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W ith the exception of 
clearcoats, in the manufac-
ture of many liquid coatings 
there is a colored pigment 
dispersion step. This step is 

necessary to bring the appropriate colored pigments 
to their full functional properties and to impart the 
desired color. Depending on the chemistry of the pig-
ment and a few other factors, the dispersion step is one 
of the most critical steps in the whole paint-making 
process. It is a step that, if done well, provides the coat-
ing with its ideal properties. If not done well, the color 
will be different and other characteristics of the coat-
ing may also be impaired and less than desirable.

Pigment Dispersion
Most pigments in their 
delivered form are com-
posed of aggregates and 
agglomerates that form 
from the primary pigment 
particles during the pro-
cess of drying, packing, 
storage and transporta-
tion (Figure 1). The extent 
to which these aggregates 
and agglomerates exist is 
variable from pigment 
to pigment. The pigment 
dispersion process only 
serves to de-aggregate 
and de-agglomerate the 

pigment particles and enable them to be stabilized in 
some way to prevent recombination.

In most cases, the pigments should be dispersed 
to as close to their primary particle size as possible 
to gain the maximum effect of color, gloss and flow 
properties. In the event that aggregates or agglomer-
ates still remain, there is still the potential for color 
development to occur upon paint application. Dis-
persing agents and other polymeric species are often 
added to facilitate the dispersion process and also 
serve to enrobe the pigments and prevent pigment 
particles from recombining.

The energy required to achieve this dispersed 
state is considerable and requires the use of high-
energy equipment such as ball mills, bead mills, 
triple roll mills etc. This process is also subject to 
a great deal of variability due to many factors such 
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Figure 1 | Pigment supply and dispersion 
illustration.
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as residence time, temperature, f low rate, media 
charge, media size, millbase viscosity, batch size, 
equipment type, etc. This process can also take a 
considerable amount of time, ranging from many 
hours to days, depending on the dispersion equip-
ment and the pigment in question.

New Technology Advances
In the quest for a pigment technology that will not 
only bring out the maximum properties of the pig-
ment, but also make the process of dispersion simple, 
quick and repeatable, many routes have been inves-
tigated, and various manufacturers have launched 
several to the market. Indeed, The Shepherd Color 
Company launched its first generation of surface-
modified, easy-dispersing pigments back in 2002. 
These first-generation pigments worked extremely 
well. However, a couple of critical factors such as shelf 
life and multi-system compatibility led to the develop-
ment of a new second-generation product, that today 
is known as Dynamix™.

By combining the effects of nanotechnology and 
creating a very thin surface modification of the pig-
ment surface and a unique, well-controlled manu-
facturing process, the consequent products have 
outstanding characteristics that not only exceed 
initial expectations of dispersion capabilities but also 
provide compatibility across many paint systems, 
including both solventborne and waterborne.

By looking at the Zeta potentials of the untreated 
pigments (Figure 2) and comparing them to the 
surface-modified ones (Figure 3) in aqueous environ-
ments, a dramatic change is noted. Comparing two 
titanium dioxide grades as reference pigments with 
typically good and excellent dispersion characteris-
tics, it can be seen that the Dynamix pigments show 
similar characteristics and behavior.

Dispersion Characteristics
As can be seen in Figure 4, the dispersion charac-
teristics of the Dynamix Yellow 30C236, a chrome 
titanate C.I.Pigment Brown 24 composition, are com-
pared to those of Kronos 2310 TiO2 (Kronos Inc.). 
This particular titanium dioxide pigment has been 
found to have wide compatibility with many coatings 
systems and be relatively easily dispersible.

Using a Cowles-type high-speed dispersing setup, 
a high-molecular-weight solventborne acrylic resin 
and a pigment concentration of over 50%, the disper-
sion time (as measured with a Hegman gauge) can be 
as low as 10 minutes for complete dispersion. Under 
the same conditions, the titanium dioxide just about 
achieves the same level of dispersion around 30 min-
utes. Using a lower energy input, the DynamixYellow 
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Figure 2 | Zeta potential of untreated pigments in an aqueous environment.
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Figure 3 | Zeta potential of surface-modified treated pigments in an aqueous 
environment.
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Figure 4 | Pigment dispersion characteristics.
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can still achieve dispersion in less than 30 minutes, 
whereas the titanium dioxide has not even begun to 
show any tendency to disperse at all.

