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Abstract The presented review will introduce the use
of effect pigments as a powerful tool for the function-
alization of textiles. This review starts with a short
introduction on the basics of effect pigments and their
properties. Subsequently, some principles of effect
pigment application onto textiles and the interaction of
pigment to binder systems are reported. Different
possible functionalizations realized on textiles are
presented. Four main types of application are dis-
cussed: optical properties, electrical properties, barrier
coatings, and antimicrobial applications. Also a view of
some prospective anisotropic materials is given. Alto-
gether it is shown that the application of effect
pigments can be a powerful tool to realize functional
textiles for a broad range of applications in different
fields.
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Introduction

Effect pigments are originally used to gain special
optical effects of color and light reflectivity. The high
reflectivity of effect pigments is related to their
anisotropic plain shape, which is probably the main
difference from ordinary pigments containing isotropic
spherical shape. This anisotropic pigments can act like
a mirror for light, which is reflected by those little
mirrors directly back into the direction of origin
(Scheme 1).1–4 Effect pigments are also named as
high-performance pigments; however, the term ‘‘high-
performance pigment’’ is used for many different types
of organic and inorganic pigments supporting advan-
tageous material properties.5 Besides the shape, the
surface composition of the effect pigments and their
interaction with the surrounding medium are impor-
tant parameters influencing the color properties. Also
the influence of pigment surface composition, embed-
ding into the coating or scattering effects, is discussed
as having an influence on the optical properties and
effects of those special pigments.6 Classically, such
effect pigments are used to introduce special optical
effects on several different substrates, such as metal
(e.g., in the automotive sector) or plastics.7,8 Also, the
use of effect pigments to improve the quality of
specialty papers for printing applications is reported.9

In contrast to application on these substrates, the
application as coatings onto textiles is a less prominent
one. Also rather new is the fact that the advantageous
optical effects are not the primary focus for function-
alization of textiles by effect pigments. In recent years,
also other applications like electric conductive textiles,
EMI-shielding, antimicrobial properties, or barrier
coatings on textiles were reported.10–12 The aim of this
review is mainly the summary of those useful func-
tional applications attainable by effect pigment coat-
ings on textiles. This review supports that topic with an
adequate literature overview and discussion which are
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supported by experimental examples and a summary of
some pigment and coatings properties. Besides this,
some physical and chemical background information is
provided to give a framework for the understanding of
those functional effects.

Pigments and properties

Overview on some available pigments

Of course, there are nearly hundreds of different effect
pigments commercialized by several companies world-

wide, as, for example, Sun Chemical (USA) with
SpectraFlexTM pigments, BASF (Germany) with Lu-
minaTM pigments, Merck (Germany) with IriotecTM

pigments, and Eckart (Germany) with ShinedecorTM

pigments.1,13–19 The large amount of different pigments
offered is related to the large variety of different color
shades demanded by the customer. From this broad
variety of different products, only few materials can be
taken into account in the frame of such a review paper.
A summary of several pigments is given in Table 1.
Table 1 reports the pigment name and the main
content as given by the supplier and also the type of
preparation. The preparation can be as powder or as
ready-to-use paste. The pastes are mostly water-based
dispersions of the pigments and are ready-to-use
systems quite comfortable during preparation of a
coating paste of pigment and binder formulation for
textile application. However, the use of pigment
powders has the advantage that higher pigment con-
centrations can be easily realized in the final coating.
Furthermore, Table 1 summarizes the color of the
pigments as they are supplied. However, the final
coloration of the coating applied on the textile could be
different due to influences of the binder or textile. In
general, it is helpful to distinguish effect pigments into
two different categories. These categories are metal
effect pigments and pearlescent effect pigments, which
are built up by metal oxides or semimetal oxides.
Pearlescent effect pigments built from semimetal oxide
materials like mica, ceroxide, iron oxides, or titania
could be also summarized under the term ‘‘mineral
effect pigments.’’1,7,20–25 For metal pigments, mainly
three types of pigments are listed in Table 1, with the
first being pigments from copper or copper alloy, which
are often also named gold bronze pigments. These
systems are mainly used to gain special visible optical

Plain

Polygon/crystallineSpherical

Scheme 1: Simple view—how the pigment geometry can
determine the reflection of light

Table 1: Overview and examples of some effect pigments

Type Name Content Preparation Color Source

Metal pigment Standart Kupferpulver 3000 Copper Powder Red Eckart
eConduct 042500 Silver-coated copper Powder Slightly red Eckart
eConduct 421000 Silver-coated copper Powder Slightly red Eckart
Shinedecor 3500 Aluminum flake Paste White Eckart
Shinedecor 5000 Aluminum flake Paste White Eckart
Shinedecor 9350 Gold bronze Paste Red Eckart
Shinedecor 9355 Gold bronze Paste Yellow Eckart
STAPA Hydroxal W50 Aluminum flake Paste White Eckart
Texmed5000 Aluminum flake Paste White Eckart
StaySteel 316L Steel flake Powder Gray Eckart
Stapa IL Ferricon Iron flake Paste Gray Eckart

Inorganic oxide pigment Luxan D393 Glass flake Powder Yellow Eckart
Iriodin 303 Bronze Powder Red Merck
symicB001 Powder White Eckart
Iriotec 9875 Powder White Merck
Iriotec 9880 Powder White Merck

Combination of metal and inorganic
oxide pigment

VP 66610/G Silver-coated glass Powder White Eckart
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effects. The second are copper pigments with a silver
coating (distributed also under the brand name ‘‘econ-
duct’’) originally developed to realize electrically
conductive coatings. And the third, aluminum pig-
ments which are also related to the application of IR-
light reflective coatings. An overview on the topogra-
phy of some listed metal effect pigments is given in
Fig. 1. All shown SEM-images were recorded with a

Tabletop TM3000 from Hitachi. It is clearly seen that
the lateral dimensions of the metal pigments range up
to several micrometers in diameter, up to diameters of
more than 60 lm determined for the aluminum
pigment Texmed5000, which exhibits the so-called
silver-dollar structure. Other gold bronze pigments
contain the ‘‘cornflake’’ structure. The type of pigment
particle structure is determined by the production

x x
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Fig. 1: Overview of some metallic effect pigments; the SEM-images are recorded in a magnification of 31000
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process of metal pigments.1 In contrast to this, the
morphology of the metal oxide pigments is reminiscent
of pieces of broken glass or small crystals with sizes in
micrometer scale (Fig. 2). Besides these two groups of
metal and metal oxide pigments, a third type could also
be named. This type can be understood from a material
point of view as a mixture in the middle of metal
pigment and pearlescent pigment. This third type
consists of metal oxide core or flake coated with a
very thin metal layer.26–28 One example is a glass flake
coated with thin silver layer (Table 1) (Fig. 3). An
image from a scanning electron microscope gives an
impressive view of the small thickness of this pigment
and the even smaller silver coating places on it (Fig. 4).
The edge of the imaged pigment is damaged, so the
brighter silver coating can be distinguished from the
main body of the coated glass flake (Fig. 4). The
elementary composition of pigments listed in Table 1 is
given in the following Tables 2, 3, and 4. The reported
composition is the surface composition determined by
EDS-measurement using a Quantax EDS unit from
Bruker which is attached to the scanning electron
microscope used. By EDS-measurements, mainly the
chemical elements near to the pigment surface are
detected and quantitatively recorded. Elements with
low content <0.5 wt% are not recorded as well as
hydrogen. From EDS, it is clearly seen that the metal
pigments contain one main metal component as well as
smaller amounts of other metal, semimetals, and
nonmetals. These additional elements are probably
the result from stabilization agents on pigment sur-
faces, residues from the pigment paste, or the result of
oxidative processes.

