Pearlescent Pigments ADDITIVES
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Effects without Drawbacks
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Special Encapsulation Makes Metallic Effects Inert and Weather-Resistant

Pearlescent pigments produce striking effects in thermoplastics. However, the natural photoactivity of TiO,

influences the stability of the polymer matrix. Unlike off-the-shelf organic stabilizations, the inorganic “Way”

technology significantly reduces the photoactivity of effect pigments, which in turn opens up new design possi-

bilities for plastic products with high UV exposure.

Whether in automobiles, consumer goods or mobile devices, metallic luster is in demand. Organic-coated TiO, pearlescent pigments have been

established in coating systems for many years. Now the trend leans toward mass-dyed plastic components that include new stabilizing additives

(© stock.adobe.com/Surrender)

hoosing a plastic for a particular ap-

plication often requires one to review
countless data sheets and articles. The
plastic must be subsequently altered with
additives such as light stabilizers, impact
modifiers and antioxidants. After this
time-consuming process, why would
anyone add a colorant that could nega-
tively affect the properties of the plastic/

additive system or even cause inade-
quate chemical stability or lightfastness
in the system, which has been so carefully
considered? Of course, one would like to
prevent this, but the influence of a colo-
rant on a finely tuned system is too often
overlooked. Any colorant that is added to
a complex system of plastic and additives
must be as inert as possible in order not
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to create an interaction with undesirable
consequences.

Metallic Effects with Pigments
of High Stability

There are two possible types of additives
for mass-dyed molded parts to create the
metallic effects sought after by the »
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Fig. 1. Scanning electron microscope (SEM) image of a TiO,-based pearlescent pigment (© Merck

KGaA Darmstadt)
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Fig. 2. Comparative tests on dark yellowing with different types of encapsulation. Unlike the

standard pigment on the right, Iriodin 119 Way shows no yellowing after 284 h of exposure to

UV radiation (© Merck KGaA Darmstadt)

automotive, electronics, consumer goods
industries and other markets: metal effect
pigments or layer-substrate effect pig-
ments. In the past, the metal effect pig-
ment industry developed a multitude of
modifications of metallic pigments that
reduce interactions between the metallic
pigments and the plastic/additive sys-
tem. Some modifications work better
than others, but metal effect pigments
have one major drawback: limited color-
ing possibilities in combination with oth-
er colorants owing to the metal particle’s
inherently opaque color. Effect pigments
based on layer-substrate particles are well
known for their “pearlescent effect,” and
allow one to formulate a much broader
color spectrum than with metal effect
pigments.

Figure1 Shows a classic scanning elec-
tron microscope (SEM) image of a TiO,-
based effect pigment. The layer-substrate
combination is essential to the effect of
each effect pigment; shown here is mica
with a TiO, layer. Over many years, the de-
velopment promoted by the automotive
industry has resulted in organic-coated
versions with improved weather and light
resistance in paint systems. Now the
trend is advancing, and painted compo-
nents, for example for the automotive in-
dustry, are being replaced with paint-free,
mass-dyed plastic components. This
saves weight and reduces fuel consump-
tion. In addition, the energy-intensive
drying of the paint during the compo-
nents manufacturing is eliminated and
thus the CO, balance is improved. How-

ever, the weather and light resistance of
these pigments must fulfill the same cri-
teria as for paint finishes.

The organic-coated metal effect pig-
ment versions cannot be used effectively
in thermoplastics because the organic
coating has poor heat resistance at pro-
cess temperatures above 200°C. Similarly,
the organic coating prevents very inade-
quately thermal or photochemical reac-
tions that also might occur. Effect pig-
ments that can withstand temperatures
used in processing plastics are normally
photocatalytically active and therefore re-
act with the entire system in which they
are incorporated. For any colorant, par-
ticularly for metal oxide layer-substrate
pigments, it is especially demanding to
be weather-, light- and heat-resistant as
well as chemically and photochemically
inert. That is why Merck KGaA, Darmstadt,
Germany, has developed the Way tech-
nology. By applying an inorganic, ceramic-
like encapsulation on the pigment sur-
face, it has become possible to provide a
colorant that barely reacts in the added
system. It can be mixed into a finalized
plastic/additive system formulation with-
out subsequent undesirable photocata-
lytic reactions.

