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Surface'treated t¡tânium dÍoxide pigments for plastics

and method for manufacturing them

Field of the invention

The invention reìates to titaniuffi dioxide pigments that are particularly suìtable for use in

plastics, a rnethod for manufacturing them, and a polymer compound containing these

pìgmenis.

Technoloqical backqround of the ìnvention

Plasticsencompassahostofdifferentpolymers,adistinctionparticularlybeingmade

behleen commodity plastics, such as polyethylene, polypropylene, polyviny! chloride'

polystyrene of polyurethane, and engineering plastics. Engìneering plastics are characlerised

by special mechanical and thermal properties, by chemical stability and low flammability'

Examples of engìneering plastics include polycarbonete, polyamide, polyester,

polyox¡rmethylene and acrylonitrile-butadiene-styrene'

Polycarbonate Ís an engineering pìastic that is used for a wide varieÇ of purpcses because

of its properties, e.g. in the automotìve sector, electrical engineering, Gompact Disc (CD)

production, domestic appliances, electronic components and many other sectors'

Polycarbonate is a predominantly amorphous, transparent, hard-elastic plastic anci, ovring to

its low water absorption, is suitable as a mate!'ìal for precision components, in pariicular. ln

addition, polycarbonate is characterised by particularly good basic properties, such as high

toughness and a high heat deflection temperature, as well as good processability'

The prooerties of the plastic can be extensively controìled by using additives. Pciycarbonate

is coloured using not only classical cotour pigments, but also tiianìum dioxide p¡gments and

effect pigments. ln polycarbonate coloured with pigmenis, the OH groups on the pigment

surfâce p!2y a role because, even after drying oÍ the pigment and the polycar-bonate, they

can lead to damage to the polycarbonate cìuring production of the eng¡neer¡ng plastic and/or

during its íurther processing. lt ¡s known that thê addition of H-siloxanes cân counteract lhe

damaging of the potycarbonate in such cases- Gommerciaìly available stabilisers, such as

phosphiies, epoxicies, etc,. cannot compleieìy prevent this polymer degradation-

Surface-treated titanium dioxide pigments for plastics and method for manufacturing them 5Field of
the invention The invention relates to titanium dioxide pigments that are particularly suitable for use in
plastics, a method for manufacturing them, and a polymer compound containing these pigments. 10
Technological background of the invention Plastics encompass a host of different polymers, a
distinction particularly being made between commodity plastics, such as polyethylene, polypropylene,
polyvinyl chloride, 15polystyrene or polyurethane, and engineering plastics. Engineering plastics are
characterised by special mechanical and thermal properties, by chemical stability and low flammability.
Examples of engineering plastics include polycarbonate, polyamide, polyester, polyoxymethylene and
acrylonitrile-butadiene-styrene. 20Polycarbonate is an engineering plastic that is used for a wide
variety of purposes because of its properties, e.g. in the automotive sector, electrical engineering,
Compact Disc (CD) production, domestic appliances, electronic components and many other sectors.
Polycarbonate is a predominantly amorphous, transparent, hard-elastic plastic and, owing to its low
water absorption, is suitable as a material for precision components, in particular. In addition,
polycarbonate is characterised by particularly good basic properties, such as high toughness and a
high heat deflection temperature, as well as good processability. The properties of the plastic can be
extensively controlled by using additives. Poiycarbonate 30is coloured using not only classical colour
pigments, but also titanium dioxide pigments and effect pigments. In polycarbonate coloured with
pigments, the OH groups on the pigment surface play a role because, even after drying of the pigment
and the polycarbonate, they can lead to damage to the polycarbonate during production of the
engineering plastic andlor during its further processing. It is known that the addition of H-siloxanes can
counteract the 35damaging of the polycarbonate in such cases. Commercially available stabilisers,
such as phosphites, epoxides, etc., cannot completely prevent this polymer degradation.  The
demands on a TiO2 pigment for use in engineering plastics, especially in polycarbonate, consist not
only in the optical properties, but also in good processability and thermostability of the plastic. A
number of commercial pigments offering a pigment surface functionalised with H-siloxanes exist for
use in polycarbonate, such as the KRONOS pigment grades K2230 5 and K2233 They are, however,
characterised by low weather resistance. It is known practice to improve the weather resistance of
TiO2 pigments by applying a dense Si02 skin and, where appropriate, a further skin of Al203. The
classical surface treatment methods for TiO2 operate in batch mode, in which context an aqueous
suspension of TiO2 
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The demands cn a TiO2 pigment for use in engineering plastics, especially in polycarbonate'

cons¡st noi only in the optical properties, but alsc;n good processabilìty and ihermostabilìty

of the plastic. A number of commercial pigments offering a pigment surface functicnalised

with H-s¡loxanes exisi for use ¡n polycarbonate' such as the KRONOS pigment grades K2230

and K2233. They are, however, characterised by low weather resistance'

It is known practice to improve the weather resistance of TiO2 pigments by appiying a ciense

SiOz skin and, where appropriate, a further sk¡n of Al2O3' The cfassical sur{ace treatment

methods for Tio2 operate in batch mode, ìn which context an aqueous suspension of 1ìo2

particles is mixed with a Solulìon of the coatìng substance in a mixing tank, and the pH value

set in such a way that the substance is deposited on lhe pafticle surface. Methods of this

kind are known from US 3,437,502 or EP 0 409 879 81, for example'

For incorporation in polymers, the pigment particle suríace is usually additionaily treaieC with

an organic substance to improve dispersibilily and processability (e.g US 7'011'703 81).

WO 2008/071382 A1 teaches an alternative procedure for producìng an inorganic surface

coating with a dense SiO2 skin and a subsequent AìzO: skin. According to one ernbodiment

of thìs method, the dense SiO, skin is deposited on the particle surface in a continuous

process during sand-milling of the TiO2 base material, this achieving a very homogeneous

skin (small specific surface area) and improved tinting strength of the p¡gment. On the other

hand, the method according to WO 2008/071382 A1 has disadvantages as regârds filtering

of the pigment Íìlter cake-

EP '1 760 116 A1 describes a titanium dioxide pigment, specificâlly for use in engìneering

plastics, that displays an SiOz coating and an organic coating. The organic coating is applied

directly to the SiO2 coating in this context. An AlzOs layer beh/veen the SiO2 coating and the

organic coating is said to be disadvantageous, this being documented by corresponding

reference examples. The organic coatìng substances indicated are trimethyìoipropane,

trimethylolethane, alkylsilanes with 4 to 10 carbon atoms, polydimethyls¡loxane ând

polymethylhydrogensiloxane. Particularly for use in polycarbonate, the organic coating

consists of polymethylhydrogensiloxane. Among other things, ihe weather resistance ofthe

plastics manufactured using these TiOz pigments is emphasised as be¡ng advaniageous.