Pigment surfaces

In contrast to macroscopic scaled bodies, smaller
microscopic pigments exhibit a larger surface area
compared to the volume of the pigment. For this,
surface effects are more important for the material
properties of microscopic particles compared to macro-
scopic bodies. This statement can be described in more
detail by the simple view of geometric bodies. The
surface-to-volume ratio RS increases with the de-
creased size of the pigment. For spherical pigments,
this ratio RS can be calculated as the function of the
pigment diameter d by the following formula:

RS ¼
surface; sphere

volume; sphere
¼ pd2

p=6d
3
¼ 6

d
ð1Þ

RS decreases linearly with increasing diameter d, so for
larger pigments, surface effects become less important
compared to smaller pigments. Compared with spheri-
cal isotropic pigments, anisotropic plain pigments like
the effect pigments contain an even higher surface
compared to their volume. In rough estimation, an
anisotropic plain pigment can be described as a

cylinder, where the diameter of the cylinder is much
larger compared to its height. The shape of aluminum
pigments Texmed5000 and Shinedecor3500 can be

x µ

x
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µ
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Fig. 2: Overview of some metal oxide effect pigments; the
SEM-images are recorded in a magnification of 31000
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compared for this in Fig. 1. The ratio of surface to
volume for a cylinder RC is given by the following
equation:

RC ¼ surface; cylinder

volume; cylinder
¼ 2pr r þ hð Þ

pr2h
¼ 2r r þ hð Þ

r2h
ð2Þ

In this equation r is the radius in the cylinder cycle,
while h is the height of the cylinder. Usually for effect
pigments, this radius r is significantly larger compared
to the height h (e.g., 100 r = 1 h). For this, equation (2) T
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Fig. 4: SEM-image of silver-coated glass pigment VP
66610/G; the SEM-image is recorded at a magnification of
34000. The presence of silver coating on top of the glass
pigment is impressively detected by damages of this
coating, especially at the edges of the pigment

x µ

Fig. 3: SEM-image of silver-coated glass pigment VP
66610/G; the SEM-image is recorded at a magnification of
3400. The anisotropic pigment shape is clearly seen
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can be roughly simplified to equation (3), which
indicates that the size of the effect pigment does not
have an influence on the surface/volume ratio. Only the
height has an influence. However, this height should be
as low as possible in the anisotropic pigment.

RC � 2

h
ð3Þ

For this, even for plain pigments with diameters of
20 lm or more, the surface is of high importance, even
more important than with spherical pigments contain-
ing the same dimensions. Besides shape and elemental
composition, the surface of the effect pigments has an
important influence on the pigment properties. For
pearlescent pigments, the surface composition has a
direct influence on the pigment color, e.g., by interfer-
ence effects.3 In the case of metal pigments, the high
surface area is a disadvantage in that it promotes the
corrosion of the metal pigments by oxidation with air.
This corrosion mainly takes place on metal pigments

built up from metals which are not noble metals. This
corrosion of the pigment surface is mostly disadvanta-
geous as, for example, the color change of red copper
materials toward dark black coloration by transfer of
red copper to black copper oxide occurs on the particle
surface. This color change is obviously observed by
everyone when they look at old and new copper coins
and compare their color shade. Impressively, this can
be depicted by the view of an old German Pfennig
(from 1967) and a new EuroCent (from 2011) (Fig. 5).
These copper coins are in this case an ideal macro-
scopic model system for the microscopic copper
containing effect pigments, because the coins are of
analogous shape and elementary composition. To
prevent this color change, often a protective coating
is applied on metal pigments.29 This coating can be an
organic polymer. Also, metalorganic polymers or
silicon oxide can be found as protective layers. It is
possible to use a more noble metal for anticorrosive
coating of an effect pigment, e.g., a silver layer.
However, such a silver layer will have an influence
on the color properties of the pigment. For this, such
type of coating is not possible, if the main application is
the optical effect, as it is in the case with gold bronze
pigments.

Pigment behavior in binder recipe and pigment
orientation

For application onto textile surfaces, effect pigments
cannot be applied alone, because the adhesion of
pigment to the textiles surface is not sufficiently high.
For this, a binder is necessary to fix the pigment onto
the textile properly. Through this combined applica-
tion of binder and pigment as one coating system,
several new parameters influencing the final coating

Table 3: Overview of elementary surface composition of some inorganic oxide effect pigments, determination by
EDS method, only chemical elements with a content of >0.5% and from the 3 period or higher are recorded

Pigment Na (wt%) Al (wt%) Ca (wt%) Mg (wt%) Fe (wt%) Ti (wt%) K (wt%) Ge (wt%) Si (wt%)

D393 3.8 ± 0.2 1.1 ± 0.1 1.0 ± 0.1 0.5 ± 0.1 8.1 ± 0.2 6.3 ± 0.2 1.3 ± 0.1 – 21.4 ± 1.1
Iriodin 303 Bronze 0.4 ± 0.1 9.7 ± 0.5 – – 20.5 ± 0.7 0.1 ± 0.1 4.3 ± 0.2 – 10.4 ± 0.5
symicB001 – 3.4 ± 0.2 – 8.7 ± 0.5 – 18.7 ± 0.5 5.0 ± 0.2 – 10.4 ± 0.4
Iriotec 9875 0.4 ± 0.1 5.9 ± 0.3 – – 0.4 ± 0.1 32.2 ± 1.0 2.8 ± 0.1 – 6.5 ± 0.3
Iriotec 9880 – 8.1 ± 0.4 – – 0.4 ± 0.1 28.9 ± 0.9 2.9 ± 0.1 0.2 ± 0.1 9.1 ± 0.4

Table 4: Overview of elementary surface composition of a silver-coated inorganic oxide effect pigment, determi-
nation by EDS method, only chemical elements with a content of >0.5% and from the 3 period or higher are recorded

Pigment Ag (wt%) Na (wt%) Al (wt%) Ca (wt%) Mg (wt%) Fe (wt%) Ti (wt%) Si (wt%)