Visually, the impact of the ease of dispersion for 
the Dynamix pigments is even more striking. The 
images in Figure 5 were generated using Dynamix 
Blue 30C588, a cobalt aluminate C.I. Pigment Blue 28 
composition and titanium dioxide, also using a high-
molecular-weight solventborne acrylic resin with 
a pigment concentration of over 50%; all measure-
ments were made with the same Hegman gauge.

This new advanced technology surface treat-
ment is remarkably efficient and provides complete 

dispersion characteristics, even under relatively 
low shear conditions.

In Figure 6, the relative amount of time required 
for complete dispersion as a function of the tip speed 
of the stirring blade is shown. Using a high-speed dis-
persion system, the time can be reduced to as little as 
5 minutes. Using lower speed paddle mixers, this time 
is extended to a little over one hour.

The Dynamix pigments show excellent dispersion 
behavior in solvents and in aqueous systems. In fact, 
using very simple formulas, dispersion in solvent-
borne systems can be achieved without the addi-
tional use of dispersing agents. However, depend-
ing on the particular coating system being used, 
the appropriate choice of a dispersing agent will 
improve the compatibility of the dispersed pigment 
with other colored pigments in the final paint com-
position. In a similar fashion, in aqueous systems, 
the use of an appropriate surfactant will achieve 
similar compatibility. The choice of dispersing agent 
or surfactant will be wide and varied, but the coat-
ings chemist can begin with one that is typically 
used for inorganic pigments and titanium dioxide.

One other feature of Dynamix pigments that is 
particularly interesting is that the surface area (and 
hence oil absorption characteristics) is lower than the 
corresponding pigment without the treatment. This 
fact, coupled with the easy dispersing nature of the 
surface, has a consequence on lowering the demand 
for the dispersing agent or surfactant significantly, 
sometimes by more than 50%.

Paint Properties
During the development of each Dynamix  pigment, 
the appropriate color characteristic is chosen. For 
example, the brilliant masstone of the cobalt blue 
pigments (C.I.Pigment Blue 28) can be maintained 
by choice or the tint strength can be maximized, e.g., 
chrome titanate pigments (C.I. Pigment Brown 24).

These features are controlled during the processing 
and then the surface modification fixes it in place. 
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Figure 5 | Ease of dispersion of Dynamix pigments.
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Figure 6 | Time to achieve dispersion.

Table 1 | Dynamix compatibility.

Curing Type Medium Coating Type
Air –dried Solventborne Acrylic
Oven or heat cured Waterborne Polyester
Radiation cured 100% solids Urethane

Fluorocarbon
Phthalate
Acrylate
Silcone
Silicate
Epoxy
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By choosing to maximize tint strength, for example, 
considerable increases can be seen when compared 
to unmodified pigments dispersed using conven-
tional means. Increases of between 25 and 50% are 
not uncommon, providing significant economies in 
pigment usage and enabling the coatings chemist to 
reduce his pigment demand in a formulation.

By achieving complete dispersion of the pigment, 
the color development is maximized in the sense of 
making the most of the coloristic properties of the 
pigment. No further energy will provide more. This 
means that the color stays constant and is repeatable 
time after time, leading to very consistent colored 
pigment dispersions.

Since the surface of the pigment has similar 
characteristics to titanium dioxide, similar dis-
persing agents can be used to stabilize both pig-
ments. Under these conditions, no color develop-
ment can be seen under typical application and 
shear testing conditions.

Having complete pigment dispersion through the 
use of Dynamix gives rise to paint films that show 
higher levels of gloss, display improved image clarity 
and can even show better paint flow properties. In 
some cases, pigment opacity is improved. In the case 
of cobalt blue pigments, an increase of over 25% in 
UV opacity has been achieved, a feature not insignifi-
cant in the world of thin film applications.

In certain paint systems, a lower viscosity has been 
achieved, leading to either better application charac-
teristics or an increased pigment loading level. This 
is particularly advantageous for highly concentrated 
pigment bases and colorants.

Dynamix pigments have a wide range of compat-
ibilities across many typical paint systems. Examples 
of such systems can be seen in Table 1.

