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(57) ABSTRACT

The present invention relates to pigments, comprising a plate-
like substrate of perlite which does not contain 3D twin struc-
ture particles contained in milled expanded perlite in an
amount of greater than 5% by weight, and (a) a dielectric
material, especially a metal oxide, having a high index of
refraction; and/or (a) a metal layer, especially a thin semi-
transparent metal layer; a process for their production and
their use in paints, ink-jet printing, for dyeing textiles, for
pigmenting coatings (paints), printing inks, plastics, cosmet-

08171357.0 ics, glazes for ceramics and glass.
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INTERFERENCE PIGMENTS ON THE BASIS
OF PERLITE FLAKES

[0001] The present invention relates to (interference) pig-
ments having a core of perlite, comprising a layer of a dielec-
tric material and/or a (thin semi-transparent) metal layer, a
method of producing the (interference) pigments and their
use in paints, ink-jet printing, for dyeing textiles, for pigment-
ing coatings, printing inks, plastics, cosmetics, glazes for
ceramics and glass.

[0002] Interference pigments having a core consisting of a
transparent carrier material, such as, for example, natural, or
synthetic mica, SiO,, or glass, are known. Reference is made,
for example, to Gerhard Pfaff and Peter Reynders, Chem.
Rev. 99 (1999) 1963-1981.

[0003] Naturally transparent mica is used in most cases as
substrate. Natural mica is biological inert and consequently it
is acceptable for a wide range of applications. The substrate
mica consists of thin platelets having a thickness of about 300
to 600 nm and a defined particle size distribution.

[0004] A particularly useful means of characterizing the
size distribution of a mass of platelets produced and used as
substrates for effect pigments is by specifying the platelet size
of the lowest 10 vol. %, 50 vol. %, and 90 vol. % of platelets
along the Gaussian curve. This classification can be charac-
terized as the D, (D (v,0.1)), D5, (D (v,0.5), and Dy, (D
(v,0.9) values of the platelet size distribution. Thus, a sub-
strate having aD, of a certain size means that 10 vol. % of the
flake substrate particles has a size up to that value. For
example, the size distribution of a mica-based pigment, which
has a D, , of 10 microns, a D5, of 22 microns and a D, of 45
microns can be described as follows: 10 volume % ofthe mica
platelets have a size of up to and including 10 microns, 50
volume % of the platelets have a size up to and including 22
microns, and 90 volume % of the platelets have a size up to
and including 45 microns.

[0005] Pearlescent pigments on basis of natural mica
coated with a metal oxide such as iron oxide, titanium oxide,
etc. are disadvantageous in that they develop yellow color
specific to mica at mass tone angle or shade side due to iron
oxide impurities, and that interference effect is weak due to
the large thickness distribution of the mica substrate and the
unevenness of the surface of the mica substrate.

[0006] The object of the present invention was to develop
additional pearlescent pigments on basis of a natural substrate
that would exhibit the well-known advantages of mica pig-
ments (e.g. good application properties in a variety of binder
systems, environmental compatibility and simple handling)
with the possibility of realizing superior optical effects, i.e. to
provide interference pigments, having high color strength,
intense sparkle and/or color purity based on a natural sub-
strate.

[0007] Said object has been solved by pigments, compris-
ing a plate-like substrate of perlite, and

() a layer of a dielectric material; and/or

(') a metal layer, wherein said plate-like substrate of perlite
does not contain 3D twin structure particles contained in
milled expanded perlite in an amount of greater than 5% by
weight.

[0008] The wording “comprising (a) a layer of a dielectric
material and/or metal” means that the substrate can be coated
with a layer of a dielectric material or a metal layer; or it can
be coated with two, or more layers of dielectric material
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and/or metal. The dielectric materials and metals can be the
same or different. Examples of so-called “multilayer” pig-
ments are given below. The metal layer is especially a thin
semi-transparent metal layer. The layer of a dielectric mate-
rial is especially a (metal) oxide layer, having a high index of
refraction.

[0009] Said plate-like substrate of perlite has a size distri-
bution characterized as

a Dy, (D (v,0.1)) of at least 5 microns, especially at least 8
microns, very especially at least 10 microns,

a Dy (D (v,0.5) of between 15 and less than 50 microns,
especially between 20 and less than 40 microns, and

aDg, (D (v,0.9) of over 35 to less than 85 microns, especially
over 40 to less than 75 microns.

[0010] What the size distribution means is that at least 10
vol. % of the platelets will have a size up to and including at
least 5 microns, at least 50 vol. % of the glass platelets will
have a size of up to and including 15 to less than 50 microns,
and at least 90 vol. % of the glass platelets will have a size up
to and including 35 to less than 85 microns. It has been found
that by shifting the D, , to at least 5 microns, especially to at
least 8 microns, the resulting pigments have less fines which
scatter the light and negatively impact the sparkle of the films
formed with the pigment.

[0011] By reducing the amount of 3D twin structure par-
ticles contained in milled expanded perlite to less than 5% by
weight, especially less than 3% by weight, very especially
less than 1% by weight, the matting effect of the 3D twin
structure particles is reduced, which in turn leads to better
colour homogeneity in all kind of applications. A 3D twin
structure particle is a 3 or more arm, star-like, particle as
sketched in FIG. 1.

[0012] The perlite flakes have an average thickness of <2
um, especially of from 200 to 1000 nm, very especially from
200 to 600 nm.

[0013] Preferably, the perlite substrate has a size distribu-
tion characterized as a D, of 5 to 15 microns, a D5, of 15
(especially 20) to 40 microns, and a Dy, of 30 (especially 50)
to 70 microns. Most preferred the perlite substrate has a size
distribution characterized as aD, , of 8 to 13 microns, a Dy, of
23 to 29 microns, and a Dy, of 50 to 56 microns. The particle
size distribution of the perlite particles is measured by laser
light diffraction.

[0014] FIG. 1a is a microphotograph of 3D twin structure
particles contained in milled expanded perlite, like Opti-
mat™ 2550 (from World Minerals).

[0015] FIG. 15 is a microphotograph of platelet-like perlite
particles obtained after eliminating 3D twin structure par-
ticles and particles smaller than 5 pm from milled expanded
perlite, like Optimat™ 2550 (from World Minerals). As evi-
dent from FIG. 2 the particles are not always perfectly flat, i.e.
can be concave.

[0016] The process for producing the interference pigments
of the present invention involves coating perlite flakes, which
does not contain 3D twin structure particles contained in
milled expanded perlite in an amount of greater than 5% by
weight, with one or more metal oxides in a wet process by
hydrolysis of the corresponding water-soluble metal com-
pounds, by separating, drying and optionally calcinating the
pigment thus obtained, or by suspending perlite flakes in an
aqueous and/or organic solvent containing medium in the
presence of a metal compound and depositing the metal com-
pound onto perlite flakes by addition of a reducing agent.
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[0017] The plate-like substrate of perlite having the desired
size and size distribution can be obtained by suitable classi-
fication of the flakes, such as by classifying through selected
screens, sedimentation and centrifugation. Particles having a
particle size below 10 um are preferably removed by sedi-
mentation. 3D twin structure particles contained in milled
expanded perlite and/or particles having a particle above 85
pm are also preferably removed by sedimentation.

[0018] The perlite core is either coated with a dielectric
material, especially a metal oxide, having a high index of
refraction, or a metal layer, especially a thin semi-transparent
metal layer. Said layers can be coated with additional layers.
[0019] Suitable metals for the (semi-transparent) metal
layer are, for example, Cr, Ti, Mo, W, Al, Cu, Ag, Au, or Ni.
The semi-transparent metal layer has typically a thickness of
between 5 and 25 nm, especially between 5 and 15 nm.
[0020] According to the present invention the term “alumi-
num” comprises aluminum and alloys of aluminum. Alloys of
aluminum are, for example described in G. Wassermann in
Ullmanns Enzyklopddie der Industriellen Chemie, 4.
Auflage, Verlag Chemie, Weinheim, Band 7, S. 281 to 292.
Especially suitable are the corrosion stable aluminum alloys
described on page 10 to 12 of WO00/12634, which comprise
besides of aluminum silicon, magnesium, manganese, cop-
per, zinc, nickel, vanadium, lead, antimony, tin, cadmium,
bismuth, titanium, chromium and/or iron in amounts of less
than 20% by weight, preferably less than 10% by weight.
[0021] The metal layer can be obtained by wet chemical
coating or by chemical vapor deposition, for example, gas
phase deposition of metal carbonyls. The substrate is sus-
pended in an aqueous and/or organic solvent containing
medium in the presence of a metal compound and is deposited
onto the substrate by addition of a reducing agent. The metal
compound is, for example, silver nitrate or nickel acetyl
acetonate (W003/37993).

[0022] According to U.S. Pat. No. 3,536,520 nickel chlo-
ride can be used as metal compound and hypophosphite can
be used as reducing agent. According to EP-A-353544 the
following compounds can be used as reducing agents for the
wet chemical coating: aldehydes (formaldehyde, acetalde-
hyde, benzalaldehyde), ketones (acetone), carbonic acids and
salts thereof (tartaric acid, ascorbinic acid), reductones
(isoascorbinic acid, triosereductone, reductine acid), and
reducing sugars (glucose). However, it is also possible to use
reducing alcohols (allyl alcohol), polyols and polyphenols,
sulfites, hydrogensulfites, dithionites, hypophosphites,
hydrazine, boron nitrogen compounds, metal hydrides and
complex hydrides of aluminium and boron. The deposition of
the metal layer can furthermore be carried out with the aid of
a CVD method. Methods of this type are known. Fluidised-
bed reactors are preferably employed for this purpose. EP-A-
0741170 describes the deposition of aluminium layers by
reduction of alkylaluminium compounds using hydrocarbons
in a stream of inert gas. The metal layers can furthermore be
deposited by gas-phase decomposition of the corresponding
metal carbonyls in a heatable fluidised-bed reactor, as
described in EP-A-045851. Further details on this method are
givenin W093/12182. A further process for the deposition of
thin metal layers, which can be used in the present case for the
application of the metal layer to the substrate, is the known
method for vapour deposition of metals in a high vacuum. [t
is described in detail in Vakuum-Beschichtung [Vacuum
Coating], Volumes 1-5; Editors Frey, Kienel and Libl, VDI-
Verlag, 1995. In the sputtering process, a gas discharge
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(plasma) is ignited between the support and the coating mate-
rial, which is in the form of plates (target). The coating mate-
rial is bombarded with high-energy ions from the plasma, for
example argon ions, and thus removed or atomised. The
atoms or molecules of the atomised coating material are pre-
cipitated on the support and form the desired thin layer. The
sputtering process is described in Vakuum-Beschichtung
[Vacuum Coating], Volumes 1-5; Editors Frey, Kienel and
Lobl, VDI-Verlag, 1995. For use in outdoor applications, in
particular in the application in vehicle paints, the pigments
can be provided with an additional weather-stabilising pro-
tective layer, the so-called post-coating, which simulta-
neously effects optimum adaptation to the binder system.
Post-coatings of this type have been described, for example,
in EP-A-0268918 and EP-A-0632109.

[0023] If pigments with metallic appearance are desired,
the thickness of the metal layer is >25 nm to 100 nm, prefer-
ably 30 to 50 nm. If pigments with colored metal effects are
desired, additional layers of colored or colorless metal
oxides, metal nitrides, metal sulfides and/or metals can be
deposited. These layers are transparent or semi-transparent. It
1s preferred that layers of high index of refraction and layers
oflow index of refraction alternate or that one layer is present,
wherein within the layer the index of refraction is gradually
changing. It is possible for the weathering resistance to be
increased by means of an additional coating, which at the
same time causes an optimal adaption to the binder system
(EP-A-268918 and EP-A-632109).

[0024] The metal and/or metal oxide coated perlite flakes
can be, as described in WO06/131472, treated with a plasma
torch. The treatment promotes, for example, uniform crystal-
linity and/or coating densification. The rapid melting and
solidification for certain particles can provide enhanced prop-
erties associated with the metal and/or metal oxide coating
such as barrier properties, binding properties and crystalline
surface formation. The short residence times in the reaction
zones allow for rapid treatments. Further the processing con-
ditions can be adjusted to selective melt and resolidificate and
crystallize the surface and near surface of the particles. More-
over, surface leveling can be achieved which results in a
uniform surface with minimal defects. Among other things,
this may help to avoid agglomeration of particles.

[0025] The process comprises

(A) providing coated perlite flakes,

(B) entraining said coated perlite flakes in a stream of gas for
transport to a plasma torch;

(C) creating a plasma in said stream of gas to heat the outer
surface of the coated perlite flakes;

(D) permitting said coated perlite flakes to cool; and

(E) collecting said coated perlite flakes.

[0026] The plasma torch is preferably an induction plasma
torch. The preferred induction plasma torches for use in the
process of the present invention are available from Tekna
Plasma Systems, Inc. of Sherbrooke, Quebec, Canada. Bou-
los et al., U.S. Pat. No. 5,200,593, is hereby incorporated by
reference for its teachings relative to the construction and
operation of plasma induction torches.