VP 66610/G 30.3 ± 0.9 4.1 ± 0.3 1.5 ± 0.1 1.2 ± 0.1 0.5 ± 0.1 1.0 ± 0.1 0.8 ± 0.1 28.2 ± 1.1

Fig. 5: Corrosion on copper coins as macroscopic model
system for copper effect pigments, left: German Pfennig
from 1967 and right: EuroCent from 2011
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properties have to be taken into account. These
parameters can mainly be separated into the pigment
behavior in the binder-containing coating recipe and
the pigment properties in the final coating on the
textile. The coating recipe containing binder and
pigment has to be homogeneous and stable for a
certain period of time to guarantee the application of
regular and homogeneous coatings. The stability of
such a dispersion is not natural, because the large
pigment has a tendency to separate from precipitation.
For this, the coating recipe could be understood as a
metastable system which is stabilized for a certain
duration long enough for the application process.
However, the duration of use of such a recipe is not
endless. Examples for pigment recipes after the occu-
rance of precipitation are presented in Fig. 6. In that
example, the used pigment and the binder system are
indigestible. This situation can be solved by changing
the used binder system or by adding stabilizers or
components that increase the viscosity of the coating
recipe. Figure 6 presents another case of a failed
coating recipe. In that case, the binder recipe is
reacting with the pigments by oxidation. This phe-
nomenon occurs mainly with metal effect pigments
which are sensitive to oxidative processes. Due to the
high surface area of the metal pigments, the tendency
for oxidation is quite high. In the case presented in
Fig. 6, the oxidation of the aluminum metal pigment
leads to a change in coloration of the silver-shining
aluminum pigment into dark coloration. This color
change probably results from the surface oxidation of
the metal pigment and is, of course, absolutely
unwanted in a coating recipe. One parameter signifi-
cantly influencing this oxidation behavior is the solvent
composition and the pH value of the binder system.
Aqueous binder systems exhibiting strong alkaline or
acidic conditions can lead to a reaction of metal effect
pigments with water, resulting in the formation of
metal hydroxide and hydrogen. An example shown is

the reaction below for magnesium Mg as an alkaline
earth metal of the second column.

Mg þ 2H2O ! Mg OHð Þ2þH2 "

This reaction occurs with higher preference for less
noble metals, as, e.g., aluminum. In addition to the
decomposition of the pigment, the formation of
hydrogen as explosive gas is here a point of concern.
Metal pigments with protective coating on their surface
could be stabilized against such a reaction.30 An
interesting approach for aluminum pigment is the
silica encapsulation realized by the sol–gel process,
which enables similar stability and optical properties as
gained with chromate-passivated pigment types.31 If
such a stabilization is not possible, the change to an
aqueous binder system with neutral pH of 7 or at least

Fig. 6: Examples of failed binder/pigment recipes. Left with precipitation of pigments/right with oxidation of pigments

Fig. 7: Example of disadvantageous formation of air bub-
bles in the paste prepared by combination of binder and
copper containing effect pigment
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to a nonaqueous binder system is necessary. A further
unwanted recipe feature is the formation of air bubbles
(Fig. 7). Such a formation of bubbles can result from
the stirring of pigment paste into the binder recipe and
will lead in the case of coating application to an
irregular coating formation including holes in the
coating. However, such formed bubbles can be easily
removed from the coating recipe by ultrasonic
treatment or intensive stirring after recipe
formulation. By using such kinds of treatments, a
change in the coating recipe composition will be
obsolete. After coating application, two parameters
are especially important, if the behavior of the pigment
in the coating layer has to be described. First, this is the
concentration of the pigment in the coating (also named
the filling rate or filling grade). Second, this is the
orientation of the anisotropic pigment in the coating. In
the case of functionalization of a textile by use of effect
pigments, the intensity of gained functional effect is
directly correlated with the amount of applied pigment.
This applied amount of pigment is determined by the
parameters—pigment concentration in the coating and
the coating thickness on the textile. However, with
increasing pigment concentration, the stability of the
coating is reduced, leading to a reduction in adhesion of
coating to the textile substrate, if pigments are applied
in high concentrations. Often such deadhesive effects
occur with pigment concentration of >20 wt% in the
binder recipe. For practical application, deadhesive
effects lead to a low abrasion stability or low washing
stability of the coating on a textile substrate. Besides
high pigment concentration in the coating, a high
coating thickness can lead to detrimental properties.
Usually with coating thickness, the flexibility of the
material is decreased and the textile properties get lost.
In addition to the flexibility, the air permeability is
reduced, so the comfort properties of the coated
materials are reduced. Besides less advantageous
properties of materials with high coating thickness,
another point is that with increasing coating thickness
the stability of the coating itself could also be
decreased. This means that the adhesion of coating to
substrate can be reduced and crack formation in the
coating can occur, if the coating has a certain thickness.
These statements concerning the limited pigment
concentration in the coating and the coating thickness
are in fact valid for every type of pigment-containing
coating on textile substrates and are not limited or
special only for effect pigments. An issue that is typical
for effect pigment-containing coatings is the orientation
of the effect pigments in the final coating. Due to the
fact that the effect pigments are of anisotropic shape,
their orientation in a coating directly influences the
optical properties of the final coating.32 As an example,
the influence of pigment orientation on the reflection
properties of effect pigment coating is depicted in
Scheme 2. While a horizontally orientated pigment
leads to direct reflection, a less ordered or diagonal
pigment orientation leads to reflection in various
directions and minimizes the desired optical effect.

During the drying process after application of the
pigment paste onto the substrate, a kind of self-
orientation can lead to a horizontal orientation of the
effect pigments inside the coating (Scheme 3).32 The
driving force for this self-orientation is the shrinkage of
the applied coating during the drying, because of the
evaporation of water or other solvent. During the
shrinkage of the coating, the effect pigment is forced to
lay down on the substrate, and by this, a horizontal
pigment orientation results. However, this picture is
simplified and valid only for coatings onto flat
substrates. Nevertheless, most textile substrates have
a very rough surface, and by this, the orientation of the
applied effect pigment can be significantly influenced.
Schematically, this is also depicted in Scheme 4, and
mainly two types of orientations could be distinguished.
Pigments are placed in the area between the yarns with
a more vertical orientation and pigments on top of the
yarns with a more horizontal orientation. The areas
between the yarns can be filled by using a kind of
precoating or base coating without pigments. A
subsequently applied coating with effect pigments will

Substrate

Substrate

Drying and 
Condensation of
Binder layer

Scheme 3: Influence of drying and condensation of the
binder layer on the orientation of anisotropic pigments in
the coating

Substrate Substrate

Scheme 2: Influence of pigment orientation on the reflection
properties of effect pigment coating. Left: horizontal pigment
orientation leads to direct reflection; right: a diagonal pigment
orientation leads to reflection in various directions

J. Coat. Technol. Res., 14 (1) 35–55, 2017

42



then gain a more horizontal orientation of the effect
pigments (Scheme 5).