Temperature-Stable Pigment
Encapsulation for High Resistance

Way is an acronym for “weathering and
anti-yellowing.” While “yellowing” often
can be attributed to aging and weather-
ing, in the case of titanium dioxide-coat-
ed layer-substrate effect pigments, it is
also a chemical reaction between the
chemically active surface of these effect
pigment types and phenolic groups. This
reaction causes yellowing and occurs in
the absence of light. Therefore, this phe-
nomenon is known as “dark yellowing."
Although surface-treated pigment types
to reduce this phenomenon are available
from a number of manufacturers, their
functionality varies from being virtually
ineffective to significantly suppressing
dark yellowing, as in the case of the sur-
face-modified KU26-grade Iriodin pig-
ments and KU28-grade Miraval pigments.

The dark yellowing effect is caused by
hydroxyl groups on the surface of the
pigment, which in the absence of light,
react with certain phenolic compounds
that are contained in many antioxidants.
These functional OH groups emerge
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during the manufacturing process, and
depending on the manufacturer, can ap-
pear from a minimal to a significant de-
gree. The larger the number of these OH
groups, the more susceptible the pig-
ment is to dark yellowing. Higher require-
ments on the quality of pigments neces-
sitate a lower emergence of such hydro-
xyl groups. However, these OH groups
cannot be completely avoided, and even
with the industry-leading KU26 and KU28
grades, dark yellowing may still occur un-
der extreme circumstances, for example
when the packaged product has a high
butylhydroxytoluene (BHT) content.

In order to avoid this phenomenon as
much as possible, the pigment is encap-
sulated in the Way stabilization, so that
the surface-active OH groups no longer
come into contact with phenols and thus
any reaction is prevented. Figure2 shows
the different degrees of yellowing, de-
pending on the type of encapsulation.

Comparative tests of a standard pigment,
a KU26-grade pigment and a Way-stabi-
lized pigment in the presence of BHT
show absolutely no dark yellowing of the
Way-stabilized pigment (left), reduced
dark yellowing of the KU26-grade pig-
ment (center) and significant dark yellow-
ing of the standard pigment (right), fol-
lowing exposure to UV radiation in the
presence of moisture.

Full Effect due to Robust Stabilization

Another aspect of yellowing triggered by
TiO,-containing effect pigments is the
oxidative degradation through UV radia-
tion of the plastic and the additives con-
tained therein. TiO, is inherently photo-
catalytically active and, if exposed to UV
radiation, can cause yellowing and alter-
ation of physical properties, including po-
tential premature product failure, in a
wide range of plastics. The titanium diox-
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Fig. 3. SEM image of
pearlescent pig-
ments Iriodin 103
(left) and Iriodin 103
Way (right). The new
stabilization does
not disturb the
visual properties of
the pigment (© Merck
KGaA Darmstadt)

ide pigment manufacturers have a broad
spectrum of treated and coated variants
that exhibit high lightfastness and chem-
ical resistance. Almost all of these systems
used by the TiO, pigment industry can-
not be used for layer-substrate effect pig-
ments because they adversely affect the
refractive index of the layer and thus the
color and effect.

According to the current state of
technology, only organic coatings can be
used. However, they do not withstand
standard temperatures during the pro-
cessing of thermoplastics. Way stabiliza-
tion was developed for pearlescent effect
pigments to achieve an equal or better
lightfastness and chemical resistance
than with high-resistant TiO, pigments. In
doing so, the pearlescent effect ought to
be retained and the coating should be re-
sistant to high temperatures. Way stabili-
zation is suitable for all plastics and appli-
cations. Even under the microscope, »
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Fig. 4. Relative photoactivity of different types of encapsulation, which
has a direct impact on the overall system'’s light resistance and is lowest
with the pigment with Way coating (source: Merck KGaA Darmstadt)

Pigment with
Way coating
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Fig. 5. Color change Delta E: Iriodin 6163 Way compared to Iriodin 6163
and a competitor’s pearlescent pigment with organic coating, each
with 1% in PMMA after 5000 h in the sun tester according to DIN EN

ISO 11341 (source: Merck KGaA Darmstadt)
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Fig. 6. Delta E color
change of various
pigments with 1% in
PP, immersed for 35
days in 5% ammonia
solution (source: Merck
KGaA Darmstadt)
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Without IR6163 IR 6163 Way Aluminum
pigment flake pigment
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Bl ey
there is almost no difference in the effect
between the Way version of an effect pig- Permanent 7.07 mm 16.41 mm
ment and its non-Way variant (Fig.3). Elastic 18.94 mm 17.91 mm
Total 26.01 mm 34.31 mm

Proven Functionality and Color Stability

Way stabilization ensures that the visual
metallic effect remains. The secret lies be-
tween the layers and is therefore difficult
to recognize. The consequence is that the
previously known photoactivity of TiO,
based effect pigments is almost com-
pletely eliminated. Figure4 illustrates the
relative photocatalytic activity of a Way-
coated pearlescent pigment compared
to an anatase- and a rutile-TiO,-coated ef-
fect pigment. This photocatalytic activity
is related directly to the light resistance of
the overall system. It can affect the plastic
and any additives possibly used. Also ob-
served were interactions with light stabi-