[0027] In one preferred embodiment of the present inven-
tion, the pigments comprise on the perlite substrate

(a) a dielectric layer,
(b) a metal layer, and

(c) adielectric layer. Such pigments have high infrared reflec-
tivity and high visible transmission.
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[0028] Preferably, metallic silver is used as the metal layer
because it offers high reflectivity to infrared radiation
together with high transmission to solar radiation providing
its reflection losses are minimized. Although high purity
metallic silver films are preferred, certain impurities and/or
alloying metals can be tolerated as long as they do not sig-
nificantly reduce the infrared reflectivity or significantly
increase the visible absorptivity. The thickness of the metallic
silver layer is within a range of from 3 to 20 nm.

[0029] Suitable materials for layer (¢) are materials which
are transparent to solar and infrared radiation in the thick-
nesses used. Additionally, these materials serve as anti-reflec-
tion coatings to minimize the reflection of visible light by the
silver layer, and these materials preferably have high indices
of refraction. Some suitable materials for layer (¢) include,
but are not limited to, titanium dioxide, silicon dioxide, sili-
con monoxide, bismuth oxide, tin oxide, indium oxide, chro-
mium oxide, zinc sulfide and magnesium fluoride. Titanium
dioxide is a preferred material because of its high refractive
index and because it has been found to have minimum inter-
diffosion with silver.

[0030] Suitable materials for layer (a) are transparent mate-
rials which cooperate with layer (b) to minimize visible light
reflection losses by the silver layer. The transparent materials
suitable for layer (c) are also suitable for layer (a), and tita-
nium dioxide is also a preferred material for this layer. Layer
(a) can be formed from the same material as layer (c), or from
a different material in which case it would probably have a
different thickness.

[0031] Thethicknesses forlayer (c)andlayer (a) are chosen
to maximize solar transmission and infrared reflectivity. It has
been found that a thickness of from about 15 to about 50 nm
is suitable for layer (c). The thickness of layer (a) is then
chosen based upon a number of considerations such as
whether it is desired to achieve the optimum solar transmis-
sion, the optimum ratio of transmission to thermal reflectivity
or some combination between these optimized values.
[0032] In most cases, the optical properties desired can be
achieved by choosing a thickness of layer of between about
15 nm and about 50 nm.

[0033] In one preferred embodiment of the present inven-
tion, the interference pigments comprise materials having a
“high” index of refraction, which is defined herein as an index
of refraction of greater than about 1.65, and optionally mate-
rials having a “low” index of refraction, which is defined
herein as an index of refraction of about 1.65 or less. Various
(dielectric) materials that can be utilized including inorganic
materials such as metal oxides, metal suboxides, metal fluo-
rides, metal oxyhalides, metal sulfides, metal chalcogenides,
metal nitrides, metal oxynitrides, metal carbides, combina-
tions thereof, and the like, as well as organic dielectric mate-
rials. These materials are readily available and easily applied
by physical, or chemical vapor deposition processes, or by
wet chemical coating processes.

[0034] Optionally a SiO, layer can be arranged between the
perlite substrate and the materials having a “high” index of
refraction. By applying a Si0, layer on the perlite substrate
the perlite surface is protected against chemical alteration,
such as, for example, swelling and leaching of perlite com-
ponents. The thickness of the 810, layer is in the range of 5 to
200 nm, especially 20to 150 nm. The SiO, layer is preferably
prepared by using an organic silane compound, such as tet-
raethoxy silane (TEOS). The SiO, layer can be replaced by
thin layers (thickness 1 to 20 nm) of Al,O;, Fe,O; or ZrO,.
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[0035] Furthermore, the SiO,-coated, or TiO,-coated per-
lite flakes may. as described in EP-A-0 982 376, be coated
with a nitrogen-doped carbon layer. The process described in
EP-A-0 982 376 comprises the following steps:

(a) suspending the SiO,, or TiO, coated perlite flakes in a
liquid,

(b) where appropriate adding a surface-modifier and/or a
polymerization catalyst,

(c), before or after step (b), adding one or more polymers
comprising nitrogen and carbon atoms, or one or more mono-
mers capable of forming such polymers,

(d) forming a polymeric coating on the surface of the flakes,
(e) isolating the coated flakes and

(D) heating the coated flakes to a temperature of from 100 to
600° C. in a gaseous atmosphere.

[0036] The polymer may be a polypyrrole, a polyamide, a
polyaniline, a polyurethane, a nitrile rubber or a melamine-
formaldehyde resin, preferably a polyacrylonitrile, or the
monomer is a pyrrole derivative, an acrylonitrile, a methacry-
lonitrile, a crotonitrile, an acrylamide, a methacrylamide or a
crotonamide, preferably an acrylonitrile, methacrylonitrile or
crotonitrile, most preferably an acrylonitrile.

[0037] Preferably, the flakes are heated in step (f) initially
to from 100° C. 10 300° C. in an oxygen-containing atmo-
sphere and then to from 200 to 600° C. in an inert gas atmo-
sphere.

[0038] The present invention therefore relates also to pig-
ments based on the perlite flakes according to the invention
comprising over the entire surface of the silicon oxide, or
titanium oxide coated perlite flakes a layer consisting of from
50 to 95% by weight carbon, from 5 to 25% by weight
nitrogen and from 0 to 25% by weight of the elements hydro-
gen, oxygen and/or sulfur, the percentage by weight data
relating to the total weight of the layer (PAN).

[0039] The thickness of the nitrogen-doped carbon layer is
generally from 10 to 150 nm, preferably from 30 to 70 nm. In
said embodiment preferred pigments have the following layer
structure: perlite substrate/TiO,/PAN,; perlite substrate/Ti0,/
PAN/TiO,, perlite substrate/TiO,/PAN/SiO,/PAN.

[0040] Inan especially preferred embodiment, the interfer-
ence pigments on the basis of the perlite substrate comprise a
layer of a dielectric material having a “high” refractive index,
that is to say a refractive index greater than about 1.65, pref-
erably greater than about 2.0, most preferred greater than
about 2.2, which is applied to the entire surface of the perlite
substrate. Examples of such a dielectric material are zinc
sulfide (Zn8), zinc oxide (ZnO), zirconium oxide (ZrO,),
titanium dioxide (TiO,), carbon, indium oxide (In,O;),
indium tin oxide (ITO), tantalum pentoxide (Ta,Os), chro-
mium oxide (Cr,0,), cerium oxide (CeQ,), yttrium oxide
(Y,0;), europium oxide (Eu,05), iron oxides such as iron
(Iy/iron(IIT) oxide (Fe;O,) and iron(Ill) oxide (Fe,O;),
hafnium nitride (HIN), hafnium carbide (HfC), hafnium
oxide (HfO,), lanthanum oxide (La,O,), magnesium oxide
(Mg0), neodymium oxide (Nd,O;), praseodymium oxide
(Prs0y,), samarium oxide (Sm,0;), antimony trioxide
(Sb,0;), silicon monoxides (SiO), selemum trioxide
(Se,0,), tin oxide (SnO,), tungsten trioxide (WO,), or com-
binations thereof. The dielectric material is preferably a metal
oxide. [tbeing possible for the metal oxideto be a single oxide
or a mixture of oxides, with or without absorbing properties,
for example, TiQ,, ZrO,, Fe,0;, Fe;0,, Cr,0; or Zn0, with
Ti0O, being especially preferred.
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[0041] Tt is possible to obtain pigments that are more
intense in colour and more transparent by applying, on top of
the Ti0, layer, a metal oxide of low refractive index, such as
Si0,, AL, O, AIOOH, B,0, or a mixture thereof, preferably
Si0,, and optionally applying a further TiO, layer on top of
the latter layer (EP-A-892832, EP-A-753545, W(093/08237,
WO98/53011, WO9812266, W09838254, W099/20695,
WO00/42111, and EP-A-1213330). Nonlimiting examples of
suitable low index dielectric materials that can be used
include silicon dioxide (Si0,), aluminum oxide (AL,O;), and
metal fluorides such as magnesium fluoride (MgF,), alumi-
num fluoride (AlF;), cerium fluoride (CeF ), lanthanum fluo-
ride (LaF;), sodium aluminum fluorides (e.g., Na,AlF, or
NasALF, ,), neodymium fluoride (NdF;), samarium fluoride
(SmF,), barium fluoride (BaF,), calcium fluoride (CaF,),
lithium fluoride (LiF), combinations thereof, or any other low
index material having an index of refraction of about 1.65 or
less. For example, organic monomers and polymers can be
utilized as low index materials, including dienes or alkenes
such as acrylates (e.g., methacrylate), polymers of perfluoro-
alkenes, polytetrafluoroethylene (TEFLON), polymers of
fluorinated ethylene propylene (FEP), parylene, p-xylene,
combinations thereof, and the like. Additionally, the forego-
ing materials include evaporated, condensed and cross-linked
transparent acrylate layers, which may be deposited by meth-
ods described in U.S. Pat. No. 5,877,895, the disclosure of
which is incorporated herein by reference.

[0042] Accordingly, preferred interference pigments com-
prise besides (a) a metal oxide of high refractive index in
addition (b) a metal oxide of low refractive index, wherein the
difference of the refractive indices is at least 0.1.

[0043] Pigments on the basis of perlite substrates, which
have been coated by a wet chemical method, in the indicated
order are particularly preferred:

Ti0,, (SnO,)TiO, (substrate: perlite; layer: (SnO,)TiO,,
preferably in the rutile modification), titanium suboxide,
TiO,/titanium  suboxide, Fe,0;, Fe;O,, TiFe,Os, Cr,0;,
7r0,, Sn(Sb)0,, BiOCl, AL,0O;, Ce,S;, MoS,, Fe,0,.TiO,
(substrate: perlite; mixed layer of Fe,O; and Ti0,), TiO,/
Fe,O; (substrate: perlite; first layer: TiO,; second layer:
Fe,0,), TiO,/Berlin blau, TiO,/Cr,0,, or TiO,/FeTiO;. In
general the layer thickness ranges from 1 to 1000 nm, pref-
erably from 1 to 300 nm.

[0044] In another particularly preferred embodiment the
present invention relates to interference pigments containing
at least three alternating layers of high and low refractive
index, such as, for example, TiO,/Si0,/TiO,, (SnO,)TiO,/
Si0,/Ti0,, Ti0,/Si0,/Ti0,/Si0,/Ti0,, Fe,0,/8i0,/Ti0,,
or Ti0,/Si0,/Fe,O;.

[0045] Preferably the layer structure is as follows:

(a) a coating having a refractive index >1.65,

(b) a coating having a refractive index =1.65,

(¢) a coating having a refractive index >1.65, and

(d) optionally an outer protective layer.

[0046] The thickness of the individual layers of high and
low refractive index on the base substrate is essential for the
optical properties of the pigment. The thickness of the indi-
vidual layers, especially metal oxide layers, depends on the
field of use and is generally 10 to 1000 nm, preferably 15 to
800 nm, in particular 20 to 600 nm.

[0047] The thickness of layer (A) is 10 to 550 nm, prefer-
ably 15 to 400 nm and, in particular, 20 to 350 nm. The
thickness of layer (B) is 10 to 1000 nm, preferably 20 to 800
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nm and, in particular, 30 to 600 nm. The thickness of layer (C)
1s 10 to 550 nm, preferably 15 to 400 nm and, in particular, 20
t0 350 nm.

[0048] Particularly suitable materials for layer (A) are
metal oxides, metal sulfides, or metal oxide mixtures, such as
TiO,, Fe,0,, TiFe,0s, Fe,0,, BiOCl, CoO, CO,0,, Cr,0,,
V0,,V,0;, Sn(SH)O,, Sn0,, ZrQ,, iron titanates, iron oxide
hydrates, titanium suboxides (reduced titanium species hav-
ing oxidation states from 2 to <4), bismuth vanadate, cobalt
aluminate, and also mixtures or mixed phases of these com-
pounds with one another or with other metal oxides. Metal
sulfide coatings are preferably selected from sulfides of tin,
silver, lanthanum, rare earth metals, preferably cerium, chro-
mium, molybdenum, tungsten, iron, cobalt and/or nickel.
[0049] Particularly suitable materials for layer (B) are
metal oxides or the corresponding oxide hydrates, such as
Si0,, MgF,, Al,O,, AIOOH, B,O; or a mixture thereof, pref-
erably SiO,.

[0050] Particularly suitable materials for layer (C) are col-
orless or colored metal oxides, such as TiO,, Fe, 05, TiFe,Os,
Fe, 0,4, BiOCl, CoO, CO,0,, Cr,0;, VO,, V,0;, Sn(Sb)O,,
Sn0O,, 7rO,, iron titanates, iron oxide hydrates, titanium sub-
oxides (reduced titanium species having oxidation states
from 2 to <4), bismuth vanadate, cobalt aluminate, and also
mixtures or mixed phases of these compounds with one
another or with other metal oxides. The TiO, layers can addi-
tionally contain an absorbing material. such as carbon, selec-
tively absorbing colorants, selectively absorbing metal cat-
ions, can be coated with absorbing material, or can be
partially reduced.

