated polyalkylereimines having anionic groups, pigments comprising said
polyalkyleneimines, process for their preparation and their use

Detailed Explanation of the Invention

The present invention concerns nove! polyalkyleneirnines, processes for their preparation, their use
as dispersants for pigments and also a pigment preparation comprising these polyalkylencimines

and its vse in ink jet printing.

Aqueous pristing inks for ink jet printing are well known not cnly cn the basis of water-soluble
organic dyes but alsc on the basis of organic colour pigments. Pigments generally provide the
prints with a significantly higher light and ozone stability than dyes. The most important pigrnent
for this application is carhon black given that carbon black ink jet prints are more document-fast,

i.e. more Hght-stable and less prone to run when exposed to moisture or water, than black dyes.

A customary way of optimizing pigment-based inks o the printing medium and to inhibit print

head encrustation is to add organic water-miscible solvents.

Axn vndesizable side effect of the addition of organic water-miscible solvents is the competing
adsorption of some solvents on pigment particles, which appreciably reduces the stability of these
pigment dispersions. The stability of a solvent-containing pigment dispersion can be determined by

measuring the flocculation temperature.

Functionalized pigments, for example those of US-A-5554 739 and US-A-3922 118, avoid
competing adsorption, but have the disadvantage of an increased tendency to migrate and of the

associated lower waterfastmess.

The present invention, then, has for Its object to provide a pigment dispersant whose
comresponding pigment preparations possess a high solvemt stability and especially a low

agglomeration tendency coupled with a good start-of-priat performance.

Surprisingly, the stated obiect is achieved by polyalkylenepolyimines having alkoxy units and
anionic groups, especially those from the group consisting of ~C{}OB, —8036, —05036} ‘PO32'
and -P{OR)O; e, where R represents hydrogen or optionally substituted alkyi, cycloalkyl or aryl.

Prefersed cations to be mentioned are alkali metals, especially sodium, lithium and potassium,
alkaline carth metals such as calcium and magnesium and also ammonium sach as NHg®,
NPHRIRZR3, where R] to R3 independently represent optienally substituted alky?, especially
opticnally substituted Cy-Cga-alkyl, especially Cy-Cy-alkanols such as CHy CH;OH.
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Particular preference is given to cations of the formmia NPHR!RZR3 comprising protonated
ethanolamine, diethanolamine, triethanolamine, N,N’-dimethylaminoetianolamine,

aminopropylmethanol or methyldisthanolamine.

Particularly good dispersants are obtained as soon as amide, urethane and/or urea groups are

additionally present in the dispersant,

The polyalkylenepoiyimizes of the present invention preferably have an average molecular weight

from 500 to 30 000 g/mol, especially 800 to 22 000 and preferably 1000 to 13 000 g/mol.

The polyalkylenepelyimine of the present invention likewise preferably possesses ethylene oxide

wunits and propylene oxide and/or butylene oxide units, especially as a block unit.

The polyaliylencimines of the present iavention may additionslly contain urea and/or urethane
groups of the kind formed in the course of the reaction of alkoxylated polyalkyleneimines with

monofunctional isocyanates such as aliphatic or aromatic isocyanates.

The polyalkylenepolyimine of the present invention more preferably contains anionic groups
formed by reaction of alioxylated polyalkylenepolymmines with di- or polycarboxylic acids,
especiaily aliphatis, cycloalipkatic or aromatic ones or derivatives thereof such as in for example
esters, anhydrides or acyl chlorides, sulphonating or sulphating agents such as for example

sulphamic acid or chlorosuiphonic acid or phosphating agents such as for example POCly.

In a preferred embodiment, the polyalkylenepolyimine of the present invention is obtainable by a
starting polyethyleneimine which is devoid of alkexy groups being alkoxylated, preferably initially
prepoxylated or butoxylated and subsequently ethoxylated (as described for example
DE-A 10 026 466}, if appropriate reacted with monofanctional isccyanates and reacted with di- or

pelycarboxylic acids or derivatives thereof, sulphonating or phosphating agents.

Particular prefersnce is given to those polyethyleneimines of the present invention which comprise
1 to 10 mol, especially 1 to 6 mal and particularty 2 to 5 mol of propylene oxide o butylene oxide

units per molke of NH function.

The ethylene oxide content of the polyethylencimines is preferably in the range from 10 to 40 mol,
more preferably in the range from 15 to 33 mol and most preferably in the range from 20 to 38 mol

of ethytene oxide units per mole of NH function,

Particularly useful polyethyleneimines according o the present invention contain at least 12,

especially 20 to 43 and particularly 25 to 40 mel of alkyiene oxide uaits per mole of NH function.
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The average molecular weight of the pre-alkoxyiation starting polyethyleneimine is generally in
the range from 400 to 35 000 g/mol, preferadbly in the range from £09 to 20 000 g/mol, more
preferably in the rangs from 800 to 12 G080 g/mo!l and most preferably about 2560 to 3500 g/mol.

Preference is given to those polyaikylenepolyimines of the presest invention which are branched,
i.e. which have preferably been prepared cn the basis of 2 starting polyalkylenepolyimine which {s

branched, 1.e. containg tertiary amino groups.

Polyatkylenepolyimines of the present invention which are particularly preferred are

polyethyienepolyimines,

It is particularly preferable for the alkoxylated polyalkylenepalyimines, especially

polyethylenepolyimines, of the present invention to contain -(;’00@, 6039 or _03039 Broups.

The as-alkoxylated polyethyleneimines are knows for example from WO-A-99/67352 and caz be

prepared as described therein.

These alkoxylated polysthyleneimines are preferably reacted with dicarboxylic acids, dicarboxylic
anhydrides, dicarbonyl chlorides or dicarboxylic esters such as for example succinic anhydride,
phtkalic anbvdride, hexshydrophtbalic aphydride, suipharmic acid, cblorosulpbonic acid,

phosphorus cxychioride.