Operational Improvements
By eliminating the need for energy-intensive pig-
ment dispersion steps, Dynamix pigment technology 
provides for significant cycle time savings. Reducing 
typical cycle times of 40 to 50 hours to as little as 2 
to 3 hours can easily be achieved using Dynamix pig-
ment technology (Figure 7). This is simply achieved 
by removing the lengthy bead mill or triple roll dis-
persion step of the process.

In addition to significantly reducing cycle times 
through the elimination of the traditional pigment 
dispersion techniques, yield losses of expensive pig-
ments can also be reduced. Yield losses come from the 
clean down of dispersion equipment. Typically, the 
smaller the batch size, the greater the yield loss that 
can be expected. By exploiting the simple mixing dis-
persion capability of Dynamix pigment technology, 
these losses can be cut considerably (Figure 8). 

In addition to these easily quantifiable opera-
tional advantages and savings, there will be other 
savings that could be seen throughout the produc-
tion process, such as minimized clean-down opera-
tions, reduced quality control operations, improved 
first-run capabilities, etc.
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Figure 7 | Range of dispersion times.
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Figure 8 | Yield loss comparisons.

Table 2 | Dynamix products in the marketplace.

Product Chemistry C.I. Classification
Dynamix Black 30C965 CuCr CI Black 28

Dynamix Yellow 30C236 CrSbTi CI Brown 24

Dynamix Blue 30C527 CoCrAl CI Blue 36

Dynamix Blue 30C588 CoAl CI Blue 28

Dynamix Blue 30C591 CoAl CI Blue 28

Dynamix Yellow 30C119 NiSbTi CI Yellow 53

Dynamix Black 30C940 FeCr CI Green 17
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Potential Applications
Dynamix pigments have been successfully trialed in a wide 
range and number of different applications. Typical exam-
ples are noted here.

Building and construction Architectural

General industrial Coil coating

Automotive Liquid spray

ACE Roller/curtain coating

High heat Powder coating

Traffic paint Inks

Maintenance coatings UV curing

Whatever the application, pigment dispersion has never 
been easier than that provided by this novel technology.

Pigment Range
The surface modification works well in a number of different 
pigment chemistries. Seven products have been launched to 
the market initially (Table 2). More launches are planned in 
subsequent phases.

The Dynamix Black 30C940 is an Arctic® infrared reflec-
tive pigment. By controlling the masstone color, along 

with the Total Solar Reflection, higher reflectances can be 
achieved than with typical pigment dispersion techniques. 
This is a significant advantage for the infrared reflecting 
pigments where the choice of pigment and the quality of 
the subsequent dispersion play a very large role in the final 
performance. Over- or under-dispersion leads to diminished 
reflectance properties. Using this new Dynamix technology, 
these worries and concerns can be eliminated.

Conclusions
By simply stirring in the new Dynamix pigments under 
relatively low to high shear conditions, complete pig-
ment dispersion can be achieved in a matter of minutes. 
Significantly increased tint strengths, resistance to color, 
improved gloss and image clarity are some of the benefits 
to be achieved using this new technology.

In these days of careful cost control, consistent product 
quality and reduced manufacturing lead times, Dynamix 
represents a breakthrough in pigment technology, similar 
to that achieved by the use of predispersed colorants in the 
paint manufacturing process.

Manufacturing processes can be significantly simplified 
by the reduction of a process step and dispersion times are 
reduced from days to hours. No longer are the yield losses 
incurred with conventional dispersion techniques such as 
bead mills, and batch sizes are no longer controlled by the 
size of mills available.

Pigment dispersion can be made more frequently, in smaller 
batch sizes, to just-in-time requirements, and the color and 
strength will still remain the same. A small laboratory batch 
will yield the same color as the one out in production.

Finally, product development becomes a faster and more 
efficient process because the pigment dispersion, compat-
ibility, stabilization becomes as easy as that needed to make 
a white. The time to make the colored versions and tint 
bases will just be a matter of simple mixing! n

This paper was presented at the Nürnberg Congress held during the European Coat-
ings Show, Nürnberg, Germany, May, 2007 and organized by the Vincentz Network. 
See events@coatings.de.
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While the human eye is sensitive
to only a small part of the elec-
tromagnetic spectrum, pigment
interactions with wavelengths
outside the visible can have

interesting effects on coating properties. One key area
of the spectrum is the infrared (IR), specifically the
near infrared. While not visible to the human eye, a
pigment’s, and thus a coating’s IR properties can
affect usability and durability. 