[0051] Interlayers of absorbing or nonabsorbing materials
can be present between layers (A), (B), (C) and (D). The
thickness of the interlayers is 1 to 50 nm, preferably 1 to 40
nm and, in particular, 1 to 30 nm. Such an interlayer can, for
example, consist of SnO,. It is possible to force the rutile
structure to be formed by adding small amounts of SnO, (see,
for example, W093/08237).

[0052] Inthis embodiment preferred interference pigments
have the following layer structure:

perlite TiO, Si0, TiO,

perlite TiO, Sio, Fe,0,

perlite TiO, Si0, TiO,*Fe;0,
perlite TiO, Si0, (S1,8b)0,
perlite (Sn,Sb)O, Si0, TiO,

perlite Fe,04 Si0, (Sn,Sb)0,
perlite TiO,*Fe,04 Si0, TiO,*Fe,0,
perlite TiO, Sio, MoS,

perlite TiO, Si0, Cry04

perlite Cr,04 Si0, TiO,

perlite Fe,04 Si0, TiO,

perlite TiO, ALO;  TiO,

perlite Fe,TiOs Si0, TiO,

perlite TiO, Sio, Fe, TiO4/TIO,
perlite TiO suboxides Si0, TiO suboxides
perlite TiO, Si0, TiO,/Si05/TiO, + Prussian Blue
perlite TiO, Si0, TiO4/8i0,/TiO,
perlite TiO,/8i0,/TiIO,  SiO, TiO,/Si0,/TiO,

wherein tin dioxide can be deposited before titanium dioxide.
[0053] The metal oxide layers can be applied by CVD
(chemical vapour deposition) or by wet chemical coating.
The metal oxide layers can be obtained by decomposition of
metal carbonyls in the presence of water vapour (relatively
low molecular weight metal oxides such as magnetite) or in
the presence of oxygen and, where appropriate, water vapour
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(e.g. nickel oxide and cobalt oxide). The metal oxide layers
are especially applied by means of oxidative gaseous phase
decomposition of metal carbonyls (e.g. iron pentacarbonyl,
chromium hexacarbonyl; EP-A-45 851), by means of hydro-
lytic gaseous phase decomposition of metal alcoholates (e.g.
titanium and zirconium tetra-n- and -iso-propanolate; DE-A-
41 40 900) or of metal halides (e.g. titanium tetrachloride;
EP-A-338 428), by means of oxidative decomposition of
organyl tin compounds (especially alkyl tin compounds such
as tetrabutyltin and tetramethyltin; DE-A-44 03 678) or by
means of the gaseous phase hydrolysis of organyl silicon
compounds  (especially  di-tert-butoxyacetoxysilane)
described in EP-A-668 329, it being possible for the coating
operation to be carried out in a fluidised-bed reactor (EP-A-
045 851 and EP-A-106 235). Al,O, layers (B) can advanta-
geously be obtained by controlled oxidation during the cool-
ing of aluminium-coated pigments, which is otherwise
carried out under inert gas (DE-A-195 16 181).

[0054] Phosphate-, chromate- and/or vanadate-containing
and also phosphate- and SiO,-containing metal oxide layers
can be applied in accordance with the passivation methods
described in DE-A-4236 332 and in EP-A-678 561 by means
of hydrolytic or oxidative gaseous phase decomposition of
oxide-halides of the metals (e.g. CrO,Cl,. VOCl,), especially
of phosphorus oxyhalides (e.g. POCI,), phosphoric and phos-
phorous acid esters (e.g. di- and tri-methyl and di- and tri-
ethyl phosphite) and of amino-group-containing organyl sili-
con compounds (e.g. 3-aminopropyl-triethoxy- and
-trimethoxy-silane).

[0055] Layers of oxides of the metals zirconium, titanium,
iron and zinc, oxide hydrates of those metals, iron titanates,
titanium suboxides or mixtures thereof are preferably applied
by precipitation by a wet chemical method, it being possible,
where appropriate, for the metal oxides to be reduced. In the
case of the wet chemical coating, the wet chemical coating
methods developed for the production of pearlescent pig-
ments may be used; these are described, for example, in
DE-A-14 67 468, DE-A-19 59 988, DE-A-20 09 566, DE-A-
22 14 545, DE-A-22 15 191, DE-A-22 44 298, DE-A-23 13
331, DE-A-25 22 572, DE-A-31 37 808, DE-A-31 37 809,
DE-A-31 51343, DE-A-31 51 354, DE-A-31 51 355, DE-A-
3211602and DE-A-3235017, DE 19599 88, WO 93/08237,
WO 98/53001 and WO03/6558.

[0056] The metal oxide of high refractive index is prefer-
ably TiO, and/or iron oxide, and the metal oxide of low
refractive index is preferably SiO,. Layers of TiO, can be in
the rutile or anastase modification, wherein the rutile modi-
fication is preferred. TiO, layers can also be reduced by
known means, for example ammonia, hydrogen, hydrocarbon
vapor or mixtures thereof, or metal powders, as described in
EP-A-735,114, DE-A-3433657, DE-A-4125134, EP-A-
332071, EP-A-707,050, W0O93/19131, or WO06/131472.

[0057] For the purpose of coating, the substrate particles
are suspended in water and one or more hydrolysable metal
salts are added at a pH suitable for the hydrolysis, which is so
selected that the metal oxides or metal oxide hydrates are
precipitated directly onto the particles without subsidiary
precipitation occurring. The pH is usually kept constant by
simultaneously metering in a base. The pigments are then
separated off, washed, dried and. where appropriate, calci-
nated, it being possible to optimise the calcinating tempera-
ture with respect to the coating in question. If desired, after
individual coatings have been applied, the pigments can be
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separated off, dried and, where appropriate, calcinated, and
then again re-suspended for the purpose of precipitating fur-
ther layers.

[0058] The metal oxide layers are also obtainable, for
example, in analogy to a method described in DE-A-195 01
307, by producing the metal oxide layer by controlled
hydrolysis of one or more metal acid esters, where appropri-
ate in the presence of an organic solvent and a basic catalyst,
by means ofa sol-gel process. Suitable basic catalysts are, for
example, amines, such as triethylamine, ethylenediamine,
tributylamine, dimethylethanolamine and methoxy-propy-
lamine. The organic solvent is a water-miscible organic sol-
vent such as a C,_jalcohol, especially isopropanol.

[0059] Suitable metal acid esters are selected from alkyl
and aryl alcoholates, carboxylates, and carboxyl-radical- or
alkyl-radical- or aryl-radical-substituted alkyl alcoholates or
carboxylates of vanadium, titanium, zirconium, silicon, alu-
minium and boron. The use of triisopropyl aluminate, tetrai-
sopropy! titanate, tetraisopropyl zirconate, tetraethyl ortho-
silicate and triethyl borate is preferred. In addition,
acetylacetonates and acetoacetylacetonates of the afore-men-
tioned metals may be used. Preferred examples of that type of
metal acid ester are zirconium acetylacetonate, aluminium
acetylacetonate, titanium acetylacetonate and diisobutyloleyl
acetoacetylaluminate or diisopropyloleyl acetoacetylaceto-
nate and mixtures of metal acid esters, for example Dynasil®
(Hiils), a mixed aluminium/silicon metal acid ester.

[0060] As a metal oxide having a high refractive index,
titanium dioxide is preferably used, the method described in
U.S. Pat. No. 3,553,001 being used, in accordance with an
embodiment of the present invention, for application of the
titanium dioxide layers.

[0061] Anaqueous titanium salt solution is slowly added to
a suspension of the material being coated, which suspension
has been heated to about 50-100° C., especially 70-80° C.,
and a substantially constant pH value of about from 0.5 to 5,
especially about from 1.2 to 2.5, is maintained by simulta-
neously metering in a base such as, for example, aqueous
ammonia solution or aqueous alkali metal hydroxide solu-
tion. As soon as the desired layer thickness of precipitated
TiO, has been achieved, the addition of titanium salt solution
and base is stopped. Addition ofa precursor for Al,O; or MgO
in the starting solutions is a way for improving the morphol-
ogy of the TiO, layer.

[0062] This method, also referred to as the “titration
method”, is distinguished by the fact that an excess of tita-
nium salt is avoided. That is achieved by feeding in for
hydrolysis, per unit time, only that amount which is necessary
for even coating with the hydrated TiO, and which can be
taken up per unit time by the available surface of the particles
being coated. In principle, the anatase form of TiO, forms on
the surface of the starting pigment. By adding small amounts
of Sn0O,, however, it is possible to force the rutile structure to
be formed. For example, as described in WO93/08237, tin
dioxide can be deposited before titanium dioxide precipita-
tion and the product coated with titanium dioxide can be
calcined at from 800 to 900° C.

[0063] In an especially preferred embodiment of the
present invention the perlite flakes are mixed with distilled
water in a closed reactor and heated at about 90° C. The pH is
set to about 1.8 to 2.2 and a preparation comprising TiOCl,,
HCl, glycine and distilled water is added slowly while keep-
ing the pH constant (1.8 to 2.2) by continuous addition of IM
NaOH solution. Reference is made to European patent appli-
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cation PCT/EP2008/051910. By adding an amino acid, such
as glycine, during the deposition of the TiO, it is possible to
improve the quality of the TiO, coating to be formed. Advan-
tageously, a preparation comprising TiOCl,, HCI, and gly-
cine and distilled water is added to the substrate flakes in
water.

[0064] The TiO, can optionally be reduced by usual proce-
dures: U.S. Pat. No. 4,948,631 (NH,, 750-850° C.), W0O93/
19131 (H,, >900° C.) or DE-A-19843014 (solid reduction
agent, such as, for example, silicon, >600° C.).

[0065] Whereappropriate, an SiO, (protective) layer canbe
applied on top of the titanium dioxide layer, for which the
following method may be used: A soda waterglass solution is
metered into a suspension of the material being coated, which
suspension has been heated to about 50-100° C., especially
70-80° C. The pH is maintained at from 4 to 10, preferably
from 6.5 to 8.5, by simultaneously adding 10% hydrochloric
acid. After addition of the waterglass solution, stirring is
carried out for 30 minutes.

[0066] It is possible to obtain pigments that are more
intense in colour and more transparent by applying, on top of
the TiO, layer, a metal oxide of “low” refractive index, that is
to say arefractive index smaller than about 1.65, such as SiO,,
AlLO;, AIOOH, B,0, or a mixture thereof, preferably SiO,,
and applying a further Fe,O; and/or TiO, layer on top of the
latter layer. Such multi-coated interference pigments com-
prising a perlite substrate and alternating metal oxide layers
of with high and low refractive index can be prepared in
analogy to the processes described in W0O98/53011 and
W099/20695.

[0067] It is, in addition, possible to modify the powder
colour of the pigment by applying further layers such as, for
example, coloured metal oxides or Berlin Blue, compounds
of transition metals, e.g. Fe, Cu, Ni, Co, Cr, or organic com-
pounds such as dyes or colour lakes.

[0068] In addition, the pigment according to the invention
can also be coated with poorly soluble, firmly adhering, inor-
ganic or organic colourants. Preference is given to the use of
colour lakes and, especially, aluminium colour lakes. For that
purpose an aluminium hydroxide layer is precipitated, which
is, in a second step, laked by using a colour lake (DE-A-24 29
762 and DE-A-29 28 287).

[0069] Furthermore, the pigment according to the invention
may also have an additional coating with complex salt pig-
ments, especially cyanoferrate complexes (EP-A-141 173
and DE-A-23 13 332). To enhance the weather and light
stability the (multilayer) perlite flakes can be, depending on
the field of application, subjected to a surface treatment.
Useful surface treatments are, for example, described in DE-
A-2215191, DE-A-3151354, DE-A-3235017, DE-A-
3334598, DE-A-4030727, EP-A-649886, W097/29059,
W099/57204, and U.S. Pat. No. 5,759,255. Said surface
treatment might also facilitate the handling of the pigment,
especially its incorporation into various application media.
[0070] In a preferred embodiment of the present invention
is directed to pigments which contain a core of perlite and
comprise a mixed layer of Al,Q,/Ti0,. The mixed layer can
containup to 20 mo] % Al,O;. The mixed layer of AL,O,/TiO,
is obtained by slowly adding an aqueous aluminum and tita-
nium salt solution to a suspension of the material being
coated, which suspension has been heated to about 50-100°
C., especially 70-80° C., and maintaining a substantially con-
stant pH value of about from 0.5 to 5, especially about from
1.2 to 2.5, by simultaneously metering in a base such as. for
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example, aqueous ammonia solution or aqueous alkali metal
hydroxide solution. As soon as the desired layer thickness of
precipitated Al,O5/TiO, has been achieved, the addition of
titanium and aluminum salt solution and base is stopped.
[0071] The thickness of the mixed layer of A1,0,/TiO, is in
general in the range of 20 to 200 nm, especially 50 to 150 nm.
Preferably the pigments comprise a TiO, layer on top of the
mixed layer of Al,O4/TiO, having a thickness of 1 to 50 nm,
especially 10 to 20 nm. By varying the thickness of the mixed
layer of A1,04/TiO, the flop of the pigments can be enhanced
and controlled as desired.