Functionalization on textiles

Possible functionalization of textiles by use of effect
pigment coatings could be best described if the
acquired functions are roughly separated into four
main fields: optical application, electrical properties,
barrier coatings, and antimicrobial coatings. Following
this schematic separation, these four fields are de-
scribed in the four following sections. In addition, two
short sections will discuss the possible flame-retardant
properties and introduce some other plate-like mate-
rials with prospective applications on textile coatings,
possibly leading to promising products in the future.

Optical properties

Functionalization related to optical properties summa-
rizes all types of functions which influence the inter-
action of the coated samples with different kinds of
light. Besides visible light, this is also valid for infrared
light (IR-light) and ultraviolet light (UV-light).

Optical effects

This section on optical effects is related to the
interaction of effect pigments with visible light. Usu-
ally, visible light (VIS) summarizes electromagnetic
radiation with wavelengths from 400 nm (violet) to

800 nm (red). This is the traditional field of application
of effect pigments and is also of importance in the case
of coatings on textile substrates. With optical effects on
textile substrates and clothing, usually elements of
clothing design are summarized. On textiles, applied
effect pigments transfer a high reflective property to
the textile material, which can lead to metallic-like or
glitter effect textile fabrics. As an example, Fig. 8
demonstrates the strong reflection effect gained on a
polyester fabric after application of an effect pigment
coating. The effect pigments used are gold bronze
pigments leading to a red copper metallic appearance
of the treated fabric. Figure 8 is recorded by using an
optical light microscope in an on-light arrangement. In
this arrangement, light is set on the sample and the
reflected light is detected. By this, the high reflectivity
of the horizontally arranged metal effect pigments can
be impressively presented. It is clearly seen that effect
pigments arranged like this are acting like little mirrors
reflecting the light directly back into the detector of the
optical microscope. Also, the pigments deposited
diagonally or vertically in the areas between the yarns
are observed as dark red areas. However, these
diagonally arranged effect pigments do not reflect the
light directly back into the detector of the microscope.
This example also shows that textile surfaces contain
an inherent roughness and the arrangement of plain
effect pigments is not automatic in a horizontal
position. This optical effect reached is of course no
technical functionalization of the textile material, but is
a well-known commercialized application leading to
added value for the customer. An example of an
optical effect realized by printing with effect pigments
are jeans with a gold glitter effect. This glitter effect is

Scheme 5: Horizontal orientation of effect pigments in a coating onto textile substrate that is pretreated with a base
coating

Scheme 4: Influence of textile structure on the orientation of effect pigments in a coating
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also named sparkle effect and is realized in this
example by the application of the pigment Lux-
anD393TM (Eckart) which is described as glass flake
(Tables 1, 2).33 This pigment contains silicon dioxide
and components of titanium oxide and iron oxide.

UV-protection

Natural UV-light from sun or artificial UV-light
emitted from lamps condenses radiation with a wave-
length smaller than 400 nm and a photoenergy higher
than visible light. UV-light occurring in daily life as
terrestrial sunlight usually does not exhibit wave-
lengths below 290 nm.34 Besides the occurrence in
the natural sunlight, UV-light is also part of artificial
light emitted in households and technical applica-
tions.35,36 UV-light is not visible by the human eye, but
is quite useful for some analytical issues and industrial
processes. Examples for such processes are identifica-
tion of bank notes by UV-light or the initiation of
photocatalytic processes.37,38 Nevertheless, the expo-
sure to UV-light can damage human skin by sunburn
and cause DNA damage and skin cancer.39,40 Through
exposure to UV-light, significant damage to the human
eye is also possible.41 With this background, the
protection against UV-light is of great importance.
Textiles that absorb UV-light could be a part of a UV-
protection concept. Applications are found in clothes,
workwear, home textiles, or sun-screening textiles.42,43

An ideal UV-absorbing material would absorb UV-
light to k < 400 nm completely, while it exhibits no
absorption for visible light k > 400 nm. Thus, the UV-
protection is optimal and the color properties are not
changed if the UV-absorber is added. Of course, such
an ideal absorption curve cannot be realized accu-
rately, and most UV-absorbers will also lead to color
changes of the substrates on which they are applied.44

A quite common example is the use of the natural

compound melanin as a UV-absorbing pigment for
introduction in different types of UV-protective mate-
rials. This melanin exhibits an excellent absorption of
UV-radiation but also an absorption of visible light,
leading to a significant coloration of the melanin-
containing materials.45 By coating textiles with effect
pigments, the transmission of those textiles against
UV-radiation can be significantly reduced, allowing the
UV-protective function to be realized. The decrease in
UV-transmission can be caused mainly by two pro-
cesses: (1) increased reflection or (2) increased absorp-
tion of UV-light by the applied pigments. Figure 9
shows SEM-images of an open polyester fabric with
polyurethane coating containing aluminum effect pig-
ment (Shinedecor IR 5000). On the sample presented
on top, the coating process is performed once and the
sample shown below is coated twice. These SEM-
images show very well that the free areas between the
polyester yarns are filled with the binder and the metal
effect pigment is deposited there in a horizontal
arrangement. Therefore, the open structure of the
polyester can be closed with a composition of binder
and metal effect pigments. The corresponding UV/Vis
transmission and reflection spectra for the uncoated
polyester fabric and the fabrics after coating are
presented in Fig. 10. The uncoated polyester fabric is
nearly fully transparent for visible light and UV-light;
also the reflection of light is less than 10%. Compared
to the uncoated polyester, it can be clearly seen that
the amount of UV-light transmitted can be significantly
reduced by such a metal effect pigment coating. Also,
the coating thickness is directly related to the decrease
in UV-transmission and the increase in the reflection of
light. Nevertheless, it has to be stated that only for UV-
light with wavelength less than 300 nm, can a full
protection with 0% UV-transmission be reached. In
the UV-range 300–400 nm, the decrease in UV-trans-
mission is mainly based on the light reflection of the
aluminum effect pigments. At wavelengths below
300 nm, the reflection as well as the absorption of the
effect pigments and the binder composition lead to an
additional decrease in UV-transmission. In conclusion,
for UV-light in the range of 300–400 nm, this coating
system based on aluminum effect pigments cannot
perform a full UV-protection. The ability for UV-
protection of an effect pigment is directly related to the
absorption the pigment and the used binder composi-
tion. The absorption properties are determined by the
material composition of the effect pigment. To solve
this problem and to gain a textile with full UV-
protection up to 400 nm, a combination of the effect
pigment coating with a first applied base coating can be
used. This base coating can be used to apply titanium
dioxide pigments which exhibit a strong UV-absorp-
tion property (Fig. 11). Through this combination of
two different coatings with two different pigment
types, a full UV-protective textile can be realized.
Another approach for realization of UV-protection by
effect pigment coatings on textiles is the application of
mineral pearlescent pigment containing a significant

Fig. 8: Polyester fabric printed with an acrylate binder
containing the pigment Shinedecor 9350; light microscopic
image with back reflection
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amount of titanium dioxide (Fig. 12). This mineral
effect pigment has an absorption edge nearly at
400 nm, which is typical for its titanium dioxide
component and leads to excellent UV-absorption
properties. These pearlescent pigments (here shown
as different IriotecTM types) are, in addition to their
optical properties for visible light, also inherent UV-
absorbers. So, by this coating application, a full UV-
protection to 400 nm can be reached (Fig. 12). For
those coatings with IriotecTM pigments, the transmis-
sion for visible light is still significantly high, so the
gained UV-protective coatings are still transparent for
visible light. By choosing the type of pigment, the color
of the transmitted light can be influenced, so certain
optical color effects can be applied to the textile in
addition to the UV-protection.

