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PERFORMANCE 
AND APPEARANCE
Automotive coating processes prepresent the cutting edge of application 
technology and formulations. Key performance drivers are quality, cost and 
encvironmental compliance. A modern automotive coating has to combine 
high-performance with perfect appearance. A significant challenge!

As a formulator, you are continually called on to be au fait with the latest ad-
vances in research and development. Such knowledge is rarely to be found 
in a single package. European Coatings Journal is about to change that. This 
thematic dossier is bursting with information on automotive coatings that we 
have compiled for you. In it you will find all the relevant technical papers on 
automotive coatings that have been published in European Coatings Journal 
over the last three years. Now there’s a welcome development!

Join our Group 
“European Coatings Industry”

Dr. Sonja Schulte
Editor-in-Chief
T +49 511 9910-216
sonja.schulte@vincentz.net
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A fancy car, a pair of sport shoes, and a parquet floor may be completely 
different products, but they do have one thing in common: They are often 
protected by lacquer coatings or held together with adhesives made from 
raw materials from Covestro.

A global production network
We produce our raw materials in three major facilities in Europe, America, 
and Asia. The segment also operates nine technical centers for solutions 
adapted to individual customer needs. We can thus guarantee a consistently 
high and stable quality for our clients everywhere all over the world.

New Possibilities through Polymer Expertise

Coatings, Adhesives, and
Specialties from Covestro

Sustainability along 
the entire value chain 
We are already searching today for 
solutions to the most important 
questions of tomorrow: How can 
we, together with our partners, 
develop visions for the entire value 
chain? How can we, in cooperation 
with them, transform these visions 
into reality? And how can chemistry 
help us to enable growth based on 
environmentally friendly and 
resource-saving products and 
technologies? We find answers 
through close cooperation with our 
customers, as well as through a 
clear focus on their markets.

Diverse applications
The Covestro segment Coatings, Adhesives, Specialties (CAS) develops 
and produces aliphatic and aromatic isocyanate and derivatives of this,  
as well as polyurethane dispersions. These raw materials are necessary for, 
among other things, the production of innovative lacquer coatings and 
sealants, as well as for elastomers and high-quality films, and for cosmetics, 
textiles, and medical goods. The main areas of application are the  
fields of transport and traffic, construction, wood processing, and  
furniture production.

About Covestro

Covestro is one of the world’s 
leading providers of high-quality 
polymer materials and application 
solutions for many sectors of 
modern life. Our portfolio comprises, 
among other things, intermediate 
products for polyurethane foams 
(PUR segment) and the high-perfor-
mance plastic polycarbonate (PCS) 
segment, as well as raw materials for 
lacquer coatings, adhesives, and 
sealants (CAS segment).

Covestro AG 
Kaiser-Wilhelm-Allee 60
51373 Leverkusen

http://www.coatings.covestro.com/
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POSITIVE OUTLOOK  
Good return of investment (ROI) for continuous strong growth rates will keep the South American refinish coatings market 
to be attractive for the coming century. By Francisco Z. Rácz and Washington T. Yamaga (published in ECJ 06/2016).

Most of the refinish companies with manufacturing sites in 
the region and with a complete product and service offer 
have delivered a robust double digit ROI, EBITA and strong 
cash generation. These figures from evaluations made on 
refinish organizations in South America in recent years also 
indicated outstanding sales turnover on investments. The fig-
ures can be considered very good measures of performance 
for low risk mature business like Automotive Refinish, which 
should be above EUR 0.9 billion in 2016 at industry prices.

T he stability and maturity of the market does allow one to believe 
that the levels of ROI should not change dramatically in the com-

ing decades. The South American Auto Refinishes Market has a his-
tory of strong growth and should continue like that for the coming 
decades. The basic driving force is the continuous growth of the car 
fleet motivated by the mobility needs of the growing middle class in a 
continent with large distances. 

GROWTH DRIVERS

The Refinish market had growth in average of 4 to 5% per year in the 
last five years and should continue to growth at rates close to 4%, it 
will go from 148 million liters in 2015 to be close to 180 million liters 
consumed in 2020. The projections of the car fleet growth indicates 

that the need of Refinish paints will reach 250 million liters by 2030 
with revenues around EUR 1.96 billion (Figure 1).
The needs of the population in terms of new cars is and still be served 
in majority by global OEMs locally installed assembly lines. The Auto-
mobile Industry installed in Brazil, Argentina, Colombia, Ecuador and 
Venezuela is responsible for some 75% of the cars circulating in the 
continent. Several expansion projects were implemented in recent 
years in various countries, increasing the automotive production ca-
pacity to levels that can support the optimistic sales projections of 
new cars for the decade. It is also known that the Automotive Industry 
is willing to continue to invest in local production beyond 2020 as the 
demand will require it. 

CAR FLEET IS GROWING BY 2030

The car fleet will grow from 90 million units in 2015 to 155 million 
units in circulation in the continent (not including motorcycles) by 
2030, and even so the number of cars per 1,000 inhabitants will still 
be low. Currently the number of vehicles per 1,000 inhabits is 217 
units, well below any international bench mark (Figure 2). 
Even with the most optimistic growth projections the number of cars 
per 1,000 inhabitants in 2020 in the Southa American market (SAM) will 
be below current levels of Mexico and in 2030 will still be well below 
current levels of Portugal, just as a reference (Figure 2). 
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Figure 1 : Car fleet and refinish market in South America.

It is also important to observe that the distribution of the car 
fleet is uneven amongst the various countries. Currently, it 
varies from less to 70 units per 1,000 inhabitants in Bolivia to 
close to 350 in Argentina. There is a trend to reduce this spread 
amongst the various countries; however in 2030 the gap will 
still be very large. Better equalization amongst the various 
countries should occur only a few decades ahead. 
The growth of sales of new cars can be hit by temporary eco-
nomic problems in  a given countries for a short period, however 
the need for mobility will always drive the growth of the fleet with 
a correspondent reduction of obsolesce rate of the fleet. The 
longer term projections, based on the demography and con-
tinuous expansion of purchasing power of the middle class, are 
indicating that some countries may have lower growth rates of 
the car fleet in decades beyond 2030, but all countries should 
continue to have its car fleet growing for the decades to come. 

AUTOMOTIVE REFINISH RESPONSE

The Automotive Industry has stimulated the increase of fleet 
size to resolve the mobility challenges with large variety of 
platforms in terms of passenger cars and transportation fleet 
value added solutions. From small cars to luxury models the 
consumption habits has changed and demanded the indus-
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Figure 2 : South American car fleet compared in 2015-2020-2030 (units per 1,000 inhabitants).
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try to respond with higher productivity product and services. The 
evolution has brought the Automotive Refinish new challenges and 
opportunities for a solid sustainable business.
The South America refinish market moved away from the lacquers 
usage in the first decade of the century. Currently water-based prod-
ucts have been introduced in basically all countries, however with 
limited progress; colour market is dominated by solvent-based poly-
ester basecoats.
So far there is no enforcing legislation for VOC control in any country. 
It is foreseeing that in the coming decades some countries may start 
up the introduction of some regulations if not by governmental acts 
but through some self-regulatory moves done by manufacturers as-
sociations. 

GLOBAL PLAYERS SUPPLY 40% OF THE DEMAND

Currently the South American refinish market is well served by a few 
Global companies with local manufacturing facilities as well as by 
several regional producers with very competitive offer in terms of 
products and services. The global companies like Akzo Nobel, Ax-
alta, PPG, Sherwin-Williams etc., have local manufacturing of basi-
cally their complete offer of refinish products and a good network 
of subsidiaries providing services and support to the independent 
distribution network which in turn are serving  over 100,000 regular 
body shops in the continent. These global companies are currently 
supplying 40% of the market needs. The refinish market is shared by 
several strong regional manufacturers that are also offering a com-
plete and reliable line of refinish products acting in several countries 
with good services support, like “Codelpa”, “Pintuco”, “Qroma”, “Col-
orin”, “Skylack”, etc. These regional leaders are accounting for some 

25% of the volume of refinish products in South America. The com-
petitive scenario is completed by dozen of local manufacturers that 
either are operating with complete offer in fewer countries or have 
a very competitive selected offer of products, like primers and fillers. 
The participation of products imported from manufacturers outside 
the continent is extremely limited, less than 3%. Basic reasons are 
the strong competition of local companies with good services and 
product offer and the need of accurate color match for the car fleet. 
As mentioned the car fleet in circulation in the continent is composed 
of some 75 % of cars produced in the region, painted originally with 
local variants of colors. 
As mentioned the market will continue to be attractive due to the growth 
rate and strong ROI, resulting in opportunities for current and new players 
that are willing to provide a service level also in color match and to face 
the continuous challenges of servicing a car fleet that is also growing in 
complexity in line with the global developments of the industry.   
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Sustainability and high performance finally come together in one 
product: Desmodur® eco N 7300 is the first polyurethane cross-linker  
in the market place to be made from 70 percent biomass. Near drop-in 
for HDI-based trimers keeps reformulation requirements low, with a  
30 percent reduction in carbon footprint – helping to achieve an overall 
sustainable solution without any compromises on performance. 

coatings.covestro.com
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SITTING COMFORTABLY
An insight into the automotive interior and exterior plastics coatings market.  
By Damir Gagro (published in ECJ 06/2016).

The auto industry continues to be important for coatings man-
ufacturers. Whenever key metrics for automotive coatings 
are mentioned, they usually refer to OEM coatings and refin-
ishes applied to the car body. However, plastic is being used 
increasingly alongside metal and needs to be coated too. This 
is a thoroughly attractive market, especially now that vehicle 
production numbers are on the rise again.

G lobal automotive production is recovering from the recent 
downturn. Figures released by the Organisation Internationale 

des Constructeurs d’Automobiles (OICA) show that 67.53 million vehi-
cles rolled off the production lines in 2014 – more than in the preced-
ing years. And Information Handling Services (IHS) expects production 
to rise to 105.2 million vehicles in 2020. These positive developments 
are music to the ears of automotive paint makers.
Markets and Markets, a research company, believes the overall market 
for automotive coatings in 2014 was worth EUR 13 billion. It expects 
the market to grow by 5.5 % a year up to 2020, when sales will reach 
EUR 17.74 billion. Viewed up against the traditional segments of OEM 
coatings and refinishes, the coatings market for exterior and interior 
plastic parts is relatively small. Nevertheless, David Peter, managing 
director of Peter Lacke, a paint maker, believes that market to be at-
tractive. Such coating systems are available to meet any requirement 
profile aimed at improving the look, feel, scratch resistance, elasticity 
and durability of parts made from modern plastics.

78,000 TONNES OF COATINGS FOR  
PLASTIC PARTS CONSUMED IN EUROPE IN 2013

The market may be relatively small, but it is still highly competitive. PRA, 
a market research company, calculates that the average vehicle con-
tains 1100-1200 kg of metal, while the plastic content averages 150 
kg. Some three-quarters of all paint applied to a vehicle goes towards 
coating metal parts. The rest is accounted for by plastic parts. PRA esti-
mates that these required 78,000 tonnes of paint in Europe in 2013, of 
which 71% was applied to the exterior and 29% to the interior. 

INTERIOR COATINGS: MARKET WORTH EUR 500 TO 600 MILLION

According to Peter, the market is dominated by five to six companies. 
This is probably also because the stringent, very high requirement pro-
files imposed by auto makers make it very difficult to gain a foothold in 
the market. Peter therefore believes that there will be little change in the 
market’s current structure, but that all companies will nevertheless have 
to keep delivering excellent quality if they are not to cede market share 
to competitors or to be ultimately squeezed out of the market altogether. 
The managing director of the Herford/Germany-based company values 
the global market for automotive interior coatings at EUR 500 to 600 mil-
lion. “This segment is dominated by four companies on a global scale. 
Dutch company Akzo Nobel is first, followed by Mankiewicz. We are in 
third place, ahead of Wörwag,” he says. ”There is growing demand for 
water-borne systems. And this is also reflected in our development de-
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Figure 1: Exterior plastic components - European coatings 
demand by volume. Source: PRA

partment,” he adds. That said, though, demand varies across the differ-
ent regions in the world. In Europe, water-borne solutions for the interior 
segment predominate, with a share of about 60%.

EXTERIOR COATINGS: MARKET WORTH EUR 1.5 BILLION

The segment for coating exterior plastic parts is much larger, says Peter. 
He estimates the market at around EUR 1.5 billion. “The major players 
here include Akzo Nobel, BASF, PPG and Wörwag,” he notes. In North 
America and Europe, exterior coatings systems are already 100% water-
borne. Asia still has some catching up to do before it hits the 100% mark 
too. The forecasts for these two segments in the automotive coatings 
market are very encouraging because a growing automotive market, 
mentioned earlier, translates to ongoing growth in demand for coatings.

2025: EVERY SECOND CAR WILL BE MADE IN CHINA

Asia remains the world’s largest producer of vehicles, at 39.2 million. 
By 2025, every second car in the world will have been made there. Chi-
na and India account for most of this growth. OICA figures show that 
China produced 19.92 million cars last year. Germany’s figure is mod-
est by comparison. It produced 5.6 million cars in 2015. IHS expects 
the number for Germany to increase slightly for 2019, with a prediction 
of 6.3 million vehicles. China, on its own, is far ahead of Europe and 
North America. Europe produced just over 18 million vehicles in 2014, 
while the USA made 16.8 million. The IHS forecasts that the recovery 
in the North American market will continue, following the weakness of 
recent years. It expects 18.2 million vehicles to be made there in 2020.

OEMS INCREASINGLY INVESTING IN MEXICO

Peter estimates the US market for automotive interior and exterior 
coatings to be worth EUR 108 to 135 million. But Mexico is emerging 

as a growing force in the automotive industry. ”The Mexican market is 
very attractive to manufacturers of automotive coatings for a couple 
of reasons. First, it already supplies its northern neighbour with ma-
terials in many segments. Second, OEMs intend to boost production 
there by investing more than EUR 7.2 billion,” says Peter. The Centre 
for Automotive Research (CAR) believes that Mexico will be producing 
between five and six million vehicles by 2018. There is already talk of 
a new “Motor City” south of the Rio Grande due to the low wages and 
rising production figures.

EUROPE TO REMAIN STRONG IN R&D

Europe is set to retain its supremacy in research and development up 
to 2025. A great deal of value-adding activity is still taking place there. 
It also builds expensive cars. A shift to China and India will occur, but 
will come much later than is often feared. Shifts in production capac-
ity may happen within Europe – perhaps towards the East, where the 
car market is growing stronger. German sites will remain competitive, 
provided that they can keep costs down. Although growth in automo-
tive production remains most clearly evident in Asia and China, the 
market in North America is still important, says Peter. ”The industry is 
already highly globalised and it is important for coatings manufactur-
ers to be not only where development is actually taking place, but 
also where production is happening,” he adds. His company’s recent 
expansion into the United States was a necessary step for protecting 
and strengthening business in Europe and China. 

Damir Gagro
European Coatings Journal
damir.gagro@vincentz.net

Figure 2: Interior plastic components - European coatings 
demand by volume. Source: PRA
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GREAT-LOOKING THANKS TO 
INTERFERENCE PIGMENTS
The first interference pigments were only used for automotive styling. Today, they are an indispensable part of the automo-
tive industry and OEM finishes containing them come in all colours. By Werner Rudolf Cramer (published in ECJ 06/2016).

Interference pigments were initially offered by automotive paint 
makers for styling vehicles. They made the breakthrough into OEM 

finishes in 1985 when Renault and Volvo each pioneered models in 
Pearl White. Originally applied in a 3-layer system comprising white 
basecoat, pearl white interference coat, and clear coat, it was not long 
before they were combined with coloured pigments that quickly con-
quered the market. In the mid-1990s, blues and greens were especially 
popular. Since then, blends with coloured, aluminium and interference 
pigments have come to dominate. These are usually 2-coat systems; a 
tendency towards coloured clearcoats is emerging, however.
Looking back, 1969 can be regarded as the dawning of a new pigment 
era. This was when DuPont entered into a cross-licensing agreement 
with both Mearl and Merck, both of which adopted DuPont’s produc-
tion process and some of the designations and names that it had 
been using for its interference pigments. These pigments are derived 
from natural mica flakes, which are coated with highly refractive metal 
oxides, such as those of titanium and iron. When light strikes the sur-
face, a portion of it is reflected and a portion is refracted through the 
metal oxide layer. At the next boundary layer, some more light is re-
flected and it exits the pigment surface parallel with the first reflected 
portion. As the path lengths of these two light portions differ, the light 
waves are displaced relative to each other. These interfere, producing 
a mixture of strong and weak waves.
Interference pigments have two particular characteristics. First, the 
perceived colour varies with the angle of the incident light. Second, 

Kuncai CQV BASF Merck Eckart Schlenk Viavi Solutions (Flex Products)

Pigment  
group

Name Pigment  
group

Name Pigment  
group

Name Pigment  
group

Name Pigment  
group

Name Pigment  
group

Name Pigment  
group

Name

XillaMaya Crystal Silver Adamas Splendor  
White

Paliocrom® Bright Orange Iriodin Pearl Gold Symic OEM Medium  
Silver

Multiflect Polychromatic ChromaFlair Green/Purple 190

XillaMaya Galaxy Blue Adamas Splendor  
Blue

Paliocrom® Bright Gold Xirallic Crystal Silver Symic OEM Medium  
Copper

SpectraFlair Silver 1500

XillaMaya Electric Blue Adamas Dazzling  
Red

Mearlin  
Exterior

Fine Red Colorstream Viola Fantasy Luxan CFX Red

Setallic Desert Orange Kromax Corona  
Violet

Mearlin  
Exterior

Aztec Gold Pyrisma Liquid Blue

Automotive Rutile Green  
Pearl

Automotive Splendor  
Red

Glacier Ext. Frost White Meoxal Wahiba 
Orange

The specified names are registered trademarks of the respective manufacturers.

they work on the principle of additive mixing. Thus, a mixture of pearl 
yellow and pearl blue does not appear green, but instead is white. 
Details of how to measure the colours and the effects are contained in 
the “Standard Test Method for Multiangle Colour Measurement of In-
terference Pigments” (ASTM E2539), issued in 2008. This recommends 
the use of two different angles of illumination, and taking readings on 
either side of the specular angle. For physically plausible measure-
ment and representation of the interference pigments, an arrange-
ment of three illumination angles and the same aspecular angle from 
the respective specular is advisable. The aspecular angle in this case 
should be smaller than 20°.
The colours of the interference pigments based on natural or syn-
thetic mica range from silvery-white to yellow, red, green and finally 
to blue. The resulting primary colour depends on the thickness of the 
layer of titanium dioxide. Pigments coated with iron oxide pigments 
are red to reddish-violet while combinations of titanium dioxide and 
iron oxide are golden. Other carrier materials – as described below – 
produce similar colour reactions, but yield different effects.  
Ongoing development work on interference pigments has spawned 
fascinating, new types. Aside from the original pigments based on 
natural and synthetic mica, several manufacturers offer pigments 
supported by other carrier materials, such as silica and alumina. Both 
of these materials are transparent and are also coated with titanium 
dioxide or iron oxide. Silica as carrier material yields pigments which 
have large colour travel, which means they undergo a marked col-
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Pigment  
group

Name Pigment  
group

Name Pigment  
group

Name Pigment  
group

Name Pigment  
group

Name Pigment  
group

Name Pigment  
group

Name

XillaMaya Crystal Silver Adamas Splendor  
White

Paliocrom® Bright Orange Iriodin Pearl Gold Symic OEM Medium  
Silver

Multiflect Polychromatic ChromaFlair Green/Purple 190

XillaMaya Galaxy Blue Adamas Splendor  
Blue

Paliocrom® Bright Gold Xirallic Crystal Silver Symic OEM Medium  
Copper

SpectraFlair Silver 1500

XillaMaya Electric Blue Adamas Dazzling  
Red

Mearlin  
Exterior

Fine Red Colorstream Viola Fantasy Luxan CFX Red

Setallic Desert Orange Kromax Corona  
Violet

Mearlin  
Exterior

Aztec Gold Pyrisma Liquid Blue

Automotive Rutile Green  
Pearl

Automotive Splendor  
Red

Glacier Ext. Frost White Meoxal Wahiba 
Orange

The specified names are registered trademarks of the respective manufacturers.
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our change, for example, from green to yellow to violet. Alumina as  
carrier material produces a phenomenon known as sparkle in addi-
tion to the colour effect.
Coated aluminium flakes also count as interference pigments. Cur-
rently, several are offered in colours ranging from gold to red, with a 
slight colour change. Interference pigments produced in high vacuum 
also exhibit extensive colour travel across several colour quadrants. 
As they are very expensive, they are little used in OEM finishing. Paint 
makers tend to offer them as specialist and styling refinishes. 

10 million tonnes of in-
organic pigments are 
expected to be sold 
annually by 2020.

HOW TO EFFICIENTLY CHARACTERIZE 
SPECIAL EFFECT COATINGS 

In this paper, a simple and efficient approach is present-
ed on how to characterize the appearance of surfaces 
composed of metallic and interference pigments.

Journal of the Optical Society of America A Vol. 33, 2016, 
Issue 1, pp. 1-8

COLOUR MEASUREMENT OF  
INTERFERENCE PIGMENTS

The colour travel produced by interference becomes evident 
when the angle of incidence is changed. In this example, the 
angle of incidence varies from steep (20°) to classic (45°) to flat 
(65°). The aspecular angle in each case is a constant 15°.
The aspecular curve shows the readings obtained under constant 
illumination at an angle of less than 45° and a modified aspecular 
angle. The latest portable instruments also offer this capability.
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02: European automotive coatings demand: 

03: Coating layer by share of demand  
and by technology:

Total: 67,530,621 cars

04: Global automotive colour popularity 2015

05: Market size worldwide for automotive  
coatings

217,000
tonnes

78,000
tonnes

metal car 
bodies

plastic 
composites

E-coat 

Basecoat

EUR 12.87 
billion in 

2014

EUR 17.74 
billion by 

2020

White 
35%

Black
18%

Silver 
13%

Gray
10%

Red
7%

China
19,919,795

Japan
8,277,070

Germany
5,604,026

USA
4,253,098

South Korea
4,124,116

01: Worldwide car prodction 2014:

AUTOMOTIVE COATINGS

Primer surface
CAGR
5.5%

Clearcoat

39%

18%

20%

23%
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INVENTING  
SURFACE DESIGN 

FOR YOU

A Desmodur® N success story: 
High-performance hardeners for 
cutting-edge refinish coatings

How R-M® and Covestro collaborated to create the perfect 
coating for an innovative e-mobility design concept.N



Covestro’s innovative design concept for electric vehicles 
reflects current trends in surface design. Through the use of 
synthetic materials these developments offer new perspec-
tives for comfortable, functional and energy-efficient cars 
with a clear focus on lightweight constructions. To underline 
the technological features of its design concept, Covestro is 
relying on the expertise of BASF's Coatings division and the 
design and color competence of its premium brand R-M®. The 
innovative automotive refinishing paint system developed 
by R-M® perfectly fulfills high sustainability, efficiency and 
perfor mance demands. Thanks to its specific formulation, the 
waterborne basecoat and the clear coat based on Covestro’s 
Desmodur® N 3900 low viscous isocyanate crosslinker almost 
achieve the high performance standards of modern poly-
urethane OEM coatings.

Orange for energy
The pigment basecoat “Verbosian Orange” was exclusively 
designed to highlight the innovative power and technical 
appearance of electric vehicles. “Orange as a color has the 
properties of attentiveness and presence while also being very 
warm and emotional. In other words, orange ideally represents 
energy. For the visual effect we used a bright metallic orange 
that harmonizes with the attached black and anthracite parts. 
It’s quite literally an eye-catcher,” explains Mark Gutjahr, head 
of Automotive Color Design Europe at BASF. The clear coat 
that protects the colored coating layer below is based on 
polyurethane raw materials from Covestro and cures rapidly, 
even at low temperatures. Other advantages include very good 
coating adhesion and excellent flow thanks to the low viscosity. 
65 trend colors for the automotive industry
Every year, the global design team of BASF's Coatings 
division develops the color trends for the automotive industry. 
PARALLAX, the 2016/17 collection, includes 65 brand-new 
color shades that reflect global as well as regional trends. 
R-M®’s high performance refinish clear coats let these colors 
shine and demonstrate the high performance of Desmodur® N – 
as well as our understanding of “inventing for you”. 