[0072] In another preferred embodiment of the present
invention is directed to pigments which contain a core of
perlite and consist of subsequent layers of TiO,/Sn0O,/TiO,,
wherein the TiO, layer next to the perlite substrate has a
thickness of 1 to 20 nm and is preferably prepared by using
titanium alcoholates, especially tetraisopropyl titanate.
[0073] Inanother preferred embodiment the present inven-
tion 1s directed to pigments comprising a plate-like substrate
of perlite, and

(a) a layer of SnO,, and/or a layer of a metal oxide, which is
selected from Fe,O;, TiO,, ZrO, and/or HfO,, said layer
being doped with Mo, and/or W, wherein the layer of SnO,
comprises 0.1 to 60 mole % Mo and/or W, based on the moles
metal in the SnO, layer, and the metal oxide layer of Fe,O,,
TiO,, ZrO, and/or HfO, comprises 0.1 to 10 mole % Mo
and/or W, based on the moles metal in the metal oxide; or

a pigment, comprising a plate-like substrate, and

(@) a layer of a metal oxide, which is selected from Fe,O,,
Ti0,, ZrO, and/or HfO,, said layer being doped with Nb
and/or Ta, wherein the metal oxide layer of Fe,O;, TiO,, ZrO,
and/or HfO, comprises 0.1 to 10 mole %, especially 0.1 to 5
mole % Nb and/or Ta, based on the moles metal in the metal
oxide. Reference is made to PCT/EP2008/065095.

[0074] The layer of SnO, comprises 0.1 to 60 mole %,
especially 0.1 to 30 mole % Mo and/or W, based on the moles
metal in the SnO, layer, and the metal oxide layer of Fe,0;,
Ti0,, ZrO, and/or HfO, comprises 0.1 to 10 mole %, espe-
cially 0.1 to S mole % Mo and/or W, based on the moles metal
in the metal oxide. The metal oxide layer of Fe,O;, TiO,,
710, and/or HfO, comprises 0.1 to 10 mole %, especially 0.1
to 5 mole % Nb and/or Ta, based on the moles metal in the
metal oxide.

[0075] In case of TiO, it was found that the doping of the
metal oxide layer can result in an improved photostability and
densification. The effect of photostabilisation is outstanding
if the Mo is incorporated in the outermost 20 nm of a TiO,
layer.

[0076] If the metal oxide of layer (a) is TiO, and only one
layer (a) is present, it is preferred that an additional layer of
Sn0, is present between the plate-like substrate and the layer
(a).

[0077] Thethickness oflayer (a) is in general in the range of
10 to 300 nm, especially 20 to 200 nm.

[0078] The pigments can be produced by coating plate-like
perlite substrates with at least two metal oxides in a wet
process by hydrolysis of the corresponding water-soluble
metal compounds, by separating, drying and optionally cal-
cinating the pigment thus obtained, wherein the first metal
oxide(s) is selected from SnO,, Fe,0;, TiO,, ZrO, and/or
HfO,, and the second metal oxide is selected from Mo and W;
or the first metal oxide(s) is selected from Fe,QO;, TiO,, ZrO,
and/or HfO,, and the second metal oxide is selected from Nb
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and Ta. The doped metal oxide layer features the same X-ray
diffraction pattern as the metal oxide layer without doping.
[0079] Preferably, the plate-like perlite substrate flakes are
mixed with distilled water in a closed reactor and heated at
about 90°C. The pH is setto about 1.8 to 2.2 and a preparation
comprising TiOCl,, HCl, MoCl, and distilled water is added
slowly while keeping the pH constant (1.8 to 2.2) by continu-
ous addition of 1M NaOH, or KOH solution. By adding an
amino acid, such as glycine, during the deposition of the TiO,
it is possible to improve the quality of the TiO, coating to be
formed. Reference is made to WO08/104,467.

[0080] Advantageously, a preparation comprising MoCls,
TiOCl,, HCI, and glycine and distilled water is added to the
substrate flakes in water. The amino acid is added in an
amount of 0.01 to 5 moles, especially 0.01 to 0.1 mole per
mole titanium. The glycine content in the preparation may
vary with time from its maximum to zero. The maximum
content of glycine in the preparation can be at the starting of
the deposition process or at the end. Glycine can be replaced
by other amino acids, such as, for example, alanine, valine, or
aspartic acid (o-, - and y-form). Instead of MoCl, sodium
molybdate, ammonium molybdate, or sodium ammonium
molybdate can be used. When molybdate is utilised as Mo
source, its addition goes through the basic moiety used to
compensate the pH (in NaOH or KOH).

[0081] By adding small amounts of SnO,, however, it is
possible to force the rutile structure to be formed. For
example, as described in WO93/08237, tin dioxide can be
deposited before TiO,(Mo) precipitation. For said purpose a
preparation comprising SnCl,, HC, and distilled water is
added slowly while keeping the pH constant (1.3 to 1.7) by
continuous addition of 1M NaOH, or KOH solution. By add-
ing an amino acid, such as glycine, during the deposition of
the SnO, it is possible to improve the quality of the SnO,
coating to be formed, which in turn improves the quality of
the adjacent TiO, or TiO,(Mo) layers.

[0082] The TiO, layer can comprise in addition to molyb-
denum (Mo) carbon, B,0,, Al,O; and/or MgO.

[0083] In a preferred embodiment of the present invention
alternating layers of SnQO, and TiO,(Mo) are precipitated on
the (transparent) plate-like perlite substrates.

[0084] Plate-like perlite substrate/[ SnO,/TiO,(Mo)],, with
n=1,2,3,4,or5, especially 2, 3, 4, or 5.

[0085] In another preferred embodiment of the present
invention alternating layers of SnO,(Mo) and TiO, are pre-
cipitated on the plate-like perlite substrates.

[0086] Plate-like perlite substrate/[ SnO,(Mo)/TiO,],, with
n=1,2,3, 4, or 3, especially 2, 3, 4, or 5.

[0087] In another preferred embodiment of the present
invention alternating layers of Sn0O, and TiO,(Nb) are pre-
cipitated on the plate-like perlite substrates.

[0088] In another preferred embodiment of the present
invention the pigment may comprise, a platelet-like perlite
substrate, and (a) a layer structure: TiO,(Mo)/TiO,, or TiO,/
Ti0,(Mo)/TiO,; or TiO,(Mo)/a layer of a metal oxide of low
refractive index, especially SiO,, Al,O5, AIOOH, B,O;, ora
mixture thereof, wherein alkali or earth alkali metal oxides
can be contained as additional component/a layer of a metal
oxide of high refractive index, especially Ti0,, ZrO,, Fe,O;,
Fe,0,, Cr,0,, ZnO or a mixture of these oxides; or TiO,
(Mo)/a layer of a metal oxide of low refractive index, espe-
cially SiO,, Al,O;, AIOOH, B,0;, or a mixture thereof,
wherein alkali or earth alkali metal oxides can be contained as
additional component/TiO,(Mo).
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[0089] Examples of preferred pigments have the following
layer structure:

perlite/Ti0,(Mo)/Sn0,/Ti0,(Mo);
perlite/Ti0,(Mo)/SnO,/Ti0,(Mo)/Sn0,/ T10,(Mo),
perlite/Ti0,(Mo)/Sn0O,/Ti0,(Mo)/SnO,/ TiO,(Mo)/SnO,/
TiO,(Mo),

perlite/SnO,/TiO,(Mo);
perlite/SnO,/TiO,(Mo)/Sn0,/TiO,(Mo);
perlite/SnO,/TiO,(Mo)/SnO,/Ti0,(Mo)'SnO,/TiO,(Mo);
perlite/SnO,/Ti0,(Mo)/SnO,/Ti0,(Mo)/SnO,/TiO, (Mo )/
SnO,/Ti0,(Mo);
perlite/SnO,/Ti0,(Mo)/SnO,/Ti0,(Mo )/SnO,/TiO,(Mo )
Sn0,/Ti0,(Mo)/Sn0,/TiO,(Mo),
perlite/SnO,(Mo)/TiO,;
perlite/SnO,(Mo)/TiO,/SnO,(Mo)/ Ti0,;
perlite/SnO,/Ti0,/SnO,(Mo)/ TiO,;
perlite/SnO,/Ti0,/SnO,(Mo)/ TiO,/ TiO,(Mo);
perlite/SnO,(Mo)/Ti0,/SnO,(Mo)/Ti0,/SnO,(Mo)/TiO.,;
perlite/SnO,(Mo)/TiO,/Sn0,(Mo )/ TiO,/Sn0O,(Mo)/TiO,/
Sn0,(Mo)/TiO,;

perlite/SnO,(Mo0)/Ti0,/SnO,(Mo)/ Ti0,/SnO,(Mo)/Ti0./
Sn0,(Mo)/TiO,/SnO,(Mo)/ TiO,;
perlite/SnO,(Mo)/TiO,(Mo);

perlite/Fe,O,(Mo);

perlite/TiO,&Fe,0,(Mo);
perlite/SnO,/TiO,&Fe,05(Mo);
perlite/SnO,/TiO,&Fe,0,(Mo)/Sn0,/TiO,&Fe,0,(Mo);
perlite/SnO,/Ti0,&Fe,0,(M0)/Sn0,/Ti0,&Fe,0,(Mo)/
Sn0,/Ti0,&Fe,0,(Mo),
perlite/SnO,/TiO,&Fe,0,(Mo)/Sn0,/Ti0,&Fe,O;(Mo)/
Sn0,/Ti0,&Fe,0,(Mo)/Sn0,/Ti0,&Fe, O;(Mo);
perlite/SnO,/Ti0,&Fe,05(Mo)/Sn0,/Ti0,&Fe,0,(Mo)/
Sn0,/Ti0,&Fe,0,(Mo)/Sn0,/Ti0,&Fe,  O5(Mo)/SnO,/
Ti0,&Fe,0,(Mo), wherein TiO,&Fe,0, means a mixed
layer of TiO, and Fe,O;;

or have the following layer structure:

perlite TiO,(Mo)

perlite Fe,05(Mo)

perlite TiO,(Mo) Si0, TiO,

petlite TiO, Sio, TiO,(Mo)
perlite TiO,(Mo) Si0, TiOy(Mo)
perlite TiO,(Mo) Sio, TiO,/Te,04
perlite (Sn,Sb)0O, Si0, TiOy(Mo)
perlite TiO,/Fe,04 Sio, TiO,(Mo)
perlite Cr,04 Sio, TiO,(Mo)
perlite Fe,04 Sio, TiO,(Mo)
perlite TiO,(Mo) Sio, Fe, 0,

perlite TiO suboxides Si0, TiO»(Mo)
perlite TiO,(Mo) Si0, TiO suboxides
perlite TiO»(Mo) Sio, TiO, + 810, + TiO,
perlite TiO, + Si0, + Ti0, Si0, TiO,(Mo)
perlite TiO,(Mo) AlO; TiO,

perlite TiO, AlLO, TiO,(Mo)
perlite Fe,TiOs Si0, TiO,(Mo)
perlite TiO,(Mo) Si0, Fe,TiO5/TiO,
perlite STL TiO5(Mo)

petlite STL TiO,(Mo) TiO,

perlite STL Sio, TiO,(Mo)

wherein STL is a semi-transparent layer, such as, for
example, a semi-transparent metal layer of Cu, Ag, Cr, or Sn,
or a semitransparent carbon layer, wherein tin dioxide can be
deposited before titanium dioxide and/or TiO,(Mo) precipi-
tation.
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[0090] The thickness of the TiO,(Mo), or TiO, layer is in
general in the range of 20 to 200 nm, especially 50 to 150 nm.
The thickness of the SnO, layer is in general in the range of 1
to 20 nm, especially 1 to 10 nm.

[0091] The platelet-like substrate (core) of the pigments of
the present invention consists of perlite.

[0092] Perlite is a hydrated natural glass containing typi-
cally about 72-75% SiO,, 12-14% Al, O, 0.5-2% Fe,O;,
3-5% Na,0, 4-5% K,0, 0.4-1.5% CaO (by weight), and
small concentrations of other metallic elements. Perlite is
distinguished from other natural glasses by a higher content
(2-10% by weight) of chemically bonded water, the presence
of a vitreous, pearly luster, and characteristic concentric or
arcuate onion skin-like (i.e., perlitic) fractures. Perlite flakes
may be prepared by methods disclosed in W(O02/11882
which may include milling, screening, and thermal expan-
sion. Perlite flakes with controlled particle size distribution,
low floater content, and high blue light brightness are pre-
ferred.

[0093] Perlite flakes having a median particle size (Ds,) of
less than 50 microns are preferred. Perlite flakes having a
median particle size of from 15-50 microns are preferred and
perlite flakes having a median particle size of from 20-40
microns are most preferred.

[0094] The perlite flakes have a floater content of less than
10 percent by volume; especially a floater content of less than
5 percent by volume; very especially a floater content of less
than 2 percent by volume. The perlite flakes have a blue light
brightness greater than 80; especially greater than 82; very
especially greater than 85.