IR-protection and heat collection

Infrared light (IR-light) condenses electromagnetic
radiation with wavelengths in the range of 800 nm to
1 mm and is also called heat radiation.46 The IR-light
of wavelengths up to 1400 nm is also known as NIR
(near-IR) or IR-A.46,47 For this, the protection against
IR-light can be also described as protection against
heat. Alternatively, the collection of IR-radiation can
be described as the collection of heat energy. Textiles
with IR manipulative properties can therefore be used
as an ideal tool for heat regulation in buildings. In
principle, for heat regulation in buildings performed by
textile window coverings, two situations described best
as ‘‘summer situation’’ and ‘‘winter situation’’ should
be distinguished. The ‘‘summer’’ situation means a cool

Fig. 9: Open polyester fabric with polyurethane coating
containing aluminum effect pigment (Shinedecor IR 5000).
On the top sample, the coating process is performed once,
and on the sample below, the coating is done twice
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in-room climate is wanted and heat from outdoors has
to be kept out of the building. Here, a reflection of
incoming IR-radiation back to the outdoors is advan-
tageous and could be reached by sun-screening textile
applications. The ‘‘summer’’ situation is related to the
need for high reflectance against IR-radiation leading
to the protection against the heat radiation. The
‘‘winter’’ situation means a room has to be kept warm
even if the outside temperature is cold. In this
situation, the heat produced indoors by humans or
machines has to be kept in the room, e.g., by IR-
reflective materials. However, the protective effect–
cause by IR-reflection is of a general nature and not
only limited to solar heat radiation. Also, protective
applications reflecting IR-radiation from fire are devel-
oped using IR-reflective pigments.48 This is especially
done through a combination of different pigments as
titanium dioxide of rutile type, iron oxide red, and
aluminum flake pigments.48,49 High near-IR-light-re-
flecting materials can be realized by application of
color pigments from mixed metal oxides leading to a
certain cooling effect in the case of exposure to
sunlight. Cooling effect means, in that case, the
material containing that type of IR-reflecting pigments
contains lower temperature in sunlight compared to
the material without those pigments.50 Another impor-
tant aspect of using dyes or pigment with special
absorption properties in the near-IR-range to wave-
lengths up to 1500 nm is the realization of textiles with
camouflage properties working also in the nonvisible
IR area. This is especially of interest in military
applications to gain a certain ‘‘invisibility’’ also for

IR-detecting cameras. For the aim of an IR-camou-
flage, the textile should contain the same IR-reflection
values as the surrounding vegetation or desert area.51

Analogously, IR-active pigments could be used to
realize an IR signature on textile material, e.g., as
quality label or for brand protection.52 An important
overview on industrially used IR-reflective inorganic
pigments is given by Bendiganavale and Malshe.53

Especially mentioned are different types of titanium
oxides, ceramic pigments, mica-coated pigments, and
aluminum pigments. Also of academic interest are
pigments from rare earth molybdates as Y6MoO12,
whose reflection properties can be modified by doping
with silicon and praseodymium.54 These IR-reflective
pigments usually do not absorb IR-light. Instead of
absorption, the IR-light is reflected by the pigments
and one reason for this is the difference in the
refractive index for IR-light of the pigment and the
surrounding binder.55 In addition to the refractive
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properties, the particle size of the pigments is reported
to be an imported parameter. For high reflective
properties, the particle size should be more than half
of the wavelength of the reflected light.53 With this
background, for IR-reflecting pigments, a minimum
size of around 0.5 lm should be a requirement.
However, this requirement is mostly fulfilled by the
anisotropic effect pigments with their large lateral
dimension. Coatings containing metal effect pigments
can significantly influence the IR-reflection–absorption
spectrum of the coated substrate materials.56 By this,
also the transmission properties of the material are
determined and the property for IR-protection is
influenced. The effect of different effect pigment
coatings on textile on the IR-transmission and IR-
reflection is presented in Figs. 10, 11, and 12. These
figures give information on the transmission in the
near-IR area up to 1400 nm and allow a comparison to
the transmission properties for visible light. In fact, it is
clearly seen that by application of aluminum effect
pigment, the transmission and reflection of the textile
for near-IR-light can be significantly reduced and this
decrease is correlated with the amount of applied
aluminum pigments. However, two points have to be
mentioned. First, in comparison with the transmission
for UV-light, the transmission against IR-light is not
completely diminished. The change of the IR-trans-
mission is mainly based on a change in reflection
properties and less influence by the absorption of IR-
light by the effect pigments. Second, in the same range
of decrease of IR-transmission, the transmission for
visible light is also decreased. For this, it is not possible
by this coating system to realize a textile with full
optical transparency for visible light containing simul-
taneously full protection against IR-light. An useful
coating system for such an application is the coating
application with mineral pearlescent pigments (Iriotec
type) (Fig. 12). With these pigments, it is possible to
decrease the IR-transmission more, as compared with
the lesser decrease in transmission for visible light.
These coated textiles contain a certain higher trans-
mittance for visible light compared to IR-light, and for
this, they could be a first step for development of heat-
protective sun-screening textiles which allow the heat
radiation in the summer to be kept out of the building,
but transmit a certain amount of visible light to
illuminate the indoor rooms.