The absence of thermally induced discolouration is said to be advantageous, specificalìy for'

use in polycarbonate.
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10particles is mixed with a solution of the coating substance in a mixing tank, and the pH value set in
such a way that the substance is deposited on the particle surface. Methods of this kind are known
from US 3,437,502 or EP 0 409 879 B1 , for example. For incorporation in polymers, the pigment
particle surface is usually additionally treated with an organic substance to improve dispersibility and
processability (e.g. US 7,011,703 B1). 15 WO 20081071382 Al teaches an alternative procedure for
producing an inorganic surface coating with a dense Si02 skin and a subsequent Al203 skin.
According to one embodiment of this method, the dense Si02 skin is deposited on the particle surface
in a continuous process during sand-milling of the TiO2 base material, this achieving a very
homogeneous 20 skin (small specific surface area) and improved tinting strength of the pigment. On
the other hand, the method according to WO 2008/071382 Al has disadvantages as regards filtering of
the pigment filter cake. EP 1 760 116 Al describes a titanium dioxide pigment, specifically for use in
engineering plastics, that displays an Si02 coating and an organic coating. The organic coating is
applied directly to the Si02 coating in this context. An A12O3 layer between the Si02 coating and the
organic coating is said to be disadvantageous, this being documented by corresponding reference
examples. The organic coating substances indicated are trimethylolpropane, trimethylolethane,
alkylsilanes with 4 to 10 carbon atoms, polydimethylsiloxane and 30polymethylhydrogensiloxane.
Particularly for use in polycarbonate, the organic coating consists of polymethylhydrogensiloxane.
Among other things, the weather resistance of the plastics manufactured using these TiO2 pigments is
emphasised as being advantageous. The absence of thermally induced discolouration is said to be
advantageous, specifically for use in polycarbonate.  Object and brief description of the invention The
object of the invention is to indicate a titanium dioxide pigment with good optical properties and high
weather resistance that, particularly when used in engineering plastics, 5leads to good processing
stability of the plastic and good properties of the end product. The object of the invention is further to
indicate a manufacturing method for a titanium dioxide pigment of this kind.   The object is solved by a
surface-treated titanium dioxide pigment, characterised in that 10a dense Si02 layer, an Al203 layer
and an organic layer are applied to the surface of the pigment particles, from the inside to the outside,
where the organic layer contains at least one compound from the group comprising Hsiloxanes,
silicone oils and organically functionalised polysiloxanes, and      where the maximum total Al203
content of the particles is 2.4% by weight, referred to total 15pigment. The object is further solved by a
method for manufacturing surface-treated titanium dioxide pigment particles, characterised by the
following steps:  a) An aqueous suspension of AI-doped titanium dioxide particles is subjected to
agitator milling,  b) A dense SiO2 layer and an Al203 layer are subsequently applied to the titanium
dioxide particles in batch mode, where the maximum total Al203 content of the particles is 2.4% by
weight, referred to total pigment, and 
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Obiect anci brief descriotion of the invention

The object of the invention is 10 indicate a titanium dioxide pigment wÌth good opt¡cal

properties and high weather resistânce that, particularly when used in engineer¡ng plastics,

5 leads to good processing stability ofthe plastic and good properties of the end product'

The object of the invention is further to indicale a manufacturing method for a titanium

dioxide pigment of lhis kinci.

The object is solved by a surfaceJreated tiianium dioxide pìgment, characterised in that

t0 a dense sio2 layer, an AI2o3 layer and an organìc layer are applied to the surface of the

pigment pariicles, from the inside to the ouiside,

where the orgânic layer contains at least one compound from the group comprising H-

siloxanes, siiicone oils and organically functionalised polysiloxanes, and

where the maximum total Al2O3 content of the particles is 2.4% by weight, referred lo total

1s pìgment,

The Õbject is further solved by a method for manufacturing surface-treated titanium dìoxÌde

pigment particles, characterised by the following steps:

a) An aqueous suspension of Al-doped titanium d¡oxide pãrt¡cles is subjecled to âgiiator

20 milling,

b) A dense SiO2 layer and an Aì2O3 layer are subsequently applied to the títaniur¡ dioxide

particles in batch mode, where the maxÌmum total AlzOs content of the particles is 2.4% by

weight, referred to totaì pigment, and

c) An organ¡c layer, containing at least one compound from the group comprising H-

25 siloxanes, silicone o¡ls and organically funciionalised polysiloxanes, is subsequently applied

to thê titanium dloxide particles.

The object is further solved by use of suriaceì!'eated titanÌum d¡ox¡de pari¡cles in engineering

plastics, where a dense SiO2 layer, an Al2O3 layer and an organic layer are appl¡ed to the

30 particle su!'face, from the inside lo the outside,

where the organic layer contains al least one compound f;-om the group comprising i"l-

siloxanes, sil¡cone oiìs and organically functionalised polysiloxanes, anC

where the maximum total AI2O3 content of the particles is 2-4% by weight, referred to total

pigmenì.
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Further advantageous embodiments of the invention are descr¡bed in the sub-clairns-

c) An organic layer, containing at least one compound from the group comprising H25siloxanes,
silicone oils and organically functionalised polysiloxanes, is subsequently applied to the titanium
dioxide particles. The object is further solved by use of surface-treated titanium dioxide particles in
engineering plastics, where a dense Si02 layer, an Al203 layer and an organic layer are applied to the
30particle surface, from the inside to the outside, where the organic layer contains at least one
compound from the group comprising Hsiloxanes, silicone oils and organically functionalised
polysiloxanes, and where the maximum total Al203 content of the particles is 24% by weight, referred
to total pigment. 35  Description of the invention The subject matter of the invention is a
weather-resistant titanium dioxide pigment that is readily dispersible and suitable for use in plastics,
especially in engineering plastics. Within the scope of the invention, "engineering plastics" is taken to
mean polycarbonate, polyoxymethylene, polyamide, polyester and acrylonitrile-butadiene-styrene, for
example, although this is not to be interpreted as a limitation.      Moreover, within the scope of the
invention, the oxides Si02, Al203, etc. are taken to also 10 mean the respective hydrous oxides. All
data disclosed below regarding pH value, temperature, concentration in % by weight or % by volume,
etc., are to be interpreted as also including all values lying in the range of the respective measuring
accuracy known to the person skilled in the art. 15The pigment particles according to the invention are
provided, from the inside to the outside, with a dense Si02 layer, an Al203 layer and an organic layer.
The quantity of the Si02 layer is preferably 0.5 to 5.0% by weight 6i02, particularly 2.0 to 2.5% by
weight Si02, referred to total pigment. The quality of the Si02 layer can be referred to as a dense layer.
The layer is preferably dense according to the acid solubility test described in "Silicic Acid as
Component 20of Titanium Dioxide Pigments" by Helmut Weber (Kronos Information 6.1, 1978). In
other words, the sulphuric acid solubility of the Si02 encapsulated TiO2 pigment is preferably less than
about 10% by weight. The total aluminium content of the pigment is a maximum of 2.4% by weight,
calculated as 25Al203 and referred to total pigment, preferably a maximum of 2.0% by weight, and
particularly 1.6 to 1.8% by weight Al203. Aluminium contents in excess of 2.4% by weight Al203 impair
the processing stability of the plastic and the properties of the end product. The TiO2 pigment particles
according to the invention are provided, on the outside, with an 30organic layer containing at least one
compound from the group comprising H-siloxanes, silicone oils and organically functionalised
polysiloxanes. A suitable H-siloxane is, for example, polymethylhydrogensiloxane. Within the scope of
the invention, "silicone oils" is taken to mean, for example, polydimethylsiloxanes,
polymethylalkylsiloxanes with C2 - 014 alkyl groups or polymethylphenylsiloxanes, as well as, for
example, dimethylsiloxane-based 35 copolymers with methylalkylsiloxanes with 02- 014 alkyl groups
and methylphenylsiloxanes. Within the scope of the invention, "organically functionalised
polysiloxanes" is taken to mean polysiloxanes containing organic groups, such as alkyl, alkoxy, vinyl
or amino groups. This 
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Descriotion of the invent¡on

The subject matter of the invention is a weather-resistani titanium dioxide pigmeni thai ¡s

readily dispersible and suitable for use in plastics, especially in engineering plastics'

within the scope oÍ the invention, "engineering plastics" ¡s taken to mean polycarbonate,

polyoxymethylene, polyamide, polyester and acrylonitf ¡le-butadiene-styrene, for example,

although this is not to be interpreted as a l¡mitation'

Moreover, within the scope of the invenlion, the ox¡des SiOz, Alzog, etc' are iaken to aiso

mean the respective hydrous oxides.