[0095] The perlite flakes used in the present invention are
not of a uniform shape. As evident from FIG. 2 the particles
are not always perfectly flat, i.e. can be concave. Neverthe-
less, for purposes of brevity, the perlite flakes will be referred
to as having a “diameter”. The perlite flakes have an average
thickness of <2 pm, especially of from 200 to 1000 nm,
especially from 200 to 600 nm. It is presently preferred that
the diameter (median particle size (ds,)) of the flakes be in a
preferred range of about 15-50 pm with a more preferred
range of about 20-40 pm. If a TiO, layer is deposited as a
material of high refractive index, the TiO, layer has a thick-
ness of 20 to 300 nm, especially 20 to 100 nm, and more
especially 20 to 50 nm.

[0096] The Fe,O; content of the perlite is preferably below
2%, especially 0%.

[0097] The at present most preferred perlite is Optimat™
2550 (World Minerals). Perlites, like Optimat™ 1735 (World
Minerals) could also be used. Particles having a particle size
below 5 um and above 85 pm and/or 3D twin structure par-
ticles are removed, for example, by sedimentation, or cen-
trifugation.

[0098] If the perlite substrates of the present invention are
used, interference pigments having superior brilliance, clear
and intense colors, intense color flop, improved color
strength, intense sparkle and/or color purity can be obtained.

[0099] Metallic or non-metallic, inorganic platelet-shaped
particles or pigments are effect pigments, (especially metal
effect pigments or interference pigments), that is to say, pig-
ments that, besides imparting colour to an application
medium, impart additional properties, for example angle
dependency of the colour (flop), lustre (not surface gloss) or
texture. On metal effect pigments, substantially oriented
reflection occurs at directionally oriented pigment particles.
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In the case of interference pigments, the colour-imparting
effect is due to the phenomenon of interference of light in
thin, highly refractive layers.

[0100] The (effect) pigments according to the invention can
be used for all customary purposes, for example for colouring
polymers in the mass, coatings (including effect finishes,
including those for the automotive sector) and printing inks
(including offset printing, intaglio printing, bronzing and
flexographic printing), and also, for example, for applications
in cosmetics, in ink-jet printing, for dyeing textiles, glazes for
ceramics and glass as well as laser marking of papers and
plastics. Such applications are known from reference works,
for example “Industrielle Organische Pigmente” (W. Herbst
and K. Hunger, VCH Verlagsgesellschaft mbH, Weinheim/
New York, 2nd, completely revised edition, 1995).

[0101] When the pigments according to the invention are
interference pigments (effect pigments), they may be gonio-
chromatic and result in brilliant, highly saturated (lustrous)
colours and intense sparkle. They are accordingly very espe-
cially suitable for combination with conventional, transparent
pigments, for example organic pigments such as, for example,
diketopyrrolopyrroles, quinacridones, dioxazines, perylenes,
isoindolinones etc., it being possible for the transparent pig-
ment to have a similar colourto the effect pigment. Especially
interesting combination effects are obtained, however, in
analogy to, for example, EP-A-388 932 or EP-A-402 943,
when the colour of the transparent pigment and that of the
effect pigment are complementary.

[0102] The pigments according to the invention can be used
with excellent results for pigmenting high molecular weight
organic material.

[0103] The high molecular weight organic material for the
pigmenting of which the pigments or pigment compositions
according to the invention may be used may be of natural or
synthetic origin. High molecular weight organic materials
usually have molecular weights of about from 10* to 10°
g/mol or even more. They may be, for example, natural resins,
drying oils, rubber or casein, or natural substances derived
therefrom, such as chlorinated rubber, oil-modified alkyd
resins, viscose, cellulose ethers or esters, such as ethylcellu-
lose, cellulose acetate, cellulose propionate, cellulose aceto-
butyrate or nitrocellulose, but especially totally synthetic
organic polymers (thermosetting plastics and thermoplas-
tics), as are obtained by polymerisation, polycondensation or
polyaddition. From the class of the polymerisation resins
there may be mentioned, especially, polyolefins, such as poly-
ethylene, polypropylene or polyisobutylene, and also substi-
tuted polyolefins, such as polymerisation products of vinyl
chloride, vinyl acetate, styrene, acrylonitrile, acrylic acid
esters, methacrylic acid esters or butadiene, and also copoly-
merisation products of the said monomers, such as especially
ABS or EVA.

[0104] From the series of the polyaddition resins and poly-
condensation resins there may be mentioned, for example,
condensation products of formaldehyde with phenols, so-
called phenoplasts, and condensation products of formalde-
hyde with urea, thiourea or melamine, so-called aminoplasts,
and the polyesters used as surface-coating resins, either satu-
rated, such as alkyd resins, or unsaturated, such as maleate
resins; also linear polyesters and polyamides, polyurethanes
or silicones.

[0105] The said high molecular weight compounds may be
present singly or in mixtures, in the form of plastic masses or
melts. They may also be present in the form of their mono-
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mers or in the polymerised state in dissolved form as film-
formers or binders for coatings or printing inks, such as, for
example, boiled linseed oil, nitrocellulose, alkvd resins,
melamine resins and urea-formaldehyde resins or acrylic res-
ins.

[0106] Depending on the intended purpose, it has proved
advantageous to use the effect pigments or effect pigment
compositions according to the invention as toners or in the
form of preparations. Depending on the conditioning method
or intended application, it may be advantageous to add certain
amounts of texture-improving agents to the effect pigment
before or after the conditioning process, provided that this has
no adverse effect on use of the effect pigments for colouring
high molecular weight organic materials, especially polyeth-
ylene. Suitable agents are, especially, fatty acids containing at
least 18 carbon atoms, for example stearic or behenic acid, or
amides or metal salts thereof, especially magnesium salts,
and also plasticisers, waxes, resin acids, such as abietic acid,
rosin soap, alkylphenols or aliphatic alcohols, such as stearyl
alcohol, or aliphatic 1,2-dihydroxy compounds containing
from 8 to 22 carbon atoms, such as 1,2-dodecanediol, and also
modified colophonium maleate resins or fumaric acid colo-
phonium resins. The texture-improving agents are added in
amounts of preferably from 0.1 to 30% by weight, especially
from 2 to 15% by weight, based on the end product.

[0107] The (effect) pigments according to the invention can
be added in any tinctorially effective amount to the high
molecular weight organic material being pigmented. A pig-
mented substance composition comprising a high molecular
weight organic material and from 0.01 to 80% by weight,
preferably from 0.1 to 30% by weight, based on the high
molecular weight organic material, of an pigment according
to the invention is advantageous. Concentrations of from 1 to
20% by weight, especially of about 10% by weight, can often
be used in practice.

[0108] High concentrations, for example those above 30%
by weight, are usually in the form of concentrates (“master-
batches’) which can be used as colorants for producing pig-
mented materials having a relatively low pigment content, the
pigments according to the invention having an extraordinarily
low viscosity in customary formulations so that they can still
be processed well.

[0109] Forthe purpose of pigmenting organic materials, the
effect pigments according to the invention may be used sin-
gly. It is, however, also possible, in order to achieve different
hues or colour effects, to add any desired amounts of other
colour-imparting constituents, such as white, coloured, black
or effect pigments, to the high molecular weight organic
substances in addition to the effect pigments according to the
invention. When coloured pigments are used in admixture
with the effect pigments according to the invention, the total
amount is preferably from 0.1 to 10% by weight, based on the
high molecular weight organic material. Especially high
goniochromicity is provided by the preferred combination of
an effect pigment according to the invention with a coloured
pigment of another colour, especially of a complementary
colour, with colorations made using the effect pigment and
colorations made using the coloured pigment having, at a
measurement angle of 10°, a difference in hue (AH*) of from
20 to 340, especially from 150 to 210.

[0110] Accordingly, the present invention relates also to
pigment mixture, comprising two different components A
and B, wherein component A is the pigment according to any
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of claims 1 to 10, and component B is an organic, inorganic
pigment, or an effect pigment.

[0111] It is understood that component B is different than
component A. Component B is an organic pigment, an inor-
ganic pigment, or an effect pigment.

[0112] Suitable colored pigments especially include
organic pigments selected from the group consisting of azo,
azomethine, methine, anthraquinone, phthalocyanine,
perinone, perylene, diketopyrrolopyrrole, thioindigo, diox-
azine iminoisoindoline, dioxazine, iminoisoindolinone,
quinacridone, flavanthrone, indanthrone, anthrapyrimidine
and quinophthalone pigments, or a mixture or solid solution
thereof; especially a dioxazine, diketopyrrolopyrrole, quina-
cridone, phthalocyanine, indanthrone or iminoisoindolinone
pigment, or a mixture or solid solution thereof.

[0113] Colored organic pigments of particular interest
include C.I. Pigment Red 202, C.I. Pigment Red 122, C.I.
Pigment Red 179, C.I. Pigment Red 170, C.I. Pigment Red
144, C.I. Pigment Red 177, C.I. Pigment Red 254, C.1. Pig-
ment Red 255, C.I. Pigment Red 264, C.I. Pigment Brown 23,
C.I Pigment Yellow 109, C.I. Pigment Yellow 110, C.I. Pig-
ment Yellow 147, C.I. Pigment Orange 61, C.I. Pigment
Orange 71, C.I. Pigment Orange 73, C.1. Pigment Orange 48,
C.I. Pigment Orange 49, C.I. Pigment Blue 15, C.I. Pigment
Blue 60, C.I. Pigment Violet 23, C.I. Pigment Violet 37, C.I.
Pigment Violet 19, C.I. Pigment Green 7, C.1. Pigment Green
36, the 2,9-dichloro-quinacridone in platelet form described
in WO08/055,807, or a mixture or solid solution thereof.

[0114] Suitable colored pigments also include conven-
tional inorganic pigments; especially those selected from the
group consisting of metal oxides, antimony yellow, lead chro-
mate, lead chromate sulfate, lead molybdate, ultramarine
blue, cobalt blue, manganese blue, chrome oxide green,
hydrated chrome oxide green, cobalt green and metal sul-
fides, such as cerium or cadmium sulfide, cadmium sulfos-
elenides, zinc ferrite, bismuth vanadate, Prussian blue,
Fe,0,, carbon black and mixed metal oxides. Examples of
commercially available inorganic pigments are BAYFER-
ROX® 3920, BAYFERROX® 920, BAYFERROX® 645T,
BAYFERROX® 303T, BAYFERROX® 110, BAYFER-
ROX® 110 M, CHROMOXIDGRUEN GN, and CHRO-
MOXIDGRUEN GN-M.

[0115] Examples of suitable effect pigments are Al,O,
flakes coated with one or more metals, metal oxides or metal
sulfides, metal platelets coated with one or more metal
oxides, graphite platelets, aluminum platelets, SiO, flakes
coated with one or more metals, metal oxides or metal sul-
fides, or TiO,-flakes uncoated or coated with one or more
metal oxides, glass platelets coated with one or more metals,
metal oxides or metal sulfides, BiOCl, glass platelets and
ceramic platelets.

[0116] The weight ratio of component A to component B
may be any ratio. For example the ratio may be about 1:1 to
about 1:200. Preferably, the ratio is about 1:10 to about 1:200,
more preferably about 1:10 to about 1:30.

[0117] The two components A and B may be mixed to form
a pigment composition (physical mixture).

[0118] Alternatively, component(s) A may be coated or
deposited onto component B.

[0119] A pigment mixture (composite pigment) may also
be prepared by a process comprising spray-drying an aqueous
suspension consisting of discrete particles of component A
and B (cf. U.S. Pat. No. 5,562,763).
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[0120] The pigment mixtures of the invention may be
incorporated in coatings, ceramics, glasses plastics, films,
agricultural films, button pastes, masterbatches, seed coat-
ings, printing inks, cosmetics and personal care products.
Accordingly, the present invention relates to coatings, var-
nishes, plastics, paints, printing inks, masterbatches, ceram-
ics or glasses, cosmetics or personal care products, compris-
ing the particles of the present invention, or the pigment
mixture of the present invention.

[0121] The concentration of the pigment mixture in the
system in which it is to be used for pigmenting is generally
between 0.01 and 75% by weight, preferably between 0.1 and
60% by weight, based on the overall solids content of the
system. This concentration is generally dependent on the
specific application.

[0122] Preferably, the effect pigments according to the
invention are combined with transparent coloured pigments,
it being possible for the transparent coloured pigments to be
present either in the same medium as the effect pigments
according to the invention or in a neighbouring medium. An
example of an arrangement in which the effect pigment and
the coloured pigment are advantageously present in neigh-
bouring media is a multi-layer effect coating.

[0123] The pigmenting of high molecular weight organic
substances with the pigments according to the invention is
carried out, for example, by admixing such a pigment, where
appropriate in the form of a masterbatch, with the substrates
using roll mills or mixing or grinding apparatuses. The pig-
mented material is then brought into the desired final form
using methods known per se, such as calendering, compres-
sion moulding, extrusion, coating, pouring or injection moul-
ding. Any additives customary in the plastics industry, such as
plasticisers, fillers or stabilisers, can be added to the polymer,
in customary amounts, before or after incorporation of the
pigment. In particular, in order to produce non-rigid shaped
articles or to reduce their brittleness, it is desirable to add
plasticisers, for example esters of phosphoric acid, phthalic
acid or sebacic acid, to the high molecular weight compounds
prior to shaping.