Electric conductivity

Antistatic and conductive coatings

The electric conductivity of textiles is primarily related
to the antistatic and conductive properties of the
textiles. These properties are usually determined by
the electrical surface resistance of the textile. Most
synthetic fibers exhibit a high electrical resistance, so
they are susceptible to a build up of a static electrical
charge.57 Textile surfaces with antistatic properties are

supposed to contain an electrical surface resistance of
<109 Ohm.58 Such surfaces are not statically charge-
able, e.g., by rubbing them onto another material,
because below this surface resistance electrical charges
are not statically built up on the textile. Antistatic
properties of textiles are quite useful for manifold
applications. One issue is the safety reason; often a
static built-up charge is discharged in one moment
together with a spark formation. This spark can lead to
a painful shock but can also lead to the ignition of
explosive gases or dust, so for many fields of textile
application the antistatic property is a significant safety
property.59,60 A second issue of static charging of
textiles is that these textiles tend to soil faster, because
they can electrically attract soil or dust particles to
their surface. For this reason, carpets made of synthetic
fibers are often treated with antistatic finishing agents
to reduce their soiling properties.61 Electrical conduc-
tive textiles exhibit significantly lower surface resis-
tance compared to textiles with antistatic properties.
Besides antistatic application, conductive textiles are
of interest for the preparation of so-called smart
textiles, combining the cloth with computer technology
and for preparation of textiles used for shielding
against radiowaves and microwaves.62–65 Applications
for conductive yarns or textiles can be found as
electrodes for medical applications.66 The conductivity
for electricity of a coating system is related to the
materials incorporated in this coating. For realization
of an antistatic coating, these materials should contain
an intrinsically high conductivity. In the case of effect
pigments, such a conductivity can be expected for
metal effect pigments containing elemental metals of
high conductivity, such as copper or silver. This
statement is valid for pure metal effect pigments but
also for pigments containing a core of glass and a
coating of elemental silver. An advantage for produc-
tion of conductive coating is the anisotropic shape of
effect pigments leading to a conductive pathway
horizontally to the coated surface.10 Antistatic proper-
ties can be easily realized on textiles by application of
metal pigment-containing coatings, since, for this
application, only the surface resistance has to be
reduced to values <109 Ohm. This reduction can be
reached with many different types of metal pigment,
even from steel, gold bronze, copper, or silver pigment,
in lower concentration. To realize a conductive textile
by an effect pigment coating is in fact not that simple.
For high conductivity, a higher concentration of
pigment in the coating of >10 wt% is necessary and
not every metal pigment is of the same effectiveness.
Most metal effect pigments are coated to prevent the
corrosion of the pigments’ surface.29 However, such a
protective coating can also act as an electrical isolator,
so the electron transport from a conductive copper
pigment to the next pigment can be hindered. In fact,
this is one reason why most gold bronze pigments are
not useful for the realization of electric conductive
coatings onto textiles.12 For such conductive coatings,
pigments from silver or silver-coated pigments are a

J. Coat. Technol. Res., 14 (1) 35–55, 2017

47



good choice. Silver as a noble metal does not need a
corrosion protective coating, so there is no insulating
layer preventing the electron transport between con-
nected silver pigment surfaces. Prominent examples for
this type of pigments are econduct pigments as listed in
Tables 1 and 2. This type of pigment contains a copper
core and a silver coating. To realize electrically
conductive coatings, it is also an effective method to
combine metal effect pigments with intrinsically con-
ductive polymers. Some examples of such coatings and
their electrical resistances are summarized in Table 5.
As conductive polymers, polyaniline (PANI) or
poly(3,4-ethylenedioxythiophene) (PEDOT–PSS) is
combined with different effect pigments of econduct
type. It is clearly seen that the presence of the
conductive polymers can lead to a significant reduction
in electrical resistance of the samples. Another signif-
icant influence is related to the lateral size of the
anisotropic econduct pigments. A larger lateral pig-
ment size can also support the conductivity of the
realized coatings.

EMI-shielding

EMI-shielding is often understood as the shielding
from electromagnetic radiation or electromagnetic
pollution.67 However, this definition is not exact
enough, because the term electromagnetic radiation
usually summarizes the whole spectrum from X-ray to
radiowaves. The EMI-shielding is mainly related to the
part of the full electromagnetic spectrum containing
microwaves and radiowaves. These types of radiation
have low frequency and for this also low quantum
energy. The source of those types of radiation is mainly
electrical devices used daily in modern life, such as
wireless networks or microwave ovens in the house-
hold.68,69 Another interesting issue for shielding is the
shielding of mobile phones:68 first, to be protected from
such radiation, and second, to keep your anonymity by
placement of the mobile phone in a pocket made of the
shielding material. Conductive textile materials as
electromagnetic shield in physiotherapy are also men-
tioned.70 Due to the increasing occurrence of such

radiation, it is also summarized under the buzzword
‘‘electromagnetic pollution.’’ The designation ‘‘elec-
tromagnetic pollution’’ leads to a negative image of
such radiation, implying a potential health risk for
humans. Some studies on potential health risks are
published; however, the intensity and the processes
behind them today are not fully understood.71,72

Nevertheless, a material like a coated textile capable
of EMI-shielding is demanded by several customers
and is therefore attractive for commercialization. An
additional important application is the camouflage in
the military sector. Clothes absorbing electromagnetic
radiation in the radar range could be a useful tool to
hide acting persons and soldiers.73,74 The electrical
conductivity of a material is related to its property to
shield ‘‘electromagnetic pollution.’’75 For this, metal
effect coatings with high conductivity can be used to
prepare textiles with EMI-shielding properties. As
reported by Topp et al.,10 polymer coatings containing
silver-coated copper-based effect pigments (econduct
type) exhibit a strong shielding effect for radiation in
the range of 6.5–15 GHz. To gain such significant
shielding effects of more than 30 db, coatings of high
pigment concentration (10–20%) and a thickness of
100–200 lm are needed. As a product example, Fig. 13
shows photographs of pockets useful for protecting a
credit card or mobile phone. Those products are
prepared from cotton fabrics coated with an acrylate
binder system containing effect pigments of econduct
type. Besides conductive materials, also several types
of metal oxide nanocomposites are reported to be able
to improve EMI-shielding properties and to manipu-
late the EMI-reflection.76–80 The EMI-reflection of
wool can be significantly improved by a zirconium
oxide nanocomposite treatment. However, compared
to the above-mentioned metallic effect pigments, the
influence of the zirconia material is strongly related to
the frequency of the applied radiation showing maxima
in reflection for frequencies around 5.7 and 7.2 GHz.76

The EMI-reflection can be also influenced by clay
nanomaterials, but the doping of the clay with alu-
minum or iron reduces that influence.77,78 In contrast to
this, modification with silver nanoparticles in a silver/
silica/kaolinite nanocomposite can improve the EMI-

Table 5: Electrical surface resistance of polymer films containing different conductive polymers and effect pigments
of econduct type with different particle size distribution

Addition of conductive polymer Binder system Particle size of econduct pigment

4 lm 12 lm 42 lm

No addition Acrylate 1 9 107 X 8 9 103 X 9 9 104 X
Polyurethane 3 9 106 X 1 9 103 X 9 9 104 X

PANI Acrylate 1 9 104 X 1 9 101 X 1 9 102 X
Polyurethane 2 9 104 X 5 9 101 X 1 9 102 X

PEDOT:PSS Acrylate 3 9 104 X 6 9 100 X 1 9 102 X
Polyurethane 1 9 104 X 4 9 101 X 2 9 102 X