A new color concept for e-mobility

Coating supplier:  BASF's Coatings division

Coating brand:   R-M® Automotive Refinish Paints

Coating system:   ONYX HD Waterborne basecoat, 
clearcoat 

Color name:  Verbosian Orange

Covestro Deutschland AG 
Business Unit Coatings, 
Adhesives and Specialties
D-51365 Leverkusen 
Germany

coatings.covestro.com
info@covestro.com

The manner in which you use and the purpose to which you put and utilize our products, technical 
assistance and information (whether verbal, written or by way of production evaluations), including 
any suggested formulations and recommendations, are beyond our control. Therefore, it is imperative 
that you test our products, technical assistance, information and recommendations to determine to 
your own satisfaction whether our products, technical assistance and information are suitable for your
intended uses and applications. This application-specific analysis must at least include testing to
determine suitability from a technical as well as health, safety, and environmental standpoint. Such 
testing has not necessarily been done by Covestro. Unless we otherwise agree in writing, all products
are sold strictly pursuant to the terms of our standard conditions of sale which are available upon
request. All information and technical assistance is given without warranty or guarantee and is subject 
to change without notice. It is expressly understood and agreed that you assume and hereby expressly 
release us from all liability, in tort, contract or otherwise, incurred in connection with the use of our 
products, technical assistance, and information. Any statement or recommendation not contained 
herein is unauthorized and shall not bind us. Nothing herein shall be construed as a recommendation 
to use any product in conflict with any claim of any patent relative to any material or its use. No license 
is implied or in fact granted under the claims of any patent.
Edition: 2016 · Order-No.: COV00082262 · Printed in Germany · E

In cooperation with www.rmpaint.com

N
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TRANSPORTATION
01: Amount of paint applied on the largest ocean liner Queen Mary 2

02: Amount of paint applied on a Boeing 747

03: Amount of paint applied on an ICE railcar
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04: Amount of paint applied on a V W Golf

05: Amount of paint applied on a standard bicycle

~ 9,460 
LITRES
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~2,000 – 2,500 
LITRES

~800 KG

~4 KG

~180 GR
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1 In how far and why are automotive 
coatings and aerospace coatings 

tested differently? 

There is a range of standards used for evalu-
ating the physical and chemical properties of 
various paints and coatings that are applied 
in automobiles including ASTM, SAE, Toyota, 
Honda, Nissan, Ford, GM and Chrysler speci-
fications. Aerospace coatings need additional 
complicated tests more than those used for 
automotive coatings. Paints and coatings 
used in aerospace applications must meet 
the requirements of SAE International’s Aero-
space Material Specification 3095A for airline 
exterior paint. Military coatings and finishes 
have also some standards which are instru-
mental in evaluating their performance, du-
rability and safety operation. 
Innovation in automotive and aerospace ma-
terials and their protective coatings receives 
increased attention due to huge industrial 
competition and increased environmental 
regulations. Development in this field includes 
first of all materials of construction: light-
weight materials represent one of the main 
objectives for reduction of the vehicle weight. 
Secondly clean surface pretreatments and 
coatings of faster curing are included: con-
version coating treatments of eco-friendly 
salt solutions have been proposed as alter-
natives to toxic chromates. Waterbased coat-
ing is an interesting approach of increased 
demand for avoiding VOC. Fast curing coat-
ings using UV light is another approach for 
minimising the curing time.

Last but not least functional and smart coat-
ings are involved: innovation in functional and 
smart coatings will definitely force scientists to 
pay more attention to modifying current test 
standards. The standards should be modified 
to include additional tests and specifications 
to ensure the highest performance for new 
materials, surface treatment and coatings.

 

2 Are coatings functionalities like self-
healing or corrosion indication being 

developed or already in use in these ap-
plication areas? 

The ultimate dream of automotive and aero-
space manufacturers is to design coatings 
that repair themselves after chemical or me-
chanical degradation. Smart coatings contain 
both passive and active components, which 
provide fast response as a result of changes 
occurring in the coating itself or in the sur-
rounding environment.

Prof. Abdel Salam Hamdy
Makhlouf  
Centr al Met allurgical Research 
and Development Institute 
Cairo, Egypt 
asalam85@yahoo.com

Innovation in 
protective  
coatings  
receives  

attention due 
to environmen-
tal regulations

Both application fields demand corrosion protection  
and additional functionalities

PLANE VS. CAR
Corrosion is considered undesirable by both sides: neither the car owner, nor the 
flight passenger wants it. To the former, it might just be an aesthetic issue, in the 
latter case the whole safety is questioned. So, how significant are the differences in 
corrosion testing for both kinds of metal protective coatings? Mark van Ginneken,  a 
Akzo Nobel Automotive & Aerospace Coatings and Prof Abdel Salam Hamdy, Central 
Metallurgical Research and Development Institute consider this (published in ECJ 
06/2013).
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1 To what extent, and why, are auto-
motive coatings and aerospace coat-

ings tested differently?

Ultimately, as automotive coatings and aero-
space coatings are for use within different 
markets and across a wide variety of extreme 
conditions, by necessity the testing process 
has to be conducted differently for each. In 
the vehicle refinishes market (VR), custom-
ers have their own requirements which need 
robust, high-quality products for different 
applications. The necessary tests that need 
to be carried out in order to gain the OEMs’ 
approvals for their systems are different to 
those done in the aerospace market due 
to the varying demands. Aerospace is very 
much a qualifications-driven market. Coat-
ings systems must pass stringent specifica-
tion testing requirements set out by the avia-
tion authorities and aircraft manufacturers 
and it can take a number of years to go from 
development to commercial application. In 
the aerospace market, colour and appear-
ance of the aircraft are of paramount impor-
tance and we need to be able to develop the 
desired colours in a very consistent way. Cus-
tomers tend to have more specific requests 
when it comes to colour and we work with 
them to develop these, whereas in the VR 
market we are more reactive – ensuring we 
can provide colours developed by the OEMs.
For automotive refinish paint there are a 
number of important factors to consider 
application properties, the consistency of 
colour to provide invisible repairs and resist-
ance to weather conditions such as moisture 
sensitivity, UV, rain etc. Adhesion to the sub-
strate and hardness, for example, are also 
vital. A number of specific car-related tests 
are also performed, such as stone-chip and 
carwash resistance, and how it stands up to 
fluids such as gasoline. 
Aircraft are subject to tremendous stress 

which requires ultimate performance from 
the paint system. Temperatures range from 
up to 50 °C on the ground down to -50  °C 
once the aircraft is at cruise altitude. At the 
same time, the airframe flexes with the move-
ment of the wings and expansion/contraction 
of the fuselage. Key performance tests in aer-
ospace are adhesion, corrosion resistance 
for up to 40 years, resistance to aggressive 
fluids such as Skydrol and de-icers, flexibility 
and resistance to extreme weather and UVA 
exposure. The coating system also needs to 
be easily strippable with mild paint-strippers, 
either wholly or in part.

2 Are coatings functionalities such as 
self-healing or corrosion indication 

being developed or already in use in 
these application areas? 

Of course, our researchers continue to look at 
different kinds of materials and work on de-
veloping improved polymers. We’ve achieved 
a couple of breakthroughs with self-healing 
topcoats, and a combined basecoat-clear coat 
system that we commercialised for our aero-
space market

 Coatings for 
use within  

different  
markets and 

across a wide 
variety of  
extreme  

conditions

Mark van Ginneken 
Groupleader RD&I 
AkzoNobel Automotive &  
Aerospace Coatings 
Sassenheim, The Netherlands 
Mark.vanGinneken@akzonobel.com 
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1 In how far are waterborne coatings 
already state of the art for plastics? 

Plastic coatings has experienced a significant 
shift towards waterborne systems in several 
subsegments over the last 15 years. This 
growth was driven by legislation or industry 
standards, e. g. stringent restriction of inte-
rior emissions by automotive OEMs. Moreo-
ver, waterborne coatings have proven to add 
functionality to plastic surfaces, i. e. they add 
value to the final good: waterborne softfeel 
coatings turn “cold” plastic into a “warm” hap-
tic surface. In particular polyurethane based 
waterborne coatings improve surface quality 
by a pronounced self-healing function and 
mechanical/ chemical resistance. However, 
using water as only solvent in these surface 
coatings tends to create a lower adhesion 
on different plastic substrates. In particular 
those substrates with lower polarity are af-
fected. Due to the relatively low evaporation 
rate of water, waterborne coatings in addi-
tion tend to be inferior in productivity when 
compared to solventborne or even UV cur-
ing solutions. In my experience it has often 
been proven successful to link coatings- and 
plastics related know how in order to develop 
tailor-made both plastic- and plastic coatings 
solutions.

2 What will be the trends in this seg-
ment within the next five years?  

Megatrends such as lightweight in e-mobility 
will further increase the demand for plastic 
surface finishes. Moreover, there is a huge 
potential of conversion e. g. to waterborne 
basecoats and soft feel systems in Asian ve-
hicle OEM- and electronics- and car refinish-
markets. Still in Europe there are innovative 
market segments that are expected to signifi-
cantly grow into waterborne technology over 

the next years, such as PVC flooring and PU 
disperison based temporary protection films. 
Within emerging and developed markets, 
waterborne coatings will have to defend and 
expand their share in an environment that 
is highly sensitive to productivity. There are 
numerous surface solutions available that 
potentially substitute waterborne coatings 
on plastic substrates: UV curing coatings, 
RIM applied or thermoformed skin systems, 
(in-mold) laminated thermoplastic or TPU 
films. These may not be able to copy all of 
the benefits of waterborne systems. Yet, their 
process efficiency has set a benchmark with-
in the increasing system competition.  Signifi-
cant progress in raising productivity of water-
borne systems has been made by innovative 
concepts, such as UV curing polyurethane 
dispersions or internally activated 2K PU sys-
tems. We now see both technologies grow 
into new and established segments. The 
coatings industry will continue to increase 
the value of waterborne product ranges.  
Improved self-healing as well as chemical 
resistance and adhesion are among today´s 
hot topics. Coatings raw materials suppli-
ers will fuel this trend, providing innovative 
polyurethane binders and further improved 
crosslinking concepts

Christoph Ir le
V ice President Global Synthesis 
Isocyanates 
Covestro 
Lever kusen, Germany 
chr istoph.ir le@covestro.com

“Waterborne 
coatings have 
proven to add  
functionality  

to plastic  
surfaces“

Environmental f r iendliness is also a trend in plastic coating

WATERBASED POINTS  
OF CONTACT
Water-borne coatings are not only environmentally friendly. They are also used where people come into contact with a substrate, 
eg with decorative indoor colours. But what about the usage of electrical devices, like mobile phones or automotive interiors? 
Read whether Christoph Irle, Covestro and Taner Bicer, Karl Wörwag Lack- und Farbenfabrik, think that  waterborne technology is 
already state of the art for plastics (published in ECJ 09/2013).



A versatile toolbox:  
Hard to flexible waterborne dispersions  
for high-value automotive interior plastic coatings



Covestro Deutschland AG 
Business Unit Coatings, 
Adhesives & Specialties
D-51365 Leverkusen 
Germany

www.coatings.covestro.com
cas-info@covestro.com

Decorative coatings:
•  Bayhydrol® A 2845 XP, a crosslinkable polyacrylate dis-

persion offering outstanding resistance to chemicals and 
sunscreens

•  Suitable for single-coat systems: pigmented and in  
metallic color tones; in two-coat systems as a clearcoat

•  High gloss and very low yellowing tendency when  
exposed to thermal load or weathering

•  Gloss, flexibility and adhesion profiles can be precisely ad- 
justed through combination with polyurethane dispersions  
from the Bayhydrol® U range, e.g., U XP 2750 or U 2757

Semi-haptic coatings:
•  Combine optimum resistance with haptic features, even in 

single-coat systems
•  Resistance and good adhesion incorporated by the acrylate 

component Bayhydrol® A 2227/1 or A 2861 XP;  
haptic effects and flexibility achieved by adding the cross-
linking polyurethane dispersion U 2757; consistently good 
adhesion to a variety of plastic substrates

•  Strict specifications of automotive manufacturers can be  
fulfilled by coatings formulated in this way

Soft-touch coatings:
•  Crosslinkable polyurethane dispersions U XP 2698 and 

U 2757 combined with the high-molecular polyurethane 
dispersions Bayhydrol® UH and special fillers to achieve 
special haptic effects

•  Current product generation displays high sunscreen  
resistance and hydrolysis testing standards

General information:
All of these dispersions are produced without the use of  
N-methyl- or N-ethylpyrrolidone (NMP/NEP). Nor are NMP and 
NEP required for coating formulation, and corresponding start-
ing formulations are available. We recommend polyisocyanates 
from the Bayhydur® and Desmodur® ranges to crosslink the 
coatings.

Bayhydrol® (OH-functional) without NMP

Nonfunctional PUDs (without NMP)

Type Solids
approx.  
(supply 
form)

Co-solvents
(% in supply 
form)

pH Viscosity
(mPa · s)

A 2845 XP PAC 40.0% 3.2 PnB 8.5 Approx. 2,500

A 2227/1 PES-PAC 42.0% 8 BG 8.0 700–2,500

A 2861 XP PAC 53.0% 1.3 PnB 8.5 Approx. 2,000

U XP 2750 PES-PUR 43.0% No co-solvents 8.0 Approx. 1,000

U XP 2698 PES-PUR 52.0% No co-solvents 7.2 500–2,500

U 2757 PES-PUR 52.0% No co-solvents 7.7 500–1,500

OH-functional dispersions

U XP 2698
U 2757

A 2861 XP
A 2227/1

U XP 2750 
A 2845 XP

SOFT SEMI-HAPTIC

Increasing chemical resistance

DECORATIVE
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Soft-touch effect

Bubble size:
chemical/STL resistance

UH 650

UH XP 
2660

UH 
2305

UH 
340/1

UH 240

This information and our technical advice – whether verbal, in writing or by ways of trial – are given 
in good faith but without warranty, and this also applies where proprietary rights of third parties are 
involved. The information is provided by Covestro without assumption of any liability. If any of the 
above mentioned regulations change after the date of declaration, this declaration is no longer 
valid. Covestro will strive to keep this information up-to-date. Our advice does not release you from 
the obligation to verify the information provided – especially that contained in our safety data and 
technical information sheets –, to check for updates of any information provided by us and to test 
our products as to their suitability for the intended processes and uses. The application, use and 
processing of our products and the products manufactured by you on the basis of our technical 
advice are beyond our control and, therefore, entirely your own responsibility. Our products are 
sold in accordance with the current version of our General Conditions of Sale and Delivery.
Edition: 2017 · Order No.: COV00082321 · Printed in Germany · E
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1 To what extent, and why, are auto-
motive coatings and aerospace coat-

ings tested differently?

Ultimately, as automotive coatings and aero-
space coatings are for use within different 
markets and across a wide variety of extreme 
conditions, by necessity the testing process 
has to be conducted differently for each. In 
the vehicle refinishes market (VR), custom-
ers have their own requirements which need 
robust, high-quality products for different 
applications. The necessary tests that need 
to be carried out in order to gain the OEMs’ 
approvals for their systems are different to 
those done in the aerospace market due 
to the varying demands. Aerospace is very 
much a qualifications-driven market. Coat-
ings systems must pass stringent specifica-
tion testing requirements set out by the avia-
tion authorities and aircraft manufacturers 
and it can take a number of years to go from 
development to commercial application. In 
the aerospace market, colour and appear-
ance of the aircraft are of paramount impor-
tance and we need to be able to develop the 
desired colours in a very consistent way. Cus-
tomers tend to have more specific requests 
when it comes to colour and we work with 
them to develop these, whereas in the VR 
market we are more reactive – ensuring we 
can provide colours developed by the OEMs.
For automotive refinish paint there are a 
number of important factors to consider 
application properties, the consistency of 
colour to provide invisible repairs and resist-
ance to weather conditions such as moisture 
sensitivity, UV, rain etc. Adhesion to the sub-
strate and hardness, for example, are also 
vital. A number of specific car-related tests 
are also performed, such as stone-chip and 
carwash resistance, and how it stands up to 
fluids such as gasoline. 
Aircraft are subject to tremendous stress 

which requires ultimate performance from 
the paint system. Temperatures range from 
up to 50 °C on the ground down to -50  °C 
once the aircraft is at cruise altitude. At the 
same time, the airframe flexes with the move-
ment of the wings and expansion/contraction 
of the fuselage. Key performance tests in aer-
ospace are adhesion, corrosion resistance 
for up to 40 years, resistance to aggressive 
fluids such as Skydrol and de-icers, flexibility 
and resistance to extreme weather and UVA 
exposure. The coating system also needs to 
be easily strippable with mild paint-strippers, 
either wholly or in part.

2 Are coatings functionalities such as 
self-healing or corrosion indication 

being developed or already in use in 
these application areas? 

Of course, our researchers continue to look at 
different kinds of materials and work on de-
veloping improved polymers. We’ve achieved 
a couple of breakthroughs with self-healing 
topcoats, and a combined basecoat-clear coat 
system that we commercialised for our aero-
space market

“The current 
utilisation of 
water- or sol-

ventborne 
technologies 

tend to balance 
each other out“

Taner Bicer
Head R&D Decorative Liquid Paints 
Kar l Wör wag Lack -  
und Far benf abr ik 
Stutt gar t, Germany 
t aner.bicer@woer wag.de
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1 Why is functionalisation, like scratch-
resistance still not the big driver for 

innovations in automotive coatings?

In recent years, we have actually seen some 
functionalisation in automotive coatings. 
Many vehicles are coated with scratch-heal-
ing coatings activated by energy to reflow 
in very fine scratches from car washes, for 
example. Scratch resistance is difficult to op-
timise by conventional technologies. Lately 
organic/inorganic hybrid networks of soft 
organic parts mixed with hard inorganic par-
ticles have offered a solution: nanoparticles 
imbedded in an organic resin matrix form 
the basis of high performance coatings. In-
deed these coatings provide scratch resist-
ance without compromising stiffness and 
flexibility, acid etching and gloss. A successful 
nanoparticles-based coating is CeramiClear, 
a clear topcoat developed by PPG with a Ger-
man auto-OEM manufacturer. Easyclean in 
the form of superhydrophobicity is another 
type of coating on the move. Contact an-
gles of >150° can be achieved, but in these 
coatings mechanical properties have not yet 
reached the performance level required and 
so, understandably, they have not yet been 
adopted in the industry.

2 The fact that every OEM has its own 
test regulation is one of the big chal-

lenges. How could these complications 
be overcome?

The long testing cycles in automotive indus-
tries are the result of the high standards 
demanded. The industry structure does not 
necessarily accelerate development projects. 
New breakthrough developments come pri-
marily from raw material suppliers develop-
ing new chemistries.  Although they test their 
new products extensively, specific additional 
testing is done at the labs of coating formu-
lators. Yet another round of testing is per-
formed by auto-OEM manufacturers, taking 
into account process conditions. Considering 
the 40+ tests to be performed, this is a sig-
nificant time and cost factor in developing a 
new raw material or coating. It is one reason 
for joint development programmes between 
coating formulators and raw material suppli-
ers or OEMs.
Another limitation on innovation is the ad-
ministrative burden, which makes the devel-
opment and introduction of new chemistries 
and substances complicated and costly, es-
pecially for SMEs. Although often accused of 
slowing down innovation, new regulations 
can push development. In general, regula-
tions that force a reconsideration of both 
the application and performance of the final 
coating often result in fruitful developments. 

Arno Schut
Global Technical Mar keting Man-
ager
Axcentive
Mar seille, Fr ance
a.schut@axcentive.com

“New break-
through devel-
opments come 
primarily f rom 
raw material 
suppliers de-
veloping new 
chemistr ies“

How to meet the needs of automotive coating customers

WHAT MAKES A 
GREAT COATING?
Coatings for the automotive sector are subject to constraints from various direc-
tions: testing, administrative requirements, customer expectations. Arno Schut of 
Axcentive and Dr Klemens Bartmann from Axalta answer our questions about the 
drivers for innovation in this sector (published in ECJ 05/2013).
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1 Why is functionalisation like scracht-
resistance still not the big driver for 

innovations in automotive coatings?

Actually, we find a lot of functionality in 
today´s OEM coatings. We develop coatings 
to protect against mechanical stress and 
build a barrier against UV light, acid rain and 
bird droppings. Modern automotive coatings 
represent a finely adjusted multilayer system 
designed to match the many different appli-
cation conditions of our customers, including 
functional benefits. Granted, the functional 
attributes perform less visibly alongside the 
more obvious benefits of a glossy appear-
ance that delivers the highest possible opti-
cal performance. 
As functional demands have increased there 
also have been development efforts to opti-
mise individual properties like scratch resist-
ance or self-cleaning to a particular level. In 
fact remarkable results can be demonstrated 
at laboratory level. But at the end of the day 
our customers need a well-balanced set of 
properties with customer-specific preference 
of one attribute over another, which then 
needs to run through a robust application 
process.

2 The fact that every OEM has its own 
test regulation is one of the big chal-

lenges. How could these complications 
be overcome? 

There are many sources of complexity in the 
development of automotive coatings. Be-
cause the final product is not the liquid paint 
but a perfectly coated body intended to ex-
actly meet individual customer expectation, 
there are a lot of challenges. Specifications 
for automotive coatings will inevitably be 
OEM specific. Effective test methods, for ex-
ample for dry film and application properties, 
and realistic settings of tolerance levels are 
two criteria we need to consider to meet this 
challenge. It is important to continue to work 
with each of our individual OEM customers to 
further develop test methods and to jointly 
study their feasibility before new test equip-
ment is introduced into the specification pro-
cess. 
As long as application hardware and pro-
cesses continue to be different among OEMs 
we will also need to manage the fine tun-
ing of paint material to individual paint line 
conditions. Increasing expectations in terms 
of overall appearance, ensuring colour har-
mony on both body and plastic parts and en-
hancing first run rates will make this process 
ever more important.  To address this chal-
lenge, our ability to simulate customer line 
conditions through all phases of develop-
ment, launch and maintenance of the prod-
uct along with well aligned lab scale applica-
tion methods will be key. 

“Effective test 
methods, and 

realistic settings 
of tolerance lev-
els are two cri-

teria we need to 
consider“

Dr Klemens Bartmann
Global OEM Technology Director
Axalt a
Cologne, Germany
Klemens.Bar tmann@axalt acs.com
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Two questions, two answers (published in ECJ 11/2015):

What are the challenges when it comes 
to measurements in the field of paints 
and coatings?  

How can comparability between diffe-
rent methods addressing the same  
aspect be guaranteed?

1 In coating and varnishes, the measure-
ment of the effects of weathering  are in-

deed quite challenging. This is confirmed by 
all players in the coating industry value chain.    
Natural and artificial weathering are highly 
complex matters. The Köppen-Geiger clas-
sification of global climate claims no less 
than 31 different climates. More than 20 
natural weathering testing locations pro-
pose their services. Furthermore artificial 
accelerated weathering devices manufac-
turers offer a large choice of instruments 
differentiated by the UV spectrum, the irra-
diance energy level, the humidification sys-
tem, the testing protocols, the acceleration 
factor. In turn this generates some differ-
ent philosophies, rules, recommendations 
and understandings of their results’ trans-
ferability and comparability to treatment 
results by natural weathering conditions. 

After weathering exposure, samples as-
sessment in gloss, colour change, crack-
ing, adhesion to name the main ones is 
classical. What may prove more challeng-
ing is the choice of failure criteria and the 
targeted performance level to be repre-
sentative of the life-time of the article. 
The economical dimension is also critical. On 
the one hand, failure cases may expose the 
coating producer, OEMs or raw-material sup-
pliers to costly claims. On the other hand well 
understood testing procedures and well im-
plemented product guarantees will durably 
protect the manufacturers.
In summary, there is a too large number of 
variables, different technologies to simulate 
the real-life situations. Weathering resistance 
assessment is not a straightforward meas-
urement, but a permanent  attempt to best 
approach the reality.

2 In many situations general Industry 
standards like EN ISO 11341 for coating 

or OEM standards prevail. In such cases the 
standard guarantees the comparability be-
tween the methods. For the users, compara-
bility is no longer an issue, the validity of the 
standard is seldom disputed. The objective is 
rather to comply to the standard.
We also meet a significant number of inde-
pendent companies in the industry that need 
to better assess their coating formulation 
and/or their raw materials. In such a case, 
the formulator needs a tool to compare 
new formulations with his current material 
performance. There is no need to reference 
to an industry or OEM standard, but rather 
the requirement for taking sound decisions. 
Here, some individually tailored comparabil-
ity between natural and accelerated weather-
ing is much more essential than compliance 
to standards. The weathering specialists will 
rather support that guarantee through guid-
ance. They will help selecting the right testing 
protocol, balancing the right dosage of natu-
ral and artificial weathering, choosing the 
correct coating properties measurement and 
failure criteria. 

Bruno Sallé de Chou
CEO & Founder
Eukem
b.salledechou@eukem.com

“A permanent   
attempt to best  

approach the  
reality.“

1

2

So
ur

ce
: H

ei
ko

 S
ta

hl



2 7E X P E R T  V O I C E S

E U R O P E A N  C O AT I N G S  J O U R N A L  2 0 1 7

1 Every sector of industrial manufacturing 
strives to make processes as reliable and 

reproducible as possible.
When it comes to measuring colour tones, 
this becomes somewhat more complex. See-
ing colour is a process that in many ways 
depends on the viewer. We now know that 
the ability to see colour is influenced by age, 
gender, medication, fatigue, nutrition and 
even the mood of the viewer. A measuring 
device would therefore seem to make sense 
as it offers considerably higher reproducibil-
ity of measurement values in comparison to 
human visual judgement.
However, there is also a paradox in that the 
individual differences already mentioned 
make it difficult to find common ground with 
the measuring device. No single viewer can 
represent the average person with whom a 
measuring device could be calibrated. This 
is why the emotional subject of “colour” can 
easily lead to conflict. 
For this reason, it is important to talk about 
tolerance. 
Hardly anyone ever contacts us any more 
with an order stating “I’d like some kind of 
green”. Even private customers usually have a 
clear idea of the colour tone they want. These 
days, it is only the coordinated processes we 
have put in place throughout the entire sup-
ply and production chain that enable us to 
handle orders like this easily.