[0124] For pigmenting coatings and printing inks, the high
molecular weight organic materials and the effect pigments
according to the invention, where appropriate together with
customary additives such as, for example, fillers, other pig-
ments, siccatives or plasticisers, are finely dispersed or dis-
solved in the same organic solvent or solvent mixture, itbeing
possible for the individual components to be dissolved or
dispersed separately or for a number of components to be
dissolved or dispersed together, and only thereafter for all the
components to be brought together.

[0125] Dispersinganeffect pigment according to the inven-
tion in the high molecular weight organic material being
pigmented, and processing a pigment composition according
to the invention, are preferably carried out subject to condi-
tions under which only relatively weak shear forces occur so
that the effect pigment is not broken up into smaller portions.
[0126] Plastics comprising the pigment of the invention in
amounts of 0.1 to 50% by weight, in particular 0.5 to 7% by
weight. Inthe coating sector, the pigments of the invention are
employed in amounts of 0.1 to 10% by weight. In the pig-
mentation of binder systems, for example for paints and print-
ing inks for intaglio, offset or screen printing, the pigment is
incorporated into the printing ink in amounts of 0.1 to 50% by
weight, preferably 5 to 30% by weight and in particular 8 to
15% by weight.
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[0127] The colorations obtained, for example in plastics,
coatings or printing inks, especially in coatings or printing
inks, more especially in coatings, may be distinguished by
excellent properties, especially by extremely high saturation,
outstanding fastness properties, high color purity and high
goniochromaticity.

[0128] When thehigh molecular weight material being pig-
mented is a coating, it is especially a speciality coating, very
especially an automotive finish.

[0129] The effect pigments according to the invention are
also suitable for making-up the lips or the skin and for colour-
ing the hair or the nails.

[0130] The invention accordingly relates also to a cosmetic
preparation or formulation comprising from 0.0001 to 90%
by weight of a pigment, especially an effect pigment, accord-
ing to the invention and from 10 to 99.9999% of a cosmeti-
cally suitable carrier material, based on the total weight of the
cosmetic preparation or formulation.

[0131] Such cosmetic preparations or formulations are, for
example, lipsticks, blushers, foundations, nail varnishes and
hair shampoos.

[0132] The pigments may be used singly or in the form of
mixtures. Itis,inaddition, possible to use pigments according
to the invention together with other pigments and/or colo-
rants, for example in combinations as described hereinbefore
or as known in cosmetic preparations. The cosmetic prepara-
tions and formulations according to the invention preferably
contain the pigment according to the invention in an amount
from 0.005 to 50% by weight, based on the total weight of the
preparation.

[0133] Suitable carrier materials for the cosmetic prepara-
tions and formulations according to the invention include the
customary materials used in such compositions.

[0134] The cosmetic preparations and formulations
according to the invention may be in the form of, for example,
sticks, ointments, creams, emulsions, suspensions, disper-
sions, powders or solutions. They are, for example, lipsticks,
mascara preparations, blushers, eye-shadows, foundations,
eyeliners, powder or nail varnishes.

[0135] If the preparations are in the form of sticks, for
example lipsticks, eye-shadows, blushers or foundations, the
preparations consist for a considerable part of fatty compo-
nents, which may consist of one or more waxes, for example
ozokerite, lanolin, lanolin alcohol, hydrogenated lanolin,
acetylated lanolin, lanolin wax, beeswax, candelilla wax,
microcrystalline wax, carnauba wax, cetyl alcohol, stearyl
alcohol, cocoa butter, lanolin fatty acids, petrolatum, petro-
leum jelly, mono-, di- or tri-glycerides or fatty esters thereof
that are solid at 25° C., silicone waxes, such as methylocta-
decane-oxypolysiloxane and poly(dimethylsiloxy)-stearox-
ysiloxane, stearic acid monoethanolamine, colophane and
derivatives thereof, such as glycol abietates and glycerol abi-
etates, hydrogenated oils that are solid at 25° C., sugar glyc-
erides and oleates, myristates, lanolates, stearates and dihy-
droxystearates of calcium, magnesium, zirconium and
aluminium.

[0136] The fatty component may also consist of a mixture
of at least one wax and at least one oil, in which case the
following oils, for example, are suitable: paraffin oil, purcel-
line oil, perhydrosqualene, sweet almond oil, avocado oil,
calophyllum oil, castor oil, sesame 0il, jojoba oil, mineral oils
having a boiling point of about from 310 to 410° C., silicone
oils, such as dimethylpolysiloxane, linoleyl alcohol, linolenyl
alcohol, ° leyl alcohol, cereal grain oils, such as wheatgerm
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oil, isopropyl lanolate, isopropyl palmitate, isopropyl
myristate, butyl myristate, cetyl myristate, hexadecyl stear-
ate, butyl stearate, decyl oleate, acetyl glycerides, octanoates
and decanoates of alcohols and polyalcohols, for example of
glycol and glycerol, ricinoleates of alcohols and polyalco-
hols, for example of cetyl alcohol, isostearyl alcohol, isocetyl
lanolate, isopropyl adipate, hexyl laurate and octyl dode-
canol.

[0137] The fatty components in such preparations in the
form of sticks may generally constitute up to 99.91% by
weight of the total weight of the preparation.

[0138] The cosmetic preparations and formulations
according to the invention may additionally comprise further
constituents, such as, for example, glycols, polyethylene gly-
cols, polypropylene glycols, monoalkanolamides, non-co-
loured polymeric, inorganic or organic fillers, preservatives,
UV filters or other adjuvants and additives customary in cos-
metics, for example a natural or synthetic or partially syn-
thetic di- or tri-glyceride, a mineral oil, a silicone oil, a wax,
a fatty alcohol, a Guerbet alcohol or ester thereof, a lipophilic
functional cosmetic active ingredient, including sun-protec-
tion filters, or a mixture of such substances.

[0139] A lipophilic functional cosmetic active ingredient
suitable for skin cosmetics, an active ingredient composition
or an active ingredient extract is an ingredient or a mixture of
ingredients that is approved for dermal or topical application.
The following may be mentioned by way of example:

[0140] active ingredients having a cleansing action on
the skin surface and the hair; these include all substances
that serve to cleanse the skin, such as oils, soaps, syn-
thetic detergents and solid substances;

[0141] active ingredients having a deodorising and per-
spiration-inhibiting action: they include antiperspirants
based on aluminium salts or zinc salts, deodorants com-
prising bactericidal or bacteriostatic deodorising sub-
stances, for example triclosan, hexachlorophene, alco-
hols and cationic substances, such as, for example,
quaternary ammonium salts, and odour absorbers, for
example ®Grillocin (combination of zinc ricinoleate
and various additives) or triethyl citrate (optionally in
combination with an antioxidant, such as, for example,
butyl hydroxytoluene) or ion-exchange resins;

[0142] active ingredients that offer protection against
sunlight (UV filters): suitable active ingredients are filter
substances (sunscreens) that are able to absorb UV
radiation from sunlight and convert it into heat; depend-
ing on the desired action, the following light-protection
agents are preferred: light-protection agents that selec-
tively absorb sunburn-causing high-energy UV radia-
tion in the range of approximately from 280 to 315 nm
(UV-B absorbers) and transmit the longer-wavelength
range of, for example, from 315 to 400 nm (UV-A
range), as well as light-protection agents that absotb
only the longer-wavelength radiation of the UV-A range
of from 315 to 400 nm (UV-A absorbers); suitable light-
protection agents are, for example, organic UV absorb-
ers from the class of the p-aminobenzoic acid deriva-
tives, salicylic acid derivatives, benzophenone
derivatives, dibenzoylmethane derivatives, diphenyl
acrylate derivatives, benzofuran derivatives, polymeric
UV absorbers comprising one or more organosilicon
radicals, cinnamic acid derivatives, camphor deriva-
tives, trianilino-s-triazine derivatives, phenyl-benzimi-
dazolesulfonic acid and salts thereof, menthyl anthra-
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nilates, benzotriazole derivatives, and/or an inorganic
micropigment selected from aluminium oxide- or sili-
con dioxide-coated TiO,, zinc oxide or mica;

[0143] active ingredients against insects (repellents) are
agents that are intended to prevent insects from touching
the skin and becoming active there; they drive insects
away and evaporate slowly; the most frequently used
repellent is diethyl toluamide (DEET); other common
repellents will be found, for example, in “Pflegekosme-
tik” (W. Raaband U. Kindl, Gustav-Fischer- Verlag Stut-
tgart/New York, 1991) on page 161;

[0144] active ingredients for protection against chemical
and mechanical influences: these include all substances
that form a barrier between the skin and external harmful
substances, such as, for example, paraffin oils, silicone
oils, vegetable oils, PCL products and lanolin for pro-
tection against aqueous solutions, film-forming agents,
such as sodium alginate, triethanolamine alginate, poly-
acrylates, polyvinyl alcohol or cellulose ethers for pro-
tection against the effect of organic solvents, or sub-
stances based on mineral oils, vegetable oils or silicone
oils as “lubricants” for protection against severe
mechanical stresses on the skin;

[0145] moisturising substances: the following sub-
stances, for example, are used as moisture-controlling
agents (moisturisers): sodium lactate, urea, alcohols,
sorbitol, glycerol, propylene glycol, collagen, elastin
and hyaluronic acid;

[0146] active ingredients having a keratoplastic effect:
benzoyl peroxide, retinoic acid, colloidal sulfur and
resorcinol;

[0147] antimicrobial agents, such as, for example, tri-
closan or quaternary ammonium compounds;

[0148] oily or oil-soluble vitamins or vitamin derivatives
that can be applied dermally: for example vitamin A
(retinol in the form of the free acid or derivatives
thereof), panthenol, pantothenic acid, folic acid, and
combinations thereof, vitamin E (tocopherol), vitamin
F; essential fatty acids; or niacinamide (nicotinic acid
amide);

[0149] vitamin-based placenta extracts: active ingredi-
ent compositions comprising especially vitamins A, C,
E, By, B,, B, B,,, folic acid and biotin, amino acids and
enzymes as well as compounds of the trace elements
magnesium, silicon, phosphorus, calcium, manganese,
iron or copper;

[0150] skin repair complexes: obtainable from inacti-
vated and disintegrated cultures of bacteria of the bifidus
group;

[0151] plants and plant extracts: for example arnica,
aloe, beard lichen, ivy, stinging nettle, ginseng, henna,
camomile, marigold, rosemary, sage, horsetail or thyme;

[0152] animal extracts: for example royal jelly, propolis,
proteins or thymus extracts;

[0153] cosmetic oils that can be applied dermally: neu-
tral oils of the Miglyol 812 type, apricot kernel oil,
avocado oil, babassu oil, cottonseed oil, borage oil,
thistle oil, groundnut oil, gamma-oryzanol, rosehip-seed
oil, hemp oil, hazelnut oil, blackcurrant-seed oil, jojoba
oil, cherry-stone oil, salmon oil, linseed 0il, cornseed oil,
macadamia nut oil, almond oil, evening primrose oil,
mink oil, olive oil, pecan nut oil, peach kernel oil, pis-
tachio nut oil, rape oil, rice-seed oil, castor oil, safflower
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oil, sesame oil, soybean oil, sunflower oil, tea tree oil,

grapeseed o1l or wheatgerm oil.
[0154] The preparations in stick form are preferably anhy-
drous but may in certain cases comprise a certain amount of
water which, however, in general does not exceed 40% by
weight, based on the total weight of the cosmetic preparation.
[0155] If the cosmetic preparations and formulations
according to the invention are in the form of semi-solid prod-
ucts, that is to say in the form of ointments or creams, they
may likewise be anhydrous or aqueous. Such preparations
and formulations are, for example, mascaras, eyeliners, foun-
dations, blushers, eye-shadows, or compositions for treating
rings under the eyes.
[0156] If, on the other hand, such ointments or creams are
aqueous, they are especially emulsions of the water-in-oil
type or of the oil-in-water type that comprise, apart from the
pigment, from 1 to 98.8% by weight of the fatty phase, from
1 to 98.8% by weight of the aqueous phase and from 0.2 to
30% by weight of an emulsifier.
[0157] Such ointments and creams may also comprise fur-
ther conventional additives, such as, for example, perfumes,
antioxidants, preservatives, gel-forming agents, UV filters,
colorants, pigments, pearlescent agents, non-coloured poly-
mers as well as inorganic or organic fillers. If the preparations
are in the form of a powder, they consist substantially of a
mineral or inorganic or organic filler such as, for example,
talcum, kaolin, starch, polyethylene powder or polyamide
powder, as well as adjuvants such as binders, colorants etc.
[0158] Such preparations may likewise comprise various
adjuvants conventionally employed in cosmetics, such as fra-
grances, antioxidants, preservatives etc.
[0159] If the cosmetic preparations and formulations
according to the invention are nail varnishes, they consist
essentially of nitrocellulose and a natural or synthetic poly-
mer in the form of a solution in a solvent system, it being
possible for the solution to comprise other adjuvants, for
example pearlescent agents.
[0160] Inthatembodiment, thecoloured polymeris present
in an amount of approximately from 0.1 to 5% by weight.
[0161] The cosmetic preparations and formulations
according to the invention may also be used for colouring the
hair, in which case they are used in the form of shampoos,
creams or gels that are composed of the base substances
conventionally employed in the cosmetics industry and a
pigment according to the invention.
[0162] The cosmetic preparations and formulations
according to the invention are prepared in conventional man-
ner, for example by mixing or stirring the components
together, optionally with heating so that the mixtures melt.
[0163] Various features and aspects of the present invention
are illustrated further in the examples that follow. While these
examples are presented to show one skilled in the art how to
operate within the scope of this invention, they are not to serve
as a limitation on the scope of the invention where such scope
is only defined in the claims. Unless otherwise indicated in
the following examples and elsewhere in the specification and
claims, all parts and percentages are by weight, temperatures
are in degrees centigrade and pressures are at or near atmo-
spheric.