All data discìosed below regard¡ng pH value, temperature, concentration in o/o by weight or

% by volume, etc., are to be interpreted as also including all values lying in the range of the

respective meâsuring accuracy known to ihe person skilled in the art-

The pìgmenÍ parlicles according to the invention are provided, from the inside to the outside,

with a dense SiOz layer, an AlzO3 iayer and an organic layer. The quantity of the SiOz layer is

preferably 0.5 to 5.0% by weight SiO2, particularly 2.A b 2.5% by weight SiOz, referred to

total pigment- The quality of the SiO2 layer can be refened to as a dense layer. The layer is

preferabiy dense acÆording to the acid solubiliiy test described in "S¡licic Acid âs Component

of TÍtanium D¡oxide Pigments' by Helmut Weber (Kronos lnformation 6.1 , 1978). ln other

words, the sulphuric acid solubility of the SiO2 encapsulated TiOz pigment is preferably less

ihan about 10% by weight.

The total aiuminium content of the pigment is a maximum ol 2.4o/o l:'y weigl'tt, calculaied es

Al2O3 and referred io total pigment, preferably a maximum of 2.0% by weight, ancj particularly

'1 .6 to 1.8% by weight Al2O3. Aìuminium contents in excess of 2.4% by weight Al2O3 impair

the processing stabiiity of the plaslic and the properties of ihe end product.

The TiO? pigment partìcles according to the inventìon are provided, on the outside, wiih an

organ¡c layer ccntaining ãt least one compound from the group comprising H-s¡loxanes,

silicone oils and organically funct¡onalised polysi¡oxanes. A suìtable H-siloxâne is, for

example, polymethylhydrogensiloxane. Within ihe scope of the invention, "silicone oils" is

taken to mean, for example, polydimethylsììoxanes, polymethylalkylsiloxanes wiln C2 - C14

alkyi groups or polymethylphenylsiloxanes, as well as, for example, dimethylsiloxane-based

copolymers with methylalkylsiloxanes with C2 - C14 alkyl groups and methylphenylsiloxanes.

Within the scope of the ìnvention, "organlcâlly funciicnalised polysiloxanes" is iake to rnean

polysiloxanes containìng organic groups, such as alkyf, alkoxy, vinyl or amino groups. îhis

5 exemplary list is not, however, to be interpreted as a limitation of the invention. In a special
embodiment of the invention, the organic layer consists of polymethylhydrogensiloxane and
polydimethylsiloxane. 5 The method according to the invention is based on an aqueous suspension of
untreated titanium dioxide particles (TiO2 base material). The particles preferably originate from the
chloride process for manufacturing TiO2 and are doped with aluminium. The aluminium doping is
customarily in the region of roughly 0.8 to 1.5% by weight, calculated as Al203 and preferably in the
region of roughly 1.2% by weight Al203. 10The aqueous suspension of titanium dioxide particles is
milled in an agitator mill in the manner familiar to the person skilled in the art. For example, a pH value
of roughly 11 is set prior to milling. The milled suspension is transferred to a mixing vessel and heated
to a temperature of 15roughly 40 to 90 C, preferably 60 to 80 C. The particles are subsequently
provided with a dense Si02 skin, followed by an Al203 skin, in a batch process. Alkali silicate is first
added to the suspension in the form of sodium or potassium water glass. It is added in one or several
stages, using known technical methods. The quantity added is preferably 0.5 to 5.0% by weight Si02,
particularly 2.0 to 2.5% by weight Si02, referred to 20total pigment. The pH value is subsequently
lowered to roughly 3 to 8, preferably roughly 4, by adding suitable substances. The person skilled in
the art is familiar with corresponding suitable substances for lowering the pH value, e.g. HCI. An Al203
precursor, such as sodium aluminate, is subsequently added to the suspension. It 95is added in one
or several stages, using known technical methods. A preferred embodiment is the addition of an
alkaline Al compound, such as sodium aluminate, in a fixed pH value range, preferably in the range
from 4 to 7, by parallel addition of an acidic compound, such as HCI or aluminium sulphate. The
quantity added is preferably 0.1 to roughly 1.0% by weight Al203, referred to total pigment, particularly
0.2 to 0.6% by weight Al203. If required, 30 the pH value is subsequently set to between 4 and 8,
preferably with Na0H/HCI or with sodium aluminatefaluminium sulphate. The total quantity of Al203,
including the aluminium doping of the base material, should not exceed 2.4% by weight, referred to
total pigment. The surface-treated TiO2 pigment particles are subsequently separated from the
suspension 35by filtration, and the filter cake is optionally washed to remove water-soluble salts. The
pigment is then dried using technically familiar driers (e.g. spray driers, plate driers). This can
optionally be followed by thermal treatment at temperatures of 200 to 600 C, preferably 300 
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exemplary tist is not, however, to be interpreted as a lim¡tation of the invention'

ln a special embod:ment of the invention, the organic layer consists of

polymethyìhydrogensiloxane and polydimethylsìloxane'

The method according to the invention is based on an aqueous suspension of untreated

titanium dioxide particles (T¡o2 base matef¡al). The particles preferably originaie í¡'om the

chlorÌde process for manufacturing Tio: and are doped with aluminium. fhe aluminium

doping is customarily in the region of roughly 0.8 to 1.5% by weight, calculaied as Alro3 and

preferably in the region of roughly 1-2% by weight Al2O3

The aqueous suspension of titanium dioxide particles is milled in an ag¡iator mill in the

manner famil¡ar to the person skitled in the art. For example, a pH value of roughly 11 is set

prlor to millìng.

The milfed suspension is transferred to â mixing vessel and heated to a temperatuíe of

roughly 40 to 90 'C, preferably 60 to 80 "C. The particles are subsequently provided wiih a

dense SiO2 skin, foìlowed by an AlzOs skin, in a batch process.

Alkali siticate is first added to the suspensìon in the folm of sodium or potass¡um water glâss.

It is added in one or several stages, using known lechn¡cal methods' The quantÍty added is

preferably 0.5 to 5.0% by weight SiO2, particuìarly 2.0 to 2.5a/o by weight SiOz, referred to

total pigment. The pH vatue ís subsequently lowered to roughly 3 to 8, preferably roughly 4,

by adding suitable substances. The person skiìled in the art is familiar wlth conesponding

suitable substances for lowering the pH value, e.g- HCl.

An Al2O3 precursor, such as sodium aluminate, ¡s subsequently added to the suspension- ¡t

ìs added in one or several stages, using known technical methods. A prelerred embodiment

ìs the adcjìtlon of an alkaline Al compound, such as sodium aluminate, ¡n a fixed pH value

range, preferably in the range from 4 to7,by parallel addition of an ac¡dic co!-npound, such

as HCI or aiuminium sulphate- The quantity added is preferably 0.1 to roughly 1 .0% by

weighi AI2O3, refened to total pigmeni, particularly 0.2 to 0.6% by weight Al2O3, iÍ required,

the pH value is subsequently set to beh/veen 4 and 8, preferabfy with NaOH/Hc! or w¡th

sodium aium¡nate/aluminium sulphate. The toial quantity of A¡203, including ihe eluminium

doping of the base materìal, should not exceed 2.4o/o by weight, referred to totel pígment.