In a further preferred embodiment, the polyatkylenepelyimines of the present invention contain
acid amide units, espectally those of the formula R-NR'-CO-, R-NR’-809- and/or R-NR'-P03-,
where R and B” represent hydrogen or an alkyl, cycloalkyl or aryl radical.

The alkoxylated polyalkylenepolyimine of the present invention preferably contains tertiary -NR’-
groups, especially -NR-CO- or -NR’-804 groups.

The invention further provides a process for preparing the polyalkylencpolyimines of the
invention, which is characterized in that alkoxylated polyalkylenepotyimines are if appropriate
reacted with monofunctional isocyanates, especially with aliphatic and/or aromatic ones, such as
phenyl isocyanate or stearyl isocyanate for example, aad subsequently with an agent for
introducing anionic groups, especially with di- and/or polycarboxylic acid or derivatives thereof,
sulphonating, sulphating or phesphating agents, preferably with dicatbmgyiic acids, dicarboxylic
anhydrides, dicarbonyl chiorides or dicarboxylic esters such as for example succinic anhydride,
phthalic anhydride, hexahydrophthalic anhydride, sulphamic acid, chlorosulphonic acid or
phosphorus oxychloride.
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Preferred alkoxylated polyalkylenepolyimines include those mentioned in DE-A-100 26 466

Anfordc groups of strongly acidic groups are introduced for example by reaction of the alkoxylated
polyalkylenepolyimines with chlerosulphonic acid, swiphamic acid, phosphoric esters or
phosphoryl halides.

Arnionic groups of weakly acidic groups are introduced for example by reaction of the alkoxylated
polyalkylenepolyimines with di- or polycarboxylic acids or derivatives thereof such as, for

example esters, anhydrides or acyl chlorides.

Wher monofusctional isocyanates are used, alkoxylated polyalkylenepolyimine and the
corresponding isocyanates are preferably used in a molar ratio from 1:G.05 to 1:0.9 and especially

1:0.1 to 105,

The resction with the isocyanate is preferably carried out at a temperature from 20 to 140°C,
preferably at 50 to 90°C. Preference is given to a reaction time of 1-120 minutes, preferably of

10-60 munutes.
The reaction with the isocyanates preferably takes place without selvent.

Alkoxyfated polyalkylenepolyimine asd the appropriate agent providing anmicnic groups are

preferably used in molar ratios from 1:0.1 to 1:1 and especialty 1:0.25 to 1:1.

The reaction temperature is preferably in the range from 90 to 140°C and especially in the range

fram 95 to 120°C.

Dispersion properties such as for example filterability and priatability are particularly good when
the reaction with the agents providing ardonic groups, especially that with di- and polycarbexylic
acid or derivatives thercof, takes place at a temperatare of not fess than 110°C and especially at

119 to 140°C.

The reaction mixture obtained is preferably diluted with completely ion-free water such that a
solution which is flowable at room temperature is produced. The amount of water added to this
end is especially 10 to 40%, based on the volume of the reaction mixwre. This solution is
neutralized with suitable bases to a pH of > 7.5. 1t is preferable to nentralize with inorganic bases
such as KOH, NaOH, ammonia and orpanic bases such as ethanclamine, diethanclamine,
trigthanolamime, N N'-dimethylaminoethanol, aminopropylkmethanol, methyidiethanclamine. It is
prefarable for salt-containing reaction tmixtures, formed by reactions of acid amides and acyl

chiorides with the alkoxylated polyalkyleneimines, to be substantially desalted by means of



L T e T e T e T e T s T e T s T s T s T s T e T O T T e T e R e O e T e, T e T e T e, T e, T e T e, T e T e, TR e T e, O e T e T e O e T e T e T e Y e |

-

(24) JP 2005-206797 A 2005.8.4

membrane separation processes to a salt content of prefersbly less than 1%. The process

parameters for the desalting are described for example in EP-A 816406.

Ester and amide groups are detectable in the infrared spectrum of the non-nentralized alkoxylated

pelyalkylenepelyimine.

The invention further provides the amion-fimctionalized atkoxylated polyaikylenepolyimines

obtainable by the process of the present invention.

The invention further provides pigment preparations comprising

A} at least one pigment, and

B} at least one polyethylenepolyimine according to the present invention.

The pigment preparation may be solid, especiatly a pulverulent or granular solid, but preference is

given to aqueous pigment preparations, especially those comprising

A} at least one pigment,

B) at least one polyaikylenepolyimine according to the present invention, and
C) agqueous medium.

Useful pigments A) include not only inerganic bt also organic partculate pigments, especially
those where more than 95% and preferably more than 99% of the pigment particles A) are not

more than i pm, preferably not more than 0.5 pum and especially equal to 0.2 pm in size.

“Crganic pigments” as used herein also comprehends dyes which are virtually inscluble in the
medium and especially vat dyes. It will be appreciated that the pigment preparations according to
the invention can also inchide mixtures of various organic or varous inorganic pigments or of

organic and inorganic pigments.

Examplzs of suitable pigmenis (A} include:
Organic pigments:

- Azp pigments:

- Monnazo pigment:

C.1 Pigment Brown 25;

C.L Piginent Orange 3, 13, 36 and 67,
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C.1 Plgment Red 1, 2,3, 5, 8,9, 12, 17, 22, 23, 31, 48:1, 48:2, 48:3, 48:4, 49, 451, 5211, 52:2, 53,
£3:1, 53:3,57:1, 63, 112, 146, 170G, 184, 210, 245 and 251;
C1 Pigment Yellow 1,3, 73, 74, 65, 97, 151 and 183;
- Disazo pigments:

C1 Pigment Orange 16, 34 and 44,

{1, Pigment Red 144, 166, 214 and 242;

C.I Pipment Yetlow 12, 13, 14, 16, 17, 81, 83, 106, 113, 126, 127, 155, 174, 176 and 183,
- Anthanthrone pigments:

CI Pigment Red 168

{C.1. Vat Orange 3);

- Anfhraguinone pigments:

C.1 Pigment Yellow 147 and 177

C1 Figment Violet 31;

- Anthrapyrimidice pigments:

C.I. Pigment Yellow 108

{C.1 Vat Yellow 20,

- Quinacridone pigments:

C.I Pigment Red 122, 202 and 206;

C.I Pigment Violet 19;

- Quinophthalore pigments:

C.IL Pigment Yellow 138;

- Dioxazine pigments:

C.1 Pigment Violet 23 and 37,

- Flavanthrone pigments:

C.1. Pigment Yellow 24;

{CI Vat Yellow 1)

Indanthrone pigments:

C.1 Pigment Blue 60;

{C.I. Vat Blue 4)

and 64 (C.1. Vat Blue 6);

- Isoindoline pigments:

C.L Pigment Orange 69,

). Pigment Red 260,

C.I Pigment Yellow 13% and 185;

- Isoindclinone pigments:

C.I Figment Orange 61,
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C.I. Pigment Red 257 and 260,

C.1. Pigment Yeliow 109, 110, 173 and 183,
- Isaviclanthrone pigments:

C.1 Pigment Violet 31;

{C.L Vat Violet 1}

- Metal complex pigments:

C.1 Pigment Yeflow 117, 150 and 153,
1. Pigment Green 8;

- Perinone pigments:

1. Pigment Orange 43;

{C.1. Vat Orange 7);

.1 Pigment Red 194,

{CLVat 15}

- Perylene pigments:

C.I Pigment Black 31 and 32;

C.1. Pigment Red 123, 149, 178, 179, (C.I Vat Red 23), 190 and 240;

.1, Pigment Violet 29;

- Phthalocyanine pigments:

€1, Pigment Blue 15, 15:1, 15:2,15:3, 15:4, 15:6 and 16;
C.I Pigment Green 7 and 36;

- Pyranthrone pigments:

C.I Pigrment Orange 51;

C.L Pigment Red 216;

{CI Vat Orange 4}

- Thioindige pigments:

C.L Pigment Red 88 and 181

(C1 VatRed 1%

C.L Pigment Violet 38;

(C.L Vat Violet 3);

- Trizrylcarbonium pigments:

C.L Pigment Blue 1, 61 and 62;

C.1 Pigment Green 1;

C L Pigruent Red 81, 81:1 and 169,

- C.1 Pigment Black 1 (aniline black};

- C.I Pigment Yellow 101 {aldazine yellow};
- C.L Pigment Brown 22,

JP

2005-206797 A 2005.8.4
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Vat dyes (apart from those already mentiened ebove):

-C.L Vat Yellow 2, 3, 4, 5, 9, 10, 12, 22, 26,33, 37, 46, 48, 49 2nd 50;
-5 VatOrangs 1,2, 5,9, 11,13, 15,19, 26,29, 3C and 31;

-CI VatRed?2, 10, 12, 13, 14, 16, 19, 21, 31,32, 37, 41, 51, 52 and 61;

-CL Vat Violet 2,9, 13,14, 15, 17 and 21;

- C.I Vat Blue 1 (C.L Pigment Blue 66), 3, 5, 10, 12,13, 14, 16, 17, 18, 19, 20, 22,25,26,29, 30,
31,35, 41,42, 43, 64, 65, 66, 72 and 74;

~CLVatGreen1,2,3,5,7,8,9,13, 14, 17,26, 29, 30, 31, 32, 33, 40, 42, 43, 44 and 49,

01 VatGreen 1,2, 3,5, 7,8, 9,13, 14, 17, 26, 29,30, 31, 32, 33, 40, 42, 43, 44 and 49;
.CLVatBrown 1,3,4, 5, 69,11, 17,2532, 33, 35, 38, 39, 41, 42, 44, 45, 49, 50, 55, 57, 68, 72,
73, 86, 81, 82, 83 and 84,

<CILVaiBlack 1, 2, 7, 8,9, 13, 14, 15, 19, 20, 22, 25, 27, 28, 29, 30, 31, 32, 34, 36, 56, 57, 38,
63, 64 and 65;

Pyrrolopyriole pigments
- C.I. Pigment Red 255, 254, and 264
Iporganic pigments:

- White pigments:

Titaninm dioxide (C.I. Pigmem White §), zinc white, pigment grade zinc oxide; zine sulphide,
lithopone; lead white;

- Black pigments:

Tron oxide black (C.I. Pigment Black 11}, iron manganese biack, spinel black (C.1 Pigment Black
27); carbon black

{C.1 Pigment Black 7);

- Chromatic pigments:

Chromium oxide, Chromium oxide hydrate green; chrome green (C.I. Pigment Green 48}, cobalt
green (C.I. Pigment Green 50); ultramarine green;

Cobait blue {C.1. Pigment Blue 2§ and 36); ultramarine blue; iron bhe {C.I Pigment Blue 27};
manganese blue; ultrarnarine violet; cobalt and manganese violet;

Iron oxide red (CI Figment Red 101); cadmium sulphoselenide (CI Pigment Red 1083
molybdate red (C.1. Pigment Red 104); ultramarine red;
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Iron oxide brown, mixed brown, spinel and corundum phases {C.I Pigment Brown 24, 29 and 31),
chrome orange; iron oxide yellow (C.1. Pigment Yellow 42); nickel titanium yellow (C.L Pigment
Yellow 53; C.L Pigment Yellow 157 and 164); chromium titanium yellow, cadmium sulphide and
cadmium zine sulphide (C.I. Pigment Yellow 37 and 35); chrome vellow {C.I. Pigment Yellow 34},
zinc yellow, alkaline earth metal chromates; Naples yellow; bisrauth vanadate {C.L Pigment
Yellow 184);

- Interference pigments:

Metal effect pigments based on coated metal platelets; pear] lustre pigments based on metal-oxide-
coated mica platelets; iquid erystal pigments.