2 For demanding industrial processes 
there is a simple yet effective method: 

create a standard that is accepted by both 
sides, compare every subsequent delivery 
with that standard and make sure that the 
quality stays within the agreed level of toler-
ance. That is easier said than done as it re-
quires a huge amount of preliminary work 
on both sides until everything runs smoothly. 
This is because the “objective” measurement 
of a paint coating depends on many parame-

ters, such as how it is applied, layer thickness, 
humidity, temperature, drying time and sub-
strate – often wood. All of these parameters 
are inter-dependent for a consistent result.
In the end it is all remains subjective. But it 
is precisely this difficult task that provides an 
opportunity to stand out from the competi-
tion and forge a closer relationship with cus-
tomers in a world that is becoming increas-
ingly anonymous. Good communication and 
a trusting relationship are key to arriving at a 
result with which both sides are happy.  

“It is important 
to talk about  
tolerance.“

Michael Klemt
Manager
Remmer s Baustofftechnik
mklemt@remmer s.de

Book Tip

Accelerated Testing
www.european-
coatings.com/books

R&D News

Studying the adhesion of 
isocyanate coatings to 
metal substrates 

www.european-coatings.com

R&D News

New wind tunnel 
allows anti-icing tests 
under realistic conditions
www.european-coatings.com
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1 About 10 years ago, a trend started
among car designers to apply pale 

and vibrant colours to create a lush 
atmosphere. However, the performance of 
coatings in terms of durability, sustainability  
and ‘staying clean’ was inadequate at the 
time. As a worldwide market leader in leather 
chemicals and performance coatings, we 
understood that customers want their car 
seats to keep their luxurious appearance. In 
line with Stahl’s core philosophy to change 
to greener chemistry, we developed the 
first generation of easy (or easier) to clean 
surfaces for lighter colours. Today we are 
already at the third generation of our “Stay 
Clean” technology. 
This package does not only help to clean 
stained materials, but it also proactively 
prevents surfaces from getting dirty or 
stained. Of course, our search for the best 
solution doesn’t stop here. Our Center 
of Excellence for Automotive, equipped 
with prototyping and test facilities, 
enables us to develop smart surfaces 

for future requirements and trends. This 
allows us to provide designers with the 
innovation power and design freedom to 
create new opportunities. Driven by our 
expertise in creating innovations, we offer a 
portfolio matching the performance demands 
of OEMs around the world. Now and in the 
future.

2 As a worldwide active company and 
expert in car interior materials surfaces, 

we deliver essential, creative and inven-
tive solutions that add value for automotive 
brands. However, in our opinion, the main 
question is not only which chemistries could 
be used to put our ‘crazy ideas’ into practice, 
but for which industries the technology can 
be used as well.
Basically, the most important elements of 
our approach are key resin development 
and clever compounding in the form of 
matting agents that do not create pores 
or voids, maintaining low surface tension. 
When developing Stay Clean, we initially 
focused on leather and PVC-based sub-
strates for the automotive industry. 
However, we believe our solution is suitable 
for so much more, as we see rather similar, 
major challenges regarding ‘staying clean’ in 
other industries and regions. 
That is why we are working on transfer-
ring our technology to other industries 
and substrates. Our anti-stain and stay 
clean-technology is already being used in 
the home interior industry, for example, 
and we are looking forward to the coming 
generations of this technology, custom-
ized for other industries and substrates. 
To realize the same success we had in the 
automotive industry, strong cooperation 
within the supply chain is essential. Because 
we believe that only by working closely with 
our partners, anything that can be imagined 
can be created.

Alexander Schieke
Mar keting Manager Per formance 
Coatings
St ahl Holdings B.V.
ale xander.schieke@st ahl.com 

“It’s our core 
philosophy to 

change
to greener 
chemistry.“

Two questions, two answers (published in ECJ 06/2016):

Smart and functional seems to be the playground for crazy 
ideas from 10 years ago that are becoming reality today. From 
noise reduction to fresh smell everything seems possible with 
coatings. Which weird ideas could become true in 10-15 years 
from now, and for which application? 

More interesting even: which chemistries could be used to 
put these ideas into practice - or does everything still revolve 
around titanium dioxide?

1

2


EUROPEAN COATINGS 

VIDEO TIP

Self-healing coatings
https://youtu.be/rwVYv2w4Mrs

https://www.youtube.com/watch?v=rwVYv2w4Mrs&feature=youtu.be


2 9E X P E R T  V O I C E S

E U R O P E A N  C O AT I N G S  J O U R N A L  2 0 1 7

1 One could say that with the new chan-
nels now available to industry R&D teams 

via open innovation, that the potential for 
`crazy` ideas has expanded well beyond the 
boundaries of those available to us as little 
as 10 years ago. However, that would be very 
unfair to those very clever researchers and 
ideators active in the field stimulating the 
overall creativity of the paints and coatings 
industry. We have seen some very innova-
tive developments and some important new 
products coming to market over the last 10 
years, and, we do not see that slowing down 
at all. Certainly developments in the area of 
self-cleaning and self-healing have made in-
roads, as have developments in heat- and 
sound insulation field. However, progress 
has been slower that it might have been due 
in part to a lack of appropriate standards and 
transparency. In some areas the lack of ap-
propriate industry standards, has forced pro-
ducers to developed their own sometimes 
competing definitions of product perfor-
mance; this has often served to slow adop-
tion in some areas rather than accelerating 
it.  In addition, there are competing industry 
standards which are not always harmonized 
in a way which is helpful for the end-users. 
Many companies have and are continuing to 
make genuine efforts to improve the sustain-
ability of their products as well as their opera-
tions; and there is now a clear understanding 
that sustainability is no longer an `add-on` 
to product development, but that it is the 
first question to be asked and a requirement 
to be made at the beginning of any product 
development. We may not see the next 10 
years throwing-up completely new or crazy 
ideas – however – what we will see is the 
further development and implementation of 
standards which allow the end users to be 
sure that when they pay higher prices for a 
particular functionality that they can be sure 
from the outset that they are actually getting 

that crazy idea they wanted in the first place 
and that we finally see the more widespread 
use of new technology.

2 The industry demand for technology de-
velopments which reduce the amount of 

TiO2 in paint formulations has paid off and 
several raw material suppliers have success-
fully launched excellent products in this field. 
What is the next phase? Where does the in-
dustry go on from here? The paints industry 
can, through its choice of its raw materials, 
impact the footprint of the whole supply 
chain. As mentioned in the previous chap-
ter, AkzoNobel views sustainability as a must 
moving forward; Cradle-to-Cradle is embed-
ded in all aspects of what we do. Process 
streamlining can also help to reduce the cost 
of bringing innovation to market. AkzoNobel 
has launched its “Planet Possible” corporate 
program, which sets out to ”do radically more 
with less.” Within Specialty Chemicals we 
have ongoing programs with key suppliers to 
utilize more sustainable raw material or re-
cycled raw materials to reduce the environ-
mental footprint of our coatings additives. 
The path forward needs to be economically 
feasible and this certainly does not preclude 
the use of bio-renewable technologies even 
at today’s crude oil prices.

“What we will 
see is the fur-

ther implemen-
tation of stand-

ards.“

Emile Trottier
Global RD&I Director Per formance 
Additives
Akzo Nobel Chemicals AG
Emile.Trottier@akzonobel.com 

R & D News

Shape memory 
composite self-healing 
coatings for corrosion 
protection
www.european-coatings.com
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1 Electric cars and self-driving vehicles are 
two megatrends in the automotive mar-

ket which will impact not only technical but 
also design aspects. The electric car segment 
will most likely demand light weight solutions 
to maximise vehicle range which results in 
new substrates and multi-substrate mixes 
used for car body manufacturing. With new 
substrates, new challenges and require-
ments for the coating and the coating pro-
cess emerge. This includes the e-coat, which 
is crucial for the corrosion protection of the 
car body. While electric and hybrid vehicles 
make up a fraction of the market today, OEMs 
are already utilizing multi-substrate car body 
construction to improve vehicle efficiency. 
Therefore, multi-substrates are expected to 
dominate the market in the short-term.
Looking at the design aspect, two approaches 
occur: Some automotive producers will distin-
guish between electric and conventional cars 
when it comes to car colors, with each trend 
influencing the color palette of the car; while 
on the other hand, some producers will use 
the same color portfolio for both types. In the 
future, the demand for new color and new  
effects will remain constant or even increase. 
As availability of self-driving vehicles increases, 
customized solutions for car-sharing models 
will gain more importance. The requirements 
for cars as a vehicle for mass transportation 
and the individually-owned car will be differ-
ent, also in terms of coatings and coating pro-
cesses. An even stronger separation of high 
throughput solutions and individual color 
concepts will emerge in the mid-term.
In addition, interior coatings could gain a new 
meaning with self-driving cars as the interior 
appeal and functionality could become even 
more and more important. The driver be-
comes obsolete and the functionality of a car 
changes. It even becomes a place to work or 
just relax.

2 Sustainability is an important topic not 
only for the coatings industry but also for 

BASF in general. However, it has many facets:
As a starting point, we focused on our prod-
uct portfolio. We developed ecofriendly solu-
tions such as tin-free e-coats and improved 
our waterborne coating technologies. The 
reduction of VOCs remains a standard ap-
proach to sustainable solutions. It is a trend 
which is strongly seen in China, but remains 
an important topic for other regions, too.
In the second phase, our processes were 
analyzed in regards of sustainability. This is 
a more sophisticated approach as it takes 
the whole paint process into consideration. 
In close collaboration with our customers, 
we optimised the relationship between our 
products and the processes at their paint 
lines. The main aspect here was energy sav-
ings. This led to the elimination of a com-
plete process step. 
Today, we see a stronger tendency towards 
low bake processes as drying ovens are 
one of the most energy consuming parts in 
the entire paint process. It is our target to 
reduce the baking temperature during the 
coatings process in order to save energy. An 
additional driver for low bake processes and 
solutions is the change in the car body sub-
strates as mentioned before.
As a next phase, considering all previous 
measures, a holistic approach is required. 
One of the most important future impacts 
and trends – also in regards to sustainabil-
ity – can be expected through the opportuni-
ties resulting from digitalization and industry 
4.0. In mid- to long-term, digital paint process 
steering methods and new ways to develop 
coating products will influence the business. 
Processes will become even more efficient, 
demand fewer resources, and enable the 
development of even more sustainable solu-
tions.

Dr Ralf Otte
Head of Mar keting Automotive 
Coatings Europe
BA SF Coatings
joerg.zumkley@basf.com

“Multi-sub-
strates are  

expected to 
dominate the 
market in the 
short-term.“

Two questions, two answers (published in ECJ 09/2017):

What impact do you expect from trends 
like electric cars and self-driving vehicles 
for the automotive coatings industry? 

Where do you see the largest potential 
for even more sustainable automotive 
coatings?
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1 The use of lightweight materials like plas-
tics is vital to the success of electric and 

hybrid technologies. Plastics lower the over-
all vehicle weight, and that in turn leads to 
a greater range for electric cars. This has a 
significant impact on OEM coating processes, 
as the baking temperature of coatings needs 
to be reduced, due to the temperature sensi-
tivity of the plastic substrates. 
For challenges like this, Covestro has devel-
oped an innovative technology. It enables 
the coating of automotive plastic parts like 
bumpers, roof modules and other plastic 
add-on parts with much greater efficiency at 
temperatures below 100  °C. The clear coat 
layers created cure up to 30% quicker than 
standard two-component polyurethane sys-
tems. Nevertheless, their appearance is still 
very good. 
At the heart of the technology is a thermo-
latent hardener which makes it possible to 
separate film formation from curing. In the 
medium term, this technology is supposed to 
enable the coating of plastic, composite and 
metal parts together for the first time. 
For automotive interior parts, we have devel-
oped the “DirectCoating” technology. It pro-
duces a coated plastic component in just one 
step. After production in the injection mold, 
the plastic substrate is then transferred to 
a second, minimally larger cavity, into which 
the coating system is injected via a reaction 
injection molding (RIM) mixing head. This cre-
ates a polyurethane-coated component with 
outstanding properties that requires virtually 
no post-processing.
Compared with the conventional process, the 
in-process coating offers substantial savings 
potential with respect to logistics effort, en-
ergy consumption and space requirements. 
It enables the efficient production of coated 
components with tremendous design free-
dom in regard to appearance and haptics.

2 For many years, Covestrohas put a lot 
of effort in the development of raw 

materials for environmentally compatible, 
water-borne polyurethane coatings. The 
objective is to further reduce the content 
of volatile organic components (VOC) to al-
most zero. Such coatings are already wide-
ly employed in car interior applications in 
Europe, including soft-touch coatings. 
Due to further advances in electric mobil-
ity and renewable energy sources, we ex-
pect a growing demand for a reduction in 
carbon footprint, such as can be achieved 
with, for example, bio-based coating raw 
materials. We have anticipated this trend 
by developing a bio-based hardener for 
polyurethane coatings. 70% of its carbon 
content is derived from biomass. The hard-
ener delivers the same high performance 
as petrochemical-based isocyanates, and 
contributes to the achievement of sustain-
ability targets for paint and automotive 
manufacturers.
The new hardener has recently proved 
successful in a spectacular application: For 
the first time, a clearcoat formulated with 
it was applied to test bodies of an Audi Q2 
under near-series conditions. The clear-
coat was developed by BASF´s Coatings 
Division, with the aim of helping its cus-
tomers to reach their sustainability targets, 
without having to compromise in terms of 
quality and performance. 
We have recently developed another bio-
based hardener, which is particularly suita-
ble for water-borne polyurethane coatings. 
It has a biomass content of 66%. Currently, 
we are also working on a bio-based aque-
ous polyurethane dispersion. 

“The bio-based 
hardener deliv-

ers the same 
performance as 
petrochemical-

based isocy-
anates.“

Dr Markus Mechtel
Head of Mar keting OEM Coatings, 
EME A Region
Covestro Deutschland AG
mar kus.mechtel@covestro.com
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COVESTRO: NEW HEAVY 
WEIGHTER IS STEPPING IN
Bayer’s intention to spin off the polymer division was announced in 2014. Since 1 September, 2015 Bayer  
MaterialScience is operating under the Covestro name. This is the fourth largest chemical company in Europe  
at the start. What you need to know about this industry move. By Damir Gagro (published in ECJ 10/2015).

The company is now legally and economically independent, 
but will remain a 100 % subsidiary of Bayer AG. Bayer wants to 
float Covestro on the stock market by mid-2016 at the latest in 
order to concentrate exclusively on the life sciences busines-
ses. Market experts expect it will be the largest stock market 
entry in Germany for more than 15 years. 

T he independence is supposed to allow the new company to do 
things faster and be more courageous and commercialise things 

at a faster speed. Bayer intends to focus on its Life Science business 
units: HealthCare and CropScience. Investors have reportedly deman-
ded this move in the past. By spinning off the MaterialScience busi-
ness unit, it does not have to compete any more with the two other 
business units for investments within the parent company. Covestro 
will have direct access to capital for its future development. 

IS A SPIN OFF A NEW IDEA?

To what extent investors will aim at Covestro as a possible target re-
mains uncertain. But Bayer already has experience in spinning off a 
business unit. Ten years ago Bayer spun off parts of its specialty che-
micals business. The company operates as Lanxess in the market and 
is now a listed company. Back in the days there were some doubts in 
the market whether Lanxess could be successful. Measured by the 
low expectations restructuring plans turned into a success story. This 
might serve as a blue print. 

WHAT ARE THE FIGURES FOR THE BUSINESS?

In brief: the business is doing better now. In 2014, the business unit 
recorded sales of EUR 11.8 billion (28% of Bayer‘s total turnover) and 
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Looking for orientation? 
… in basecoats?



Bayhydrol® UA 2856 XP: A new acrylate-modified polyurethane  
dispersion with improved circular line stability

Benefits in brief:
• High-level flop index
• Enhanced circular line stability
• High flexibility
• Low sensitivity against co-solvents
• Less thermo-yellowing (e.g., OEM overbaking conditions)
• No co-solvent

Target markets:
• Waterborne basecoats (metal/plastic) for 
 – Automotive OEM 
 – Refinish coatings 
 – General industrial coatings
• Waterborne stone chip coatings

Capillary rheometer

Exterior coatings (metal/plastic)

Interior decorative coatings

All figures are approximate values.

Main characteristics

Form supplied 35% in water 
(neutralized with DMEA)

Co-solvent None

Viscosity 23°C, D = 40 s-1 ≤ 100 mPa � s

pH value
10% in demin. water 7.3

Elongation at break 365%

Stress at break 13 N/mm²

100% modulus 5 N/mm²

  Standard PUD

   UA 2856 XP
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Capillary rheometer
20 µm annular gap, δ = 375E3 s-1
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This information and our technical advice – whether verbal, in writing or by ways of trial – are given 
in good faith but without warranty, and this also applies where proprietary rights of third parties are 
involved. The information is provided by Covestro without assumption of any liability. If any of the 
above mentioned regulations change after the date of declaration, this declaration is no longer 
valid. Covestro will strive to keep this information up-to-date. Our advice does not release you from 
the obligation to verify the information provided – especially that contained in our safety data and 
technical information sheets –, to check for updates of any information provided by us and to test 
our products as to their suitability for the intended processes and uses. The application, use and 
processing of our products and the products manufactured by you on the basis of our technical 
advice are beyond our control and, therefore, entirely your own responsibility. Our products are 
sold in accordance with the current version of our General Conditions of Sale and Delivery.
Edition: 2017 · Order No.: COV00082317 · Printed in Germany · E

Covestro Deutschland AG 
Business Unit Coatings, 
Adhesives & Specialties
D-51365 Leverkusen 
Germany

www.coatings.covestro.com
cas-info@covestro.com
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accounted for 13% of the profits (EUR 1.09 billion). The figures for the 
second quarter 2015 show an increase in turnover to EUR 3.2 billion 
(+11%) and profits hiked from EUR 109 million to EUR 278 million. 
Covestro supplies key industries around the world, such as the auto-
motive, construction and electronics sectors, as well as the furniture, 
sporting goods and textiles industries. Products include raw materials 
for polyurethane foam. The company also produces polycarbonates, 
which are also very versatile materials for automotive components, 
roof structures, medical devices and much more. Rounding out the 
portfolio are specialty chemicals, including raw materials for coatings, 
adhesives and films.

WHY COVESTRO?

The name Covestro comes from a combination of words that the com-
pany believes reflect its new identity. The letters “C” and “O” come 
from collaboration, while “Vest” signifies the company is well inves-
ted in state-of-the-art manufacturing facilities. The final letters, “Stro”, 
show the company is strong in the areas of innovation, the market, 
and its workforce. Accompanying the new name is a brand logo for 
Covestro. Even if the name sounds odd at first sight, enterprises want 
their business name to be sticky. They want people to hear it once and 
have it stick in their minds. Common names do not stick. They’re hard 
to remember – and they are harder to find online. 

WHO WILL RUN COVESTRO?

Covestro is managed by a four-member board of management. 
Members of the Board under CEO Patrick Thomas are Frank H. Lutz  
(Finance, Labor Director), Dr Klaus Schaefer (Production and Techno-
logy) and Dr Markus Steilemann (Innovation). 

“The separation f rom Bayer 
gives us a unique opportunity 
to concentrate on and further 
develop our leading positions 

in our polymer business.“
Daniel Meyer 

Head of the Coatings, Adhesives, Specialties Business Unit (CAS) at Covestro

3 questions to Daniel Meyer

Isn’t the new name a disadvantage as BMS was well establis-
hed in the market? Bayer has decided to focus in the future entire-
ly on its Life Science businesses and position itself as a world-leader 
in the field of human, animal and plant health. The separation from 
Bayer and the thereby connected independence gives us as Covestro 
a unique opportunity to concentrate on and further develop our lea-
ding positions in our polymer business. Covestro will be able to bear 
in global competition more quickly, effectively and flexibly. The name 
Covestro reflects the identity of the new company. 
Why do you expect the business to be thriving now as it is in-
dependent?  We are a world-leading polymer producer and expect to 
continue our course of growth. According to independent research in-
stitutes our markets will grow stronger than the world economy (GDP) 
in the years to come. This development is expected to be backed by 
macro trends such as climate change, rising mobility and intensifying 
urbanisation. Covestro aims to capture this industry growth by offe-
ring and continuing to develop products and solutions to meet these 
trends and the needs of its markets and industries.
What is the initial strategy for the coatings and adhesives rela-
ted business within Covestro?  Independence gives us the exciting 
opportunity to deploy our strengths even more rapidly, effectively and 
flexibly in the global competitive arena. Our business unit CAS (Coa-
tings, Adhesives and Specialties) is positioning itself as high-end soluti-
on provider to complex customer industries, unlocking above-average 
growth potential. Its market-driven innovation capability and custo-
mer proximity help to create new application space and maintain its 
leadership positions in different markets. At the ECS this year, CAS pre-
sented two interesting innovations in the field of polyurethanes: first 
PDI, an entirely new isocyanate, 70% of whose carbon content comes 
from biomass without generating any direct competition for food pro-
duction. Second, a new thermolatent hardener that enables energy 
and cost-efficient mixed material coating for the automotive industry. 
Our CAS business holds global leading and defendable positions in an 
industry with distinct barriers to entry. Its strong financial profile due 
to high margin resilience and low requirements for capital expenditure 
is a solid platform for future business expansion.

FACTS & FIGURES ABOUT COVESTRO

Annual sales: EUR 11.7 billion

Employment: 14,200 people

Production sites around the globe: 30
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THE BEST OF TWO WORLDS
Silane-urethane hybrid crosslinkers create scratch-resistant clearcoats. By Tobias Unkelhäußer, Markus Hallack, Hans 
Görlitzer and Rainer Lomölder (published in ECJ 07/08 2014).

A range of silane-urethane hybrid 
crosslinkers has been designed to gen-
erate multifunctional, scratch resist-
ant coatings usable on a variety of sub-
strates. Addition of one such product to 
a 2K polyurethane automotive clearcoat 
greatly increased scratch resistance. 
An ambient-cure clearcoat applied over 
wood as well as plastic also showed very 
high scratch resistance.

A new and versatile product family of 
crosslinkers and binders for high per-

formance coatings has been developed. 
The novel approach combines the benefits 
of silane chemistry with the performance of 
polyurethanes, providing excellent scratch 
resistance while maintaining urethane prop-
erties in coatings. 
3-isocyanatopropyltrimethoxysilane (IPMS) is 

the core building block of the novel technol-
ogy platform and provides a broad freedom 
of design by creating tailor-made binders and 
crosslinkers. This resin concept also enables 
non-isocyanate (NISO) crosslinking technol-
ogy that matches or exceeds polyurethane 
performance.
Modern aliphatic 2K polyurethane clearcoats 
are considered as today’s benchmark for 
environmental etch, weathering and durabil-
ity. They are in general well known for their 
excellent balance of flexibility and hardness. 
Furthermore, superb overall properties and 
good adhesion to various substrates are ad-
vantages which have helped the technology 
to set the benchmark in clearcoats for the 
automotive industry in recent decades.
Here, the automobile topcoat in particular, 
which is crucial to a car’s visual appearance, 
needs to have several properties each at the 

highest level to satisfy the premium require-
ments of the car manufacturers and their 
customers.

CLEARCOATS NEED TO MEET  
VERY HIGH REQUIREMENTS

The clearcoat layer of a car (approximately 40 
μm thick) is its first defence barrier against 
all kinds of mechanical, physical and chemi-
cal influences and thus has to resist many 
attacks – whether by UV radiation, abrasion 
caused by car wash brushes and dust, leav-
ing micro-scratches, or aggressive chemicals 
such as acidic rain or suntan lotion causing 
swelling and discolouration (haze).
The clearcoat needs to remain shiny, glossy 
and transparent for as long as possible – 
even after years it should still look like new. 
The quality of clearcoats has steadily im-
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As shown in Figure 1, the IPMS that repre-
sents the key building block of the system 
can be converted with any kind of isocy-
anate-reactive groups (R-group) preferably 
with the hydroxyl groups of diols, polyols or 
oligomeric diols to build a urethane linked 
but alkoxy-silane functional non-isocyanate 
(NISO) crosslinker/binder.
The choice of R-group will primarily deter-
mine the properties of the crosslinker and 
hence will also significantly influence the 
attributes of the coating. For example, the 
longer the backbone of the crosslinker the 
more it acts as a flexibiliser in the coating. In 
contrast, a branched and short R-group will 
result in higher hardness. It is also possible 
in principle to use diols with additional func-
tionalities incorporated, such as fluorinated 
compounds, to create coatings which are 
even more multifunctional.