The primary purpose of IR-reflective coatings is to
keep objects cooler than they would be using standard
pigments. This IR-reflective feature is the basis for

their use in markets like Cool Roofing for the EPA’s
Energy Star Program1 and the California Energy Com-
mission2 Title 24 2008 version. This technology is
also finding use in transportation and other areas
where the ability to stay cool is a valuable benefit.

The easiest way to increase IR reflectivity is to use
white pigments like titanium dioxide. TiO2 reflects in
the visible and in the infrared. The key to fight this
“White Blight” and produce innovative, colored IR-
reflective coatings is to use pigments that absorb in the
visible to produce color and reflect in the IR for cool-
ness. From these demands, Shepherd Color has devel-
oped a line of highly engineered products called
Arctic® IR-reflective pigments. The Arctic line of pig-
ments provides a palette of colors that allows the for-
mulation of coatings and the design of materials to
meet infrared reflectivity and long-term durability
requirements, and provide deep and rich colors.

Articles have been written about the pigments used
to make infrared reflecting coatings. This article is
meant to inform chemists and formulators about some
specific issues and phenomena pertinent to formulat-
ing and optimizing IR-reflective coatings. Some vari-
ables and factors that can affect a coating’s IR reflec-
tivity are individual pigment selection, milling and
dispersing, mixing IR-reflective pigments, opacity, and
contamination.

Solar Spectrum
Any discussion of IR coatings requires a short review
of basic physics. The sun’s energy that reaches the
Earth’s surface is divided into three parts. 
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By Mark Ryan, Technical Sales Representative/Shepherd Color, Cincinnati, OH

Introduction to IR-
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• Ultraviolet (295-400 nm): The UV region starts at
295 nm where the atmospheric cut-off occurs.
While UV only accounts for roughly 5% of the sun’s
energy that reaches the Earth’s surface, it is a major
contributor to the degradation of coatings.

• Visible (400-700 nm): Roughly 50% of the sun’s
energy makes up the wavelengths that give us the
perception of color.

• Infrared (700-2,500 nm): Forty-five percent of the
total solar energy is in the infrared region. As can be
seen in Figure 1, the majority of the energy in the
infrared range is found in the 700-1,200 nm range.
Beyond 2,500 nm there is little solar energy. The
solar infrared region is different from the infrared
energy given off by objects as heat. For most every-
day objects, the heat emitted is found at much
longer wavelengths and is dependant on an object’s
black body properties.
For an object in an outdoor environment, the four

main mechanisms of reflectivity, emissivity, convec-
tion and conduction determine its temperature. Con-
vection is largely dependant on air flow, and conduc-
tion depends on how well an object is insulated to
prevent heat flows. Reflectivity and emissivity are the
factors that can be manipulated.

Cool Mechanisms
Objects reflect or absorb solar energy from these three
regions: UV, visible and infrared. Total Solar
Reflectance (TSR) describes how much of the sun’s
energy an object reflects. The common instrument for
determining TSR is the Devices and Services3 Solar
Spectrum Reflectometer Model SSR, more commonly
known as the “D&S”. The D&S returns a single num-
ber for the TSR, while a spectrophotometer reads indi-
vidual wavelengths that can be used to make the spec-
tral reflectance curves seen in this article. Reflectivity
can be manipulated by the careful selection of high-
IR-reflective Arctic pigments. The key is to reflect
infrared and absorb and reflect in the visible region to
produce the needed color.

Cool Coatings System
Shepherd Color Company supplies pigment to the
high-performance coatings market. These products,
including the Arctic line, are highly engineered
ceramic pigments. These pigments, also called mixed
metal oxides (MMO) or complex inorganic colored
pigments (CICP), provide lasting color for demand-
ing applications. The inorganic ceramic nature of
the pigments provides resistance to high tempera-

tures, chemicals, acids, bases, weathering and envi-
ronmental pollutants.