The particle size distribution is given as average value by the pigment supplier
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shielding properties compared to an untreated silica/
kaolinite material.79 The application of those silica/
kaolinite nanocomposites for textile treatment is also
reported.80

Barrier coatings

The use of effect pigments for preparation of barrier
coatings is directly related to their anisotropic shape,
because the point of barrier formation is mainly a
geometrical issue. Other factors such as pigment
composition and surface composition of the pigment
are less relevant to this type of application. This is one
main difference to the other functionalization reported
in this article. The task of a barrier coating applied on a
substrate is to decrease significantly its permeability

against gases such as air. A common coating based on
an organic polymer or a silicone rubber could contain
pores which enable the transfer of gas molecules
through the coating. By comparison, effect pigments
are of an inorganic nature and usually not permeable
for gases. The incorporation of such inorganic particles
in an organic coating would naturally reduce the air
permeability of the complete coating. However, it
should be clear that for this purpose, anisotropic plane
pigments are more advantageous compared to spher-
ical pigments. This statement is especially valid if the
effect pigments are arranged in the coating in double
or multilayer positions. In that case, a direct transfer of
air is not possible and detours have to be taken to
transfer through the coating.81 The advantage of
anisotropic pigments compared to isotropic pigments
is schematically illustrated in Scheme 6. Also the
difference between single to multilayer arrangement
of effect pigments in barrier coatings is depicted.

Antimicrobial coatings

As it has been known since ancient times, the surface
of several metals can act antimicrobially, which means
these metals are able to inhibit the growth of germs or
even destroy them completely.82 This statement is valid
for bacteria but also for fungi and yeast. The intensity
of the antimicrobial property is individual for every
type of metal, and some metals as, for example, iron do
not exhibit any antimicrobial effect at all. Sometimes
the antimicrobial materials are ranked due to their
antimicrobial properties in the so-called oligodynamic
series.83–86 The effect of metals on bacteria is also
known as oligodynamic effect, which summarizes all
possible effects a metal can have on bacteria. Usually,
it is believed that it is not the pure metal itself that is
the antimicrobially active compound. Instead, active
are the metal ions released from the metal surface into
the surrounding medium.87 Plainly spoken, a metal
particle can be understood as a controlled release
system, discharging small amounts of bactericidal
metal ions. For this, effect pigments containing metals
from the oligodynamic series (mainly copper or
silver) can act as antimicrobial compounds and the
application of them in a coating on textiles leads to

Textile substrateTextile substrate Textile substrate

Scheme 6: Comparison of barrier properties of different pigment-containing coatings on textile substrates; left: coating
with spherical pigments; middle: coating with effect pigment single layer; and right: coating with effect pigment multilayer

Fig. 13: Textile pocket with coating containing metallic
effect pigment for EMI-shielding purposes
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antimicrobially active textile materials.10,11 Antimicro-
bial textiles can be a helpful tool to destroy pathogens
that are resistant to conventional antibiotics. By these
so-called hygiene textiles, the fight against such dan-
gerous pathogens can be supported.88,89 Applications
are reported, for example, for wound healing pur-
poses.90 Another important application is the treat-
ment of atopic dermatitis.91–93 Although this disease is
not originally caused by bacteria, it can be significantly
worsened by secondary infection of the atopic skin;
hence, an antimicrobial textile could help to support
the healing process.

In recent decades, silver nanoparticles were dis-
cussed as special antimicrobial agents, mainly for two
reasons: First, silver is one of the most antibacterially
active metals often used in many examples of textile
products and applications.94,95 Second, the surface-to-
volume ratio of nanoparticles is especially high, so in
relation to larger silver objects, more active Ag+-ions
can be released into the surrounding medium.96,97

However, especially due to the nanoscaled size of the
particles, in public serious concerns are discussed
related to the possible health risks of nanomaterials.
Until now, it has not been fully investigated how
significant these possible health risks which result from
nanoparticles.98,99 However, it is clear that the cus-
tomer can fear the risks of such products and will thus
avoid their use. Metallic effect pigments could be an
attractive alternative material to replace metallic
nanoparticles. On the one hand, metal effect pigments
contain sizes of several micrometers, so they are clearly
not nanosized. On the other hand, they still have a high
surface-to-volume ratio and should for this reason be
an excellent source for releasing antimicrobial metal
ions.

Some experimental results on antimicrobial proper-
ties of effect pigment-containing coatings on polyester
fabrics are summarized in Figs. 14 and 15. As binder,
an acrylate system is used and applied in a thickness of
50 lm with increasing concentration of effect pigment.
Different types of effect pigments based on silver,
copper, iron, or steel are used. The econduct pigment
mentioned is of a copper core and a silver surface. The
antimicrobial effect is determined as a decrease in
bacterial viability of the bacteria Escherichia coli and
Staphylococcus aureus. The testing procedure has
previously been described in detail.100 It is clearly seen
that the bacterial viability is decreased if the concen-
trations of copper- or silver-containing effect pigments
are increased in the coating on the textile. Both metals
are well known for their antimicrobial property, and
this is confirmed by the antibacterial action against
E. coli and S. aureus. Also, the stronger antimicrobial
effect gained with silver pigments compared to the
pure copper pigment is clearly seen. The use of the
iron-containing pigments (steel pigment and ferricon
pigment) does not lead to a decrease in bacterial
viability. The silver-coated copper pigment (econduct)
exhibits an antimicrobial activity in the range of the
pure silver pigment. If these silver-coated effect

pigments are used for antibacterial reasons, only small
amounts of silver are needed compared to pure silver
pigments. Of course, this is of special interest from an
economic and cost efficiency perspective. In the pre-
sented investigations, obviously S. aureus is more
sensitive compared to E.coli, because the viability of
S. aureus is strongly decreased in the presence of the
effect pigment coatings. A certain decrease in bacterial
viability is also observed for the pure binder coating
without any pigment addition. Obviously, the binder
system itself contains a certain antimicrobial property.
A possible explanation for this issue could be the
residues of biocides added to the binder by the supplier
to increase the lifetime of the binder system by
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Fig. 14: Antibacterial effect of pigment-containing acrylate
coatings on polyester. Depicted is the remaining bacterial
viability as a function of pigment concentration in the
coating. The coating thickness is set to 50 lm. On top, the
antimicrobial effect is presented against E. coli bacteria;
below the effect is presented against S. aureus bacteria
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preventing biological contamination. Figure 15 pre-
sents the antibacterial effect of the different effect
pigment coatings on polyester against E.coli bacteria.
Depicted is the remaining bacterial viability as a
function of the thickness of the coating. The pigment
concentration in the coating recipe is set to 20 wt%.
Also with increasing thickness of the effect pigment
coating, the bacterial viability is reduced. By this, it is
shown that not only the surface of the coating is
affecting the bacteria, but also the coating over the
whole thickness has a significant influence and is
probably acting as a controlled release system for
antibacterial metal ions. The coatings containing cop-
per effect pigments presented in Figs. 14 and 15 exhibit
a significant antibacterial activity. However, it has to be
mentioned that for coatings containing copper-based
effect pigments, very different results are reported.11