RESULTS AT A GLANCE

  The “Vestanat EP-M” range is a fam-
ily of silane-urethane hybrid crosslink-
ers designed to generate multifunction-
al, scratch resistant coatings usable on 
a variety of substrates. Some will cure 
even at ambient temperature.

  These crosslinkers and binders can 
be used in automotive OEM and refin-
ish applications and on many different 
substrates such as wood, plastic and 
metals or glass etc.

  Incorporation of these products into 
an existing 2K polyurethane clearcoat 
formulation had little effect on most 
physical properties but produced a 
considerable increase in scratch resist-
ance. High levels of scratch resistance 
were also obtained on an ambient-cure 
clearcoat applied over wood.

  Resistance to suntan lotion of au-
tomotive clearcoats could also be im-
proved.

  Other modifications can also be in-
corporated, such as fluorine, which was 
shown to produce a more hydropho-
bic and oleophobic surface, leading to 
easy-to-clean properties.

proved, but nevertheless there is still a need 
to significantly improve certain character-
istics - particularly the scratch resistance - 
while also if possible adding more features 
such as an easy-to-clean effect [1].
This trend is not just limited to automotive 
clearcoats. It is also true for ambient tem-
perature curable clearcoats applied on other 
substrates such as wood or plastic, which are 
more heat sensitive.

CROSSLINKING OF SILANE-URETHANE 
SYSTEMS OUTLINED

An appropriate way to gain reliable enhance-
ments, in increasing the scratch resistances 
of clearcoats and to satisfy market needs 
and trends concerning a further integration 
of functions, is ensured by the use of silane-
urethane hybrid crosslinkers. 

Figure 1: IPMS-based silane-urethane hybrid crosslinker containing urethane groups, 
terminated by tr i-functional alkoxy-silane structures

But due to the fact that the urethane linkages 
are imparted by formulating with IPMS-based 
crosslinkers, the beneficial properties which 
are expected from aliphatic polyurethanes 
such as high chemical resistance, good adhe-
sion and excellent mechanical properties, are 
retained.
There are two possible reaction mechanisms 
by which the IPMS-based crosslinkers shown 
can react via their alkoxy groups in coating 
systems. One reaction is a combination of 
hydrolysis and condensation to form silox-
ane linkages (Si-O-Si). The other crosslinking 
mechanism is a transesterification reaction 
which occurs only if a hydroxyl group, for 
example that of an acrylic or other polyol, is 
present. Each of these mechanisms can be 
accelerated by using appropriate catalysts 
which are extensively described in diverse 
publications [2, 3].

Level of 
Crosslinker M 95

0 % 10 % 30 % 50 % 100 %

Hardness (König) 1 d 171 174 164 162 143

Erichsen cupping (mm) 8.0 8.5 7.0 6.0 7.0

Impact, direct (in-lb) > 80 > 80 > 80 > 80 80

Acid etch (20 % H2SO4), 
first 
impact/destroyed

47 °C / 
65 °C

48 °C / 
67 °C

44 °C / 
62 °C

40 °C / 
61 °C

46 °C / 
71 °C

MEK resistance (double 
rubs)

> 150 > 150 > 150 > 150 > 150

Table 1: Properties of 2K PUR System modified with various amounts of Crosslinker M 95
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Figure 2: Hydrolysis-condensation reaction forming siloxane net works

Figure 3: Example of a clearcoat formulation with 50:50 pbw 
(on solids) of resin/PUR-hardener and crosslinker M 95

Figure 4: Residual gloss after modified scratch test of a 2K PUR 
system formulated with PUR-hardener  and additional levels of  
crosslinker M 95

Figure 5: Modified crockmeter test: 2K PUR (left) vs. 2K PUR formulated with 
100 % addition of hybrid crosslinker (right)

Figure 6: 2K PUR with additional dosages of crosslinker M 95 
(left - less structured surface at 55 °C) vs. 2K PUR (r ight - highly 
structured surface due to less suntan resistance at 55 °C) 
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This paper describes a performance analysis 
of coatings which have been crosslinked us-
ing unique alkoxy-silane terminated crosslink-
ers which contain urethane structures within 
their backbone. The paper focuses on systems 
which facilitate the self-crosslinking mecha-
nism of the alkoxy functionalities (Figure 2).
The new silane-urethane hybrid crosslinkers 
were used both in standard OEM-clearcoat 
2K PUR formulations and in 1K self-crosslink-
ing, moisture-cure systems.

TEST PROCEDURES SUMMARISED

To analyse the impact of siloxane networks 
in standard 2K PUR systems, clearcoats 
were formulated using an acrylic polyol, an 
HDI-trimer (hexamethylene diisocyanate) 
“Vestanat HT 2500 L” (PUR-hardener , 
NCO:OH ratio 1:1) and several levels of the 
silane-urethane hybrid crosslinker “Vestanat 
EP-M 95” (crosslinker M 95, low viscosity 
liquid, 100 % solids) where the R-group is a 
short chain, linear aliphatic diol. Also, to ac-
celerate the crosslinking of the alkoxy groups 
a catalyst “Vestanat EP-CAT 11” (Cat 11, alkyl 
ammonium salt) was added [4].
The clearcoat concept based on these prod-
ucts is shown in Figure 3. To provide a broad-
er understanding of the influence of siloxane 
networks on the resulting coating properties, 
the dosage of crosslinker M 95 was varied. 
In the figure, the 50:50 pbw blend refers to 

the ratio of the solids of acrylic polyol plus 
PU crosslinker and the silane-urethane hy-
brid crosslinker. In other words, the hybrid 
crosslinker was added at the same amount 
(on solids) as the resin plus PUR hardener. 
The clearcoats were cured at 140 °C (oven 
temperature) for 22 minutes.

SCRATCH RESISTANCE SHOWS SIGNIFI-
CANT IMPROVEMENT

The compatibility of the hybrid crosslinker with 
other formulation constituents was excellent 
in general. In all cases high gloss clearcoats 
were obtained (82 ± 2 gloss units at 20 °)
As shown in Table 1, all coatings based on 
the hybrid crosslinker show a well-balanced 
mechanical property profile which is satisfac-
tory for many high end applications. When 
the concentration of hybrid crosslinker is 
increased, the hardness and flexibility of the 
clearcoat slightly decreases, while chemical 
resistance against sulfuric acid is maintained.
It becomes apparent that the typical polyu-
rethane characteristics such as outstanding 
hardness combined with flexibility (refer-
ence system = 0 % dosage hybrid crosslinker) 
were only slightly diluted by the addition of 
the siloxane network. But even in the 100 % 
system the mechanical performance is still at 
an excellent level, as confirmed by the direct 
impact test.
The scratch resistance was tested by a modi-



 fied crockmeter test (wet abrasion). The test 
performed consists of a bar with an abrasive 
textile brushing the coated surface in a de-
tergent solution 160 times with a 2 kg weight 
attached to it to provide sufficient force. After 
this test, the gloss is measured again and the 
residual gloss is calculated in percent. This 
test is similar to scratch tests for automotive 
OEM requirements [5].
The resistance against scratching increas-
es dramatically with the addition of hybrid 
crosslinker. Figure 4 shows that even small 
proportions of approximately 10 % show a 
significant effect. The residual gloss after the 
modified crockmeter test was significantly 
higher compared to the reference system (0 
% dosage hybrid crosslinker).
The scratch resistance differences of the for-
mulations can be measured but they are also 
easily visually detectable (Figure 5).

RESISTANCE TO SUNTAN 
LOTION CAN ALSO BE IMPROVED

The “100 %” formulation was also investigated 
in relation to other aspects of chemical re-
sistance. Resistance against suntan lotion is 
known to be very relevant for automotive inte-
rior coatings but recently this has also become 
relevant for automotive exterior clearcoats.
The clearcoat formulation based on the 100 
% dosage of hybrid crosslinker was compared 
with a 2K PUR system with regard to resist-

Figure 7: Silane-urethane-hybrid crosslinkers based on IPMS designed for creating multifunctional, scratch resistant 
coatings in different systems and curing conditions
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 ance against an SPF 30 suntan lotion in a tem-
perature gradient oven test for 30 minutes.
While the standard 2K PUR coating shows 
swelling and discolouration (Figure 6) even 
at 37 °C, the boosted formulation with 100 
% hybrid crosslinker remains stable even at 
higher temperatures up to 55 °C. The better 
resistance against suntan lotion can be ex-
plained by an increase in crosslink density via 
the dense siloxane network [5, 6].

SILANE-URETHANE HYBRIDS  
FOR MOISTURE CURING SYSTEMS

Even in ambient curing systems, special si-
lane-urethane hybrid products can act as a 
crosslinker as well as a binder at the same 
time to create multifunctional scratch-resist-
ant coatings. In the field of wood coatings in 
particular, the drying speed of the coating is 
an essential factor. For this special purpose 
the “Vestanat EP-MF” product family was de-
signed based on products of the “Vestanat 
M” family but designed to be curable at room 
temperature (see Figure 7).
“Vestanat EP-MF 201” (crosslinker MF 201) 
is a solvent and isocyanate free, ready-to-
use version of an alkoxy-silane terminated 
crosslinker or binder requiring no other 
crosslinkers (i.e. polyisocyanates). It can be 
used for 1K moisture curing systems. The 
resulting coatings show outstanding scratch, 
stain and chemical resistance.
2K formulations are obtained by combining 
the silane-terminated product with polyols. 
The right mixing ratio between both compo-
nents must then be determined. Due to the 
formation of an interpenetrated network, 
properties including scratch, stain and chem-
ical resistance can be adjusted on demand. 
There is also no need to add polyisocyanate 
crosslinkers. The final coating is still a NISO 
system and – depending on the characteris-
tics of the polyol – potentially low in VOC.
Figure 8 shows a technology comparison 
between a 2K PUR (left) and a 2K formula-
tion based on use of the silane-terminated 

crosslinker-binder (right). Both systems were 
applied on wood and were scratched us-
ing a modified crockmeter test. While many 
and very distinctive scratches occur on the 
unmodified 2K PUR, the formulation based 
on silane crosslinking resists the abrasive at-
tacks keeping its shiny, initial appearance.
In addition to the field of wood coatings, 
there is also an attractive application in terms 
of plastic coatings. Here the same properties 
will lead to scratch, stain and chemical resist-
ant coatings. This outstanding product pro-
file is essential for sporting goods or in the 
automotive industry.

FLUORINE INCORPORATION  
ENHANCES CLEANABILITY

The backbone of the novel crosslinker tech-
nology is variable, which leads automatically 
to a high freedom of design for creating tai-
lor-made crosslinkers or binder with multi-
functional qualities in the future.
An experimental (not currently commercially 
available) fluorine-containing silane-urethane 
hybrid hardener was investigated. Fluorine is 
well known for its positive effects on surface 
properties, such as the improvement of wa-
ter and oil repellency of coatings, also known 
as the easy-to-clean effect [7]. One indirect 
but valid method for detecting the hydropho-
bicity of surfaces is to measure the contact 
angle of a drop of liquid onto that surface. 
In this case water and squalene, a triterpene 
which can be obtained from shark liver oil, 
were used as liquids.
Clearcoats were formulated both with the 
“Vestanat® EP-M 95” (reference) and with 
several levels of the experimental fluorine 
containing silane-urethane hybrid crosslink-
er. The coatings were cured at 140 °C (oven 
temperature) for 22 minutes.
The results obtained, shown in Table 2, dem-
onstrate that even small proportions of a si-
lane-urethane crosslinker containing fluorine 
can enhance the easy-to-clean behaviour of a 
coating significantly. It was also noted that all 

clearcoats tested had in general a high abra-
sion resistance. The only deficit observed 
was a continuing decrease of hydrophobicity 
after several scratch test cycles.  
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Crosslinker M95 content Fluorine crosslinker Contact angle

Water Squalene

100 % 94 33

95 % 5 % 109 72

85 % 15 % 113 72

Table 2: Easy-to-clean effect of silane-urethane hybrid crosslinkers containing fluorine

Figure 8: Modified crockmeter scratch test : 2K 
PUR (left) vs. 2K based crosslinker MF 201 
formulation (right)
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ON THE ROAD

Cars in more than 25,000 
shades of colour can 
be found on our roads.  
However, despite this co-
lourful pallet, favourites 
among car owners are 
white, black, grey and silver. 

MORE COLOURFUL

Over the last decades, white 
has continually ranked as 
number one in studies by car 
coatings producers. However, 
in recent polls more colourful 
cars are regaining popularity 
in Europe, namely blue and 
red shades for small models.
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(RE)FINISHING IN THE FAST LANE
DTM acrylic polyol for 2K polyurethane coatings eliminates etch primer.  
By Gautam Haldankar and Alan Woosley, Nuplex (published in ECJ 11/2014).

A novel acrylic polyol that provides excel-
lent adhesion to various metal substrates 
was developed, with the aim of allowing 
the etch (wash) primer coat to be elimi-
nated from vehicle refinish applications. 
On cold rolled steel substrate formulated 
primer gave superior corrosion and hu-
midity resistance without an etch primer.

P olyurethane coatings play a dominant role 
in the automotive and industrial coatings 

markets. Excellent durability, gloss, appearance 
and speed of cure are some of the characteris-
tics that make the technology a valuable tool for 
the coatings industry [1, 2].
In recent years the demand for cost savings has 
increased. One creative way of saving costs is 

to eliminate a paint layer in the coating system.
This paper focuses on automotive refinish 
coatings. In the automotive industry, cold 
rolled steel is the primary metal substrate. 
However, aluminium is gaining importance 
as fuel efficiency is now playing a major role 
in vehicle design. The introduction of new ve-
hicles with all-aluminium bodies is a good ex-
ample of this changing scenario. This is why 
coatings for this market should have good 
adhesion to a variety of substrates.

AUTOMOTIVE REFINISHING  
SYSTEMS OUTLINED

In the refinish market, typically four layers 
of paint are applied to the surface: etch (or 

wash) primer, sanding primer, sealer, base-
coat and clear coat (Figure 1).
Typically, an etch primer contains polyvinyl 
butyral as a binder and phosphoric acid as 
a converter. It helps to improve corrosion 
resistance of the coatings. The automotive 
industry demands 500 hours of salt spray 
testing to be passed. The elimination of the 
etch primer, which helps adhesion and corro-
sion resistance, would be an important step 
to save costs and time in the application.
In the primer formulation, the binder usually 
plays a key role in adhesion and conductivity 
of the layer [3-9]. Acrylic polyols are the main 
class of binders used in two component (2K) 
polyurethane formulations. They have out-
standing durability and can be designed to 
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RESULTS AT A GLANCE

  Clear and pigmented 2K polyure-
thane coatings were prepared using a 
novel acrylic polyol and evaluated as 
direct-to-metal (DTM) vehicle refinish 
coatings over various substrates.

  The dry and wet adhesion to various 
metal substrates of unpigmented clear 
coat formulations based on the new 
polyol was found to be superior to that 
of two conventional acrylic resins. 

  A formulated DTM primer was 
tested against two commercial refin-
ish urethane based primers. All were 
evaluated over cold rolled steel with 
and without etch primer and tested for 
adhesion, corrosion and humidity re-
sistance.

  The DTM primer using the novel acryl-
ic polyol gave excellent performance in 
corrosion and humidity tests without etch 
(wash) primer. Eliminating the etch prim-
er allows overall coating time and costs to 
be reduced.

form hard and tough films. The development 
of a novel acrylic polyol which has excellent 
direct-to-metal (DTM) adhesion characteristics 
will be discussed. The primer formulation de-
veloped and the comparative study with control 
acrylic polyols and commercial 2K refinish prim-
ers will be presented in detail.

RESIN SELECTION AND 
INITIAL TEST PROCEDURES

Typically for vehicle refinish (VR) primer ap-
plications, the Tg of the resin lies between 25 
and 70 °C. A higher Tg helps the sanding char-
acteristics. APO-5 and APO-6 are traditional 
acrylic polyols used in refinish primer appli-
cations. The acrylic polymer backbone was 
modified to develop the novel DTM acrylic 
polyol (APO-9). The resin characteristics are 
compared in Table 1.
Acid values, which play a major role in adhe-
sion to metal, were comparable in the set of 
resins tested. Also, the hydroxyl equivalent 
weight which is also important for the cross- 

2K-PUR Clearcoat 50-75 µm

Basecoat 18-25 µm

Primer 
50-125 µm

Wash/etch pr imer 7-13 µm
Metal body

Figure 1: Schematic diagram of various paint layers in vehicle refinish coatings

Acrylic polyol APO-5 APO-6 APO-9

Conventional Conventional DTM

% Non-volatiles by 
weight

60 60 60

Hydroxy eq. wt. (on 
NV)

600 600 600

Tg, °C 60 35 35

Acid value 8 7 8

Mn (daltons) 3,400 3,940 4,580

Mw (daltons) 8,750 9,920 16,470

Mp (daltons) 8,970 9,980 9,140

Polydispersity 2.6 1.7 3.6

Table 1: Characteristics of acrylic polyols

Ingredient % Weight

Acrylic polyol 75.00

1 % DBTDL (Dibutyl tin dilaurate) in xylene 1.50

n-Butyl acetate 6.79

Isocyanurate trimer (90 % NV) 16.71

TOTAL 100.00

NCO: OH ratio 1.05

% DBTDL on total NV 0.025

Table 2: Formula for clear coating
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Figure 3: Primer coated panels exposed to humidity without etch primer in Cleveland Condenser chamber (ASTM D4585) and tested 
for adhesion (ASTM D3359) after one hour recovery

Figure 2: Pictures of panels exposed in salt fog chamber (ASTM B117) for 500 hours, with and without etch primer and before and 
after scraping
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link density, and thereby affects permeability, 
was kept constant. For screening purposes 
and to focus on the adhesive properties of 
the resin alone, the adhesion was tested using 
an unpigmented formula. Table 2 shows the 
formula used for the clear coat. No surface 
tension or flow modifiers were used, in order 
to avoid their possible influence on adhesive 
properties of the resins. The clear coats were 
applied to three different substrates: cold 
rolled steel, polished aluminium and galva-
nised steel, using a wet film application bar to 
obtain a dry film thickness of 50 ± 2.5 µm.
The panels were air-dried for ten days at 23 
°C and 50 % relative humidity then tested for 
adhesion (ASTM D3359). To test adhesion af-
ter water immersion (ASTM D870), the panels 
were soaked in water at 23 °C for 24 hours. 
The adhesion was tested immediately and af-
ter 24 hours recovery.

PRIMER FORMULATIONS  
AND EVALUATION

A separate set of experiments was carried 
out to determine an effective combination of 
anticorrosive pigments, extender pigments 
and pigment to binder ratio to formulate a 
sandable low VOC primer. The formulation is 
shown in Table 3.
The primer which was produced using APO-9 
was also compared to two commercial vehicle 
refinish primers based on acrylic polyols. These 
two were selected based on the feedback from 
bodyshop painters. In the literature both prim-
ers are described as having very good adhesion 
to various substrates. The primer panels were 
tested with etch primer underneath and also 
without the etch primer for:
 ą  Dry adhesion (ASTM D3359).
 ą  Adhesion after 24 hours water immersion 
(23 °C) and recovery for one hour.

 ą  500 hours salt fog exposure (ASTM B117). 
Panels were examined for blistering. They 
were scraped across the scribe using a 
sharp-edged spatula to examine rusting 
and loss of adhesion in the vicinity of the 
scribe.

 ą  500 hours humidity chamber (ASTM 
D2247) and rated for degree of blistering.

 ą  500 hours Cleveland Condenser (ASTM 
D4585) test and rated for degree of blister-
ing. The adhesion test was carried out after 
one hour of recovery.

MARKED DIFFERENCES FOUND IN  
CLEAR COATINGS’ ADHESION

Table 4 shows the results of adhesion testing 
both dry and after the 24 hours water soak at 
23 °C. Among the three resins tested, APO-
9 gave 100 % adhesion to all the three sub-
strates: cold rolled steel, polished aluminium 
and galvanised steel. 



Ingredient % Weight

Component A

Grind portion

APO-9 15.95

Xylene 2.12

Rheology modifier 0.50

Dispersing agent 2.51

Carbon black tint 0.28

Aluminium triphosphate pigment 6.03

Talc 10.05

TiO2 0.50

Mod. zinc strontium phosphosilicate 3.02

Zinc phosphate pigment 10.05

Barium sulfate 20.51

Letdown portion

APO-9 9.94

PM acetate 1.60

Flow additive 0.06

1 % DBTDL in xylene 1.04

Parachlorobenzotrifluoride (solvent) 5.04

Methyl acetate 5.04

Component B

Isocyanurate trimer (90 % NV) 5.76

Total 100.00

Table 3: Formula for primer
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4 6

After a 24 hour water soak at 23 °C adhe-
sion was tested immediately without any 
recovery. Though APO-5 and APO-6 did not 
adhere to the substrates at all, APO-9 re-
tained some adhesion to all the substrates, 
with the best results on the cold rolled steel 
substrate. After 24 hours, APO-9 recovered 
completely giving 100 % adhesion to all sub-
strates whereas APO-6 recovered to 82 % on 
cold rolled steel and APO-5 showed no recov-
ery at all.
Acid value plays an important role in adhe-
sion. In the polyols tested, the acid value was 
kept constant at around 7-8. The hydroxyl 
equivalent weight (HEW) was also kept con-
stant for all three resins at 600. Maintaining 
the same level of HEW helped to keep the ef-
fect of variations in the crosslink density and 
shrinkage associated with crosslinking to the 
minimum.
In the immediate testing after water soak, 
APO-9 gave superior adhesion compared to 
both APO-6 and APO-5, due to the modifica-
tion of the polymer chain. In the 24-hour re-
covery test, between the two control polyols 
APO-6 gave better adhesion to cold rolled 
steel than APO-5. 
The main difference between these two res-
ins was their Tg. The Tg of APO-6 was about 
25 °C lower than that of APO-5. This indicates 
that a lower Tg facilitates adhesion, probably 
by means of better wetting of the substrates 
due to higher flexibility of the polymer chains 
as well as better orientation of the polar 
groups on the polymer chain.

ADHESION AND CORROSION TESTED  
ON PRIMER FORMULATIONS

The adhesion of traditional acrylic polyols to 
cold rolled steel (CRS) and other substrates 
was not adequate and hence they were not 
included in the further study. Instead, two 
commercial primers based on polyurethane 
technology were selected which were rec-
ommended for various metal substrates.
A dry adhesion test showed that all three 
primers had excellent adhesion to CRS, giv-
ing 100 % adhesion in the crosshatch test 
with or without etch primer. All three prim-
ers were further tested for adhesion after 
24 hours water immersion at 23 °C and one 
hour recovery. Adhesion of all the primers 
was excellent on the etch primer treated 
surface (Table 5). However, on the untreated 
CRS only the APO-9 primer passed the ad-
hesion test.
Results obtained in the salt fog test, which 
represents a very aggressive corrosive en-
vironment, showed that the APO-9 primer 
had far superior performance to commer-
cial primer-1 and primer-2 on the panels 
without any etch primer (DTM application). 

APO-9 primer Commercial primer-1 Commercial primer-2

Dry adhesion 100 % 100 % 100 %

With etch primer 100 % 100 % 100 %

Without etch primer 100 % 100 % 100 %

24 hour soak + one hour recovery

With etch primer 100 % 100 % 100 %

Without etch primer 100 % 0 % 0 %

Table 5: Adhesion test results on formulated primers

Primer With etch primer Without etch primer

Field rust Field  
blistering

Failure at 
scribe

Field rust Field 
blistering

Failure at 
scribe

APO-9 primer 10 10 7 10 10 9

Commercial 
primer-1

10 9 5 8 0 0

Commercial 
primer-2

10 10 0 9 0 0

Table 6: Rusting (ASTM D610), blistering degrees (ASTM D714) and failure at the 
scribe (ASTM D1654) of the primed panels in the salt fog chamber (ASTM B117)
 after 500 hours

Acrylic Polyol 
Comment

APO-5
Conventional

APO-6
Conventional

APO-9
DTM

Before soaking Adhesion (% Passed)

Cold rolled steel 2 % 100 % 100 %

Polished aluminium 6 % 88 % 100 %

Galvanised panel 0 % 0 % 100 %

Soaked – no recovery

Cold rolled steel 0 % 0 % 71 %

Polished aluminium 0 % 0 % 25 %

Galvanised panel 0 % 0 % 26 %

Soaked – 24 hour recovery

Cold rolled steel 0 % 82 % 100 %

Polished aluminium 0 % 0 % 100 %

Galvanised panel 0 % 0 % 100 %

 

Table 4: Adhesion of acrylic polyols to various substrates – dry and after 24 hour water soak
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APO-9 primer Commercial primer-1 Commercial primer-2

Blistering after 500 hours humidity test

With etch primer 10 10 10

Without etch primer 10 3 10

Blistering after Cleveland Condensation test

With etch primer 5 10 2

Without etch primer 10 0 1

Adhesion after Cleveland Condensation test + one hour recovery

With etch primer 86 % 100 % 16 %

Without etch primer 100 % 0 % 40 %

Table 7: Results of humidity and Cleveland Condensation tests with and without etch primer

Also, with the etch primer the performance 
of the APO-9 primer was superior (Table 6).
Failure at the scribe was determined after 
scraping the panel across the scribe with 
the sharp-edged rectangular spatula. This 
was a severe method to test for any under-
lying corrosion or delamination. Interest-
ingly, APO-9 performed better without etch 
primer than with it.
Figure 2 shows a pictorial view of one of the 
duplicate panels from each set. The pic-
tures in the last column are of the primers 
directly on the CRS panels after 500 hours 
salt fog exposure and after scraping across 
the scribe.
In this severe test the APO-9 primer per-
formed significantly better than both the 
commercial primers. Indeed, it was ob-
served that the resistance against corrosion 
and blistering of the APO-9 primer in DTM 
application was superior to the commercial 
primers that were applied over the etch 
primer.