Colormatching Blindfolded
Pigment Selection
The highest reflective pigments should be chosen for
cool coatings. Carbon black, iron oxide black or copper
chromite black are standard black pigments for most
formulations, but they have very low infrared reflec-
tivity and a TSR of about 6%. One key to formulating
cool coatings is the use of an infrared-reflecting black
pigment. In general, IR-reflective formulations incor-
porate Arctic Black 10C909 to lower the L value in
colors made with the other Arctic colors. Black 411
provides a higher TSR, but with a redder undertone. A
complete listing of Arctic pigments (Table 1) provides
a nearly full color gamut to use to help formulate high-
IR-reflective coatings.
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Reflective Pigments

Table 1/Arctic pigments.

Total Solar 
Pigment Color Index Color Shade Reflectance 

(TSR%)
Black 10C909 Pigment Green 17 Blue Shade Black 24

Black 411 Pigment Brown 29 Red Shade Black 30
Blue 385 Pigment Blue 28 Red Shade Blue 28
Blue 211 Pigment Blue 36 Green Shade Blue 30
Blue 424 Pigment Blue 28 Turquoise 39

Green 187B Pigment Blue 36 Teal 29
Green 179 Pigment Green 26 Camouflage Green 24
Green 223 Pigment Green 50 Yellow Shade Green 25
Brown 12 Pigment Brown 33 Red Shade Brown 30

Brown 157 Pigment Brown 33 Medium Shade Brown 38
Brown 8 Pigment Black 12 Blue Shade Brown 38

Brown 156 Pigment Black 12 Yellow Shade Brown 51
Yellow 10C112 Pigment Yellow 53 Green Shade Yellow 66
Yellow 10C272 Pigment Brown 24 Red Shade Yellow 71

IR-Reflective Coatings Benefits
General Benefits
• Longer potential life-cycle

due to less polymer
degradation and  thermal
expansion due to lower
temperature.

• Aesthetically pleasing colors.
• Cooler to the touch for

better ergonomics.
• Improved system durability

and less thermal
degradation

Roofing Benefits
• Less heat to transfer into

buildings.
• Reduced heat island effect.
• Lower peak energy demand.
• Reductions in air pollution due to

lower energy usage, power plant
emissions, and a reduction in
urban air temperatures.

• Installation crews can work
longer into the day before roof
gets too hot to work on.



This advantage in TSR for the masstones also con-
tinues when the pigments are added with TiO2 to make
tints. Figure 2 portrays TSR on the vertical axis and
the lightness L value on the horizontal axis. Each line
represents a different pigment with the dot on the left-
hand side (low-L-value) as the masstone. Adding
white increases the L value and increases the TSR.
What you can see from the graph is that low-L-value
masstone colors with around 25% TSR can be
achieved with IR-reflective blacks, while standard
blacks need to be mixed to a light to medium gray
before they can achieve 25% TSR.

Dispersion
Arctic pigments are compatible in almost all solvent
and aqueous coatings systems, including polyesters,
acrylics and fluoropolymer systems. To achieve full
dispersion and optimum properties, the pigments
should be dispersed in a small media mill to at least a
7 Hegman. Care must be taken not to over grind the
pigment. Additional grinding will break the pigment
into smaller particles, causing color shifts, which usu-
ally increase tint strength but lightens masstones.
Consistent grinding past the dispersion step needs to
be carefully controlled to maximize color and IR prop-
erties. Figure 3 shows that with increased grinding,
Arctic IR Black 10C909 moves lighter in the masstone
and lower in TSR, both of which are undesirable.

Many additives can be used to produce stable dis-
persions. In some systems no additives are needed
due to the inherent dispersion properties of the pig-
ments. Due to their high specific gravity, careful
screening of finished paints for pigment settling
should be conducted.

Blending Pigments
Very few colors are single-pigment dispersions. In
order to match a color, care must be taken when more
than one pigment is mixed together to make a color.
As seen above, any Arctic pigment mixed with white
will provide a higher total solar reflectance than the
Arctic pigment by itself. Two Arctic pigments with dif-
ferent absorption areas, when mixed together, will
have a lower reflectance than the pigments have indi-
vidually. A good example of this is a mixture of Arctic
Blue 211 and Black 10C909. While both have about
25-30% TSR, when combined they will have a lower
TSR than a weighted average of the individual pig-
ments, as seen in Figure 4.