Thè surface-treated TiO2 pigment particles are subsequently sepa!'ated from the suspens¡on

by filtration, ând the fiìter cake is optionally washed to rernove water-solubìe saits. The

pigrnent is then dried usÌng technically familiar driers (e,9. spray dr¡ers, plate driers). This can

optionalìy be follcwed by thermal treatment at temperatures of 200 to 600 'C. preferabfy 300
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to 500 C, in customary apparatus, such as a rotary kiln. Finally, an organic skin is applied to the TiO2
pigment particles. The organic skin contains at least one compound from the group comprising
H-siloxanes, silicone oils and organically 5functionalised polysiloxanes. Polymethylhydrogensiloxane
is, for example, a suitable H- siloxane. Silicone oils that can be used include, for example,
polydimethylsiioxane or polymethylalkylsiloxanes with C2 - C14 alkyl groups or
polymethylphenylsiloxanes, as well as, for example, dimethylsiloxane-based copolymers with
methylalkylsiloxanes with C2 - C14 alkyl groups and methylphenylsiloxanes. Suitable organically
funCtionalised polysiloxanes 10are, for example, functionalised silanes containing vinyl, alkyl, alkoxy
or amino groups. This exemplary list is not, however, to be interpreted as a limitation of the invention.
In a special embodiment of the invention, polymethylhydrogensiloxane and polydimethylsiioxane are
used. 15Organic coating advantageously takes place during fine grinding of the pigment, which is
customarily performed in a steam jet mill, but can also be performed using other apparatus suitable for
organic coating, For organic coating with the help of a steam jet mill, the organic coating substances
are fed into the steam mill at the same time as the pigment. The finished pigment preferably contains
0.05 to 1% by weight carbon, particularly 0.1 to 0.6% by weight 20carbon, referred to total pigment. In
comparison with TiO2 pigments surface-coated with equal quantities of SO2 and Al203 in accordance
with WO 2008/071382 Al, the pigments treated according to the invention display better filterability of
the filter cake, this making it possible to realise higher filtration 25capacities. The filter cake resistance
is suitable as a measure of the throughput achievable in a filtration process forming a filter cake, and
can be determined in accordance with VD' Guideline 2762 (Feb. 1997) on the basis of laboratory tests.
An overview of the design and evaluation of tests of this kind can be found in the publication by J. W.
Tichy "Ausgelegt und optimiert. 30Genaue Filterversuche zur Fest-FlOssig-Trennung" ["Designed and
optimised. Accurate filter tests for solid-liquid separation."] (CITplus 10/2005, p. 62-63). The customary
method in the case of filtration at constant pressure and constant solids content is to draw up the
filtrate curve over time. Figure 1 shows a section of the filtrate curve when using the present method in
comparison with use of the method described in WO 2008/071382 Al. According to the 35filter theory
(see J. W. Tichy, p. 63), the slope of the curve is proportional to the filter cake resistance. The present
method is, therefore, characterised by a lower filter cake resistance.  Surprisingly, the TiO2 pigment
particles manufactured according to the invention are not only more readily filterable, but also lead,
when used in engineering plastics, particularly in polycarbonate, to no disadvantages whatsoever in
relation to the optical properties or thermal stability of the plastics compared to the pigments
manufactured according to WO 
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to 500'C, in customary apparatus' such as a rotary kiln'

Finally, an organic sk¡n is applied to the TiO2 pigment particles' The organic skin coniains at

IeastonecompoundfromthegroupcomprisingH-siloxanes'siliconeoilsandorganically

lunctionaìised polysiloxanes. Polymethylhydrogensiloxane is' for example' a suiiable H-

siloxane. Silicone oils that can be used include, for example' polydimethylsiioxane or

potymethylalkylsiloxaneswithc2.Cl4alkylgroupsorpolymethylphenylsiloxanes,aswell

as, for example, dimethylsiloxane-based copolymers with methylalkylsiloxanes r'vith C2 - C14

alkyl groups and methylphenytsiloxanes- Suitable organically functionalised poi-vsiíoxanes

are, for example, functionalised silanes containing vinyl, alkyl, alkoxy or emino groUps- This

exempìary list is not, however, to be interpreted as a limitation of the invention'

ln a specÍal embod¡ment of the invention, polymethylhydrogensiloxane and

polydirnethylsiloxane are used.

Organic coating advantageous!y takes place <iuring fìne grinding of the pigment' whÌch is

customarily performed in a sleam iet mill, but can also be performed using other apparatus

suitabie for organic coating, For organic coating with the help of a steam iet miii, the organic

coating substances are fed into the steam mill at the same tìme as the pigment- The finished

pigment preferably contains 0.05 to l% by weight carbon' particularly 0 1 tc 0-6% by weight

c¿rbon, refeired to totaì pigment.

ln comparison wìth Tio, p¡gments surface.coated with equal quanfit¡es of sio2 and Aì2o3 in

accordance with wo 20081071382 41, the pigments treated according to the invention

display beìter f¡fterab¡lity of the filter cake, this making it poss¡ble io realise higher filiraiion

capacìties.

The filter cake resistance is suitable as a measure of the throughput achievabfe ¡n a filtratìon

process forming a filter cake. and can be determined in accordance wiih VDI Guideline 2762

(Feb. 1997) on the basis of laboratory tests. An overview of the design and evaluation of

tests ol this kind can be found in the publicatlon by J. W. Tichy "Ausgelegt uno optimiert.

Genaue Filierversuche zur FesþFlüssig-Trennung" f'Designed and optimised. Accurate filter

tests for solidliquid separation.''l (ClTpìus 10/2005, p. 62-ô3) The customary rnethod ìn the

case offiltralion at constanl pTeSSUre and constant solids content is io draw up the filkate

curve over time. Figure 1 shows a Sect¡on of ihe filtfate curve when usìng ihe present meihod

in comparison with use of the method described in WO 2008/071382 A1- According to the

Tllter theory (see J. W. Tichy, p- 63), the slope of the curve is proportional to the f¡lter cake

resistance. -!-he present method is, therefore, character¡sed by a lower fìlter cake i'esistance
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5 2008/071382 Al (see Example 4 and Reference Example 2). Titanium dioxide pigment particles
provided, from the inside to the outside, with a dense 5i02 layer, an Ai203 layer and an organic layer,
where the organic layer contains at least one compound from the group comprising H-siloxanes,
silicone oils and organically functionalised 10polysiloxanes, and where the total Al203 content of the
particles is a maximum of 2.4% by weight, referred to total pigment, are highly suitable for use in
engineering plastics, particularly in polycarbonate. Examples 15 The invention is explained in more
detail below on the basis of a number of examples, although these are not to be interpreted as a
limitation. The quantities given refer in each case to the TiO2 base material, unless otherwise
indicated. 20 Example 1  A sand-milled, aqueous suspension of TIO2 base material - which displayed
an Al203 content of roughly 1.2% by weight and was manufactured by the chloride process - with all%
concentration of 350 g/lwas set to a pH value of 11 with NaOH at 70 'C. While stirring, 2.2% by weight
Si02 was added to the suspension in the form of sodium water glass. After stirring 25for 15 minutes,
the pH value was lowered to a value of 4 within 70 minutes while stirring. After stirring for a further 15
minutes, 0.4% by weight Al203 was added in the form of sodium aluminate, the pH value being
maintained at a value of 4 by parallel addition of HCI. After stirring for a further 15 minutes, the pH
value was set to a value of 5.5 with 0.1% by weight Al203 in the form of sodium aluminate. 30 After
stirring for a further 30 minutes, the TiO2 suspension was filtered and then washed to remove
water-soluble salts. The washed filter paste was dried in a plate drier at 160C and subsequently
subjected to thermal treatment at 420 C for 2 hours. To test the specific surface area (BET), the
product was ground in a mortar mill (Pulverisette) at a rate of 10 g/10 min. 35  of roughly 1.2% by
weight and was manufactured by the chloride process - with a TiO2 concentration of 350 g/I was set to
a pH value of 11 with NaOH at 70 C. While stirring, 12% by weight SiO2was added to the suspension
in the form of sodium water glass. After stirring for 15 minutes, the pH value was lowered to a value of
4 within 70 minutes while stirring. 5 After stirring for a further 15 minutes, 0.4% by weight Al203 was
added in the form of sodium aluminate, the pH value being maintained at a value of 4 by parallel
addition of Ha. After stirring for a further 15 minutes, the pH value was set to a value of 5.5 with 0.1%
by weight Al203 in the form of sodium aluminate. After stirring for a further 30 minutes, the TiO2
suspension was filtered and then washed to 
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surprisingly, the Tioz pigment partictes manufectured accor-ding to the invention are not oniy

more readiiy filterable, but also lead, when used Ìn engineering plastics, particulariy in

polycarbonâte, to no disadvantages whatsoever in relation to the optìcal propertìes ol

thermat stability of the pìastics compared to the pigments manufactured according to wo

5 2OO8n7ß82 A1 (see Example 4 and Reference Example 2)'

Titan¡um dioxide pigment particles provided, from the inside to the outside, with a dense SiO2

layer, an Ai2O3 layer and an organic layer, where the organic layer contains at least one

compound from the group comprising H-siloxanes, silicone oils and organicaily functÌonalised

10 polysiloxanes, and where the total Al2O3 content of the particles is a maximum oÎ 2.4o/o 6y

weight, referred to total pigment, are highly suitable for use in engineering plastics,

particu¡arly in polycarbonate.