Preferred pigments in this context are monoazo pigments (especially laked BONS pigments,
Naphiol AS pigments), disazo pigments {especially diaryl yeliow pigments, bisacetoacetanilide
pigments, disazopyrazelone pigments), quinacridone pigments, quinophthalone pigments, perinene
pigments, phthalocyanine pigments, trarylearbonium pigments (alkali blue pigments, laked
rhodamines, dye salts with complex anions), isoindoline pigments and carbon blacks (especially
gas or fumace blacks).

Hxamples of particularly preferred pigments are specifically: C.I Pigment Yellow 138, C.L
Pigment Red 122, C.I. Pigment Violet 19, C.1. Pigment Bhue 15:3 and 15:4, CI. Pigment Black 7,
{1 Pigment Orange 5, 38 and 43 and C.J. Pigment Green 7, Pigment Yellow 139, Pigment Yeilow
150, Pigment Yeliow 128, Pigment Green 36, Pigment Red 177, Pigment Red 254.

Particularly preferted pigments are those of the fype of carbon blacks which have a pH> 6,
especially < 59, in a 5% aqueous slurry, such as Spezialschwarz® 4, Spezialschwarz® from
Degussa, 4a, Spezialschwarz® 5, Spezialschwarz® 6, Spezialschwarz® 100, Spezialschwarz® 250,
Spezialschwarz® from Degussa, 350, Spezialschwarz 550 and alse pigment grade carbon blacks of
the types FW 200, FW 2, FW 2V, FW 285, FW 1, FW 18, § 160, § 170 from Degussa, Printex
grades, from Degussa, Pigment Yeliow 150, Pigment Yellow 74, Pigment Blue 15:3, Pigment blue
{5:2, Pigment blue 15:1 and Pigment Red 122,

The solid pigment preparation is preferably more than 90% by weight and especially more than
95% by weight in the two components A) and B).

The pigment preparations of the present invention preferably comprise 5 to 300% by weight and
gspecially 260 to 100% by weight of the present invention’s polyalkyleneimine of component B},

based on the weight of the pigment of compenent A).
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For the aqueous preparation, the fraction of the pigment compenent A} is preferably in the range
from 0.5% te 50% by weight, more preferably in the raoge from 1% to 40% by weight and even
more preferably in the range from 2% to 30% by weight, based on the aquecus preparation.

The aguecus medium of component C) can be either water (C1) alone or a mixture of water with
organic solvents (C2), in which case these preferably have a water solubility of more than 5 gl at

20°C.
Usefil organic solvents {C2) for component C} include for example:

aliphatic Cy-Cs-aloohols, linear or branched, pentanedial, aliphatic ketones such as acetone, methyl
ethyl ketone, diacetone alcohol, polyels such as ethylene glycol, dicthylene glycol, triethylene
glycal, polygivcols having a molar mass of 200-2000 g/mel, propylene giycol, dipropylene glycol,
tripropylens glycol, wrimethylolpropans, glycerol, thiodiglycof, 2-pyrrolidone,
N-methylpyrrolidone, N-ethylpyrrolidone, 1,3-dimethylimidazolidinone, cimethylacetamide,
dimethylformamide and also alkylpolyglycol ethers, preferably Cy-Cg-alkylpolyglycol ethers,
especially those having up to § ether urits, more preferably butyldighycol and/or butyldiglycol.

Mixtures of solvents mentioned also come into consideration.

The amount of the organic solvent is prefersbly 0-50% by weight, especially 0-35% by weight and
more preferably in the range from 5% to 15% by weight, based on the preparation. The pigment
preparation may further comtain agents to adjust the viscosity, for example polyvinyl alcohol,
polyvinyipyrrolidone, methyleellulose, xanthans, provided they bave no adverse effect on the
stability, the printing performance and the drying performance on paper.

The main constituent of the preferred agueous pigment preparations is preferably water (Cl1}. Its
content is customarily in the range from 50% to 93% by weight aad preferably in the range from

60% to 80% by weight.

Particularly preferred pigment preparations comprise

A) at least one pigment, especially carbon black,

B) at least one polyaikylenepolyimine according to the present invention,

C1)  water, and
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C2)  at least one organic solvent from the group of the atkylpolyglycol ethers, preferably
Cy-Cg-alkylpolyglycol ethers, especially those having up to § ether units, more prefersbly
butyltriglycol and/or butyldiglycal and/or butylglyeol.

Preferably, more than 10% by weight of orgamic solvert coresponsds to component C2), especially

10% to 50% by weight, based on aquecus medium C).

The pigment preparation may further contain pH regulators such a5 NaOH, KOH, amincethapol,
aminomethylpropanot, triethanolamine, N, N-dimethylaminoethanol,  diethanolamune  or

methyldiethanoiamine.

As preservatives there arc to be understood for example isothiazolines for example
1,2-benzisothiazol-3-{2H)-one, chlore-2-methyl-4-isothiazolin-3-one or 2-methyl-4-isothazolin-3-
one, sodium pentachlorophenoxide, 1,3,5-triethylolhexahydro-s-triazine or mixtures thereof, the
amount of preservatives used generally being 0-1% by weight, preferably 0.65-0.5% by weight and
especially 0.0001-0.2% by weight based on the preparation.

The invention further provides a process for preparing the pigment preparation of the present
invention, which process is characterized in that said components A) and B) are bomogenized ia
the presence of water (C1) and if appropriate other components, such as for example organic
solvents (C2), if appropriate subsequently freed of coarse particles, preferably by means of 2
1-10 um mermbrane, 2 glass filter or paper cloth, and if appropriate the pigment prepatation is

dried.

The homogenizing is preferably effected by beating the individual components ja a dissolver and

then grinding in a high energy bead mill using zirconium oxide beads for example.