EXCELLENT RESULTS IN 
HUMIDITY TESTS

All three primers sprayed over the etch 
primer gave excellent performance in the 
humidity chamber after 500 hours of expo-
sure. No blistering was observed (Table 7). 
Without any etch primer, commercial prim-
er-1 failed for blistering but APO-9 primer 
and commercial primer-2 gave no blistering.
The Cleveland Condenser is a more severe 
test, where the coated surface is exposed 
to condensing humidity at 140 °F (60 °C). 
After 500 hours’ exposure, the commercial 
primer-1 had no blisters on the etch primer 
treated panels and APO-9 primer had no 
blisters on the direct to metal application 
(Table 7).
A crosshatch adhesion test was carried out 
after one hour of recovery and panels with 
no blistering gave 100 % adhesion. The APO-
9 primer gave superior adhesion as a direct 
to metal primer (Table 7 and Figure 3).

OVERALL COSTS CUT WITH NO  
LOSS OF PERFORMANCE

A novel acrylic polyol has thus been devel-
oped which gave very good adhesion to 
various substrates including CRS, aluminium 
and galvanised steel. Adhesion after a water-
soak was found to be a very good differenti-
ating test that helps to select resins for DTM 
performance.
When this APO-9 primer was compared to 
two commercial primers it was found that 
the corrosion resistance as well as humidity 
resistance on CRS, without etch primer, was 
by far superior.
This shows that by using the novel DTM 

acrylic polyol one can eliminate a layer of 
paint, the etch primer. This helps the paint 
formulator to reduce VOCs and generate 
cost savings by eliminating the etch primer 
layer without sacrificing performance.  
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FAST, SAFE AND FLEXIBLE
Novel PU chemistry combines rapid cure with extended pot-life. By John Argyropoulos, Nahrain Kamber, Paul Popa, David 
Pierce,Yanxiang Li, Paul Foley, Gary Spilman, Jeff Anderson, The Dow Chemical Company (published in ECJ 11/2015).

Figure 1: Preparation of polycarbamates f rom the reaction of 
polyols with urea.

Polymer backbone

Polymer backbone

Urea/Cat alyst Heat

OH OH OH

O

O

NH2 O

O

NH2 O

O

NH2

Polycarba-
mate reference

Polymer 
type

Carbamate EW 
(100% solids)

Solids 
(weight %)

Tg

[°C]

Molecular 
weight 

(Mn)

1 Acrylic 800 61.8 59 3,600

2 Acrylic 555 75.8 4.0 5,000

3 Acrylic 602 72.7 23 3,400

4 Alkyd 549 54.9 3,000

Table 1: Physical properties of the test polycarbamates.

Traditional two-component ambient-cure polyurethanes 
must balance cure speed against pot-life. A novel isocyanate-
free polyurethane curing chemistry effectively decouples 
pot-life and cure speed. The coatings offer excellent chemical 
resistance, adhesion, mechanical properties and weather-
ability.

Polyurethanes are widely used in industrial coating applications be-
cause of their superior mechanical properties, good chemical resist-

ance, superior weatherability when using aliphatic polyisocyanates and 
the ability of the coatings to cure at acceptable rates under ambient 
conditions [1]. Nevertheless, there is a desire in the coatings industry to 
find alternative isocyanate-free routes to polyurethane properties, since 
exposure to isocyanates can lead to adverse health effects [2].
Isocyanates also undergo irreversible side reactions with water, which 
can be problematic for application in humid environments. Some-
times, there is also a need for faster drying and hardness develop-
ment than can be achieved with current isocyanate chemistry. Typi-
cal approaches to faster dry times using isocyanate chemistry usually 

lead to shorter formulation pot-life [3]. This paper describes a new 
isocyanate-free chemistry for the preparation of polyurethane coat-
ings at ambient temperatures from the reaction of polyaldehydes with 
carbamate functional polymers using an acid catalyst [4].
A primary alcohol is typically used as a cosolvent to enhance the pot-
life of the formulation. This novel crosslinking chemistry has the rare 
and valuable feature of decoupling formulation pot-life from coating 
dry-time and hardness development. 
As a result it can provide fast cure at ambient conditions, without the 



4 9N O N - I S O C Y A N AT E  C R O S S L I N K I N G 

E U R O P E A N  C O AT I N G S  J O U R N A L  2 0 1 7

RESULTS AT A GLANCE

  Two-component polyurethanes are used in a variety of 
industrial coating applications due to their excellent weather-
ability, toughness, and chemical resistance. However, when for-
mulated as ambient cured systems they must typically balance 
cure speed against pot-life.

  The chemistry and performance attributes of a novel ambi-
ent cure, two component isocyanate free polyurethane coating 
technology based on the reaction of polycarbamates with poly-
aldehydes are described.

  One key benefit is that formulations which dry and develop 
hardness very quickly can still retain an extended pot-life.

  For the applicator, these attributes provide faster return to 
service, higher productivity and less material waste.

  Additional coating benefits include excellent chemical re-
sistance, adhesion, mechanical properties and weatherability

Figure 2: Chemical structures of the preferred polyaldehyde 
crosslinker CHDA.

OHC
OHC

CHO

CHO

CHO

CHO

CHO
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short pot-life issues of traditional two-component [2K] polyurethane 
systems. Furthermore, this technology does not suffer from irreversible 
reactions of the crosslinker with water. As a result, formulations can 
be applied under ambient conditions that produce coatings with fast 
property development. The resulting coatings have excellent mechani-
cal properties, good chemical resistance and superior weatherability.

PREPARATION OF TEST COATINGS SUMMARISED

Raw materials used in this study were commercially available unless 
otherwise noted. The 1,3-cyclohexane dicarboxaldehydes and 1,4-cy-
clohexane dicarboxaldehydes (CHDA) mixture was prepared using a 
process previously described [5]. The equivalent weight of the CHDA 
is 79.5. Four polycarbamates were prepared from their correspond-
ing polyols using a carbamylation process illustrated in Figure 1, with 
their physical properties summarised in Table 1. An automotive re-
finish primer-surfacer formulation based on the isocyanate-free PU 

technology is summarised in Table 2. The primer-surfacer was formu-
lated with a pigment volume concentration (PVC) of 25. A grind was 
prepared using polycarbamate 4, a dispersant, toluene, methyl ethyl 
ketone (MEK) and four pigments.
Once the grind reached a Hegman fineness of 5.5 or higher, the ma-
terial was let down by adding the remaining solvents, ethanol and di-
acetone alcohol. The 1,3/1,4 cyclohexane dicarboxaldehydes (CHDA) 
and dinonyl naphthalene disulfonic acid (DNNDSA) were added to the 
primer formulation prior to application.

TEST EQUIPMENT AND PROCEDURES USED

Pendulum hardness testing was performed according to ASTM D4366 
and pencil hardness according to ASTM D3363-05. Martens hardness 
measurements were performed using an automated “Fisherscope 
HM2000 XYp”, with a Berkovich pyramid as the indenter. Cross-hatch 
adhesion was measured and rated (scale 0B to 5B with 5B being the 
best adhesion) according to ASTM D3359-09. Coating thickness was 
determined according to ASTM D7091-05. MEK double rubs were de-
termined by using a semi-automated MEK rub test machine (DJH De-
signs, Inc.). Impact resistance was determined with a Gardner impact 
tester according to ASTM D2794-93. Mandrel bend performance was 
determined by bending the coated panel over a mandrel and observ-
ing whether the coating passed or failed the mandrel with 0.5 inch 
(1.25 cm) diameter.
Gloss was measured using a Byk “micro-TRI-gloss” instrument. Formu-
lation viscosity was measured using a Brookfield “DV-III” viscometer.
Accelerated weathering of coatings was performed on aluminium 
panels using “QUV-A” bulbs with a cycle of eight hours light at 60 °C 
and four hours condensation at 50 °C. Carbon 13 NMR experiments 
were performed at 80 °C on a Bruker “Avance 400 MHz” (1H frequen-
cy) NMR spectrometer equipped with a 10 mm dual C/H cryoprobe, 
without sample spinning.

NEW CHEMISTRY CAN BE BASED ON STANDARD POLYOLS

The new isocyanate-free chemistry is based on the reaction of poly-
aldehydes with carbamate functional polymers in the presence of an 
acid catalyst. The polycarbamates can be prepared from a variety of 
polyols, such as acrylics and alkyds. The advantage of this approach 
is that polyols, which are the workhorse of the polyurethane industry, 
can be utilised in the technology. The polyols can be converted to 
their corresponding polycarbamates via a transcarbamylation reac-
tion of the polyol with urea at elevated temperatures using a catalyst 
(see Figure 1).
The crosslinker for this technology is a cycloaliphatic polyaldehyde. The 
preferred polyaldehyde is a mixture of 1,3-cyclohexanedicarboxalde-
hydes and 1,4-cyclohexanedicarboxaldehydes (see Figure 2). The poly-
aldehyde crosslinker is a low viscosity clear liquid at room temperature.

REVERSIBLE REACTION WITH ALCOHOLS EXTENDS POT-LIFE

A significant benefit of this crosslinking technology is the ability to de-
couple pot life from cure speed. To demonstrate this attribute, three 
clearcoat formulations were prepared that differed only in their sol-
vent composition (the presence or type of alcohol used in the for-
mulation). In all three formulations, Polycarbamate 1 and CHDA were 
used in a carbamate to aldehyde equivalent ratio of 1:1.
Figure 3A shows the viscosity development over time of the three for-
mulations. With no alcohol present the viscosity increased rapidly, 
while the addition of 5 % by formulation weight of either methanol 
or ethanol led to a significant inhibition of viscosity increase, in effect 
extending the usable pot-life of the formulation from minutes to days.
Conversely the cure rate was not affected, as shown in Figure 3B, 
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where the development of coating hardness over time showed similar 
trends with or without the presence of the alcohol.
It is known that alcohols react with aldehydes to form acetals, which 
inhibit the crosslinking reaction by blocking the aldehyde crosslinker. 
After the formulation is applied, the volatile alcohols evaporate from 
the coating, leading to a rapid crosslinking reaction of the polycarba-
mate with the CHDA.

REACTION EQUILIBRIUM STUDIED

In order to gain an understanding of the fundamental crosslinking 
chemistry, a model study using 13C-NMR characterisation was per-
formed to discover the types of reactions that could occur. Figure 4 
summarises the products formed at equilibrium when a 2:2:1 equiva-
lent ratio of benzyl carbamate, ethanol and cyclohexane carboxalde-
hyde (CHCA) were allowed to react in the presence of trifluoroacetic 

Figure 3A: Formulation viscosity changes over time. Figure 3B: Coating hardness development over time.

acid catalyst in dimethyl sulfoxide (DMSO-d6) solvent.
The conversion of the aldehyde (CHCA) was greater than 90% after 
48 hours at 60 °C. The reaction led to the formation of urethanes 
(A and B), ethers (D and E) and a urethane ether (C), with A and C as 
the major products. The alcohol component plays a significant role in 
the types of products formed.
The participation of the alcohol species has important implications 
for coating formulations. Since the carbamylation reaction of a polyol 
does not proceed to 100% completion, there are always both carba-
mate and hydroxyl functionalities present in the polycarbamate raw 
material for coatings. In addition, alcohols will be present in the coat-
ing formulation to increase pot-life.
The fundamental study suggests that the mixture of 1,3-cyclohexane 
dicarboxaldehydes and 1,4-cyclohexane dicarboxaldehydes (CHDA) 
can serve as an effective crosslinker for polycarbamates, which is ex-
pected to lead to coatings with good properties.

Figure 4: Competing reactions of benzyl carbamate and ethanol with CHCA.

Benzyl car bamate

Ethanol

Cyclohe xanecar boxaldehyde
(CHC A)

A

B

C

D
E

Products A B C D E

Weight % 36 11 35 17 1.0
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INITIAL TESTS SHOW HIGH COATING PERFORMANCE

To illustrate the coating performance, both clearcoat and pigmented 
formulations were prepared using polycarbamates 2 and 3 (glass 
transition temperatures 4 °C and 23 °C respectively). The equivalent 
ratio of carbamate to aldehyde was 1:1, and para-toluene sulfonic 
acid (PTSA) was used as the acid catalyst.
Coatings were formulated at 60 weight percent solids (3:1 weight ratio 
of n-butyl acetate to ethanol as the solvents) and applied to phos-
phate-treated steel panels using a drawdown bar. Properties were 
measured after the coatings had been cured at room temperature 
for seven days. The coatings had a good range of hardness and flex-
ibility, which varied as a function of the polycarbamate Tg (see Table 
3). Solvent resistance was excellent, indicative of good crosslinking at 

room temperature.
The accelerated weatherability of coatings based on polycarbamate 
2 (PVC = 10) was excellent as compared to a commercial isocyanate-
crosslinked control. Both gloss retention (Figure 5A) and colour re-
tention (Figure 5B) of the polycarbamate-based coatings (with and 
without a hindered amine light stabiliser) were either better than or 
comparable to the isocyanate control, showing that the new crosslink-
ing technology can provide coatings with superior weatherability.

PRIMER-SURFACER HAS FAST DRY-TO-SAND TIME

The new technology can also provide superior coatings for automo-
tive refinish applications. In particular, the fast cure and long pot-life 
attributes can offer advantages for primer-surfacer applications. A de-

Figure 5A: QUV-A, gloss retention versus time. Figure 5B: QUV-A, ∆E versus time.

Grind Amount

Polycarbamate 4 32.1

Toluene (solvent) 18.3

MEK (solvent) 6.8

“Byk-110” (dispersant) 1.1

“Tiona 595” TiO2 (pigment) 6.7

“Nicron Talc 665” (pigment) 6.7

“Burgess Optiwhite” (pigment) 4.4

“Barytes Mitiwhite” (pigment) 7.6

Let-down with

Ethanol (solvent) 9.0

Diacetone alcohol (solvent) 1.8

Crosslinker and catalyst

CHDA 4.4

DNNDSA (55% solids) 1.1

Total 100.0

Table 2: Isocyanate-free PU primer-surfacer 
formulation (weight percent).

Table 3: Coating properties of acrylic polycarbamate 
formulations.

Formulation Clear coat 10% PVC (TiO2)

Polycarbamate 2 3 2 3

Polycarbamate Tg (°C) 4 23 4 23

PTSA catalyst (wt. %, based 
on binder solids)

0.6 0.6 1.2 1.2

Coating properties

Film thickness (mils /µm) 2.5 / 63 2.0 / 51 1.9 / 48 1.6 / 41

Gloss (60 °) 103 88 88 70

Pencil hardness HB H 2B 3H

König hardness [sec] 71 131 61 115

Crosshatch adhesion 5 3 5 4

MEK resistance [double rubs], 
25% film loss

>100 >100 >100 >100

Impact resistance, direct 
(in-lbs)

70 30 20 20

Mandrel bend, 0.5" /12.5 mm 
(Pass/Fail)

P F P F
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crease in the dry time of a primer-surfacer would significantly improve 
the turnaround time for a refinish paint job and so increase produc-
tivity [6]. An alkyd carbamate based primer-surfacer formulation (see 
Table 2) was spray applied to cold roll steel panels (sanded with 80 
grit sandpaper) in two coats with a 10 minutes flash-off time after ap-
plication. The coated panels were stored in a controlled temperature 
and humidity chamber (23 °C and 50% relative humidity) during the 
drying process.
The carbamate primer had a short time to sand (40 minutes). By com-
parison, a commercial isocyanate-containing PU primer required 180 
minutes before being sanded. The sandability was determined by the 
time required for the coating to be hand sanded with 320 grit sandpa-
per without caking the paper and so that any residual material on the 
paper was easily shaken or knocked off.

PHYSICAL PROPERTIES ARE GOOD, WITH LONG POT-LIFE

The solvent resistance and the crosshatch adhesion results for the 
isocyanate-free PU primer-surfacer were excellent. MEK double rubs 
for the primer reached over 100 after 24 hours and were greater than 
200 after 7 days. By using a modified adhesion test (ASTM 3359 with 
3 mm blade), crosshatch adhesion was measured for both the primer 
only and for primer with a commercial black base and clearcoat. At 
24 hours, panels with the primer and primer-base-clear coats both 
demonstrated good crosshatch adhesion (4B-5B, i.e. less than 5% re-
moval).
A key feature of this isocyanate-free polyurethane technology is the 
ability to decouple pot life from cure speed and coating performance. 
A primer formulation was prepared and sprayed within an hour and 
then again after standing at room temperature for 24 hours to deter-
mine the effect of pot-life on cure speed and coating properties. All 
the coatings sanded well after 40 minutes of dry time, demonstrating 
that the fast sandability was not affected by aging the formulation for 
up to 24 hours. MEK resistance and adhesion of the coatings were 
also similar.

HIGH PERFORMANCE WITH FLEXIBILITY IN APPLICATION

A new ambient cure, two component isocyanate-free polyurethane 
coating technology has been developed. The fundamental chemistry 
involving the addition of a carbamate to an aldehyde moiety to pro-
duce urethane structures has been elucidated using 13C-NMR char-
acterisation. One significant benefit of this technology is the ability 
to decouple pot life from cure speed resulting in coatings with faster 
return to service and higher throughput. The coatings have superior 
properties and excellent weatherability under accelerated testing.  
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“Isocyanate-free  
polyurethane technology can be used 
in a majority of coating applications.“

John Argyropoulos

The Dow Chemical Company
argyrojn@dow.com

Three questions to John Argyropoulos

Can the isocyanate-free polyurethane be used in all standard polyurethane formula-
tions? The isocyanate-free polyurethane technology can be used in a majority of coating applica-
tions that utilise standard isocyanate based PU formulations, but it is not a drop-in to standard PU 
formulations.

How has cure speed to be balanced against pot life in traditional two-component  
ambient-cure polyurethanes? Cure speed is balanced against pot life in traditional 2K PU formu-
lations by varying the level of catalyst (typically tin based). High levels of catalyst lead to faster cure 
but shorter pot life (and vice versa).

What health problems are caused by isocyanates? Exposure to isocyanates can result in ad-
verse health effects such as respiratory diseases and severe allergic sensitisation.
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A COLOURFUL LIFE

While opinions vary on the 
exact scope of colours an 
average human can see, re-
searchers agree that we can 
perceive millions of different 
colours.

THREE INSIGHTS 
INTO EYESIGHT

> Colour vision is made possi-
ble by cones in the eye.
> Humans have three types, 
most other mammals two. 
> Our colour vision is only sur-
passed by birds and insects.
 Source: Discover Magazin
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MIX AND MATCH
The interplay of various pigment types in strategic colour design. 
By Werner Rudolf Cramer, Consultant (published in ECJ 01/2013).

In paint formulation, achieving the right colour depends on the pigments used. When conventional pigments and modern ef-
fect pigments are mixed, many things have to be considered to obtain the desired result.

J ust as in other fields of application, the crea-
tion of colours for motor cars depends on 

the choice of pigments. They dictate what col-
our ranges and effects can be achieved. Avail-
ability can, however be an issue. For example, 
health and safety and environmental protec-
tion issues forbid the production of pigments 
with certain blue effects, thus curtailing their 
use in designing new colours.
To ensure the optimal and cost-effective use 
of pigments, it is important to consider their 
optical characteristics. Conventional colour 
pigments (sometimes referred to as solid-
colour pigments) usually display the same 
colour at all angles of illumination and ob-
servation and are therefore easy to under-
stand. However, aluminium and interference 
pigments differ in appearance depending on 
the angles of the incidence of light and ob-

servation. I.e. the perceived colour and/or 
brightness of these materials vary. Conven-
tional colours have an almost even distribu-
tion, while effect colours are more effective 
close to the gloss angle than far away from 
it. The following are the materials illustrated:
  91002 solid_2 + White
  91014 Aluminium Silver Dollar pure
  91265 Aluminium Cornflake pure
  91015 Pearl Blue pure
  91237 pure Xirallic Galaxy Blue 
  91006 Aluminium Silver Dollar + solid_2
  91019 Pearl Blue + solid_2
   91229 Xirallic Galaxy Blue + solid_2 
(solid 2 = mixture of blue, green and black 
solids)

Aluminium pigments appear to shine, be-
cause they reflect incident light directly, 
rather like a mirror. The closer the observa-

tion angle is to the gloss angle, the stronger 
the reflection. In some cases, the reflection 
parameters vary considerably, depending 
on the pigment type (e.g silverdollar or corn-
flake) and size. In contrast to conventional 
pigments, these angle-dependent character-
istics must be taken into consideration when 
creating a new colour. A shift in the height 
of the reflection curves demonstrates these 
optical characteristics.
As their name suggests, interference pig-
ments are distinguished by the optical-
physical phenomenon of interference. 
The wave-length of their reflection colours 
shortens as the angle of illumination be-
comes flatter. For example, red moves to-
wards yellow or yellow towards green when 
the angle of the light falling on it increases. 
Maximum reflection in the blue range can 
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presence of a high level of colour or alu-
minium pigment, it makes no sense to use 
it. A transparent, blue interference pigment 
is also always visible close to the gloss angle 
when mixed with absorbing blue pigments. 
Figure 1 shows an example of this. Here, a 
pearl blue interference pigment is mixed 
with solid-colour pigments. As the concen-
tration increases, the interference line shifts 
almost in parallel with the colour pigment.
The interference line results from the colour 
travel when the geometry changes. As mod-
ern portable devices do not measure inter-
ference lines, a interim solution has been se-
lected from the geometries 45°/-15°, 45°/15° 
and 15°/15° (illumination/aspecular in each 
case). The aspecular lines (grey, respectively 
45°/15° - 45°/110°) all point in the same 
direction (the exception is the transparent 
pearl blue without admixture).
Interference pigments with strong colour 
travel are always identifiable in all possible 
colour combinations by their unique inter-
ference line as in Figure 2, where, in mixtures 
of such interference pigments with various 
solid-colour pigments or mixtures, the typi-
cal interference line for the interference pig-
ment remains unchanged.
This is clear from observations or measure-
ments at various illumination angles and the 
aspecular angle relative to the respective 
gloss angle.
The reflection colour is always visible close to 
the gloss angle, a fact to be kept in mind when 
creating new paints.
Transparent interference pigments with spe-
cially coated platets have a transitional area 
between 20° and 30° from the gloss angle. 

RESULTS AT A GLANCE

  The creation of new car-paint col-
ours is dictated by the pigments avail-
able. Their optical characteristics are a 
key factor.

  Interference pigments produce in-
teresting effects, because the perceived 
colour changes with the angle of obser-
vation.

  Mixing interference and solid-colour 
pigments enlivens the colour palette.

  The choice of pigments is crucial as 
mixtures can either increase or reduce 
a colour effect.

  Transparent coloured or interfer-
ence pigments have the biggest influ-
ence over the colour impression at a 
wide angle of observation.

also move into the invisible UV range, while 
invisible IR can appear in the maximum vis-
ible red range.
The reflection colour of an interference 
pigment is always visible close to the gloss 
angle. However, if it is hidden due to the 

At aspecular angles far from the gloss angle, 
absorption characteristics have the greatest 
influence on the overall colour impression. 
The transmission colour of these pigments, 
which is complementary to the reflection 
colour, also influences the overall colour im-
pression at these difference angles.
Interference pigments are unique in two 
ways: They cannot be produced by mixing 
and, unlike colour pigments, their colour 
travel depends on angle.

VISUAL OBSERVATION

The most important aspect in evaluating ef-
fect colours is the geometry of illumination 
and observation. In the case of car paints, 
they are so-called off-plane geometries, i.e. 
observation is not on the same plane as that 
formed by the illumination and the perpen-
dicular.
In-plane geometries are used in standard vis-
ual and instrumental observation and meas-
urement methods. The geometries of port-
able measuring instruments do not match 
with those measured either at the testing-
room window or in standard light booths. 
This is less obvious in colour formulations 
with aluminium or classical interference pig-
ments than with modern interference pig-
ments with a greater travel of colour.  
In visual observation and assessment of sam-
ple panels at the window and in most light 
booths, the offset angle between illumination 
and observation is always the same. If the 
panel is held at the window such that you are 
looking at it at the gloss angle, the illumina-
tion angle is 15° from the perpendicular, for 

Figure 1: The shift of the interference line in mixtures of a pearl 
blue interference pigment with colour pigments at different con-
centrations

Figure 2: The unchanging, typical interference line of Color-
stream Viola Fantasy, with various colour pigments or mixtures



 I N T E R F E R E N C E  P I G M E N T S

E U R O P E A N  C O AT I N G S  J O U R N A L  2 0 1 7

5 6

example. The gloss angle – and in this posi-
tion also the angle of observation – is there-
fore -15°. The result is an offset angle of 30° 
between illumination and observation. This 
remains the same when the panel is tilted 
backwards and forwards.
The panel always remains in the cis-position 
when it is tilted towards the observer, it, i.e. 
the sample is always seen on the illumina-
tion side. If it is tipped it away from him, it is 
initially seen in the trans-position, i.e. on the 
opposite side of the gloss angle to the illumi-
nation. Tipping it further away, moves it into 
the cis-position.