ExamDIes

15

The invention is explained in more detail below on the basis of a number of examples.

although these are nol to be ¡nterpreted as a lim¡tation. The quant¡ties given refer in each

case io the TiO2 base material, unless otherw¡se indicated.

2a Examole 1

A sanci-nìilled, aqueous suspension of TiOz base material - which displayeci an A¡2Os content

of roughìy 1.29i by weight and was manufactured by the chloride process - with a TiO2

concentration of 350 g/l was set to a pH value of 11 wiih NaOH at 70 'C. Whiie st¡rring, 2.2olo

by weight SiO2 was âdded to the suspension in the form of scdium water glass. After stirring

25 for 15 minutes, the pH value was lowered to a vaÌue of 4 within 70 minutes while stirring.

After sìining for a further 15 minutes, 0.4% by weight AlzO¡ wâs added in the form of sodium

aluminate, the pH value being maintained ai a vaiue of 4 by parallel addition of HCl. After

stirring fcr a further 15 minules, the pH value was set to a value of 5.5 with 0.1% by weight

Al2O3 in the iorm of sodium aluminate.

30 After stirrlng for a fudher 30 minutes, the TiO2 suspension was filtered and then washed to

remove wateÍ-soluble salis. The washed fìlter paste was dried in a plate dr¡er ai 160 "C and

subsequently subjected to thermal treatment at 420 "C for 2 hours.

To tesi the spec¡fic surface area (BET), the product was ground in a mortar í'nill (Pulverisetie)

at a rate oí 10 g/10 min.

35

Example 2

A sand-milleC, agueous suspension of TìOz base material - which disolayed en AI2O3 conteni

toremove water-soluble salts. The washed filter paste was dried in a spray drier at 110 C and
subsequently subjected to thermal treatment at 420 C for 2 hours. The thermally treated product
subsequently underwent steam milling with added polymethylhydrogensifoxane. The carbon content of
the TiO2 particles was 0.2% by weight, referred to pigment. 15 Example 3  A sand-milled, aqueous
suspension of Ti02 base material - which displayed an Al203 content of roughly 1.2% by weight and
was manufactured by the chloride process - with a TiO2 concentration 01 350 g/I was set to a pH
value of 11 with NaOH at 70 C. While stirring, 2.2% by weight Si02 was added to the suspension in
the form of sodium water glass. After stirring 20 for 15 minutes, the pH value was lowered to a value of
4 within 70 minutes while stirring. After stirring for a further 15 minutes, 0.4% by weight Al203 was
added in the form of sodium aluminate, the pH value being maintained at a value of 4 by parallel
addition of H. After stirring for a further 15 minutes, the pH value was set to a value of 5.5 with 0.1% by
weight Al203 in the form of sodium aluminate. 25After stirring for a further 30 minutes, the TiO2
suspension was filtered and then washed to remove water-soluble salts. The washed filter paste was
dried in a plate drier at 160 C. The dried product subsequently underwent steam milling with added
polymethylhydrogensiloxane (0.3% by weight C, referred to pigment) and polydimethylsiloxane (0.1%
by weight C, referred to pigment). The carbon content of the TiO2 particles was 0.4% by weight,
referred 30to pigment. Example 4  A sand-milled, aqueous suspension of TiO2 base material - which
displayed an Al203 content of roughly 1.2% by weight and was manufactured by the chloride process -
with a T102 35 concentration of 350 g/I was set to a pH value of 11 with NaOH at 70 C. While stirring,
2.2% by weight Si02 was added to the suspension in the form of sodium water glass. After stirring for
15 minutes, the pH value was lowered to a value of 4 within 70 minutes while stirring.  9 After stirring
for a further 15 minutes, a4% by weight Al203 was added in the form of sodium aluminate, the pH
value being maintained at a value of 4 by parallel addition of Ha. After stirring for a further 15 minutes,
the pH value was set to a value of 5.5 with 0.1% by weight Al203 in the form of sodium aluminate.
5After stirring for a further 30 minutes, the TiO2 suspension was filtered and then washed to remove
water-soluble salts. The washed filter paste was dried in a plate drier at 160 C. The dried product
subsequently underwent steam milling with added polymethylhydrogensiloxane   (0.3% by weight C,
referred to pigment) and polydimethylsiloxane (0.3% by weight C, referred to pigment). The carbon
content of the TiO2 particles was 0.6% by weight, referred 10to pigment. Reference Example 1  A
sand-milled, aqueous suspension of TiO2 base material - which displayed an Al203 content of roughly
1.2% by weight and was manufactured by the chloride process - with a TiO2 
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of roughiy 1.2% by weight and was manufactured by the chìoride process - with a TìOz

concentíation cf 350 g/f was set to a pH value of 11 with NaoH at 70 "c. while stining,2.2o/o

by weight SiOz was added to lhe suspension in the form of sodium water glass. Aíter stirring

for 15 minutes. the pH value was lowered to a value of 4 withÌn 70 minutes while stining.

s After stirr¡ng for a further 15 minutes, 0.4% by weight Al2O3 was added ¡n the form of sodium

aìuminate, ihe pH value being ma¡niained at a value of 4 by parallel addition oí HCl. After

stining for a further 15 minutes, the pH value was sel to a value of 5.5 with 0.1% by weight

Al2O3 in tire form of sodium aluminate.

AIter stirring for a further 30 minutes, the TiO2 suspension was filtered and then washed to

1o remove water-soluble salts- The washed f¡lter paste was dried in a spray drier at i 10 'C and

subsequently subjected to thermal treatment at 420 'C for 2 hours. The thermaily treated

product subsequently underwent steem milling with added polymethylhydrogensiloxane. The

carbon content of ihe TiOz particles was O-2o/o by weight, refened to pigrnent.

15 ExamÞle 3

A sand-milled, aqueous suspension of TiO2 base material - which displayed aû A.lzO3 conient

of roughly 1.2% by weight and was mânufactured by the chloride process - with a TiO2

concentraiion of 350 g/lwas set to a pH value of 11 with NaOH at 70 "C. Wh¡le stirring,2.2o/o

by weight SiO, was added to lhe suspension in ihe form of sodium water glass. After stirring

for 15 m¡nutes, the pH value was lowered to a value of 4 within 70 minutes while stirring.

After st¡rring for a further 15 minutes, 0.4% by weight AlzO3 was added in the form of sodium

alumìnate, the pH value being maintained at a value of 4 by parallel addit¡on oí HCI- After

st¡rring for a fufther 15 minutes, the pH vatue \¡/as set to a value of 5.5 vrith 0.1% by we¡ght

Al2O3 in the form of sodium aluminate,

After stining íor a further 30 minutes, the Ti02 suspension was filtered and then washed tô

remove waier-soluble salts. The washed fìlter pâste was dried in a plate drier at 160 .C. The

dried product subsequently underwent steam mill¡ng with added polymethylhydrogensiloxane

(0.3% by \,veíght C, referred to pigment) and polydimethylsiloxane (0,.'!% by weight C.

referred to pigment). The carbon content of the TiO2 particles was 0.4% by weight, refened

to pigment-

Exampìe 4

A sand-m;lled, aqueous suspension of TiOz base material - which displayed an AiaO3 content

of roughly 1.2% by we¡ght and was manufactured by the chloride process - with a TiO,
concenirat¡on of 350 g/l was set to a pH vatue of I I wìth NâoH at 70 "c. while slirring, 2 zvc
by weighi sioz was added to the suspension in ihe form of sodìum waier glass. After stirrìng
for 15 minutes, ihe pH va¡ue was lowered ro a value of 4 within 7c mínutes while stirring.