An examination of the spectral curves in the
infrared (Figures 5 and 6) shows that the black’s
reflectance comes just as the cobalt absorption band of
the blue starts.  This is to be expected since pigmented
films don’t really reflect; they either absorb, scatter or
transmit. The absorbance of the pigment over-powers
the scattering. This battle between absorbance and
scattering is predominate over transmittance in thick
objects. But in the relatively thin world of paint films,
transmittance can also play a factor.

Opacity
CICPs, such as Arctic pigments, are known for their
high visible opacity. What is harder to see is that since
they don’t absorb in the IR region, the only two mech-
anisms left are scattering and transmission. Thin films
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may not completely scatter and reflect the sun’s
energy back out of the coating, so the IR energy may
continue through to the substrate.

Figure 7 shows how a paint film can be visually
opaque, while still semi-transparent in the IR. A sol-
ventborne air-dry acrylic was used to make coatings
with varied pigment-to-binder ratios. The paints
were then drawn down over the black and white por-
tion of Leneta cards. The visible contrast ratio was
read, and a “TSR contrast ratio” was determined by
dividing the TSR reading over the black part of the
card by the TSR over the white portion of the card.
For each pigment-to-binder ratio, P/B, the respective
contrast ratio was plotted, along with the 60 degree
gloss of the coating. As can be seen, the films
obtained visual opacity much sooner than IR opac-
ity. Along with P/B ratios, a similar behavior can be
seen if the P/B were held constant and the film thick-
ness increased.

This difference in visual and IR opacity leads to
many issues. A pigment’s and a coating’s TSR can
depend on the substrate and film thickness. This
makes it difficult to predict TSR for a pigment or coat-
ing without knowing particulars about its application
and use. A gray primer with carbon black in it will
cause a greater loss in TSR than if a similar color
primer is made with IR black, other non IR absorbing
pigments, or left white.

Along with these negatives, the positive is that an
IR-reflective substrate can help to keep a coating’s TSR
higher. A different take on the graph in Figure 7 is the
graph that is shown in Figure 8, which illustrates the
visible contrast ratio along with the TSR readings of
the coating containing the Black 10C909. The red
and blue lines represent the TSR over white and over
black respectively. Not surprisingly, the TSRs differ
while the film is not visually opaque, but the TSR is
also higher over the white when visual opacity is
reached. As the P/B increases and hides the black and
white portions of the Leneta card, the TSR numbers
start to converge. In the range of about 0.4 to 0.8, the
Black 10C909 film shows good visual opacity and the
ability to maximize the coating’s TSR over reflective
substrates.

Contamination
One last area of concern is contamination. Figure 9
shows the curve previously shown that demonstrates
the decline in TSR when Black 10C909 and Blue 211
are mixed together. Even more damaging to TSR is the
inclusion by design or contamination of a non-IR-
reflecting black, like carbon black. The carbon black
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greatly affects the TSR of the mix when as little as
0.10% is included, and before the color starts to
change dramatically, as seen in the picture. The two
lessons that this shows is that mills and handling
equipment must be clean to make sure that cross-con-
tamination doesn’t occur and that using even small
amounts of non-IR colors to shade a batch can have
drastic effects on TSR.

Conclusion
The formulation of IR-reflective coatings for various
applications depends on many factors, some of
which cannot be seen with the naked eye. There are
two main keys to formulating these coatings. The
first has to do with the physical characteristics laid
out in this article.
• Individual pigment selection: Select IR-reflective pig-

ments.
• Milling and dispersing: Do not over grind and degrade

IR properties.
• Mixing IR-reflective pigments: Be aware of the invisi-

ble interactions of different pigment types in the IR
region.

• Opacity: Use an IR-reflective substrate/primer if pos-
sible, or manage the pigment-to-binder and film
thickness to minimize effect of absorptive sub-
strates.

• Contamination: Inclusion of even small amounts of
IR-absorbing pigments can greatly reduce TSR.

The second key is to work with a partner with the
products, research, and most importantly, technical
support to allow you to formulate, test and validate
your IR-reflective coatings. The IR range is invisible to
the human eye, not covered by standard spectropho-
tometers, and measurable only by expensive and spe-
cialized equipment. A partner who can shepherd you
in pigment selection, color matching and testing,
along with guidance in the different regulations and
programs can be an invaluable aid in formulating,
marketing and supporting differentiated IR-reflective
coatings. �
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