Table 1. Result of a micromechanical scratch
test to quantify the deformation when
using 1% Iriodin 6163 Way or 1% aluminum
pigment in PP. Conditions: 1000 h in the

sun tester according to DIN EN 1SO 11341
(source: Materials Testing Laboratory of Darmstadt University

of Applied Sciences)

lizers whose effectiveness became re-
duced through the photocatalytic activi-
ty. If effect pigments without Way stabili-
zation are used, the carefully tuned poly-
mer/additive formulation may lose its
balance and affect the long-term stability
of the mechanical properties.

Fig. 7. Microscopic cracks after 400 h in the sun tester according to DIN EN ISO 11341 of Iriodin 6163
Way (left) and aluminum flake pigment (right) with 1% in PP (© Merck KGaA Darmstadt)
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Pigment type Aluminum pigment Way effect pigment

Drop heightin [m] of a 1 kg weight 0.03
Drop speed at impact [m/s] 0.77

Resulting energy [J] 0.29

0.5

313

4.90

Table 2. Results of a drop test to determine the mechanical stability (drop height to material

fracture). Two different PP specimens, respectively with 1% Iriodin 6163 Way or 1% aluminum

pigment were compared after six months of outdoor weathering (source: Materials Testing Laboratory

of Darmstadt University of Applied Sciences)

Tests comparing Way and a corre-
sponding untreated pigment with a
competitive product show significant
differences in lightfastness with regard to
color changes (Delta E). The test shown
in Figure5 was carried out for 5000h on
samples with 1% pigment in polymethyl-
methacrylate (PMMA) according to DIN
EN ISO 11341. Way stabilization does not
only reduce interactions in the com-
pound system and thus improves light-
and colorfastness, it also demonstrates
excellent chemical resistance. In many
applications, contact with reactive mate-
rials may occur. Harmful vehicle emis-
sions contain many reactive substances
that can have a devastating effect on
plastic components in their environ-
ment. Way stabilization makes the whole
system resistant to these harmful sub-
stances and helps maintain color and
physical properties.

Chemically Durably Stable

In order to predict chemical resistance,
polypropylene formulations containing a
Way pigment, a non-Way pigment, and
aluminum, respectively, were immersed
in ammonia solution and their Delta E
color change was measured (Fig.6). Even
in comparison with other methods for
producing metallic effects, Way shows
advantages in terms of colorfastness,
chemical resistance and inhibited interac-

tions with the overall system, and enables
a wide spectrum of colors.

Identifying and qualifying surface
changes after long-term use of plastics is
an important quality criterion. In this case,
surface damage assessment was con-
ducted visually and micromechanically
using a UST (universal surface tester, man-
ufacturer: Innowep GmbH, Wuerzburg,
Germany). The results of the microme-
chanical scratch resistance tests (Table1)
confirm the visual differences (Fig.7) be-
tween two identical formulations of Way
and aluminum in polypropylene copoly-
mer following exposure to UV radiation.
The Way pigment sample exhibits less
damage of physical properties than the
aluminum pigment.

Compared with aluminum pigments,
the overall mechanical stability of a plas-
tic component after weathering is signifi-
cantly better when using Way pigments.
A drop test developed by the Materials
Testing Laboratory of Darmstadt Universi-
ty of Applied Sciences, Germany, was em-
ployed (Fig.8). Evaluated were two differ-
ent samples made of PP, each with 1% of
a Way effect pigment or an aluminum
pigment. The drop tests were carried out
after the samples were exposed to out-
door weathering for six months. The sam-
ple colored with 1% of a Way pigment
shows a tenfold higher stability than the
same sample colored with 1% of an alu-
minum pigment (Table2).
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Fig. 8. Set-up of a drop test to determine the

mechanical stability when using 1% Irio-
din 6163 Way or 1% aluminum pigment in PP
(© Materials Testing Laboratory of Darmstadt University of

Applied Sciences)

Conclusion

Way stabilization enables metallic effects
in a great variety of plastics for applica-
tions that must withstand extreme envi-
ronmental conditions. Compared to nor-
mal metal effect pigments, it exhibits
minimal reactivity with the system and
achieves improved long-term stability,
both in terms of color and physical prop-
erties. The thermal resistance of the Way
stabilization allows it to be used in all
thermoplastics, and here too guarantees
lasting stabilization. m
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