25

15concentration of 350 g/l was set to a pH value of 11 with NaOH at 70 C. While stirring, 2.2% by
weight Si02 was added to the suspension in the form of sodium water glass. After stirring for 15
minutes, the pH value was lowered to a value of 4 within 70 minutes while stirring. After stirring for a
further 15 minutes, a pH value of 7 was set with NaOH. The TiO2 suspension was filtered and then
washed to remove water-soluble salts. The washed filter 20paste was dried in a plate drier at 160 C.
To test the specific surface area (BET), the product was ground in a mortar mill (Pulverisette) at a rate
of 10 g/10 min. Reference Example 2 25An aqueous suspension of TiO2 base material - which
displayed an Al203 content of roughly 1.2% by weight and was manufactured by the chloride process -
with a TiO2 concentration of 500 WI was set to a pH value of 11.5 with NaOH. While stirring, 0.5% by
weight Si02 was added to the suspension in the form of sodium water glass. The suspension was
subsequently ground in a vertical sand mill (Model PM5, Draiswerke GmbH) at a rate of 305 kg/h. The
suspension was subsequently diluted to 350 g/I with water and heated to 70 'C. 1.7% SO2 was added
in the form of sodium water glass, and a pH value of 4 was set with HCI within 70 minutes while
stirring. After stirring for a further 15 minutes, 0.4% by weight Al203 was added in the form of sodium
35aluminate, the pH value being maintained at a value of 4 by parallel addition of HCI. After stirring for
a further 15 minutes, the pH value was set to a value of 5.5 with 0.1% by weight Al203 in the form of
sodium aluminate.  10 After stirring for a further 30 minutes, the TiO2 suspension was filtered and then
washed to remove water-soluble salts. The washed filter paste was dried in a plate drier at 160 C. The
dried product subsequently underwent steam milling with added polymethylhydrogensiloxane (0.3% by
weight C, referred to pigment) and polydimethylsiloxane (0.1% by weight C, 5referred to pigment). The
carbon content of the TiO2 particles was 0.4% by weight, referred to pigment. Reference Example 3  A
sand-milled, aqueous suspension of TiO2 base material - which displayed an Al203 content 10 of
roughly 1.2% by weight and was manufactured by the chloride process - with a T102 concentration of
350 g/I was set to a pH value of 11 with NaOH at 70 C. While stirring, 2.2% by weight Si02 was added
to the suspension in the form of sodium water glass. After stirring for 15 minutes, the pH value was
lowered to a value of 4 within 70 minutes while stirring. After stirring for a further 15 minutes, 1.9% by
weight Al203 was added in the form of sodium 15aluminate, the pH value being maintained at a value
of 4 by parallel addition of HCI. After 
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After stirring for a further 15 minutes' 0-4% by weight AlzO¡ was added in ihe farm of sodium

aluminate, the pH vatue being maintained at a value of 4 by parallel addìtion of i-lcl. After

stining for a further 15 m¡nutes, the pH valuewas set to a value of 5 5with 0'1% by weight

AlzO¡ in the form of sodium aluminate.

Afief stirring for a further 30 minutes, the Tio2 suspension was filtered and then washed to

remove water-soluble salts. The washed fllter paste was dried in a plate drier at 160 "C. The

dried product subsequently undervvent steam milling with acided polymethylhydrogensiloxane

(0.3% by weight C, referred to pigment) and polydìmethylsiloxane (0.3% by vreigl-'t C'

feferred to pigment). The carbon content of the Tioz particles was 0.6% by weight' referred

to pigment.

Reference Example 1

A sand-milled, aqueous suspension of Tioz base material - which dispiayed an Alzos content

of roughly 1 .2% by weight and was manufactured by the chìoride process - with a TiO2

cÒncentration of 350 g/l was set to a pH value of 1 '1 with NaOH at 70 'C. While sfining' 2.2%

by we¡ght SiO2 rvas added to the suspension in the form of sodium water glass. After siirring

for 15 mínutes, the pH value was lowered to a value of 4 within 70 minuies while stirring.

After stining for a further 15 minutes, a pH value of 7 was set with NaOH- The TiOz

suspension was filtered and then washed to remove water-solubfe salts. The washed filter

pasie was dried in a plate drier at 160 'C.

To iest the specific surface area (BET), the product wes ground in a mortar mill (Pulverisette)

at a rate oí 1 0 g/10 min.

Reference Example 2

An aquecus suspension of TiO2 base materiaì - which displayed an Al2O3 content of roughly

1.20lo by weight and was manufactured by the chloride process - with a TiO2 ccncentration of

500 gll was set to a pH value of 1 1.5 w¡th NaOH. While stìning, 0.5% by weight SiO2 was

added to the suspension in the form of sodium water glass. The suspension t¡Jas

subsequently ground in a vertical sand rnill (Model PM5, Draiswerke GmbH) at a raie of

5 kg/h.

The suspeirsion was subsequenily diluied io 350 g/l with water and heated b 7A "C. 1.7Yo

SiO. was acjded in the forrn of sodíum water glass, and a pH value of 4 was set with HCI

within 70 minutes wh¡le stirring.

After st¡rring for a furiher '15 minutes, 0.4% by we¡ght AlrO. was added in the forÌ-n of sodium

aluminate, ihe pH value being maintained at a value of 4 by parallel addiiion cf HCl. After

sti!-rÌng lor a further 15 minutes, the pH value was set tc a value of 5.5 with 0.1% by weight

Al2O3 in the íorm cf sodìum aluminate.

stirring for a further 15 minutes, the pH value was set to a value of 5.5 with 0.1% by weight Al203 in
the form of sodium aluminate. After stirring for a further 30 minutes, the TiO2 suspension was filtered
and then washed to remove water-soluble salts. The washed filter paste was dried in a plate drier at
160 C. The 20dried product subsequently underwent steam milling with added
polymethylhydrogensiloxane (0.3% by weight C, referred to pigment) and polydimethylsiloxane (0.3%
by weight C, referred to pigment). The carbon content of the TiO2 particles was 0.6% by weight,
referred to pigment. 25 Test methods Sulphuric acid solubility:  The sulphuric acid solubility test is
used as a measure of the quality of the Si02 coating of the pigment. A suspension of 500 mg pigment
in 25 ml concentrated sulphuric acid (96%) is kept 30at 175 C for 60 minutes. After filtration, the
dissolved TiO2 in the filtrate is determined by means of ICP atomic emission spectrometry. The lower
the concentration of dissolved TiO2, the denser the 3102 skin on the pigment surface. Specific surface
area according to BET (Brunauer-Emmett-Teller): 35The BET surface of the pigment is measured
according to the static volumetric principle, using a Tristar 3000 from Messrs. Micromeritics.  11
Optical properties and melt volume rate of the polycarbonate:  Polycarbonate injection mouldings with
a pigmentation level of 5% by weight TiO2 pigment are produced for testing the influence of the TiO2
pigments on the processing stability of polycarbonate and on the properties of the end product.
Measurement of the colour (L", b*) 5 and melt volume rate (MVR) permits statements regarding
molecular changes in the polymer caused by hydrolytic and oxidative chemical reactions. The
polycarbonate used is Makrolon 2408. The pigment and the polycarbonate powder are used to
prepare 300 g premix, which is dried in a vacuum oven (400 mbar) at 120 C for 1 hour and then
processed on an injection moulding machine (Arburg Allrounder 270U). 10 The optical properties L*
and b* are determined on the injection mouldings using a GretagMacbeth spectrometer (d/8, D65). A
decreasing L* value or an increasing b* value indicates molecular changes in the polymer.
Measurement of the melt volume rate (MVR) according to DIN EN ISO 1133 is performed using
crushed polycarbonate injection mouldings, the difference being that the material is 15heated to 280 C
instead of 300 C. An increase in the MVR value indicates elevated 
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Afterstirr¡ngfarafurther30m¡nUtes,theTio2suspensionvì/asfiIteredandthenwashedto

remove water-soluble salts. The washed filter paste was dried in a plate drier at i60 "C' The

dried procìuct subsequently underwent sleam milling wìth added polymethylhydrogensiloxane