OPTICAL BEHAVIOUR IMPORTANT

Unfortunately, current portable devices of-
fer hardly any method of measuring inter-
ference. The -15° aspecular geometry es-
tablished in the “ASTM E2539-12 Standard 
Practice for Multiangle Color Measurement 
of Interference Pigments” provides an inter-
im solution. Comparing reflection curves at 
+15° and -15° enables coloured interference 
pigments to be distinguished from alumini-
um and white interference ones (see Figure 
3). A significant difference regarding optical 
behaviour should be considered when cre-
ating new effect paint. Aluminium pigments 
and white interference pigments show an 
increase in their reflection when the obser-
vation point changes from the cis-position 
(+15° aspecular) to the trans-position (-15° 
aspecular).
Coloured interference pigments also dem-
onstrate colour travel towards the shorter 
wavelengths.
The second illumination at 15° formulated in 

the ASTM standard practice is also helpful. 
With these measurement values and those 
at 45° illumination, an interference line can 
be created, although it is only a stopgap. 
However, it can be used to describe optical 
properties.
During visual assessment of effect paints at 
the window or in the light booth, the sample 
panel should not be tilted backwards and for-
wards. Rather, it should be viewed with arms 
outstretched against the light source. The arm 
is then moved downwards with the panel held 
parallel. Thus, the distance to the light source 
is simultaneously reduced, so that the sample 
is always viewed close to the gloss angle.  In 
this way, the colour travel of the interference 
can be identified. This can be seen very clearly 
with the modern developments in interference 
pigments.

BRINGING COLOUR TO LIFE

The yellow, orange and red colour families are 
strong pigments that have high chroma and 
high lightness. Both characteristics have a dis-
ruptive effect when mixed with interference 
pigments, particularly transparent interfer-
ence pigments which are less prominent when 
they are close to the gloss angle, because of 
the colour reflection. For the above colour 
groups, interference pigments whose platelets 
are coated with iron oxide or a combination of 
titanium dioxide and iron oxide are more suit-
able. This particularly applies to reds, which 
are very much in demand at present, inters-
esting colour reactions can be created with 
interference pigments coated with iron oxide.
Green, blue and violet are the most interest-
ing colour groups for use with transparent 

 interference pigments.
When aluminium and interference effect pig-
ments are mixed with solid-colour pigments, 
similar behaviour is seen to that achieved by 
mixing solid-colour pigments with white (tita-
nium dioxide). For example, if a yellow or red 
solid-colour pigment is mixed with white, the 
colour line travels from yellow or red towards 
white. Green or blue solid-colour pigments 
look black and become coloured only when 
diluted, i.e. by mixing them with white, the 
chroma and lightness increase initially, until 
the chroma peaks and then falls away again. 
Further addition of white makes the colour 
paler and lighter. 
Similar behaviour is seen in interference pig-
ments. A white interference or an aluminium 
pigment is brought to life by using them in 
mixtures. The overall colour impression 
initially increases in chroma and brightness. 
Once the peak, has been reached, only the 
lightness increases and the chroma falls away 
to create an achromatic effect mixture. This 
is illustrated in Figure 4. Mixtures of coloured 
interference pigments with solid-colour pig-
ments show direct colour gradients between 
the pigments. 
Interference and aluminium pigments can 
also be mixed with white pigment(titanium 
dioxide). However, the effects achieved are 
quite weak. Titanium dioxide pigment par-
ticles are comparatively large, which means 
that the effects may turn out to be inad-
equate.
Some specific features need to be taken into 
consideration when interference and alumin-
ium pigments are mixed. Fundamentally, col-
oured interference pigments move towards 
shorter wavelengths when the angle of illumi-

0

50

100

150

200

250

400 500 700600

Alu + blue 45°/15°
Alu + blue 45°/–15°

Wavelength λ [nm]

R 
[%

]

0

10

20

30

40

50

R 
[%

]

Viola Fantasy + blue 45°/15°
Viola Fantasy + blue 45°/–15°
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Figure 4: Mixtures of aluminium and pearl blue effect pigments 
with blue at 45°/15°



5 7 I N T E R F E R E N C E  P I G M E N T S

E U R O P E A N  C O AT I N G S  J O U R N A L  2 0 1 7

nation becomes flatter. However, this travel 
is reduced and restricted by the presence of 
aluminium pigments. As from a certain mix-
ture ratio, it is worth replacing a coloured in-
terference pigment with a white version.
Samples painted with an aluminium pigment 
appear grey. Correspondingly, those painted 
in white interference pigments are perceived 
to be white. The panels, which are of a nor-
mal size, are studied vertically across their 
whole surface at an angle of about 20°. When 
observed close to the gloss angle, the reflec-
tion of the aluminium panel is stronger than 
the interference panel. The addition of white 
interference pigments would reduce its light-
ness close to the gloss angle.
Close to the gloss angle (illumination 45°/
observation 60° = -15° aspecular), different 
pigments reflect differently: Silverdollar alu-
miniums (91014) reflect more strongly than 
cornflake aluminiums (91265), Xirallic Galaxy 
Blue (91237) more strongly than Iriodin Pearl 
Blue (91015).
The effect can also be changed with the ad-
dition of a flop controller or micronised ti-
tanium dioxide. This applies in particular to 
formulations containing aluminium.

STRATEGIC APPROACH

In most cases, a new paint is created by re-
placing the effect pigments in an existing 
formulation. The advantage of this method is 
that the formulation has been already used 
and tested. The disadvantage, however, is 
that it is impossible to predict how prominent 
the effect pigment will be in the formulation 
and how strong it may become. It is rather 

like putting a new F1 racing car engine in a 
small used car. It can give surprising results!
A strategic approach is always better. It is cer-
tainly possible to use existing formulations as 
a guide, but effect pigments are unique, in-
terference pigments in particular. The choice 
of effect pigment should therefore be consid-
ered at the outset.
The intensity of an effect can be shown in a 
comparison between geometry close to and 
far away from the gloss angle. For example, 
aluminium pigments of the cornflake and sil-
verdollar type and various types of interfer-
ence pigments show comparatively strong 
differences in reflection between these ge-
ometries. Figure 5 demonstrates that, away 
from the gloss angle (illumination 45°/obser-
vation -20° = 25° aspecular), the reflection of 
pigments such as aluminium Silverdollar and 
interference pigments reduces significantly, 
which illustrates the intensity of the effect.
Having chosen the colour range of a new 
paint and what effects are to be achieved, 
if it is decided to use one or more interfer-
ence pigments, one begins with that which is 
intended to have the greatest influence on 
the overall colour impression. The work does 
not necessarily have to start off in the colour 
range required. The colour can be shifted 
with other interference pigments of the 
same type or of a different one. For example, 
a green interference pigment can be moved 
in two directions by adding a yellow or blue 
pigment. With a white or a red interference 
pigment, the interference becomes smaller 
and therefore the interference line as well. 
And with a white interference pigment, the 
mixture becomes paler.

Interestingly, transparent and other interfer-
ence pigments can be mixed in almost any 
combination. As they obey additive mixing 
rules, a pearl green and a pearl red result in 
a whitish yellow. Adding a pearl blue to the 
yellow can make it travel in the direction of 
the colour position of the starting pigments. 
If, for example, a mix of Xirallic Stellar Green 
and Solaris Red together with a “dash” of Gal-
axy Blue gives an interesting white with a dif-
ferent sparkle effect to that of Xirallic Crystal 
Silver. As shown in Figure 6, the interference 
line can be shifted completely by mixing with 
other interference pigments. Here the black 
mixture of Viola Fantasy has been mixed re-
spectively with Pearl Lilac, Pearl Green and 
Pearl Blue. The aspecular lines (grey) all run 
in the same direction.
At the next stage, absorbent, perhaps even 
transparent, colour pigments are added. 
Here it should be noted that these have the 
biggest influence on the overall colour im-
pression at angles a long way from the gloss 
angle.
If interference and aluminium pigments 
are to be mixed, it is best to begin with the 
stronger partner in the mixture. In the case 
of an aluminium pigment, this is then added 
to the interference pigment required in order 
to create colour in the interference geom-
etries (different illumination angles with the 
same aspecular angle). Although the alumini-
um pigment flop effect is substantial in terms 
of lightness, it can be altered by using an ap-
propriate flop controller – if the interference 
pigment added has a crucial effect on the col-
our close to the gloss angle. The addition of 
solid-colour pigments and appropriate white 
pigments serves to steer the character of the 
aluminium and interference effects in a col-
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Figure 5: A comparison of the reflection of Silverdollar and inter-
ference pigments with other effect pigments

Figure 6: How the interference line shifts when differing interfer-
ence pigments are mixed
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RESIN MODIFIERS PUSH 
PUR-PERFORMANCE
Novel polyols improve performance of melamine crosslinked coatings. 
By Ravi Ravichandran and John Florio, King Industr ies (published in ECJ 06/2013).

New urethane polyols can be used as 
resin modifiers at moderate addition 
rates to improve mechanical and chemi-
cal properties in amino-formaldehyde 
crosslinked coatings. In automotive 
primers, the polyols can improve adhe-
sion, salt spray, overstoving and stone 
chip resistance. Other test formulations 
showed scope for reducing VOC levels or 
amine content.

Automotive primers and basecoats are 
increasingly formulated as aqueous sys-

tems. They are typically amino-formaldehyde 
(melamine) crosslinked. Melamine crosslinking 
has served the industry well for decades, being 
utilised in a wide variety of applications that re-
quire a range of mechanical properties.
Depending on the co-reactant, melamine 
crosslinked coatings can range from hard 
and brittle to soft and flexible and even to 

hard and flexible. With a proper blocked 
acid catalyst, some melamine crosslinked 
formulations can be stable for many months 
as single package systems. There are also 
often cost benefits to formulating with me-
lamines. However, compared to polyisocy-
anate crosslinked urethane coatings, mela-
mine crosslinked coatings may have limited 
environmental resistance.

Polyisocyanate crosslinking produces pol-
yurethane coatings that typically provide 
robust performance with superior environ-
mental resistance properties. However, their 
drawbacks include issues with handling the 
material and higher cost compared to mela-
mine systems. Formulating stable aqueous 
systems with polyisocyanates is also chal-
lenging because of the difficulty in control-
ling the reaction with water that produces 
CO2 by-product, with gassing problems.

INCORPORATING POLYURETHANE 
INTO MELAMINE COATINGS

Several methods to incorporate urethane (or 
carbamate) groups into melamine crosslinked 
systems have been developed and imple-
mented with varying degrees of success. For 
example, tris(alkyoxycarbonylamino)triazine, 
or TACT [1], crosslinkers were developed from 
the same triazine building block used to pro-
duce melamine formaldehyde resins. The re-
activity and cost of TACT, though, present chal-
lenges to the development of this technology.
Another method used to incorporate urethane 
into the backbone of a waterborne melamine 
crosslinked system is by crosslinking the mela-
mine with a polyurethane dispersion. However, 
the reactive sites on polyurethane dispersions 
are usually tertiary carboxyl groups which re-
act slowly with melamine resins [2].
An alternative approach to enhancing perfor-
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advantages that can be gained from modi-
fying aqueous primers and basecoats with 
these materials.

THE FUNCTIONS OF 
AUTOMOTIVE PRIMERS

The primer is a critical component in a ve-
hicle’s coating because it provides several 
benefits for the vehicle owner. Primer helps 
smooth the metal surface, resulting in a more 

RESULTS AT A GLANCE

  New urethane polyols have been 
developed to impart superior mechani-
cal properties and chemical resistance 
in high performance amino-formalde-
hyde (melamine) crosslinked coatings.

  Results are presented showing that 
the use of these products at relatively 
low levels in relation to total resin solids 
can enhance performance.

  In automotive primers, the polyols 
can improve adhesion, salt spray, over-
stoving and stone chip resistance.

  In a basecoat formulation, benefits 
obtained included improved humidity 
and salt spray resistance.

  Other test formulations showed 
that it was possible to reduce cosolvent 
or amine content, while maintaining or 
improving overall properties.

mance involves the use of hydroxy-functional 
urethane polyols. The mechanism of incorpo-
ration is typically through the transesterifica-
tion reaction between the hydroxyl group of 
the urethane polyol and alkoxymethyl groups 
on the melamine.
These polyols allow the incorporation of ure-
thane groups into the backbone of melamine 
crosslinked coatings without the use of free 
isocyanates or polyurethane dispersions. The 
following examples will demonstrate several 



appealing reflective appearance. It provides 
a cushioning layer against the impact of road 
debris to reduce paint chipping. Finally, a 
primer works with the coating layers above 
and below it to improve overall corrosion re-
sistance, adhesion and long-term weathering 
durability.
Solventborne primers have been the indus-
try standard for decades. As well as offering 
excellent smoothness and good chip protec-
tion, they are very robust for a wide variety 

Figure 1: Experiment I, water-reducible primer hardness versus 
mandrel bend cracking

Figure 2: Experiment I, water-reducible primer hardness versus 
mandrel bend elongation

Control Resin A Resin B 
(4% on TRS)

Resin B 
(12% on TRS)

Polyester (solid) 79.6 72.9 75.3 66.7

Modifier resin -- 3.6 3.9 11.8

HMMM 20.4 23.5 20.8 21.5

Pigment/binder ratio 0.98 0.98 0.98 0.98

Resin solids, [%] 25.0 25.3 24.9 25.2

Total resin solids, [%]  49.1 49.6 49.0 49.5

Substrate: e-coat; 
stoved 15 minutes/177 °C

Pendulum hardness, [cycles ] 90 84 84 40

Adhesion, [% XH] 100 100 100 100

Double MEK rubs 
100 

slight mar 
100+ 100+ 100+

Reverse impact, [in·lb] <5 < 5 <5 50-60

Direct impact, [in·lb] 40-50 40-50 60-70 80-90

Mandrel bend, [cracking mm] 49.0 28.0 6.4 0.0

Mandrel bend, [% elongation] 7.5 11.3 27.3 32.0

Cracking length, [% decrease] -- 42.9 152.1 ---

Elongation, [% increase] --- 50.7 264.0 326.7

Salt spray, 300 hours 
[creepage, mm]

6.0 5.0 6.0 5.5

Table 1: Experiment I: formulations characteristics/film properties
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 Figure 3: Experiment I, humidity resistance after 1000 hours showing reduced blushing of application conditions and paint layering 
compatibilities. However, a full-size car or 
truck can require up to four litres of primer, 
which can translate into close to 3 kilograms 
of solvent that can be released into the spray 
booth atmosphere during application.

ASPECTS OF WATERBORNE  
PRIMERS AND BASECOATS

In the early 1990s, OEM manufacturers started 
experimenting with waterborne primers to re-
duce this environmental impact. Waterborne 
primers have since been employed wherever 
they can meet performance requirements and 
are economically feasible.
Film elongation and resistance to cracking 
under stress are critical factors that can 
be related to the stone chip resistance of 
a coating. In Experiment I below, urethane 
polyols were formulated into a melamine 
crosslinked water reducible polyester primer 
coating system. The modifications increased 
the films’ elongation and resistance to crack-
ing under stress.
Melamine crosslinked waterborne coatings 
are also increasingly becoming the systems 
of choice for formulators of automotive 
basecoats, particularly in Europe. Techno-
logical advances made in the area of addi-
tives, particularly anti-settling, flow and level-
ling and rheology agents, have made colour 
matching easier and improved general ease 
of use for these applications.
Experiment II demonstrates the improved salt 
spray and moisture resistance of a polyester/
melamine basecoat modified with a urethane 
polyol. Significant VOC reduction is obtained 
when the same urethane polyol is used to 
modify an acrylic emulsion/melamine basecoat 
in Experiment III. Improvements in Experiment 
IV included increased hardness and improved 
salt spray, humidity and QUV resistance of an 
acrylic dispersion/melamine system.

IMPROVING A WATER  
REDUCIBLE POLYESTER PRIMER

The control system in this primer study was 
based on a water-reducible polyester polyol 
with an equivalent weight of 876 g/eq on solids, 
crosslinked with hexakis(methoxymethyl) mela-
mine (HMMM). The control system was formu-
lated as a model OEM water-reducible primer. 
The objective of this study was to examine the 
effect that modification with urethane polyols 
would have on general film properties.
In particular, the effect on mandrel bend 
was studied. The modifying resins included 
in the study were two 100 % active polyu-
rethane polyols, Resin A and Resin B. Their 
equivalent weights were 158 g/eq and  
604 g/eq, and viscosities were 20,000 mPa∙s 
and 4000 mPa∙s respectively.

Control Resin C

Polyester polyol on TRS [%] 80.3 66.1

Urethane polyol on TRS [%] 0.0 10.5

HMMM on TRS [%] 19.7 23.5

TRS [%] 28.5 28.5

pH 8.0 8.0

Pigment/binder ratio 0.8 0.8

Substrate: B1000; stoved 10 minutes/177 °C

Pendulum hardness [cycles) 98 99

Double MEK rubs 100+ 100+

Reverse impact, [in∙lb] 90-100 60-70

Direct impact, [in∙lb] 110-120 100-110

Boiling water resistance [blister rating] 6D* 10**

Salt spray, 350 hours [creepage, mm] 10 3

Humidity, 350 hours, 60 °gloss *** 79 82

* Dense blisters ** No attack ***Initial gloss 89, both samples

Table 2: Experiment II: formulation characteristics and film properties
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The Resin A and B modifications were based 
on 5 % replacement of the solids of the poly-
ester polyol, corresponding to less than 4 % 
modifier on total resin solids (TRS). The study 
also included a 15 % replacement of the poly-
ester with Resin B which corresponded to 
about 12 % Resin B on TRS. The formulations 
can be found in Table 1.
Films were cast onto electrocoated steel 
panels to a dry film thickness (DFT) of 38 µm 
then stoved at 177 °C for 15 minutes. Film 
properties tested (Table 1) include pendu-
lum hardness [3], MEK resistance [4], impact 
resistance [5], crosshatch adhesion [6] and 
mandrel bend [7]. The mandrel bend serves 
as a gauge for stone chip resistance because 
it indicates film elongation and adhesion.
The conical mandrel tester used in this study 
had a diameter range of 3.2 mm to 38.1 mm 
across a 20.3 cm panel. Film cracking was 
measured from the panel’s 3.2 mm diameter 
edge to the point along the increasing diam-
eter edge where film cracking stopped.
The films were examined using magnifica-
tion, making the method more severe than 
the standard method (ASTM D 522 recom-
mends using the unaided eye). Elongation 
data were derived from a plotted curve pro-
vided in ASTM D 522 based on the length of 
the cracked film along the bend.

ELONGATION AND RESISTANCE PROPER-
TIES ARE ENHANCED

All of the films achieved 100 % crosshatch 
adhesion but had < 5 inch pounds (55 N.cm) 
reverse impact, except for the system having 
12 % Resin B on TRS which passed 50  inch 
pounds (550 N.cm) reverse impact. The con-
trol film developed a slight mar after 100 dou-
ble MEK rubs while the Resin A and Resin B 
modified films showed no attack.
Direct impact of the Resin B modified film was 
improved compared to the control film. The 
mandrel bend test results indicated improved 
adhesion and elongation of the modified 
films. Compared to the Control, the length of 
the film that cracked was about 43 % less with 
the Resin A modified film and 152 % less with 
the 4 % Resin B modified film.
The 12 % Resin B film did not crack. This trans-
lated to an increase in elongation of 51 % for 
the Resin A modified film, 264 % for the 4 % 
Resin B modified film and 327 % for the 12 % 
Resin B modified film. The improved elonga-
tion came at the cost of a slight decrease in 
hardness for the Resin A and 4 % Resin B - 
modified formulations.
The 12 % Resin B film showed a more sig-
nificant drop in hardness. Figure 1 illustrates 
the reduction in film cracking relative to film 
hardness and Figure 2 illustrates the increase 
in film elongation relative to film hardness of 
the four systems. 

Control Resin C

Acrylic polyol on TRS [%] 68.9 63.9

Urethane polyol on TRS [%] 0.0 5.0

HMMM on TRS [%] 31.1 31.1

TRS [%] 47.8 64.7

pH 8.7 8.7

Pigment/binder ratio 0.76 0.76

VOC, grams/litre 192 68

Substrate: B1000; stoved 15 minutes/150 °C 98 99

Pencil hardness 4-5H 4-5H

Double MEK rubs 100+ 100+

Adhesion [% X] 100 100

Reverse impact [in∙lb] 20-30 20-30

Direct impact [in∙lb] 100-110 100-110

Humidity, 350 hours blister rating 9/M* 9/M

* Medium density

Table 3: Experiment III: formulation characteristics and film properties

Control Resin C (10 % on TRS) 
Resin C (20 % on 

TRS)

Acrylic polyol on TRS [%] 80.0 60.0 45.0

Urethane polyol on TRS [%] 0.0 10.0 20.0

HMMM on TRS [%] 20.0 30.0 35.0

TRS [%] 29.0 29.0 29.0

pH 7.3 7.3 7.25

Pigment/binder ratio 0.67 0.67 0.67

Amine on TRS [%] 0.59 0.32 0.28

Amine on total paint [%] 0.17 0.09 0.08

Substrate: B1000, stoved 30 min-
utes/135 °C

Pencil hardness H-2H H-2H H-2H

Knoop hardness, KHN25 11.0 16.0 17.1

Double MEK rubs 100 mar 100+ 100+

Adhesion [% CH] 100 100 100

Reverse impact [in∙lb] 10-20 20-30 20-30

Direct impact [in∙lb] 80-90 100-110 90-100

Initial 60 ° gloss 90 89 89

Salt spray, 126 hours  [creepage, mm] 7 4-5 2-5

Humidity, 250 hours 60 ° gloss 14 48 91

Blister rating 8/very dense 9/medium 10

QUV, 250 hours, 60° Gloss 76 92 91

Table 4: Experiment IV: formulation characteristics and film properties
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Humidity resistance [8] of the modified films 
was also improved compared to the control. 
Figure 3 demonstrates reduced blushing of 
the system using the higher modification level 
of Resin B (12 % on TRS) over iron phosphat-
ed “Bonderite 1000” panels [9] compared to 
the control after 1000 hours of exposure.
Salt spray resistance [10] of the Resin A modi-
fied film was slightly better than the control 
after 300 hours of exposure.

MODIFYING A WATER-REDUCIBLE  
POLYESTER BASECOAT

Experiment II was based on a white enamel 
basecoat formulated with a water-reducible 
polyester crosslinked with HMMM. The polyes-
ter dispersion had an equivalent weight of 416 
g/eq on solids. In this study the control system 
was modified with Resin C, a polyurethane 
polyol having an equivalent weight of 160 g/eq 
based on solids.
The modified system contained 10.5 % Resin C 
on TRS. The formulations are in Table 2. Films 
were cast onto the phosphated panels to a DFT 
of 25.4 µm then stoved for 10 minutes at 177 °C. 
Films were tested for pendulum hardness, MEK 
resistance and impact resistance. Results are 
also shown in Table 2. Films were also tested for 
boiling water, humidity and salt spray resistance.
In this case modifying the control system result-
ed in a similar to slightly harder film with slightly 
less flexibility. However, significant improve-
ment was obtained in the moisture resistance 
studies. The blister rating [11] of the control film 
after exposure to boiling water was 6 (blister 
size rating is 0-10, where 10 represents no blis-
tering) with dense blisters while the modified 
film showed no attack.
After 350 hours of salt spray exposure, creep-
age from the scribe of the control film was 10 
mm and creepage on the Resin C modified 
film was only 3 mm. The modified film also 
maintained a higher gloss after 350 hours of 
humidity exposure.

COSOLVENT REDUCED IN  
ACRYLIC EMULSION ENAMEL

Resin C was evaluated as a modifying resin in 
a white acrylic emulsion/melamine system de-
signed for general industrial applications. The 
acrylic emulsion, with an equivalent weight of 
588 g/eq on solids, was crosslinked with HMMM 
(Table 3). Resin C modification was based on a 5 
% replacement of the solid acrylic resin. In this 
case the melamine level was not increased 
to accommodate the lower molecular weight 
Resin C modification. Resins A, B and C are low 
molecular weight urethane polyols with nar-
row molecular weight distributions. Although 
it has a low molecular weight, the 100 % solids 
version of Diol C has a high viscosity due to 
intramolecular hydrogen bonding [12].