The preparation is then generally filtered, for example through 1.10 pm membrane or glass fibre

filters.,

The pigment preparations of the present invention exhibit excellent storage stability and provide
prints of excellent lightfastness not only on therma! bubble jet printers (from HP, Encad for

example) hut also on pieze printers (for example those from Epson, Canon or Mutoh}.

in addition, they have the following advantages: no clogging of print head and alse high water

fastness and migration fastness.

The aguecus pigment preparations according to the invention are very useful for printing sheetlike
or three-dimensicnaliy configured substrates by the ink jet process, which s characterized in that

the ink jet inks are printed onto the substrate and the print obizined is then fixed if desired.
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The ink iet process is usually carmied out with aqueous inks, which are sprayed as small droplets
directly ontc the substrate. There is a contimous form of the process, in which the ink is pressed at
uniform rate through a mozzle and the jet is dirscted onto the substrate by an electric field
depending on (he pattern to be printed, and there is an interrupted ink jet or drop-on-demand
process, in which the ink is expelled only where a coloured dot 15 to appear, the latter form of the
process employing either a piezoelectric crystal or a heated hollow needls {bubble or thermat jet
process) to exert pressure on the ink system and so eject an ink droplet, These teckniques are
described in Text Chem. Cotor, Band 19 (8), pages 23 to 29, 1987, and volume 21 (6), pages 27 to
32,

The ink jet inks according to the invention are particularly useful for the bubble jet process and for

the provess employing a piezcelectric crystal.

When the print is to be fixed, it is possible to proceed in a known manner and for exampie as
described in WO-A-99/01516 and, for example, for a binder, if desired in the form of a dispersion
or emulsion, to be applied atop the printed substrate and cured of for a film io be laminated onto

the printed substrate.
Turther details concerning these binders are to be found In WO-A-99/01516.

The aguecus bead preparations according to the invention can be printed on all kinds of substrate

materials. Exanples of substrate materials inchude
coated or uncoated cetlulosics such as paper, paperboard, cardboard, wood and woodbase,

- coated or uncoated metallic materials such as foils, sheets or workpieces composed of

ahuminium, iron, copper, sitver, gold, zinc or altoys therzof,
- coated or uncoated silicatic materials such as glass, porcelain and ceramics,

- pelymeric materials of any kind such as polystyrene, polyamides, polyesters, polyethylene,
pelypropylene, melamine resins, polyacrylates, polyacrylonitrile, polyurethanes,
polycarbopates,  polyvinyl  chleride,  polyvinyl alcohols, polyvinyl acetates,
polyvinylpyrrolidones and corresponding block and nonblock copolymers, biodegradable

polymers and natural polymers such as gelatin,
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- textile materials such as fibres, yarms, threads, knits, wovens, nopwovens and made-up
product composed of polyesters, modified polyester, pelyester blend fabric, cellulosics
such as cottom, cotion blend fabric, jute, flax, hemp and ramie, viscose, wool, silk,
polyamide, polyamide blend fabrie, polyacrylonitrile, triacetate, acetate, polycarbonate,

polypropylene, polyvinyl chioride, polyester microfibres aad glass fibre fabric,
leather, in the form of smeoth leather, nappa leather or suede leather,
- comestibles and cosmetics,
The agueous recording fiuids {inks} are preferably obtained by adiusting the pigment preparations

obtained by the process according to the invention to the desired colour strength by addition of

water and/or organic solvents.

Measurement of the flocculation tembperatore

The pigment preparations of the present invention are notable for excellent flocculation stability.
Their flecculation temperature is preferably >65°C and especially >80°C. The flocculation
temperature is that temperature 4t which the dilatational viscosity has increased by a factor of 10

compared with the dilatational viscosity at 20°C.

The flocculation temperature was measured using a dilatational viscometer, ap RS 150 escillation
theometer from Haaka. The dilatational viscosity was measured in the temperature range of
20-95°C. The measuring syster: was a plate-plate system having 2 spacing of 0.501 mm, 1.e. the
dispersion to be measured was situated between 2 circular paraliel plates 0.501 mm apart. The

force pickup sensor was of the PP60 93037 type.
Summary of the principle of the measurement:

The dispersant molecules have been physically adsorhed on the pigment particle. There is an
equilibium between the dispersant molectles adsorbed on the pigment and the dispersant
motesules in sohution. When a dispersion i3 optimal, this equilibrium and hence the stability of the

dispersion remains almost constant over & large temperature range.

If, however, there is competition for adsorption on the pigment due to solvent molecules, there will
be fewer dispersant molecules on the pigment particle and more dispersant particles in solution.

This causes the dilatational viscosity to increase.
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The measurement of the flocoulation terperature via the change in the dilatational viscosity is 2

very sensitive indicator of the stability of dispersions under the influencs of solvents.

Figure 1 illustrates the flocculation behaviour of 2 comumercially available carbon black dispersion
to which different solvents have been added. The carbon black is of the Degussa Spezialschwarz 4
type, and the dispersant is a mixture of salt-free naphthalenesulphonic acid-formaldshyde
condensate and of an ethoxylated and aniop-functiomalized tristyryl ethoxylate. Glycerol,
disthylene glycol (DEC) and propanedicl have only litlle effect or the system. Pentamediol,
polyethylene glycol 200 (PEG 200) and 2-pyrrolidone lower the flocculation ternperature by more
than 10°. The amphiphilic solvents butyldiglycol and butyltriglycol start to destabilize the pigment
dispersion at a temperature as low as 20°, while at 50° the dilatational viscosity is 50 times that of

the aguecus dispersion,

Figure 2 illustrates the flocculation behaviour of a carbon black dispersion comprising = dispersant
mixture of ethoxylated polyethylencimine {molar mass a-bout 2400 g/mol) (dispersant B2 from
IE-A 10 026 466) and a naphthalenesulphonic acid-formaldehyde condensate as dispersant. The
carbon biack is 2 Degussa Spezialschwarz 4 type.