(0.3% by weight C, refened to pigment) and polydimethylsiloxane (0'1% by weight C'

5 refened to pigmeni). The carbon content of the TiO2 partictes was 0'40lo by weìght' refened

to pigment-

Reference Examole 3

A sand-milted, aqueous suspens¡on of TiOz base materiat - which displayed an AlzO¡ content

10 of roughly 1.2% by weight and was manufactured by the chloride process - with e Tio,

conceniration of 350 g/l was set to a pH value of 11 with NaoH at 70 'C. While stining.2.2o/o

by weight sio, was added io the suspens¡on in the form of sodium water glass. After stin1ng

for l5 minutes, the pH value was lowered to a vâlue of 4 within 70 minutes while si¡rr¡ng'

After stirring for a further '15 m¡nutes, 1.9% by weight Alzos was added in the form of sodium

15 aluminate, the pH value being maintaíned at a value of 4 by parallel addition oí HCl. AfIer

stlrring for a further 15 minutes, the pH vaiue was set to a value of 5.5 with 0-i% by we¡ght

Al2O3 in the form of sodìum aluminate.

After stÌning fora further 30 minutes, the TiO2 suspension was filtered and then washed to

remove water-soluble salts. The washed filter paste was dried in a plate drier at 160 "C. The

20 dried product subsequently underwent steam milling with added polymethylhydrogensiloxane

(0.3% by weight C, referred to p¡gment) and polydimethylsiloxane (0.3% by weight C,

referred to pigment). The carbon content of the TiOz particìes was 0.6% by weight, refened

to pigment.

75 Test methods

Sulphuric acid solubilitv:

The sulphuric acid solubility test is used as a measure of the quality of the SiO2 coating of the

p¡gment. A suspension of 500 mg pigment in 25 ml concenfrated sulphuric acid (96%) is kept

30 at 175 "C for 60 minutes. After filtration, the dissolved TiO2 in the Íìltrate is deiermined by

means of ICP atomic em¡ss¡on spectromeiry. The ìower the concentraiion of dissolved TiO2,

the denser the SiOz skin on the pigment surface.

Specifìc surface area accordinq to BET (Brunauer-Emmett-Têlleù

i5 The BET surface of the pigment is measured according to ihe static voluiíletric principle,

using a Tristar 3000 from Messrs. Micromeritics,

polymer degradation and thus poorer properties of the end product. Test results 20Table 1: Pigment
properties  Pigment Sulphuric acid solubility [% by weight]  BET fm2igi Example 1 4.4  8.6 Reference
Example 1 12,6 I 103  The test results for sulphuric add solubility and specific surface area (BET) in
Table 1 show that the pigment manufactured according to the invention (Example 1) displays a denser
25coating compared to the reference pigment coated only with Si02 (Reference Example 1) and thus
improved weather resistance. Table 2: Polycarbonafe properties  
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ODtìcâl proÞerties ând melt volume rate of the Þolvcarbonate:

Polycarbonate injection mouldings with a pigmentation level of 5% by weight 1-jO2 pigr¡ent

are produced for iesting the ìnfluence of the TiOz pigments on the processing stabiliÇ of

polycarbonateandonfhepropertiesoftheendproduct.Measurementofthecolour(L-,b")

and melt volume rate (MVR) permits statements regarding molecular changes in the polymer

causeci by hydrolytic and oxìdative chemical reactions'

The polycarbonate used is Makrolon 24Û8. The pigment and fie polycafbonate powder are

used to prepare 300 g premìx, which is dried in a vacuum oven (400 mbar) at 120 'c for 1

hour and then processed on an injeclion moulding mach¡ne (Arburg Allrounder 270U)

The opticãl properties L. and b" are determined on the ¡njection mouldings using a

Gretagl\4acbeth spectrometer (d/8', D65). A decreasing L* value or an inøeasing b" value

indicates molecular changes in the polymer.

Measui"ement of the melt volume rate (MVR) accord¡ng to DIN EN ISO 1 133 ìs performed

using crushed polyc¿rbonate injection mouldings, the difference being that the matêrìal is

heaied to 280 "C instead of 300 "C. An ìncrease in the MVR vatùe indicates elevated

polymer degradation and thus poorer properties of the end product.

Test resuìts

20 Table 1: Pigment properties

Pigmeni rur¡c acid solubility I BET

[% by weight] i trqsl
ExamÞle l 4.4 8.6

ReferenÕe Example 1 12,6 I 10.3

The test results for sulphuric ac¡d solubility and specific surlace area (BET) in Table .'l show

that the p¡gment manufactured according to the invention (Example 1) displays a denser

coating compared to the reference pigment coated only with SiO2 (Reference Exarnpie 1)

and thus improved weather resistance.

fable 2: Polycarbonate properties

L b. MVR [cm'/10 min]

Exampte 2 97.8 2.1 10.s

Example 3 98.0 1 10.8

Exemple 4 98.0 2.0 1 0.6

Reference Example 2 98.1 1.7 10

L*b* MVR [cm3/10 min Example 2 97.82.1 10.9 Example 3 98.017 10.8 Example 4 98.02.0 10.6
Reference Example 2 98.11.7 10.8   12  Reference Example 3 I 97.7 2.8 13.0 !KRONOS 2233I 97.8 
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Reference Example 3 j 97.7 ¿.o 13.0

KRONOS 2233 I S7.8 11.4

Makrolon 2408 natural I

I

10.1

Table 2 shoì rs the test results for ihe polycarbonafe properties. The tone b* of the

polycârbonate pigmented with the pigments according to the invention (Examples 2' 3' 4) is a

slight improvement compared to the commercially available polycarbonate pigment

KRONOS 2233, as is the melt volume rate (MVR). Compared to a TiO2 pigment surface-

treated in the sand mill (Reference Example 2), equally good polycarbonate prope!-ties are

ach¡eved w¡th the pigments according to the invention. However, there are advantages as

regards filterability in pigment production (see Fig- 1).

Polycarbonates pigmented with pigments having an AlzOs content in excess of 2.4% by

weight (Reference Example 3) display poorer optical properties (b*) and processing stability

(MVR).

The titanium dioxÌde pigmenl provìded with the surface coating according to the invent¡on is

more weather-Tes¡stanl compared to the commercially available p¡gments ând jmproves the

processìng stâbility of engineerìng plastÌcs, particularly of polycarbonate. At ihe same time,

compareci to the coat¡ng method ¡n the sand m¡ll, the method accordíng to the invention for

applyìng the inorganic surface coating has advantages as regards filler cake íÌltration.

l5

2.5 11.4 Makrolon 2408 natural   10.1  Table 2 shows the test results for the polycarbonate properties.
The tone b* of the polycarbonate pigmented with the pigments according to the invention (Examples 2,
3, 4) is a slight improvement compared to the commercially available polycarbonate pigment KRONOS
2233, as is the melt volume rate (MVR). Compared to a 1102 pigment surface-treated in the sand mill
(Reference Example 2), equally good polycarbonate properties are achieved with the pigments
according to the invention. However, there are advantages as regards filterability in pigment
production (see Fig. 1). Polycarbonates pigmented with pigments having an Al203 content in excess of
2.4% by 10weight (Reference example 3) display poorer optical properties (b*) and processing stability
(MVR). The titanium dioxide pigment provided with the surface coating according to the invention is
more weather-resistant compared to the commercially available pigments and improves the 15
processing stability of engineering plastics, particularly of polycarbonate. At the same time, compared
to the coating method in the sand mill, the method according to the invention for applying the inorganic
surface coating has advantages as regards filter cake filtration.  13  CLAIMS  Surface-treated titanium
dioxide pigment particles, characterised in that 5a dense SIO2 layer, an Al203 layer and an organic
layer are applied to the surface of the pigment particles, from the inside to the outside, where the
organic layer contains at least one compound from the group comprising Fl-siloxanes, silicone oils and
organically functionalised polysiloxanes, and where the maximum total Al203 
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CLAIMS