EXAMPLES
Example 1
Substrate Preparation:

[0164] a) Perlite flakes (Optimat™ 2550 from World Min-
erals) are homogeneously dispersed in deionized water in an
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amount of 10% by weight. The particles are let to settle 5
minutes and the settled particles are removed from the sus-
pension. The operation is repeated 3 times. Said operation
allows eliminating 3D twin structure particles contained in
milled expanded perlite. Reference is made to FIG. 1a,
wherein 3D twin structure particles in milled expanded per-
lite are shown.

[0165] b) Then the particles in suspension are let to settle
during 8 hours. After that the water containing the smallest
particles of perlite is disgarded. The operation is repeated 3
times. Then the particles are filtered and dried. The particle
size distribution of the obtained perlite particles, measured by
laser (He—Ne laser 632.8 nm) light diffraction with a Mal-
vern Mastersizer S Longbench, shows the following param-
eters:

D (v,0.1) D (v,0.5) D (v, 0.9)
um pm pm
10.74 26.52 52.81

[0166] c¢)TiO, Coating:
[0167] 26gofthe perlite flakes obtained in Example 1b)are
dispersed in 300 ml of deionised water and heated at 90° C.

[0168] c1) The pH ofthe suspensionis setat 1.5 and S ml of
a solution comprising 9 g of SnC1,/SH,0, 5 g of 37% HCI,
and 100 g water is added ata speed of 0.5 ml per minute while
keeping the pH constant with continuous addition of KOH.

[0169] c2) Then the pHis setat 1.8 and 200 ml of a solution
comprising 34 g of TiOCl,, 32 g of 37% HCI and 445 ¢
distilled water are added at a speed of 1.5 ml per minute while
keeping the pH at 1.8 with 1M KOH.

[0170] The step cl) is repeated and thereafter step c2) is
repeated.

[0171] A bright silver color is obtained after filtration, dry-
ing and calcination in air. Element analysis indicates 13.9
weight % of Ti and 1 weight % if Sn. X-ray diffraction
spectrum indicates that the coating consists of rutile TiO,.

Application Example 1

[0172] 100 parts by weight of a formulation comprising 2
parts by weight of the product obtained in Example 1, 45.4
parts by weight of Alkydal® F 310 (Bayer, 60% strength in
Solventnaphtha™ 100), 4 parts by weight of Disperbyk® 161
(Byk Chemie, 30% strength in n-butyl acetate/1-methoxy-2-
propyl acetate 1:6), 0.8 part by weight of silicone oil 1% in
xylene, 3.3 parts by weight of 1-methoxy-2-propanol, 3.3
parts by weight of n-butanol, 15.4 parts by weight of xylene,
19.4 parts by weight of Maprenal® MF 650 (Solutia Inc.,
30% strength in isobutanol/1-butanol/xylene 40:2:2 max.)
and 0.6 part by weight of Tinuvin® 123 are dispersed using
230 parts by weight of glass beads in a dispersing machine for
2 hours at approximately 40° C. After removal of the glass
beads, the coloured surface coating is drawn down at a thick-
ness of 150 micrometers (bar coater) onto aluminium plates
primed half in white and half in black. The surface coatings
are then left to evaporate for 30 minutes at approximately 25°
C. and are then baked for 30 minutes at 130° C. The result is
a bright silver sparkling coating with a gloss of more than
70%.
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Comparative Example 1

[0173] Example 1 is repeated, except that step a) is omitted.
Comparative Application Example 1
[0174] Application Example 1 is repeated, except that

instead of the product of Example 1 the product obtained in
Comparative Example 1 is used. The result is a silver, mat and
slightly sparkling coating with a gloss of less than 50%.

Application Example 2
Waterborne Basecoat Paint

[0175] The pigment according to example 1 is applied in a
waterborne basecoat paint:
A blending clear is prepared with the following ingredients:

Al 47.00 Parts Water (deionised)

Al 0.54Parts MTF900w/95 Cytec Surface

Specialties
Al 0.80 Parts  Surfynol 104E Alr Products
Al 0.30Parts  Surfynol MD20 Alr Produets
Al 0.40Parts Envirogen AE02 Alr Products
Bl 5.51 Parts  Butyl-Glycol Dow Chemicals
B1 2.00 Parts  n-Butanol Dow Chemicals

C1 0.20 Parts  Dow DC 57 Dow Corning

C1 3.50 Parts  Viscalex HV30 (1:1 with water ~ Ciba
(deionised))

D1 2.50 Parts  DMEA (10%)

D1 25.00Parts APU10120-VP

VMR international
Alberdingk Boley
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[0178] The A2 compounds are first mixed by stirring at 950
rpm for 20 minutes. 20.00 parts of the pigment according to
example 1 are added and dispersed by stirring at 600 rpm for
an hour. The B2 ingredients are added and mixed (20 minutes
at 950 rpm). 8 parts of Viscalex HV30 (10% in deionised
water, Ciba) are finally added.

[0179] Waterborne Basecoat Formulation: 90 parts of the
blending clear are mixed with 10 parts of the pigment base
and sprayed onto a panel. The sprayed panel is then flashed
with air in a flash cabinet for 10 minutes and then “baked” in
an oven at 130° C. for 30 minutes, yielding a silver sparkling
panel.

Application Example 3
2K PUR

[0180] The pigment according to example 1 is applied in
the following 2 component Acrylic/Isocyanate Monocoat
Solventborne Coatings Formulation.

Component A—Acrylic Binder System

[0181] The entire ingredients mentioned in the table below
are mixed together by stirring at 1500 rpm for 20 minutes.

76.85 Parts  Setalux C-1151 XX Nuplex Resins
1.00 Parts  Silicone Oil 1% in xylene Dow Corning
0.80 Parts  Tinuvin 292 Ciba Inc.
7.05 Parts  Solvesso 100 ExxonMobil Chemical
5.76 Parts  Butylglycolacetate Dow Chemicals
8.54 Parts  Butylacetate Dow Chemicals

[0176] Allthe Al ingredients are stirred at 950 rpm for 20
minutes. The solvent B1 is added and the mixture is stirred
again for 20 minutes at 950 rpm followed by the addition of
the C1 components. The mixture is stirred for 20 minutes at
950 rpm. The D1 compounds are added and mixed with a
somewhat more energy (1450 rpm). 12.25 parts of deionised
water are finally added to this blending clear coat.

Al 47.00 Parts ~ Water (deionised)

Al 0.54 Parts  MF900w/95 Cytec Surface Specialties

Al 0.80 Parts ~ Surfynol 104E Air Products

Al 0.30 Parts  Surfynol MD20 Air Products

Al 0.40 Parts  Envirogen AE(2 Air Products

Bl 5.51 Parts  Butyl-Glycol Dow Chemicals

Bl 2.00Parts  n-Butanol Dow Chemicals

C1 0.20 Parts  Dow DC 57 Dow Corning

C1 3.50 Parts  Viscalex HV30 Ciba Specialty Chemicals
(1:1 with water
(deionised))

D1 2.50 Parts DMEA (10%) VMR internaticnal

D1 25.00 Parts  APU 10120-VP Alberdingk Boley

[0177] A pigment base formulation is prepared with the

following ingredients:

47.44 Parts  Water deionised
5.00 Parts  Butyl-Glycol
2.00 Parts  DMEA (10%)
2.00 Parts  Surfynol 104DPM
in Butyl Glycol
B2 15.56 Parts  APU 10120-VP

Dow Chemicals
VMR international
Air Products/Dow Chemicals

BEES

Alberdingk Boley

Component B—Pigment Base Formulation

[0182] 28.56 parts of the pigment according to example 1
are dispersed in 71.44 parts of xylene by stirring over one
hour at 400 rpm. 91.56 part of the component A are blended
with 8.44 parts of the pigmented component as well as 20.37
part of the hardener Desmodur N75 (Bayer). The 2K PUR
pigmented formulation is sprayed onto a panel. The sprayed
panel is then flashed with air in a flash cabinet for 10 minutes
and then “baked” in an oven at 120° C. for 30 minutes,
vielding a silver sparkling panel.

Application Example 4
Powder Coating

[0183] 198 g of a PES/epoxy low temperature cure powder
coating (DELTAS NT, RAL 9005) from CWS Lackfabrik
GmbH & Co. KG, Germany and 2 g pigment according to
example 1 are mixed by dry blending using a glass container
and shaking for 1 hour on a lab shaker. The powder coating is
applied on black/white plates via electrostatic spraying using
a corona spray gun on aluminium panels with a white coil-
coating primer. (Spray conditions are: tension: 70 kV; pres-
sure: 3 atm). The obtained layer thickness is 75 pm. The
coated plates are cured 20 minutes at 180° C. (peak metal
temperature) in an air circulated oven.

Application Example 5
[0184] Example 4 is repeated, except that pigment accord-
ing to example 1 is used in an amount of 4 g.

Comparative Application Example 2 and 3

[0185] Example 4 and 5 are reproduced with XYMARA
SilverPearl S03 (TiO, coated mica pigment, CIBA).
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[0186] The colorations obtained with the pigment accord-
ing example 1 do not look bleached as those of the reference
and presented a much stronger sparkling.

Application Example 6
Cream to Powder Blush Having the Following Com-
position
[0187]
Phase Ingredient Tradename Parts

A didecene Silkflo 362 NFV 2240
A PEG-4 diheptanoate Liponate 2DH" 5.00
A isopropyl palmitate Protachem IPP?® 6.50
A pentaerythrityl tetrastearate Crodamol PETS'® 2.50
A pentaethrityl tetrabehenate Liponate PB-4V 1.00
A copernicia cerifera Carnuba Wax® 5.00
A soy lecithin Lipo Lecithin!? 0.50
B titanium dioxide, oil dispersion  Titanium Dioxide'” 9.00
B pigment according to example 1 10.00
B Kaolin Colliodal Kaolin NF'?  12.30
B Tale Rose Tale® 17.00
B nylen6-12 Orgasol 4000V 6.00
B Propylparaben Propylparaben’® 0.30
B mica and silica SM-2000% 2.00
B black iron oxide Black Iron Oxide®® 0.50
B mica and boron nitride Lipomic 601 BNV 2.00
[0188] The ingredients of phase A are mixed in a homog-

enizer and heated to 70 to 75° C. The ingredients of phase B
are combined and mixed until uniform. Phase B is added to
phase A and the temperature is maintained at 70 to 75° C.
while mixing for 30 minutes. The mixture is poured into a

container.
Application Example 7
Water Resistant Mascara Having the Following
Composition
[0189]

Phase Ingredient Trade Name Parts
A water 51.20
A PEG-8 Prochem 400°% 1.50
A xanthan gum Keltrol CG?® 0.50
A methylparaben Methylparaben™ 0.20
A imidazoldinyl urea Unicide U-13 b 0.10
A tetrahydroxypropyl Neutrol TE*” 1.30

ethylenediamine
B copernicia cerifera Carnuba Wax®> 9.00
B cera alba Bees Wax® 4.50
B isoeiconsane Fancol IE 4.50
B polyiscbutene Permethyl 104A% 450
B stearic acid Emersol 1322 6.00
B glyceryl stearate Lipo GMS 4509 1.00
B propylparaben Propylparaben’® 0.20
B benzyl laurate Luvitol BL2" 2.00
C  black iron oxide®® 3.00
C  pigment according to example 1 2.00
D  PVP/VA copolymer Luviskol VA 64W?? 8.50

[0190]

The ingredients of phase A and B are mixed sepa-

rately and heated to 85° C. The temperature is maintained and
phase B is added to phase A and the mixture is homogenized
until uniform. The ingredients of phase C are added to the
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mixture of phase A and B and mixed until uniform. Mixing is
continued and the ingredients of phase D are added.