This pigment dispersion is destabilized by butyldiglycol and butyliriglycol.

Figure 3 illustrates the flocculation behaviour of a carbon black dispersion comprising & dispersant
prepared by sulphation of az ethoxylated polyethyleneimine and subsequent desalting as per
Example 1.

The carbon black is a Degussa Spezialschwarz type 4. Up to 80°C this dispersion is stable to all

solvents used.

Figure 4 illustrates the floceulation behaviour of a carbon black dispersion comprising « dispersant
obtained by reaction of succinic anhydride and an ethoxylated polysthyleneimine of type B2 from
DE-A 10026466, The carbor black is a Degussa Spezialschwarz type 4. This dispersion is likewise
stable up to 80°C to all solvents used.



L T e T e T e T e T s T e T s T s T s T s T e T O T T e T e R e O e T e, T e T e T e, T e, T e T e, T e T e, TR e T e, O e T e T e O e T e T e T e Y e |

-

(34) JP 2005-206797 A 2005.8.4

Examples:

IR spectra were recorded on a 1613 Perldn Elmer instrument. The sample was pressed with KBr to
form a tablet, The spectrum shows 2t 1730 ¢m™ the C=0 stretch of the ester group and at about
1640 car' the C=0 stretch of an amide.

Base fluid for printing fests of pigment-based inks:

15%  of 1,5-pentanediol
10%  of polyglycol 200
5% of 2-pyrrolidone

70%  of completely jon-free water
Example 1 (preparation of a sulphated alkoxylated polyethyleneimine)

2000 g of an anhydrous ethoxylated-propoxylated polyethylepeimine (having !.1% base nitrogen,
a 63% polyoxyethylene content, a 1% polyoxypropylene content and an OH number of 72} are
charged {0 a reaction vessel and melted. 278 g of sulphamic acid are added with stirring and the
reaction mixture is stirred at 115°C for 8 hours. Thereafier, the batch is dituted with 700 g of
completely jon-free water and adjusted with ethanclamine to a pH of 7.5, This sclution is diluted
down to 30% and the sulphate content of 7% is then reduced to below 0.8% by means of
membrane separation processes. The process parameters for the desalting are known from

EP-A 816 406,
Exzample 2 (reaction of an alkoxylated polyethylencimine with succime anhydride)

2060 g of an anhydrous ethoxylated-propoxylated polyethyleneimine (having 1.1% base nitrogen,
a 63% polyoxyethylene content, a 1% polyoxypropylene content and an OH number of 72, average
molar mass = 2200 g/mol) are charged to & reaction vessel and melted. 140 g of succinic anhydride
and 20 g of p-toluenesulphonic acid are added arnd the reaction mixture is stirred at 110°C for
5 hours. The acid mumber of the reaction mixture was found to be 35. IR bands at 1730 and
1650 ¢’ The reaction mixture fs admixed with 630 g of completely ion-free water and adjusted

to pH & with ethanolamine.
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Example 3 {reaction of an alkoxylated polyethyleneimine with succinic anhydride)

2000 g of an anhydrous ethoxylated-propoxylated pelyethyleneimire (having 1.1% base nifragen,
a §3% polyoxyethylene content, 3 1% polyoxypropylene content and an OH number of 72, average
molar mass = 2200 g/mol) are charged to & reaction vessel and melted. 280 g of succinic anhydride
and 20 g of p-tolusnesulphonic acid are added and the reaction mixture s stured at 110°C for
5 hours. The acid number of the reaction mixture was found to be 44. IR bands at 1730 aad
1637 eor'. The reaction mixture is admixed with 630 g of completely ion-free water and adjusted

s0 pH 8§ with 150 g of ethanclamine.
Example 4 {reaction of an alkoxylated polyethyleneimine with snceinic anhydride)

1000 g of an ashydrous ethoxylated-propoxylated polyethyleneimine (having 3% base nitrogen, 2
55% polyoxyethylene content, a 3% polyoxypropylene content and an OH number of 172, average
molar mass = 350 g/mol) are charged to a reaction vessel and melted. 380 g of succinic anhydride
and 10 g of p-tolusnesulphoric acid are added and the reaction mixture is stirred at 115°C for
5 hours. The acid number of the reaction mixture was found to be 177. IR bands at 1730, 1635 and
1574 cm. The reaction mixturs is admixed with 400 g of completely iou-free water and adjusted

to pH 8 with ethanolamine.
Example 8 {reaction of an atkoxylated polyethyleneimine with phthalic anhydride)

1000 g of an anhydrous ethoxylated-propoxylated polyethyleneimine (having 3% base nitrogen, a
552, polyoxyethylene content, a 3% pelyoxypropylene content and an OH number of 172, average
molar mass = 850 g/mol) are charged to 2 reaction vessel and melted. 500 g of phthalic anhydrnde
and 10 g of p-tolucnesuiphonic acid are added and the reaction mixture is stirred at 120°C for
5 hours. The acid pumber of the reaction mixture was found to be 141. IR bands at 1723 and
1640 o', The reaction mixture is admixed with 500 g of completely ion-free water and adjusted

o pH 8 with ethanolamine.

Example § (reaction of an alkoxylated polyethyleneimine with pheayl isocyanate and

subsequent functionalization with succinic anhydride}

2000 g of an anhydrous cthoxylated-propoxylated polyethylencimine (having 1.1% base nitrogen,
a 3% polyoxyethylene content, a 1% polyoxypropylene content and an OH number of 72, average
molar mass = 2200 g/imol) are charged to a reaction vessel and melted. 85.2 g of phenyl isocyanate
are added at 50°C over 10 mimues with stirming and are stizred in for | hour. 140 g of succinic
anhydride and 1 g of p-toluenesulphonic scid are then added and the reaction mixture is stirred at

116°C for 2 hours. The acid number of the reaction mixture was found to be 34, The reaction
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mixture is admixed with 630 g of completely ion-free water and adjusted to pH 8§ with 150 g of

etharolamine.