Incorporation into aqueous systems disrupts 
the intramolecular hydrogen bonding. This, 
along with a narrow molecular weight distri-
bution, allows for very efficient viscosity re-
duction of aqueous paint formulations with 
low modification levels.
This permits the reduction or elimination of 
cosolvents such as n-butanol and 2-butox-
yethanol. As well as contributing to the VOC, 
these cosolvents partially associate with the 
polymer and increase the crowding of par-
ticles, which raises the viscosity by swelling 
polymer micelles or emulsion particles.
The previous experiments did not focus on 
VOC reduction. In this experiment all formu-
lation characteristics were maintained, in-
cluding viscosity, to highlight VOC differences. 
Viscosity of the Resin C modified system was 
adjusted to match the 200 cP viscosity of the 
control system by eliminating cosolvent.
Films were cast onto the phosphated panels 
and stoved for 15 minutes at 150 °C to a DFT of 
25.4 µm. Films were tested for hardness, MEK 
resistance, adhesion, impact resistance and hu-
midity resistance. VOC was calculated.
There were no differences in the final film prop-
erties (Table 3). Each film achieved 4-5H pencil 
hardness, 100+ MEK double rubs and 100 % 
adhesion. They also performed equally well in 
the humidity cabinet. Elimination of the 2-bu-
toxyethanol co-solvent dramatically reduced 
VOC from 192 grams/litre to 68 grams/litre.

AMINE CONTENT IN ACRYLIC DISPER-
SION ENAMEL REDUCED

Modification of an acrylic dispersion/melamine 
system with two levels of Resin C was evaluated. 
The acrylic dispersion had an equivalent weight 
of 588 g/eq on solids and was crosslinked with 
HMMM (Table 4). Resin C was evaluated at 10 % 
and 20 % on total resin solids.
In this experiment all formulation character-
istics were maintained including viscosity. 
A formulation variable in this study was the 
amine level. Resin C is water soluble, allowing 
a reduction in amine content. In this study the 
added amine content was decreased by ap-
proximately 50 % with increased Resin C modi-
fication while the pH was maintained at 7.3. 
A further reduction in amine content results, 
of course, from the reduction in the content 
of acrylic dispersion. Films were cast onto the 
phosphated test panels and stoved for 30 min-
utes at 135 °C to a DFT of 25.4 µm. The films 
were tested for hardness, MEK resistance, ad-
hesion, impact resistance, salt spray, QUV re-
sistance [13] and humidity resistance.
Pencil hardness results were equal (Table 4). 
However, Knoop hardness [14] results in-
dicated harder films with increasing Resin C 
modification. Even with the harder films, the 
Resin C films had slightly better impact resist-
ance. The higher levels of Resin C also im-

proved salt spray and humidity results.

WIDE RANGE OF PERFORMANCE BEN-
EFITS ACHIEVABLE

This work has demonstrated an efficient 
method for incorporating urethane groups 
into the backbone of waterborne melamine 
crosslinked systems with several water-sol-
uble urethane polyols. Incorporation of the 
urethane groups into the backbone of four 
melamine crosslinked coating systems en-
hanced a range of performance properties. 
This work demonstrated improvements in 
formulation characteristics and film proper-
ties by replacing a portion of the control poly-
ols with the hydroxy-functional urethane pol-
yol resins. This improved elongation, reduced 
cracking under stress and improved various 
properties related to exterior exposure re-
sistance. Reduction of amine and cosolvent 
levels was also demonstrated.  

ACKNOWLEDGEMENTS

The authors wish to acknowledge the contributions 
of Marvin Blair, Michael Thomas , Farouk Abi-Karam       
Michel Hourani, Richard Shain, Bing Hsieh, and Juan 
Leon to this paper.

REFERENCES

[1]  Essenfied A., Wu K.-J., (Cytec Industries Inc.) A 
new formaldehyde-free etch resistant melamine 
crosslinker, Waterborne, High-Solids & Powder 
Coatings Symp., Feb. 1997.

[2]  Tramontano V. J., Blank W. J., Crosslinking of 
waterborne polyurethane dispersions, JCT, Sept. 
1, 1995.

[3]  ASTM 4366, Standard Test Methods for Hardness 
of Organic Coatings by Pendulum Damping Tests.

[4]  ASTM D4752 modified, rub with MEK soaked 
cloth attached to 2 pound ball peen hammer.

[5]  ASTM D2794, Standard Test Method for Resist-
ance of Organic Coatings to the Effects of Rapid 
Deformation (Impact).

[6]  ASTM D3359, Standard Test Methods for 
Measuring Adhesion by Tape Test.

[7]  ASTM D522, Standard Test Methods for Man-
drel Bend Test of Attached Organic Coatings.

[8]  ASTM 2247, Standard Practice for Testing Water 
Resistance of Coatings in 100 % Relative Humidity.

[9]  Henkel Corp., Parker Div. – Iron phosphated cold 
rolled steel panels.

[10]  ASTM B117, Standard Practice for Operating 
Salt Spray (Fog) Apparatus.

[11]  ASTM D714, Standard Test Method for Evaluat-
ing Degree of Blistering of Paints.

[12]  Shain R., Formulating higher-solids thermoset 
water-borne coatings, Modern Paint & Coat., 
June 1993.

[13]  ASTM D4587 – 11, Standard Practice for Fluo-
rescent UV-Condensation Exposures of Paint 
and Related Coatings



Vincentz Network · P.O. Box 6247 · 30062 Hannover · Germany · T +49 511 9910-033 · info@european-coatings.com

EUROPEAN

C OATINGS library

 Ulrich Poth Ulrich Poth Ulrich Poth

Automotive Automotive Automotive 
 Coatings Formulation Coatings Formulation Coatings Formulation

European Coatings Tech FilesEuropean Coatings Tech FilesEuropean Coatings Tech Files

FORMULATING INNOVATIVE 
HIGH-TECH COATINGS FOR
 THE AUTOMOTIVE INDUSTRY

www.european-coatings.com/shop

2008, 237 pages, hardcover, 165 x 260 mm,
159 €, order no. 417

Look inside 
the book!

Ulrich Poth 

AUTOMOTIVE COATINGS
Total protection, aesthetic perfection, maxi-
mum functionality – the demands on modern 
automotive coatings are extremely exacting. 
This book deals with the important aspects of 
automotive coatings composition, considering 
their actual physical and application technolo-
gy properties. Essential for anybody involved 
in the automotive coatings sector.

ECBuchAnz-AutomotiveCoatings_A4_09-17_RZ.indd   1 20.09.17   15:15



6 4

E U R O P E A N  C O AT I N G S  J O U R N A L  2 0 1 7

C R O S S L I N K E R
So

ur
ce

: l
um

ac
hi

na
 9

9 
- F

ot
ol

ia
.c

om

The polyol is generally considered to be the main contributor 
to the performance of PU coatings and the efficiency of coat-
ing processes. The role of the hardener is usually relegated to 
providing as close a match as possible to the polyol. However, 
a series of innovative hardeners are questioning this belief. 
These crosslinking agents, which exhibit properties such as ex-
tremely low viscosity and very high functionality, can signifi-
cantly influence the properties of the resulting PU coatings. 

Using crosslinking agents to accelerate curing 
and add value. By Christoph Ir le and Jan Weikard, 
Covestro, Germany (published in ECJ 11/2015).

P U coatings have become an industry standard in coating pro-
cesses, particularly when efficiency, durability and high perfor-

mance are priorities [1]. In the early 1960s, Kuno Wagner [2] devel-
oped aliphatic polyisocyanate technology, and the evolution of this 
technology became the driving force behind further development. 
A wide range of raw materials (polyols and crosslinking agents) 
have been introduced worldwide to meet the demands of various 
branches of industry. Today, PU coatings are setting benchmarks 
in several fields of application such as automotive repair coatings, 
corrosion inhibitors, and the industrial coating of metal, wood and 
plastic.

Figure 2: At 500mPas, the new hardener, NH C, exhibits an even 
lower viscosity than the marketable product N 3900.

Figure 1: Customised hardeners to expand the portfolio of 
standard hardeners in t wo dimensions.

Elastic, high 
functional
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Elasticity        Extremely 
                              elastic NH A

Elastic, 
low viscous 

NH B

Highly 
functional

NH D
Standard hardeners

Extremely
low viscous

NH C



LOW-VISCOSITY, HIGH- 
FUNCTIONALITY CROSSLINKER



6 5C R O S S L I N K E R

E U R O P E A N  C O AT I N G S  J O U R N A L  2 0 1 7

RESULTS AT A GLANCE

 ű Innovative hardeners have been developed for polyure-
thane (PU) coatings that exhibit exceptionally low viscosity or 
extremely high functionality.

 ű The use of innovative hardeners such as these results in 
more efficient coating processes and delivers significant added 
value to the resulting coatings. 

 ű The crosslinking agents can be used to formulate coating-
sthat harden very quickly, have an exceptionally low VOC con-
tent and exhibit outstanding mechanical strength. The hard-
eners can also be used to ensure coatings are very flexible or 
exhibit self-healing capabilities and exceptional adhesion.

From the outset, PU raw materials have helped to reduce ener-
gy consumption during the coating process. Indeed, they have a 
unique level of efficiency that extends to skilled manual applica-
tions. While the market share for PU coating raw materials con-
tinued to grow, so too did the demand for coating processes that 
could satisfy the strictest environmental requirements. In response, 
raw material manufacturers and the coatings industry developed 
PU technologies with significantly reduced solvent emissions. These 
primarily include water-borne PU systems and coating raw materi-
als with a high solids content. In recent decades, these innovations 
have continued to gain in popularity because they help to reduce 

emissions whilst meeting the most exacting demands from industry 
in terms of coating performance. 

HARDENER VISCOSITY AND FUNCTIONALITY IS KEY 

When formulating PU coatings, it is standard practice to start by se-
lecting the right polyol. The function of the hardener can usually be 
summed up by the fact that it crosslinks the polyol. Most importantly, 
the hardener needs to match the polyol component. 
Much less attention is paid to how the hardener influences the ef-
ficiency of the reaction with the polyol. The viscosity of the hardener 
also plays an important role in systems that need to emit low levels of 
volatile organic compounds (VOCs). This characteristic influences how 
much solvent is needed by high solids systems and how easily the 
components in water-borne systems can be mixed together. 
In the conventional approach, little consideration is given beyond the 
requirement that the hardener should interact sufficiently with the 
polyol. The polyol is thus seen as crucial for determining the properties 
of the coating and the speed of the coating process. As a result, when 
coatings are formulated for various applications and different markets, 
processors usually choose from a limited range of standard polyisocy-
anates. The formulation series normally starts with a Biuret hardener 
at a viscosity of 10,000mPas (undiluted) and ends with a low-viscosity 
isocyanurate or iminooxadiazindione hardener [3] at 730mPas. All 
these hardeners exhibit a functionality between 3 and 4. 
Since the 1960s, the industry has developed a much better under-
standing of how to design a PU crosslinker. Today, the diverse chemical 
modifications made to isocyanates are paving the way for innovative 
hardeners that help coating manufacturers improve their formula-
tions, add new functions and thus boost the value of their products.
The presented crosslinkers (see Table 1) answer the following ques-
tions with yes: 
 ą Can an aliphatic hardener make a PU coating dry much faster? 
 ą Can a low-viscosity polyisocyanate contribute to the flexibility  
of a coating? 

 ą Can using a smart molecule ensure that a coating dries faster and 
adheres better to the substrate? 

WHAT THE NEW HARDENERS CAN ACHIEVE

Smart hardeners have been developed by utilising the wide variety 
of isocyanate derivatives. This expands conventional perceptions re-

Figure 3: The new hardener NH C supports easy-mix, water-borne formulations with small and homogeneous particles.
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garding the role of crosslinking agents and the standard approach to 
formulating these agents in two ways (Figure 1): 
 ą  The common range of hardener viscosity and functionality has been 
extended in both directions. Hardeners with a functionality in excess 
of 4 are emerging, which ensure the resulting coatings harden excep-
tionally quickly. Secondly, crosslinkers with a viscosity < 730 mPas are 
being put forward that help further reduce VOC emissions.

 ą  The range of PU crosslinking agents has also been extended as a 
result of the high functionality and customised design of flexible 
hardener molecules, which can considerably improve the final coat-
ing’s properties and be measured objectively.  
 

The coatings feature improved elongation at break, better tensile 
strength, greater adhesion and more pronounced self-healing.

LOW-VISCOSITY HARDENERS FOR LOWER  
EMISSIONS WITHOUT IMPACTING PERFORMANCE

The almost global drive to reduce VOC emissions has led to a very 
strong demand for water-borne coatings and coatings with a very high 
solids content. Strict emission regulations can usually only be met by 
using customised polyols and hardeners. When selecting the hard-
ener, it is important to consider that low viscosity is usually associated 

Figure 5: Comparison of the mechanical properties of a flexible PU spray coating based on the smart hardener NH B and similar 
coatings formulated with low-viscosity standard hardeners. A flexible polyester polyol was used in all examples.

Figure 4: The loading platform of a pick-up truck like this has to withstand rough treatment. Coatings based on the new hardeners 
make the surface weatherproof and very resilient to mechanical stresses.
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with low functionality and thus with lower chemical resistance. In this 
respect, very low-viscosity trimers at 730mPas that exhibit a function-
ality greater than 3 were a genuine breakthrough, as their productiv-
ity and the properties of the resulting coatings met market require-
ments. A new hardener has been developed, again constructed from 
asymmetrical trimers, with an even lower viscosity of 500mPas (Figure  
2) and an average functionality of 3. Unlike standard PU crosslinking 
agents, this agent does not reduce coating performance. 
When used with water-borne coatings, the new crosslinking agent re-
quires even less solvent than the previous lowest viscosity hardener 
and it also forms small homogeneous droplets (Figure 3). Tests confirm 
that it can replace a standard polyisocyanate in corresponding formu-
lations without impairing the chemical resistance or drying properties 
of the coatings. When the new hardener is used in formulations with a 
high or very high solids content, performance and effectiveness equal 
those using conventional hardeners, while emissions are lower. 

FLEXIBLE HARDENERS WITH ULTRA-LOW  
VISCOSITY: BETTER MECHANICAL RESISTANCE 

Flexible coatings are becoming increasingly important for a range 
of applications, such as floor and wall coatings. Applications in the 
automotive industry and in other sectors require flexible, mechani-
cally resilient and weather-resistant coatings. PU systems are ideal for 
meeting these requirements. Again, besides selecting the right polyol, 
it is important to use a hardener that will optimise the final coating 
performance. In the following we introduce two innovative hardeners 
that have been developed to meet this demand.
A crosslinking agent, NH A, was developed for fast-curing systems 
such as those primarily used in construction and on-site applications. 
Its molecules combine linked, flexible elements with a linear structure. 
The high molecular weight of the hardener makes it a preferred part-
ner for polyols with low molecular weights and polyaspartic esters. 
The resulting coatings exhibit maximum elongation and abrasion 
resistance. The key advantages to formulations based on the smart 
hardener and polyaspartic technology include an exceptionally low 

Figure 6: Comparison of the drying speed of PU automotive 
repair coatings. They are formulated with highly functional hard-
eners NH D or NH E or with a standard hardener and an A-com-
ponent f rom a commercially available automotive repair coating. Viscosity / 

mPas
Flexibility

Particularly  
suitable for:

In the following 
text named

Desmodur 
E 2863 XP

1,350   
Flexible floor 
coatings

NH (new 
hardener) A

Desmodur 
2860 XP

450  

Flexible coatings, 
including in 
combination with 
hydrophobic and 
high molecular 
weight polyols 

NH (new 
hardener) B

Desmodur 
2840 XP

500 

Water-borne, 
two-component 
systems, high-
solids systems

NH (new 
hardener) C

Desmodur 
N 3790

1800 
(90% in BA) 

Automotive repair 
coatings, indus-
trial metal and 
wood coatings

NH (new 
hardener) D

Desmodur 
N 3580

500 
(80% in BA)  

Industrial metal, 
plastic and wood 
coatings, au-
tomotive repair 
coatings

NH (new 
hardener) E

Table 1: Newly developed hardeners at a glance.

solvent content, excellent film formation, and rapid curing. The end 
properties can be customised by mixing the new hardener in the for-
mulations with low-viscosity, highly functionalised crosslinking agents. 
As functionality increases, so too does tensile strength and chemical 
resistance, while flexibility decreases. 
The second new hardener, NH B , is based on a different concept. Its 
low molecular weight  is combined with a highly flexible structure. It 
is highly compatible with flexible polyols, even those that have a high 
molecular weight and are very hydrophobic.
Figure 4 shows an application with exacting requirements. The surface 
of the loading platform on this vehicle has to be extremely resistant 
to mechanical loads and weathering. It became clear when develop-
ing suitable formulations that it was not enough to just select a flex-
ible and weather-resistant polyol. Using the optimum hardener is key. 
The new hardener can deliver a high level of resilience, specifically 
high elongation at break, tensile strength and shear strength. Fur-
thermore, the corresponding formulations have very low VOC levels. 
Figure 5 depicts the performance of the new hardener compared with 
established trimer and uretdione crosslinking agents. 

FAST-CURING CROSSLINKING AGENTS  
TO INCREASE PRODUCTIVITY

Automotive repair coatings represent one of the flagship applica-
tions for PU systems. Drying speed, properties profile and ease of 
use are the key reasons behind the global success of PU technology 
in automotive workshops. When trying to formulate coatings with a 
different curing speed, processors usually alter the composition of 
the polyol or solvent. However, drying speed can also be influenced 
by optimising the hardener. Figure 6 shows how drying speed can be 
considerably increased by replacing a standard isocyanurate with a 
smart crosslinking agent. The latter has a functionality of 4.5, which 
ensures that molecular weight is built up quickly and thus leads to 
the rapid development of coating hardness. How much the innovative 
crosslinker can speed up this process depends on which polyol com-
ponent is used. In general, formulations with a medium or high solids 
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content will dry between 10 and 25 percent faster (Figure 7). Other key 
parameters such as pot life and appearance are largely unaffected. It 
is particularly striking that chemical resistance improves significantly 
when using the highly functional hardener, primarily in the first few 
days after application.

FAST-CURING, FLEXIBLE CROSSLINKING AGENTS: 
SPECIAL PROPERTIES 

“In many cases it makes sense to adopt 
the polyol part of the recipe as well.“

Dr Christoph Ir le
VP Global Innovation and 
Synthesis Isocyanates
Covestro AG
chr istoph.ir le@covestro.com

3 questions to Christoph Ir le

How much does the VOC content decrease with the crosslinkers? In waterborne 2K formula-
tions, we recommend to add solvent to adjust component B to 250mPas. Using 2840XP, the required 
amount of solvent is considerably lower, compared to current state of the art (Desmodur N3900). 
Using methoxy propyl acetate (MPA) as solvent, viscosity can be adjusted at 80% less solvent in 
component B, thus reducing the overall VOC content of the formulation significantly. For high-solids 
formulations, we noted similar effects.

How much less dryingtime is with the hardeners to achieve? Auto refinish medium solids sys-
tems will exhibit a significantly faster drying: Desmodur N3790 will shorten T3 by 10%, while N3580 
will lead to around 20% of time saving through faster drying. In plastic coatings lines, the effect is 
even stronger: end users can significantly reduce the post curing step and are enabled to save a 
considerable amount of time and resources.

In how far have new PU coatings be developed to incorporate the hardeners or is a 1:1 
exchange possible? Using Desmodur N3790 instead of a standard hardener is possible without 
changing the formulation of the A-component. Similarly, the low viscous 2840XP allows for using less 
solvent for dilution, while the A-component may remain unchanged. The range of tailored hardeners, 
on the other hand, adds important features to a formulation, such as improved elasticity or adhe-
sion. In many cases it makes sense to adopt the polyol part of the recipe as well.

Figure 7: Comparing the hardening process of a plastic coating 
based on the new crosslinking agent NH E (green) with the cur-
ing process of a coating based on a standard hardener (blue). 
Initial curing: 30 min/75 °C. 

What happens if we enhance the functionality of the hardener with-
out lowering its viscosity or flexibility? A new smart crosslinking agent 
NH E is highly branched and has six functional groups per molecule. It 
also exhibits a truly low viscosity of 500 mPas and a solids content of 
80 percent. This is possibly due to the design of the molecular struc-
ture and the tightly distributed molecular weight. 
The VOC content of the resulting coatings is equivalent to that of coat-
ings based on standard hardeners. The coatings harden extremely 
quickly and achieve a very high final hardness. The molecular design 
of the smart hardener also promotes the flexibility of corresponding 
formulations, and using it brings similar benefits to using  NH D. By 
combining it with suitable polyols, for example, processors can for-
mulate automotive repair coatings with high chemical resistance that 
dry extremely quickly. However, that is not all. The flexible molecular 
structure of the innovative hardener creates special properties in the 
resulting coatings and boosts their performance. Examples include:
  Tough clear coatings with pronounced self-healing 
  Significantly improved adhesion, particularly on plastics and basecoats

Industrial plastic coatings can be formulated particularly effectively 
using this ultra-high-functionality hardener. Figure 6 illustrates that 
these formulations harden faster than alternatives based on standard 
crosslinking agents but achieve a very similar final hardness. As a re-
sult, cycle times can be cut and subsequent processing can be carried 
out on the coated parts sooner, yet the smart hardener preserves the 
flexibility of the coating at low temperatures.   
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HIGH PERFORMANCE  
ENABLED BY NATURE
New polyurethane crosslinker with significant bio-based content. By Gesa Behnken, Andreas Hecking,  
Berta Vega Sánchez, Covestro, Germany (published in ECJ 01/2016).

Figure 1: Structural formulas of (a) Pentamethylene diamine 
(PDA), (b) Pentamethylene diisocyanate (PDI), (c) PDI tr imer and 
(d) Hexamethylene diisocyanate (HDI); the carbon atoms from 
biomass are shown in green.

a)  H2N - CH2 - CH2- CH2- CH2- CH2- NH2 

b)  OCN - CH2 - CH2 - CH2 - CH2 - CH2 - NCO

c)                                                      O

   OCN                                        N                N                                        NCO

                                             O              N               O

                                                                                                         NCO

d) OCN - CH2 - CH2 - CH2 - CH2 - CH2 - CH2 - NCO

Seventy percent of the carbon content of a new hardener for 
polyurethane coatings and adhesives is provided by biomass. 
The bio-based crosslinking agent matches the high perfor-
mance and quality level of conventional petrochemical-based 
isocyanates, even meeting the very high demands of the auto-
motive industry.

T he ecological compatibility of products is becoming a critical fac-
tor for businesses that want to defend their position and grow in 

the market, because consumers are increasingly deciding in favour of 
sustainable goods and making sure they incorporate renewable ma-
terials. Environmental labels help them to identify relevant products 
more effectively. Examples include the “Vincotte OK Biobased”, “DIN 
CERTCO Biobased” and “USDA Certified Biobased Product” labels.
A number of U.S. states are supporting this trend. For exam-
ple, the “BioPreferred” programme from the U.S. Department of  
Agriculture (USDA) compels public institutions to buy the material with 
the highest proportion of renewable raw materials for purchases over  
10,000 US dollars [1].
In striving to fulfil these consumer demands, brand owners are in 
search of bio-based sustainable materials. This applies to the auto-
motive industry, but also to others including the Ikea furniture stores 
and the Coca-Cola Company, which developed the “plant bottle” made 

partially from plants [2].

COATINGS INDUSTRY COMMITS TO ‘GREEN PRODUCT’ TREND

The coatings and adhesives industry has recognised this trend to-
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RESULTS AT A GLANCE

 ű A new bio-based, high-performance hardener for polyure-
thane (PU) coatings and adhesives was developed. It is the first 
product of a new platform based on pentamethylene diisocy-
anate (PDI). Five of the seven carbon atoms in the material are 
bio-based.

 ű Tests have shown that the bio-based hardener can create 
coatings that are just as weather-, chemical- and scratch-resist-
ant and easy to apply as conventional coatings made exclusive-
ly with petrochemical inputs. The innovative hardener can offer 
greater freedom in formulation and faster drying.

 ű Good results have been obtained in tests of automotive 
OEM and refinish formulations, anticorrosive and wood coat-
ings. Chemical modification of the hardener allows an even 
wider range of PU systems to be crosslinked.

a guideline [5]: “Our products deliver greater value with a reduced 
environmental footprint.”
The right starting materials can make a key contribution to meeting 
sustainability demands in the coatings and adhesives industry. Coves-
tro (formerly Bayer MaterialScience) has launched a new high-perfor-
mance hardener made from renewable raw materials. It is the perfect 
reaction partner to the bio-based polyols already used in polyure-
thane coatings and adhesives. Now these coatings can be formulated 
almost entirely from bio-based components.
At the 8th International Conference on Bio-based Materials in April 
in Cologne, Germany, the new hardener was honoured with the Bio-
based Material of the Year 2015 innovation award [6]. With this new 
hardener, users and manufacturers in various industries can position 
themselves as pioneers of more sustainable materials.