1. Surface{reated titanium dioxide pigment partìcles, characterised in that

5 a dense sio2 layer, an Alzog layer and an organic layer are applied to the surface of

the pigment particles, from lhe inside to the outside, where the organic layei'

coniains at least one compound from the group comprising H-siloxanes, silicone oils

andorganicallyfunctionalisedpolysiloxanes,andwherethemaximumÎctalAl2o3

conient of the particles is 2.4% by weight, refened to total pigment'

10

15

2. Surface{reated titanium dioxide pigmeni particles accord¡ng to Claim 1'

characterised in that

the total Al2O3 content of the particles ¡s a maximum of 2.0% by weighi, preferably

'1 .6 to 1.8% by weight, referred to total pigment.

3. Su!-face{realed titanium dioxide pigment particles according to Claim 1 or 2,

characterised in that

the SiO2 layer contains 0.5 io 5.0% by weight SÌO2, preferably 2.0 io 2.5% by weìght

SiO2, referred to total pigment.

4. Surfacelreated titanium dioxide pigment particles according to one or more of

Cìaims 1 to 3, characterised in thai

the organic layer consísts of polymethylhydrogensiioxane and polydimethylsiloxane.

25 5. Súrfacelreated titanium dioxide pigment particles according lo one or more cf

Claims 1 to 4, characierised in that

the organic layer contains 0.05 to 1.0% by we¡ght carbon, preferably 0.1 to 0.ô% by

v/eight carbon, referred to totaì pìgment.

30 6. MeihoC for manufacturing sufaceJreated titanium dioxide pigment particles,

characlerised by the following steps;

a) An aqueous suspension of Al-doped titanium dioxide particles is subjected tc

agìtator milling,

b) A cjense SiO2 ìayer and an Al2O3 layet are subsequently applied to the iitan¡um

35 dioxide particles in batch mode, where the maximum iotal AlrO3 conlent of the

particles is 2.4o/o by wetght, referred to total pigment, and

c) An organic layer, conlaining at ieast one compound from the group comorising H-

z0

content of the particles is 2.4% by weight, referred to total pigment. 10 Surface-treated titanium dioxide
pigment particles according to Claim 1, characterised in that the total Al203 content of the particles is a
maximum of 2.0% by weight, preferably 1.6 to 1.8% by weight, referred to total pigment. 15 3
Surface-treated titanium dioxide pigment particles according to Claim 1 or 2, characterised in that the
Si02 layer contains 0.5 to 5.0% by weight Si02, preferably 2.0 to 2.5% by weight 5i02, referred to total
pigment. 20 Surface-treated titanium dioxide pigment particles according to one or more of Claims Ito
3, characterised in that the organic layer consists of polymethylhydrogensiloxane and
polydimethylsiloxane. 25Surface-treated titanium dioxide pigment particles according to one or more of
Claims 1 to 4, characterised in that the organic layer contains 0.05 to 1.0% by weight carbon,
preferably 0.1 to 0.6% by weight carbon, referred to total pigment. 30Method for manufacturing
surface-treated titanium dioxide pigment particles, characterised by the following steps:    An aqueous
suspension of Al-doped titanium dioxide particles is subjected to agitator milling,          A dense Si02
layer and an Al203 layer are subsequently applied to the titanium 35dioxide particles in batch mode,
where the maximum total Al203 content of the particles is 2.4% by weight, referred to total pigment,
and An organic layer, containing at least one compound from the group comprising  14 siloxanes,
silicone oils and organically functionalised polysiloxanes, is subsequently applied to the titanium
dioxide particles.         7. Method for manufacturing surface-treated titanium dioxide pigment particles
5according to Claim 6, characterised in that the Al203 layer contains 0.1 to roughly 1.0% by weight
Al203, particularly 0.2 to 0.6% 
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siloxanes, silicone oils and organ¡cally functional¡sed polysiloxanes, ls subsequently

aÞplied to the iÍtanium dioxide particles.

7. Ivlethod for manufacturíng surface-treated titanium diox¡de pigment particles

5 according to Claim 6, characterised in that

the Al2O3 layer contains 0.1 to roughly 1 ,0olo by weight Al2O3, particuiarly A'2 fa 0'6%

by weight Al2O3, refened [o total pigment.

8. ¡/ethod for manufactur¡ng surface-treated titanium dioxide pigment particles

10 according to Claim 6 or 7, characterised ¡n that

the total Al2O3 content of the particles is a maximum of 2.0% by weighi, preferably

1.6 lo 1.8% by weight, referred to total pigment.

9. Method for manufacturing surface-treated titanium ci¡oxide pigment part¡cles

15 according to one or more of Claims 6 to I, characterìsed in that

the SiOz layer contains 0.5 to 5.0% by weight SiOr, particularly 2.0 la 2.5o/o by

weight SiO2, referred to total pigment.

10. Method for manufacturíng surface{reated t¡tanium dioxide pigment particles

20 accordíng to one or more of Claims 6 to 9, characterised in lhat

the organic layer consists of polymethylhydrogensiloxane and poiydimethylsiloxane.

11. fulethod for manufaclunng surface-lreated titanìum dioxide pigment perticles

according to one or more of Clairns 6 lo 10, characier¡sed ¡n thai

25 the organic layer contains 0.05 to I .0% by weight carbon, preferably û.1 io 0.ô% by

weight carbon, referred to iotal pigment.

12. ¡riethod íor manufacturing surface-treated titanium diox¡de pigment pa¡licies

according lo Claims 6, characterised in lhat

30 the ti'ian¡um dioxide particles are subjected io ihermal treatment ai roughiy 200 to

600'C. preferably roughly 300 to 500 "C, prior to step c).

13. Use of surface-treated titanium dioxide particles according to one cr more of Claims

I io 12 in engineering ptastics.

35

14- Polymer compound containing an engineering plastic and surface-treatecÍ iitanium

dioxide padicles according to one or more of CIaims 1 to 12.

by weight Al203, referred to total pigment.          8. Method for manufacturing surface-treated titanium
dioxide pigment particles 10according to Claim 6 or 7, characterised in that the total Al203 content of
the particles is a maximum of 2.0% by weight, preferably 1.6 to 1.8% by weight, referred to total
pigment.         9. Method for manufacturing surface-treated titanium dioxide pigment particles
15according to one or more of Claims 6 to 8, characterised in that the Si02 layer contains 0.5 to 5.0%
by weight Si02, particularly 2.0 to 2.5% by weight Si02, referred to total pigment.          10. Method for
manufacturing surface-treated titanium dioxide pigment particles 20according to one or more of Claims
6 to 9, characterised in that the organic layer consists of polymethylhydrogensiloxane and
polydimethylsiioxane. 11 Method for manufacturing surface-treated titanium dioxide pigment particles
according to one or more of Claims 6 to 10, characterised in that 25the organic layer contains 0.05 to
1.0% by weight carbon, preferably 0.1 to 0.6% by weight carbon, referred to total pigment. 12. Method
for manufacturing surface-treated titanium dioxide pigment particles according to Claims 6,
characterised in that 30the titanium dioxide particles are subjected to thermal treatment at roughly 200
to 600 C, preferably roughly 300 to 500 C, prior to step c). 13. Use of surface-treated titanium dioxide
particles according to one or more of Claims Ito 12 in engineering plastics. 35 