Example 7 (reaction of an alkoxylated polyethyleneimine with stearyl isocyanate and
subsequent functionalization with succinic anhydride)

2000 g of an aphydrous ethoxylated-propoxylated polyethyleneimine (having 1.1% base mitrogen,
a 63% polyoxyethylene content, a 1% polyoxypropylepe content and an OH number of 72, average
motar mass = 2200 g/mol) are charged to a reaction vessel and roelted. 160 g of steary! isocyanate
are added at 60°C over 10 minutes with stirring and are stirred in for 1 hour. 140 g of succinic
anhydride and ! g of p-toluenesuiphonic acid are then added and the reaction mixture is stirred at
110°C for 2 hours. The acid number of the reaction mixture was found to be 31, The reaction
mixture is admixsd with 630 g of completely jon-free water and adjusted to pH 8 with 150 g of

ethanolarmine.

Example 8 (pigment preparation)

100 g of a 30% solution of the dispersant of Example 1 {30 g solids) and 310 g of completely ion-
free water are introduced as an initial charge, 90 g of an acidic carbon black having a BET surface
area of 180 m¥/g and a pH of «<4.5 for a 5% aqueous shury {Spezialschwarz®4 Degussa) were
stirred in using a dissolver until the entire carbon black was wetted. The pH was adjusted to about

7.5 with ethagolamine.

The suspension was then intreduced into an open 11 stirred media mill (from Sussmeier, Brussels}
and ground using 1.1-1.4 mm zircomium oxide beads for 1 hour with cooling. The pH was
readjusted if necessary during prinding. This pigment preparation was finished to form 2 printing
ink:

6.94 g of pigment preparation and 18.06 g of base fluid were mixed, filtered through 3 pm and

printed with an HP 6122 printer onto HP notmal and premsum paper.

The Y values measwred in the Cieleb system were 2.6 or nommal paper and 1.9 on premium paper.

Restarting printing after 24 h did not present any problems.

Y is & lighimess parameter in the Cielab system and thus a measure of the colowr strength of carbon
blacks, The smaller the value, the biacker (i.e. stronger} the carbon black on the substrate (paper ta

this instance).

The fundamentals of colour measurement may be found in:

Farbmessung BAYER Farben Revue, Sonderheft 3/2D (1986)
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Example 8 (pigment preparation)

200 g of a dispersant according to Exampie 3 were dissolved in 3000 g of completely ion-free
water. Then 800 g of Speziaischwarz 4 (Degussa) were stirred in using a dissciver and the pH was
adjusted to 7.5 with cthanolamine. The dispersion was then ground in an Advantis- V-15
recircnlation bead mill using 0.6 to 0.8 mm zirconium silicate beads for 33 minutes with cooling.
The pH was readjusted as necessary during grinding. The carbon black dispersion afler grinding
was filtered through a filter having a 10 um pore size. 5 g of pigment preparation and 20 g of base
fluid were mixed, filtered through 5 um and printed on an HP 6122 printer onto normal and
premium paper, The Y values measured in the Cielab system were 2.5 on normal paper and 1.9 on

premium paper. Printing restart after 24 b was possible without problems.

Examplé 10 (pigment preparation}

32 g of a dispersant from Example 4 were dissolved in 266.8 g of completely ion-free water. 100 g
of Pigment Red 122 were then stirred in using & dissolver and the pH was adjusted to 7.5 with
triethanolamine. The suspension was then introduced into an open 11 stirred media mill (from
Sussmeier, Brussels) and ground using 0.6-0.8 mm zirconium oxide beads for Z hours witk

cooling. The pH was readjusted as necessary during grinding.

This pigreent preparation was finished to form a printing ink: 2 g of the pigment preparation were
mixed with 23 g of the base fluid, filtered through 5 wm and printed onto norrmal and premiuem
paper using an HP 5122 printer. The brilliant print was streak free and a restart of priating was

readily possible.

The normal paper colour locus was: L=53  a=52 =17 C=54.4

The premium paper colour locus was: L=44,5 a=62.3 b=-10 C=61.1

Example 11 (pigment preparation)

274 g of a dispersant according to Example 5 (200 g solids} were dissolved in 3000 g of
completely ton-free water. Then 800 g of Speialschwarz 6 (Degussa) were stirred in using a
dissolver and the pH was adjusted to 7.5 with ethanolamine. The dispersion was then ground in an
Advantis V-15 recirculation bead mill using 1.1 to 1.3 mm zirconium silicate beads for 35 minutes
with cooling. The pH was readiusted as necessary during grinding. The carbon black dispersion
after grinding was filtered through 2 filter having a 10 um pore size.

5 g of pigment preparation and 20 g of base fluid were mixed, filtered through 5 wm aad printed on

an HP 6122 printer onto normel and premium paper.
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The Y values measured in the Clelab system were 2.8 on normat paper and 2.2 oD premiuin paper,

Printing restart after 24 b was possible without problems.

5 g of pigment preparation were mixed with 20 g of a solution consisting of 20% of glyceral, 10%
of butyldiglycol, 5% of diethylene glycol and 65% of completely ion-free water, filtered through

5 wm and printed onto normal and premium paper on ap HP 6122 printer.

The ¥ values measured in the Cielab system were 3 on normal paper and 2.3 on premiwrm paper.
{cf. in contrast values of a Comparative Test 2)

Similar values were incidentally obtaiped when butyltriglyeol was used instead of butyldiglycol.
A restart of printing was readily possible after 24 h.

Example 12 (pigment preparation)

4028 g of completely ion-free water, 56.8 g of a 70.4% solution of a dispersant from Example 4
and 340.40 g of a water-moist press cake of Pigment Yellow 150 are shurried up and homogenized
using a dissolver. The pH is adjusted to 8 with ethanolamine. The dispersion is grouad with 400 ml
of zircordum silicate beads {1.1-1.3 mm in diameter} in a laboratory bead muill for 1 hour. 1.875 g
of this ground dispersion and 23.125 g of base fuid are mixed, filtered through 5 pm and printed
onto normal and premium paper on an HP 6122 printer. The prints were streak free and a printing

restart after 24 b was possible without problers.