Here, mainly two influences could be taken into
account. First, copper is often used as an alloy that
contains a certain amount of other metals. Second,
surfaces of copper pigments mostly contain a protec-
tive coating to prevent corrosion on the pigment
surface. The prevention of corrosion could mean in
the same way the prevention of the release of Cu2+ ions
in the surrounding medium. By this prevented release,
the antimicrobial function is reduced in the same way.
Both statements are mainly valid for copper-based
gold bronze pigments, which are developed and mainly
used to gain optical effects. By contrast, their antimi-
crobial effects are less significant. From earlier studies,
little antibacterial activity was reported for coatings
containing aluminum effect pigments.101 Due to the
fact that aluminum is usually not listed in the oligody-
namic series, such an antimicrobial effect should not be
expected. One possible explanation in that case could
be a low content of silver also observed for some
aluminum pigments (Table 1). The reason for the

silver content could be a better surface and corrosion
stability of the aluminum pigments. However, a small
additional effect could be an antimicrobial one, if the
silver is present on the pigment surface.

Fire-resistant coatings

In this section, it will be discussed whether coatings
containing effect pigments are useful in the prepara-
tion of fire-resistant or flame-resistant textiles. To
answer this question, it has to be asked what happens if
the pigments are in contact with fire. In the case of
pigments consisting of different metal oxides, it is clear
they cannot react with oxygen—they cannot burn.
However, a different situation is given for metal effect
pigments, if the metal is significantly not a noble metal.
In particular, fine-dispersed aluminum is known to
react strongly with oxygen. From that point of view, a
coating containing aluminum effect pigments could be
the contrary of a fire-resistant coating. By contrast,
effect pigments consisting of metal oxides could lead to
a certain flame-retardant effect, because they can act as
a nonflammable inorganic shielding material covering
the organic textile fiber. An advantageous approach
could be, for example, the combination of the inor-
ganic pigment with an inorganic binder system. An
inorganic binder system can be, for example, from sol–
gel origin as zirconia sols like isys-MTX are supplied
by CHT. For example, a zirconium oxide nanocom-
posite application on wool is reported to improve the
flame-retardant properties of wool fabrics.76 However,
inorganic coating systems are not supposed to be of the
same effectiveness as commonly used flame-retardant
finishing. Common finishing systems extinguish the fire
not only by barrier effect, but they contain an active
property, such as radical catching, smoke formation, or
the formation of a char layer.102 Another disadvanta-
geous effect possibly occurring after coating of
polyester fabrics should be taken into account.
Polyester fabrics contain a certain inherent flame-
retardant effect, because these polyester fabrics can
withdraw from the flame by melting and shrinking back
from the source of heat. An inorganic coating on a
polyester fabric can hinder such a shrinking behavior
and therefore cause a better flammability of polyester
fabrics.103 For this, an inorganic coating can be
advantageous for cotton fabric but is less advantageous
for PES fabrics with respect to the flammability
properties of the coated textile fabric. To summarize
the discussion above, effect pigment-containing coat-
ings are probably in most cases not an effective means
to realize fire-resistant textiles.

High prospective anisotropic materials

In this section, some microscaled anisotropic-
like materials should be introduced which are not
classically named as effect pigment. However, due to
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their size and shape, they could also be known as
anisotropic microscaled materials or even pigments.

One substance that falls into this category is layered
silicates of the illite type. Such silicates are distributed
as natural sourced products, for example, as Arginotec
by the company Nottenkämper.104 An interesting
property of this material is that it does not swell with
water and the containing cations can be exchanged.
The exchange of sodium cation Na+ by silver or copper
ions (Ag+/Cu2+) leads to a layered silicate material that
carries antimicrobially active metal ions. If this mate-
rial is applied as an additive in a coating onto textiles,
textile fabrics with strong antimicrobial properties can
be realized.105 The silver-loaded layered silicates act
here as a reservoir of a controlled release system,
setting free antimicrobially active silver ions. Of less
activity are systems loaded with Cu2+ or Zn2+ ions,
because of lower biocidal potential of those metal ions.

Another example for anisotropic materials is per-
ovskite crystals grown in plate-like shape.106 For
perovskite structures, different kinds of compositions
are possible as alkali niobates, lead niobates, lead
titanates, or bismuth sodium titanates.106–111 These
anisotropic perovskite materials are reported to con-
tain piezoelectric properties.112 Other interesting prop-
erties such as photoluminescence, ferroelectric and
photocatalytic properties are also reported.108,109,113 It
would be very interesting and could be realized in the
future that by application of perovskite containing
coatings onto textiles, special advantageous textile
materials with outstanding properties can be achieved.
However, one disadvantage should be mentioned,
which limits the way to broad commercial application.
This disadvantage is the content of the heavy metal
lead, which is present in many very effective per-
ovskites but is also known to be of high toxicity. So a
challenge is still the research for a nonlead perovskite
with similar advantageous properties.

Another anisotropic microscopic material is a mod-
ification of graphite, described as natural flake gra-
phite.114 These graphite flakes can occur as platelets of
hexagonal structure or round outlines.114 Due to their
anisotropic shape and the electrical conductivity, these
graphite flakes could be used in a similar way as metal
effect pigments for the realization of conductive
coatings. One example from patent literature is the
use of pulverized graphite platelets for coating prepa-
ration on glass fibers. The electrically insulating glass
fibers can thereby gain a certain fiber surface conduc-
tivity. The use in reinforced composite materials is also
mentioned.115 Graphite is built up by layers of carbon
atoms in hexagonal arrangement. By increasing the
distance of those layers, a modification of graphite is
possible. For natural flake graphite, such a modifica-
tion is reported by an expanding treatment procedure
using acid treatment and heating procedure. From this,
the production of electrically conductive composites
from acrylate and expanded graphite is possible.116

This composite system could be also transferred to
coating applications onto textile surfaces.

Summary and conclusions

An introduction into effect pigments with respect to
their use for textile functionalization is given. Those
pigments could be also understood as anisotropic plain
and microscaled materials. Besides the general intro-
duction into types and properties of effect pigments,
the main focus was to present the possible functions
that could be reached by effect pigment coatings onto
textiles. In addition to the traditional optical effect, it
was shown that effect pigments can be used for
realization of nearly all type of functionalization of
textiles. While the use for fire-retardant functionaliza-
tion seems to be less suitable, main promising examples
discussed are the radiation protection and antimicro-
bial functions. In these fields, useful functional textile
products can be developed by effect pigment coatings.
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