Application Example 8

Lipstick Base Having the Following Composition

[0191]
Number  Substance Amount [%]
1 cera alba 114
2 candelilla wax 8.1
3 carnauba wax 3.8
4 Lunacera M 6.0
5 castor oil 38.8
6 Controx KS 0.1
7 aroma oil 1.0
8 Amerlate P 2.5
9 OH Ian 1.6
10 isopropyl palmitate 10.1
11 Dow Corning 556 2.8
12 Dow Corning 1401 33
13 TiO, pigment 23
14 pigment according to example 1 8.2

[0192] Substances 8-10 are mixed together, and substances
13 and 14 are dispersed in the resulting mixture. The resulting
paste is then passed several times through a three-roll appa-
ratus. In the meantime, substances 1-6 are melted, stirred
together until homogeneous, and then substances 7, 11 and 12
are stirred in. The two mixtures are then mixed together in the
hot state until homogeneous distribution is achieved. The hot
mass is then poured into a lipstick mould and allowed to cool.
Lipsticks having an intense colour of outstanding light fast-
ness and very good gloss, and exhibiting no bleeding, are
obtained.

Application Example 9
Nail Varnish

[0193] A nail varnish has, for example, the following for-
mulation [in %]:

methyl acetate 8.0
ethyl acetate 8.0
propyl acetate 12.0
butyl acetate 25.0
polyester resin 7.5
nitrocellulose/isopropanol 21.0
toluenesulfonamide epoxy 9.0
resin

camphor 1.5
dibutyl phthalate 5.0
stearalkonium hectorite 1.0
titanium dioxide 0.6
pigment according to 1.2
Example 1

bismuth oxychloride 0.2
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Application Example 10

Lipstick Having the Following Composition

Nowv. 3, 2011
15
-continued
Phase Ingredient Tradename Parts
C Veegum Plus!'® 0.12
C  methylparaben Nipagin M 0.02
D  propylparaben Nipasol MY 0.10
D di-PPG-3 myristyl ether adipate  Cromollient DP3-A'®  14.00
D diethyl hexyl maleate Pelemol DOM!'> 4.00
D steareth-10 Lipocol S-10Y 2.00
D steareth-2 Lipocol §-2Y 0.50
D cetylalcohol Crodacol C-95 NF'¥ 0.62
D dicetyl phosphate and ceteth-10  Crodapes CES' 4.00
phosphate and ceteryl alcohol

D  propyl paraben Nipasol M 0.10
E  DMDM hydantoin Mackstat DM'® 0.18

[0194]
Phase Ingredient Tradename Parts
A castoroil Livopol COY 36.70
A triethylhexanoin Schercemol GTO? 7.50
A triisostearyl trilinoleate Schercemol TIST? 15.00
A triisostearyl citrate Schercemol TISC?! 17.50
A euphorbia cerifera wax Candelilla Wax Prills® 7.00
A copernicia cerifera wax Carnuba Wax Prills® 1.80
A ozokerite 7TW Ozokerite® 1.80
A microcyrstalline wax 1275W> 3.50
A hydroxylated hanolin Ritahydrox™® 1.00
A methylparaben Nipagin M 0.20
A propylparaben Nipasol M 0.10
B pigment according to 3.50
example 1
B boron nitride boron nitride powder® 4.35
B water and tocopheryl acetate  Brookosome ACE” 0.05
and retinay! palmitate and
ascorbyl palmitate
[0195] The ingredients of phase A are combined, heated

between 90-105° C., and mixed until uniform. The ingredi-
ents of phase B are then added with stirring until homog-
enous. The temperature is maintained above 70° C. as the
lipstick is poured into the mold.

Application Example 11

Talc Free Loose Face Powder Having the Following

Composition

[0196]

Ingredient Tradename Parts
mica Sericite PHN® 90.95
polymethyl methacrylate Ganzpearl GM-0600% 5.00
synthetic wax and gluten protein Microcase 110XF® 2.00
pigment according to example 1 1.50
methylparaben Nipagin M?) 0.20
propylparaben Nipasol M> 0.10
imidazolidinyl urea Germall 115% 0.25

[0197]

well.

Allingredients are combined in a blender and mixed

Application Example 12

Oil in Water Facial Foundation Having the Following

[0199] The ingredients of phase A are combined and heat-
ing to 80° C. is begun. The ingredients of phase B and C are
added and homogenized for 1 h. In a separate beaker the
ingredients of phase D are combined and heated to 80° C.
After all the ingredients in phase D have become uniform they
are slowly added to the main mixture while homogenization
is continued. Upon complete addition of phase D, the formu-
lation is homogenized for 15 min at 80° C., then cooled to 50°
C. and phase E is added.

Application Example 13

Powder Eye Shadow Having the Following Compo-

sition

[0200]
Ingredient Tradename Parts
mica Sericite PHN® 76.20
zing stearate Zinc Stearate'® 5.00
titanium oxide Titanium Oxide 3228'7 2.00
pigment according to example 1 6.00
methylparaben Nipagin M® 0.20
propylparaben Nipasol M® 0.10
caleium aluminum borosilicate Luxsil® 5.00
PEG-4 diheptanoate Liponate 2-DHY 5.50

total 100.00

[0201] The ingredients are combined and mixed well,
heated to 100° C. and pressed at 2000 psi.

Application Example 14

Nail Enamel Having the Following Composition

Composition
[0198] [0202]

Phase Ingredient Tradename Parts Phase Ingredient Tradename Parts
A deionized water water 60.24 A butyl acetate and toluene and Suspending Lacquer ~ 80.00
A 10% KOH solution 10% KOH solution 1.30 nitrocellulose and tosylamide/ SLE-2'®
A PEG-12 dimethicone DC 193 Surfactant'® 0.10 formaldehyde resin and isopropyl
A pigment according to example 1 5.00 alcohol and dibutyl phthalate and
A tale Talc'? 0.72 ethyl acetate and camphor and n-
B 1,3-butylene glycol Jeechem BUGL'? 4.00 butyl alcohol and silica and
C  1,3-butylene glycol Jeechem BUGL!? 2.00 quaterinium- 18 hectorite
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-continued
Phase Ingredient Tradename Parts

A butyl acetate (and) bismuth Biju Ultra UXD'® 2.00

oxychloride (and nitrocellulose

(and) isopropyl alcohol (and)

stearalkonium hectorite
A mica (and) titanium dioxide Flamenco Ultra 1.00

Sparkle 45008
A pigment according to example 1 2.50
A Dimethicone Dow Corning 200'® 100
A tosylamide/epoxy resin Lustrabrite S-70'%  4.00
B butyl acetate 1.17
B ethyl acetate 0.42
B Toluene 1.66
[0203] Theingredients of phase A are combined and mixed

until uniform. The ingredients of phase B are combined in a
separate vessel and mixed until uniform. Phase B is added to
phase A with stirring until uniform.
Example 15
Lip Gloss Having the Following Composition
[0204]

Phase Ingredient Tradename Parts
A pigment according to example 1 5.15
B Cyy.3¢alcohol Performacol 425° 1.75
B copernica cerifera Carnuba Wax® 1.70
B microcrystalline wax Microwax 12752V 4.00
B triisostearyl polyglycerol-3 dimer  Schercemol PTID?  43.30

dilinoleate
B triisostearyl citrate Schercemol TISC?  38.40
B PE/PVA copolymer soy glycerides  Enviropur 30122 5.00
B methylparaben Methylparaben® 0.20
B propylparaben Propylparaben®® 0.10
B tocopherol Tocopherol?* 0.10
C  flavor Flavor® 0.30
[0205] The ingredients of phase B are combined, heated

between 85-87° C., and mixed until uniform. The ingredients
of phase A are then added with stirring until homogenous.
The temperature is decreased to 70-72° C. and the ingredients
of phase C are added.
Example 16
Pressed Powder Having the Following Composition

[0206]

16
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[0207] The ingredients of phase A are mixed and the ingre-
dients of phase B are added slowly with mixing.

[0208] Supplier: ') Lipo Chemicals, Inc.; %) Scher Chemi-
cals, Inc.; *) Ross Wax; *) Rita; *) Clariant AG; ®) Ciba SC; 7)
Brooks Industries, Inc.; ®) Presperse, Inc.; °) International
Specialty Products (ISP); '°) Dow Corning; ') Whittaker,
Clark and Daniels, Inc; '*) Jeen International, '*) R.T.
Vanderbilt Co., Inc.; ) Croda International; **) Phoenix
Chemical Inc., '%) McIntyre Group Ltd.; ') Witco Corp.; '7)
Whittaker, Clark & Daniels; '*) Engelhard Corp.; "*) Telech-
emische, Inc.; ?°) New Phase Technology; ') Strahl and
Pitsch Inc.; **) React Inc; **) Protameen Chemicals; **)
Roche Vitamins; >*) Atlanta Fragrance; 2%) Warner Jenkinson
Cosmetic Colors; 2’) BASF AG; 2*) CP Kelco; ) Cognis AG.

1. A pigment, comprising a plate-like substrate of perlite,
and

(a) a layer of a dielectric material and/or

(a') a metal layer, wherein said plate-like substrate of per-

lite does not contain 3D twin structure particles in an
amount of greater than 5% by weight.

2. The pigment according to claim 1, wherein the perlite
substrate has a median particle size (Ds,) of from 15-50
microns.

3. The pigment according to claim 1, wherein the perlite
substrate has a size distribution characterized as

a D, of at least 5 microns,

a Dy, of between about 15 and less than 50 microns, and

a Dy, of over 35 to less than 85 microns.

4. The pigment according to claim 3, wherein the perlite
substrate has a size distribution characterized as

a D, of 5 to 15 microns,

a Dy, of 20 to 40 microns, and

a Dgg of 50 to 70 microns.

5. The pigment according to claim 1, wherein the dielectric
material is a metal oxide of high refractive index, which is
selected from TiO,, Zr0,, Fe,0;, Fe;0,, Cr,0;, ZnO or a
mixture of these oxides or an iron titanate, an iron oxide
hydrate, a titanium suboxide or a mixture and/or mixed phase
of these compounds.

6. The pigment according to claim 5, wherein the pigment
comprises in addition (b) a metal oxide of low refractive
index, wherein the difference of the refractive indices is at
least 0.1.

7. The pigment according to claim 6, wherein the metal
oxide of low index of refraction is SiO,, Al,O;, AIOOH,
B,O;, or a mixture thereof, wherein alkali or earth alkali
metal oxides can be contained as additional component.

8. The pigment according to claim 1, which has the follow-
ing layer structure:

Phase Ingredient Tradename Parts
A tale Rose Talc® 80.85
A zinc stearate Zinc Stearate'® 3.00
A propylparaben Propylparaben®® 0.25
A methylparaben Methylparaben?® 0.20
A imidazolidinyl urea Unicide? 0.10
A pigment according to example 1 0.60
A mica and boron nitride Lipomic 601 BNV 3.00
A polyamide-12 triazaminostilbene-  LipoLight OAP/CY  10.00

disulfonate and polyoxymethylene
urea
B PEG-4 diheptanoate Liponate 2-DHY 2.00

perlite TiO, Si0, TiO,

perlite TiO, Si0, Fe,0,
perlite TiO, Sio, TiO,*Fe;0,
perlite TiO, Si0, (S1,Sb)0,
perlite (Sn,Sb)0, Sio, TiO,

perlite Fe,04 Si0, (S1,Sb)0,
perlite TiO,*Fe,0, Si0, TiO,*Fe,0,
perlite TiO, Si0, MoS,
perlite TiO, Si0, Cr,04
perlite Cr,04 Si0, TiO,

perlite Fe,04 Sio, TiO,

perlite TiO, ALO;  TiO,

perlite Fe,TiOs Si0, TiO,

perlite TiO, Si0, Fe,TiO5/TiO,
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-continued
perlite TiO suboxides Si0, TiO suboxides
perlite TiO, Si0, TiO,/Si04/TiO, + Prussian Blue
perlite TiO, Si0, TiO,/8i05/TIO,
peflite  TIO,SIO,TIO, Si0,  TiOySi0,/TIO,,

wherein tin dioxide can be deposited before titanium dioxide.

9. The pigment according to claim 1, wherein the perlite
core has an Fe,O, content of less than 2%, especially 0%.

10. The pigment according to claim 1, comprising a mixed
layer of Al,O,/TiO,, or MgO/TiO,, or a dielectric layer/a
metal layer/a dielectric layer.

11. The pigment according to claim 1, wherein the perlite
flakes have an average thickness of <2 um, especially of from
200 to 1000 nm, very especially from 200 to 600 nm.

12. A pigment mixture, comprising two different compo-
nents A and B, wherein

component A is the pigment according to claim 1, and

component B is an organic, inorganic pigment, or an effect

pigment.
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13. A process for producing the interference pigment
according to claim 1, by coating perlite flakes, which does not
contain 3D twin structure particles in an amount of greater
than 5% by weight, with one or more metal oxides in a wet
process by hydrolysis of the corresponding water-soluble
metal compounds, by separating, drying and optionally cal-
cinating the pigment thus obtained, or

by suspending perlite flakes in an aqueous and/or organic

solvent containing medium in the presence of a metal
compound and depositing the metal compound onto per-
lite flakes by addition of a reducing agent.

14. A method of using the pigments according to claim 1 in
paints, ink-jet printing, for dyeing textiles, for pigmenting
coatings, printing inks, plastics, cosmetics, glazes for ceram-
ics and glass.

15. Paints, printing inks, plastics, cosmetics, ceramics and

glass, which are pigmented with a pigment according to claim
1.
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