Example 13

32 g of a dispersant from Example 2 were digsolved in 286.8 g of completely ion-free water. 80 g
of Chromophtal DPP (flame red FP = Pigment Red 254) were then stirred in using a dissolver and
the pH was adjusted from 5.2 to § with ethanolamine. The suspension was then introduced into an
open 11 stired media mill {from Sussmeier, Brussels) and ground using 1.1-1.25 mm zircopium

oxide beads for 2 hours with cooling. The pH was readjusted as necessary during grinding.

This pigment preparation was finished to form a printing ink: 3.75 g of the pigment preparation
were mixed with 21.25 g of the base fluid, fiftered through 5 wm without problems and printed

onto normal and premivm paper using an HP 6122 printer.
The brilliant print was streak free and a restart of printing was readily possible.

The normal paper colour locus was:  £=60 a=343 b=I302

The premium paper colour locus was: L=57.1 &=37.8  b=30.9
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Comparative Example 1 (alkoxylated polyethyleneimine only)

4169 of an ethoxylated-propoxylated polyethyleneimine (with 1.1% base nitrogen, 63%
polyoxyethylene, 1% polyoxypropylene) were dissolved in 2871 g of completely ion-free water.
1100 g of an acidic carbon black kaving a BET surface area of 180 m*/g (pH of a 5% slurry s
<45} were then stirred in using a dissobver and the pH was adjusted to 7.5 with ethanolamine. The
dispersion was then ground in an Advantis V 15 recirculation bead mili using 0.6-0.8 mm
zirconium silicate beads for 60 minutes. The pH was readjusted as necessary during grinding. 5 g
of pigment preparation and 20 g of base fluid were mixed, filtered through 5 pm and printed onto
pormal and premium paper using an HP 6122 printer. The Y values messured in the Cielab system
were 9.5 on normal paper and 3 on premium paper. A printing restart after 24 h was possible

without problems.

Comparative Example 2

60g of an ethoxylated-propoxylated polyethyleneimine (with 1.1% base nitogen, 63%
polyoxyethylens, 1% polyoxypropylene) and 240 g of a salt-free naphthalenesulphonic acid-
formaldehyde condensate were dissolved in 3800 g of completely ion-free water. 500 g of an
acidic carbon black haviog a BET surface area of 180 mz,}g (pH of a 5% slurry is <4.5) were then
stirred in using a dissolver and the pH was adjusted to 7.5 with sthanolamine {see Figure Z). The
dispersion was then groumd in an Advantis V 15 recirculation bead mill using 0.6-0.8 mm
zirconium silicate beads for 60 minutes. The pH was readjusted as necessary during grinding. 5 g
of pigment prepazation and 20 g of base fluid were mixed, filtered through § pm and printed onto
normal and premium paper using an HP 6122 printer. The Y values measured in the Cielab system
weee 3.5 on pormal paper and 2.7 cn premium paper. A printing restart afler 24 h was possible
without problems. 5 g of pigment preperation were mixed with 20 g of a solution consisting of
20% of glycerol, 10% of butyldiglycol, 5% of diethylene glycol and 65% of completely lon-free
water, filtered through 5 wm and printed onto mormal and premium paper using an HP 6122
printer, The Y values measured in the Cielab system were 4.3 on normal paper and 3.3 or premiurn

paper. A restart of printing was readily possibie after 24 h.
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Brief Explanation of the Drawings

Figure 1 illustrates the flocculation behaviour of & commercislly available carbon black dispersion

to which different solvents have been added.

Figure 2 illustrates the floceulation behaviour of a carbon black dispersion comprising a dispersant
mixture of ethoxylated polyethylenetmine (molar mass about 2400 g/mol) (dispersant B2 from
DE-A 10026 466) and a naphthaienesulphonic acid-formaldehyde condensate as dispersant.

Figure 3 illustrates the flocculation bebaviow of a carbon black dispersion comprising a dispersant
prepared by sulphation of an ethoxylated polyethyleneimine and subsequent desalting as per
Example 1.

Figure 4 illustrates the flocculation behaviour of a carbon black dispersion comprising a dispersant
obtaired by reaction of succinic anhydride and an ethoxylated polyethylensimine of type B2 from
DE-A 10026466,
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Claims

Polyalkylenepolyimines having alkoxy urits and anionic groups, especially those from the
group consisiing of -COOB, 503 e’ —03036: P04 and -?((}R)Oga, where R represents

hydrogen or substituted or unsubstituted alkyl, cycloaliyt or aryl.

Process for preparing polyalkylenepolyimines according to Claim i,
characterized in that an alkoxylated polyalkylenepolyimine is reacted with an agent for
introducing anionic groups, especially with di- to polycarboxylic actds or derivatives

thereof, sulphanating, sulphating or phosphating agents.

Pigment preparations comprising
Aj at least one pigment,

B} at least one alkoxylated polyalkyleneimine according to Claim 1.

Process for preparing pigrent preparations as defiped in Claim 3,
characterized in that said components A) and B) are homogenized in the presence of water
C1) and if appropriate C2), if appropriate freed of coarse particles, preferably by means of

membranes or glass filters, and if appropriate the pigment preparation is dred.

TJse of the pigment preparabon of Claim 3 for printing sheetlke or
three-dimensionally configured subsirates, especially paper, by means of ink jet processes.
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Abstract

Polyalkylenepolyimines having alkoxy units and anionic groups, especially those from the group
consisting of —COOS, -504 e’ -05039’ -PO32“ and -P{OR)O;;G, where R represents hydrogen or

optionrally substituted aikyl, cycloalkyl or aryl.
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