PRODUCTION SHOWS GREATLY REDUCED CO2 FOOTPRINT

The new hardener “Desmodur eco N 7300” is a trimer of pentameth-
ylene diisocyanate (PDI) (Figures 1b, 1c). PDI is manufactured from 
pentamethylene diamine (PDA) using innovative gas-phase technol-
ogy which consumes significantly less energy and solvent than con-
ventional processes. 
The PDA suppliers use biotechnology – specifically fermentation – to 
manufacture PDA (Figure 1a) from biomass. PDI is therefore synthe-
sised in just two steps, as opposed to the four required for the pet-
rochemical synthesis of the corresponding petrochemical substance 
hexamethylene diisocyanate (HDI, Figure 1d), a conventional diisocy-
anate raw material. The internal evaluation showed a significant dou-
ble-digit improvement in percentage of the CO2 footprint of bio-based 
PDI in comparison to HDI. The energy efficiency of PDI cradle-to-gate 
is significantly better.
PDA is produced from the starch of field corn (maize), which is con-
verted enzymatically by specially developed microorganisms in a 
highly efficient process. Field corn comprises varieties of maize which 
are not suitable for human consumption, meaning that PDA manu-
facturing does not compete directly with the food chain. Field corn 
is already used in the production of bio-fuels and numerous other 
products, such as paper, cosmetics, cleaners and textiles.
It has been estimated that only 80 square kilometres of arable land 

Figure 2: Viscosity of the conventional (red cur ve) and bio-
based hardener (black cur ve), dissolved in butyl acetate. Com-
mon solvents behave in the same way.

wards eco-friendly products, too. “Sustainability has become a key 
part of the growth and marketing strategies of a number of coating 
companies,” reported the Coatings World European correspondent 
Sean Milmo in October 2014 [3].
This is backed up by statements such as that by Peter Nieuwenhuizen, 
former Director of Innovation and Partnerships at AkzoNobel [4]: “Giv-
en the challenges the world is facing in terms of resource scarcity, we 
are actively looking for bio-based alternatives for our chemicals.” Hen-
kel has also committed itself to a sustainability strategy and issued 

Figure 3: Property profile of coatings based on the new PDI 
hardener (black cur ve), compared with those containing the 
conventional HDI hardener (red cur ve).
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– an area slightly larger than the city of Leverkusen in Germany – are 
required to produce 20,000 tonnes of the new hardener, enough to 
apply three coats of paint to 30 million cars.
To make production even more sustainable, PDA suppliers are work-
ing intensively on ways to use bio-waste or cellulose instead of field 
corn. The development of this second generation feedstock is expect-
ed to take several years to be fully integrated into PDA production.

RADIOCARBON TESTING CONFIRMS BIO-BASED CONTENT

Field corn is the carbon source for all five of the non-functionalised 
carbon atoms in PDI. In other words, of the total of seven carbon at-
oms in the monomer, five - or 71% - are plant-based, as confirmed by 
14C radiocarbon testing in accordance with the ASTM D8666 standard 
[7].
The method is based on the following phenomenon: the dead organ-
isms from which petroleum and natural gas deposits have formed 
contain only low percentages of 14C isotopes of carbon due to radioac-
tive decay. In contrast, living organisms constantly acquire new carbon 
from the environment, which translates into a higher percentage of 
14C isotopes. Despite the slow continuous decay, this higher percent-
age remains virtually constant because 14C is constantly being created 
in the upper atmosphere.

PERFORMANCE MATCHES PETROCHEMICAL STANDARDS

The new hardener can be used for the same applications as the HDI-
based hardener “Desmodur N 3300”. This is a long-established prod-
uct for automotive OEM coatings, automotive refinish, industrial coat-
ings including anti-corrosive and wood coatings, as well as adhesives 
for flexible packaging.
The viscosity of the solvent-free, bio-based hardener is 9,200mPa•s, 
meaning it is higher than that of the conventional hardener 
(3,000mPa•s). This, however, is of no significance in practice, as illus-
trated in Figure 2, because the viscosities of the conventional hard-
ener and the new bio-based alternative equalise for formulations con-
taining common solvents and at solids content below 75%.
The reason for this behaviour is that in the solvent-free state, the 
stacked PDI trimers attract one another more strongly than the HDI 

trimers because the PDI-based materials have higher polarity. How-
ever, just a small amount of solvent is sufficient to break down the 
stacking. As soon as this happens, the inter-molecular forces of PDI 
and HDI trimers do not differ significantly.
Figure 3 gives an overview of the bio-based hardener’s properties. 
Coatings formulated with this component are not inferior to those with 
a conventional hardener in terms of weathering, scratch and chemi-
cal resistance, hardness or processing (pot-life). They even dry slightly 
faster. The bio-based hardener offers major advantages when it comes 
to compatibility, particularly with highly functionalised polyols.
Figure 4 illustrates this, using the example of coatings formulated with 
highly branched polyesters “Desmophen 650 MPA”: because of the 
lack of compatibility between the hardener and the polyester, the gloss 
of the HDI-based coating is measurably and visibly lower than that of 

Figure 5: Gloss and yellowing levels after weathering: compari-
son of automotive coatings with the new PDI hardener (black 
cur ves) and conventional HDI hardener (red cur ves).

Figure 4: Gloss levels of coatings in which the bio-based hard-
ener (left) and the conventional hardener (r ight) were combined 
with a branched polyester.

Figure 6: Chemical resistance of automotive coatings with the 
new PDI hardener (black) and the conventional HDI hardener 
(red) expressed as failure temperature in a gradient oven.
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the bio-based coating. For coatings manufacturers, the better compat-
ibility of the new hardener means greater freedom in formulation.

HIGH PERFORMANCE IN AUTOMOTIVE OEM FORMULATION

In automotive OEM coatings, the new hardener allows auto manufac-
turers in particular to further increase their percentage of bio-based 
materials. The current Mercedes C class, for instance, incorporates 76 
components made from renewable raw materials with a total weight of 
26.3 kilograms, an increase of 55% over the previous model range [8].
However, until now car manufacturers have used renewable raw ma-
terials primarily in the automotive interior. But now these raw materi-
als can start taking over a vehicle’s exterior as well, which carries very 
high emotional value. Tests with sample formulations have confirmed 

Figure 7: Dry scratch resistance and self-healing effect of 
automotive coatings with the new PDI hardener (left) and the 
conventional HDI hardener

Figure 8: Drying time of automotive refinish coatings with the 
new PDI hardener (black) and the conventional HDI hardener 
(red).

Figure 9: Pot-life and drying time of anti-corrosive coatings with 
the new PDI hardener (black) and the conventional HDI hardener 
(red).

that coatings with the new hardener meet the high demands of au-
tomotive manufactures just as well as those made from established 
petro-based hardeners.
Figure 5 shows that both coatings deliver virtually identical results in 
weathering tests: Even after 6,000hours of weather exposure, the 
gloss does not deteriorate and only slight yellowing is detectable.

GOOD CHEMICAL AND PHYSICAL RESISTANCE

Chemical resistance was tested in a gradient oven at temperatures 
between 36 and 68°C. The sample substances – resin, pancreatin, 
demineralised water, 1% sodium hydroxide solution and 1% sulfuric 
acid solution – were applied to the coatings and the samples exposed 
to heat for 30minutes. The results were assessed after 1 hour and 
24hours in storage under standard climate conditions.
The temperature at which each sample substance displays the first 
signs of damage was recorded to obtain the test results (Figure 6). No 
significant differences were determined between the coatings made 
from petrochemical products and those containing the bio-based 
hardener.
Dry scratch resistance was determined using the hammer test: The 
flat side of a hammer was wrapped in a layer of steel wool or sandpa-
per. The hammer is placed at right angles to the coating and pulled 
evenly in a line over it, without using the edge or applying any addi-
tional physical force.
The residual gloss was then measured on the damaged areas. After 
storing the coated sheets for 2 hours at 60 °C in a laboratory drying 
cabinet, gloss levels were measured again to test self-healing (reflow). 
The results are shown in Figure 7. The coating based on the new hard-
ener also compared very favourably in this category.

A WIDE RANGE OF LOWER CURE TEMPERATURE APPLICATIONS

Automotive refinish coatings are applied at lower temperatures (40-
70 °C) than automotive OEM coatings, and are therefore formulated 
differently. In this application too, coatings made with the bio-based 
hardener are comparable with the properties of conventional PU 
coatings, for example in terms of dry and wet scratch resistance, 
weathering resistance and processing. 
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Figure 8 shows that coatings incorporating the bio-based hardener 
reach drying stage 4 (DIN 53150) even faster than the conventional 
ones. This improved drying also comes into play in protective coatings 
such as anti-corrosive formulations: Figure 9 illustrates an improve-
ment in drying behaviour with only a slight influence in shortening of 
the processing time (pot-life).
The new bio-based hardener is also suitable for 2K PU wood clear-
coats in both matt and gloss formulations. With regard to chemical re-
sistance, scratch resistance and gloss, it demonstrates the same high 
performance as conventional hardeners, but shows slight advantages 
when it comes to the drying time of the coatings.
The new hardener is just as reactive in adhesive formulations (for ex-
ample, in flexible packaging applications) as the established product.

BUILDUNG BLOCK FOR A BROAD TECHNOLOGY PLATFORM

It is not planned to commercialise the PDI monomer itself but instead 
wants to use it as the foundation for a new technology platform. 
Blocked, hydrophilic, silanised and water-borne polyurethane disper-
sions (PUDs) have already been produced and tested during develop-
ment of the new hardener.
As with the bio-based hardener, the properties of the modified systems 
are very similar to those of the established HDI products. Unexpected 
and advantageous properties have also been found in these systems.
Examples here include coatings where the bio-based hardener has 
been modified with silane groups. They have a higher residual gloss 
after mechanical loading and thus scratch less easily than coatings 
based on similarly structured silanised HDI polyisocyanates. Coating 
films manufactured with PDI polyisocyanate show much better solvent 
and chemical resistance with the same proportion of silane groups.
Systems hydrophilised using internal and external emulsifiers and based 
on the PDI product have been crosslinked with standard waterborne hy-
droxy-functional polyacrylate dispersions. In terms of their coating prop-
erties, these products are at least comparable to the similarly structured 
hydrophilic HDI polyisocyanates and exhibit much faster drying.
In tests with standard blocking agents, the new hardener blocked with 
diethyl malonate showed a much lower tendency to crystallise than 
a product similarly based on HDI polyisocyanate. For the first time, a 
purely diethyl malonate blocked, linear aliphatic polyisocyanate thus 
seems possible.
The other blocked versions of the new hardener behaved in testing in 
a way that is at least comparable to similarly manufactured HDI poly-
isocyanates.
Substituting conventional hardeners with bio-based crosslinking 
agents in various water-borne systems showed that the conventional 
hardeners in water-reducible, lightfast single-component polyurethane 
baking coatings and in waterborne urethane acrylate dispersions, for 
example, can be replaced without compromising performance.  
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“Faster curing and  
greater compatibility.“

Dr Gesa Behnken
Covestro
gesa.behnken@
covestro.com

Three questions to Gesa Behnken

Is the hardener already on the market? Has there been any ini-
tial feedback? “Desmodur eco N 7300” was launched on the market 
at the European Coatings Show in April 2015. Samples have been sent 
out on a wide scale since 1 August 2015, while the commercial rollout 
will be taking place next year with an annual capacity of up to 20,000 
metric tons. We worked with selected partners to develop this new 
hardener in the run-up to the market launch. The positive feedback 
from these customers was a key factor in deciding to commercialise it.

You’re only taking into account the CO2 footprint from manu-
facturing the new PDI. What about the full environmental as-
sessment? The new hardener was also superior to standard products 
in other categories, such as the overall energy balance. Yet there are 
also challenges, as with the vast majority of bio-based products, since 
agricultural land is needed to produce biomass.

What weaknesses does the hardener have that can/must still 
be optimised? Compared to standard HDI trimers, the hardener has 
even better properties, such as faster curing and greater compatibil-
ity with high hydroxyl containing polyols. However, there are areas of 
application that we cannot cover with it. We’re looking to establish 
a new technology platform based on PDI that enables applications 
to be used on a widespread basis. For instance, we’re working with 
selected partners on further potential products in the area of water-
borne polyurethane coatings.
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New automotive clearcoat with bio-based hardener
https://youtu.be/5qOKIIlu8es

https://www.youtube.com/watch?v=5qOKIIlu8es&feature=youtu.be


INVENTING  
SUSTAINABLE CAR PAINTING 

FOR YOU

A Desmodur® eco success story:
First-ever car painted with a clearcoat 
with a biobased hardener

How collaboration between three major players along the value 
chain has made it possible to paint the first car with a clearcoat  
containing a biobased hardener under near-serial conditions.



Bio-based hardener for sustainable car painting

Automotive manufacturers and suppliers are constantly work-
ing to reduce energy consumption and CO2 emissions in their 
production processes. A project team from BASF’s Coatings 
division, the automotive manufacturer Audi and the materials 
company Covestro recently achieved a new milestone: For the 
first time ever, Audi Q2 test bodies were successfully painted 
with a clearcoat containing a biobased hardener under near-
serial conditions at the Ingolstadt plant. BASF developed the 
clearcoat using the biobased hardener Desmodur® eco N 7300 
from Covestro. 70% of the hardener’s carbon content comes 
from renewable raw materials, which thus reduces the use of 
fossil-based resources.

Improved environmental footprint – high quality

Renewable raw materials are of great importance to BASF’s 
customer Audi. “We are still very much in the early days of 
using bio-based raw materials,” says Thomas Heußer, Head of 
Technology Development Materials and Process Engineering 
at Audi. “But the quality of this paintwork job done in our exist-
ing facilities satisfies our specifications, and the results are 
promising. This project has given Audi a pioneering role in the 
automotive industry for this particular topic.”
“This new clearcoat enables us to support our customers 
in achieving their sustainability goals – without having to 
compromise on quality and performance,” says Dr. Matthijs 
Groenewolt, Head of Development Clearcoat and Topcoat 
Europe at BASF.

The close collaboration between the three companies is an 
important step to more sustainable automotive painting – 
and to our understanding of  “Inventing for you”. 

High performance enabled by nature

Coating supplier:  BASF’s Coatings division

Car manufacturer:  Audi AG, Germany

Car model:  Audi Q2
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02:  Amount of paint applied on a  
Mercedes Benz Van (top coat)

03: A modern car paint is 0.1 mm thick
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04:  Number of all cars, trucks, and S.U.V.‘s coming 
out of the factory to have a clear coat finish

05:  After applying road marking paints,  
roads can be used again in less than

ON THE ROAD
01: Colours available for car paints

25,000
AND MORE

RED

BLUE
BLACK

WHITE

GREY

~17.4 KG

CLEAR COAT 0.040 MM

BASE COAT 0.015 MM

FILLER 0.030 MM

PRIMER 0.020 MM
30 MINUTES

95 %
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STICKING TO POLYMERS
Wetting agent and substrate interactions in water-borne finishes for the automotive industry.
By Rainer Erhardt and Sascha Oestreich, BASF (publsihed in ECJ 06/2016).

Good substrate wetting may be par-
ticularly difficult to achieve on plastic 
substrates, which are increasingly used 
in the automotive industry. Tests with 
a range of different types of wetting 
agents showed pronounced and possi-
bly unexpected differences. A fluorinat-
ed acrylic polymer gave the best overall 
results.

A ppearance and adhesion are key per-
formance characteristics for any coat-

ing, but in automotive coatings they are 
especially crucial. In this market segment in 
particular plastic substrates are becoming 
increasingly important for both interior and 
exterior parts.
Because of their rather low surface energies, 
plastic substrates are usually much more de-

manding in terms of wetting, especially for 
water-borne coatings. The study reported 
below was set up to investigate in detail the 
influence of different wetting agent chemis-
tries on water-borne coating formulations.

SURFACE DEFECTS AND SUBSTRATE 
WETTING ISSUES

Formulating a defect-free coating is a chal-
lenge. It needs careful control of the surface 
chemistry of the coating. More specifically, 
local surface tension differences are the 
primary cause of many surface defects (for 
example, craters). These local differences 
can be minimised by the use of special wet-
ting agents.
Substrate wetting depends primarily on the 
surface tensions of the coating and of the 

substrate to be coated. As a general rule, 
wetting takes place if the surface tension of 
the liquid is lower than the surface energy of 
the substrate’s surface. This criterion for wet-
ting is also known as the wetting condition.
Poor wetting (such as ‘de-wetting’) will occur 
if the surface tension of the paint is higher 
than the surface tension of the substrate. 
Thus, substrates with low surface tensions 
are not easy to wet with water or water-
borne coatings. Special substrate wetting 
agents are required to lower the surface 
tension of the coating.
Therefore an effective wetting agent for 
a coating formulation should have sur-
factant characteristics in order to lower 
the surface tension of the liquid to allow 
the liquid to wet the surface. This is 
especially important if hydropbic subtrates
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RESULTS AT A GLANCE

 ű Good substrate wetting is essential 
for good appearance and adhesion. 
This may be particularly difficult to 
achieve on plastic substrates, such as 
those which are increasingly used in the 
automotive industry.

 ű Wetting agents of varying chemi-
cal nature show large differences in 
surface tension and dynamic surface 
tension reduction if examined in water 
dilution. In combination with an acrylic 
dispersion however, these differences 
are less pronounced.

 ű Different types of plastic substrates 
which have very similar surface energy 
yield large differences in adhesion. In 
this case, on average the best results 
were achieved on PA and worst results 
on ABS/PC.

 ű From all the wetting agent technolo-
gies tested, a fluorinated acrylic poly-
mer gave the best overall results.

Wetting Agent Chemistry

Product 3475 Sulfosuccinate

Product 3120 Fatty alcohol  
alkoxylate

Product 3650 Synergistic blend 
including alcohol 
alkoxylates

Product 3322 Star-shaped polymer 
based on alkoxylated 
fatty alcohol

Product 3221 Silicone-based  
wetting agent

Product 3370 Fluorinated  
polyacrylate

Product 3500 Fluorinated  
polyacrylate

Coating formulation Parts by weight

Dispersion 8211 100.0

Butyl glycol 7.0

Texanol 3.0

Wetting agent (see 
Table 1)

0.5

Defoamer (silicone) 0.4

Ammonia 25 % If necessary, add to 
adjust pH to 8-9

Table 1: Over view of the selected wetting 
agents and their chemistr ies.

Table 2: Coating formulation used in 
Testing

Figure 1: Dynamic surface tension at different bubble f requencies of various wetting 
agents in water.
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(e.g. plastics) have to be coated with water-
borne formulations.

MAIN WETTING AGENT TYPES AND THEIR 
KEY PROPERTIES

For this study, various wetting agents of dif-
ferent chemical structures were selected as 
shown in Table 1. The advantages and dis-
advantages of the main chemical types have 
been briefly summarised.
Sulfosuccinates like Product 3475 are highly 
dynamic, cost-effective wetting agents. Due 
to their excellent dynamic surface tension re-
duction and broad food contact compliance 
they are commonly used as substrate wetting 
agents in the printing and packaging indus-
try. However, sulfosuccinates are also known 
to promote foam stabilisation.
Alkoxylated surfactants (Products 3120, 3650 
and 3322) are usually cost-effective, non-ion-
ic wetting agents. Depending on the alcohol 
used in their synthesis, the ratio of ethylene 
oxide to propylene oxide and the overall 
degree of alkoxylation their hydrophilic-li-
pophilic balance (HLB) can be varied widely. 
Some alkoxylated surfactants are particularly 
low-foaming wetting agents.
Star-shaped polymers, here represented 
by Product 3322, form a special class of 
alkoxylated surfactants The hyperbranched 
structure of these non-ionic surfactants was 
modified to give them additional wetting and 
defoaming properties.

Organo-modified silicones like Product 3221 
are a widely used class of polymers. Depend-
ing on the degree of modification and on 
their overall silicone content they can be em-
ployed as substrate wetting agents, flow- and 
leveling agents and/or slip agents.
In general, silicone-based additives reduce 
the surface tension of a formulation rather 
drastically. Silicone surfactants, due to their 
short chain lengths, will not provide surface 
slip in most paint systems.
Fluorinated polyacrylates (Products 3370 
and 3500) are another very versatile class 
of interfacially active additives. They are well 
represented in the coating industry as sub-
strate wetting agents and flow- and levelling 
additives. 
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Tests after ageing 
(48 h @ 60 °C)

Target value 
(Norm)

Substrate WE 3221 Silicone WE 3500 Fluor. 
acrylate

WE 3650 Surfactant 
blend

WE 3322 Star 
polymer

WE 3370 Fluor.  
acrylate

WE 3120 FA  
ethoxylate

WE 3475  
Sulfo-succinate

Adhesion
GT (crosscut) DIN ISO 
2409

0-2 PA 0 1 0 1 0 0 0

PC 0 0 0 0 0 0 0

ABS 0 1 0 1 0 0 1

ABS / PC, T65 0 1 0 1 1 1 1

Adhesion
K (knife test) 
DBL7399-5.1

0-2 PA 1 1 1 2 3 0 1

PC 0 0 0 1 1 0 0

ABS 4 4 4 3 4 3 3

ABS / PC, T65 3 3 3 3 3 3 3

Gloss 20°/60° ** 0-2 ABS 90/96 88/96 90/97 92/97 87/97 91/97 86/96

ABS / PC, T65 90/98 90/98 92/99 94/99 90/98 91/98 88/97

Haze ** ABS 144 221 87 88 131 102 163

ABS / PC, T65 109 127 87 67 149 93 136

Appearance
Specks

PA 2 2 2 2 2 2 2

PC 2 2 2 2 2 2 2

ABS 2 2 2 2 2 2 2

ABS / PC. T65 3 3 3 3 3 3 3

Levelling 0-2 PA 1 1 1 1 1 1 1

PC 1 1 1 1 1 1 1

ABS 1 1 1 1 1 1 1

ABS / PC, T65 0 0 0 0 0 0 0

** Gloss and haze not measured over PA and PC substrates. Note: Cratering 0 for all samples; norm specifies 0-2 rating

Table 3: Initial adhesion and appearance tests.

Tests after Conden-
sation Water test

Target value 
(Norm)

Substrate WE 3221  
Silicone

WE 3500 Fluor. 
acrylate

WE 3650  
Surfactant blend

WE 3322 Star 
polymer

WE 3370 Fluor. 
acrylate

WE 3120 FA  
ethoxylate

WE 3475  
Sulfo-succinate

Adhesion
GT (crosscut)  
DIN ISO 2409

0 - 2 PA 2 0 0 3 1 2 1

PC 2 0 1 1 1 1 3

ABS 2 2 2 2 1 1 1

ABS / PC, T65 0 2 0 2 1 0 1

Adhesion K
(knife test) 
DBL7399-5.1

0 - 3 PA 3 2 2 4 1 2 3

PC 4 3 3 3 1 3 3

ABS 4 4 4 4 2 2 2

ABS / PC, T65 4 5 3 3 5 5 5

Appearance after 
humidity test + 1 h 
regeneration

PA clear clear clear clear clear clear clear 

PC whitish whitish whitish whitish whitish whitish whitish 

ABS whitish whitish whitish whitish partially whitish partially whitish partially whitish 

ABS / PC, T65 whitish whitish whitish whitish whitish whitish whitish 

Appearance after 
humidity test + 24 h 
regeneration

PA clear clear clear clear clear clear clear 

PC slightly turbid slightly turbid slightly turbid slightly turbid slightly turbid slightly turbid slightly turbid 

ABS partially whitish clear partially whitish partially whitish clear clear partially whitish 

ABS / PC, T65 whitish,  
after 48h clear 

whitish, after  
48h clear 

whitish,  
after 48h clear 

whitish, after  
48h clear 

whitish,  
after 48h clear 

whitish,  
after 48h clear 

whitish  
(even after 48h) 

Table 4: Test results after Condensation Water Test according to DIN EN ISO 6270-2: 240 h duration; all tests after 1 h regeneration 
time unless shown otherwise. Note: degree of blistering (DIN EN ISO 4628-2): 0 for all samples; norm specifies zero.
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Tests after ageing 
(48 h @ 60 °C)

Target value 
(Norm)

Substrate WE 3221 Silicone WE 3500 Fluor. 
acrylate

WE 3650 Surfactant 
blend

WE 3322 Star 
polymer

WE 3370 Fluor.  
acrylate

WE 3120 FA  
ethoxylate

WE 3475  
Sulfo-succinate

Adhesion
GT (crosscut) DIN ISO 
2409

0-2 PA 0 1 0 1 0 0 0

PC 0 0 0 0 0 0 0

ABS 0 1 0 1 0 0 1

ABS / PC, T65 0 1 0 1 1 1 1

Adhesion
K (knife test) 
DBL7399-5.1

0-2 PA 1 1 1 2 3 0 1

PC 0 0 0 1 1 0 0

ABS 4 4 4 3 4 3 3

ABS / PC, T65 3 3 3 3 3 3 3

Gloss 20°/60° ** 0-2 ABS 90/96 88/96 90/97 92/97 87/97 91/97 86/96

ABS / PC, T65 90/98 90/98 92/99 94/99 90/98 91/98 88/97

Haze ** ABS 144 221 87 88 131 102 163

ABS / PC, T65 109 127 87 67 149 93 136

Appearance
Specks

PA 2 2 2 2 2 2 2

PC 2 2 2 2 2 2 2

ABS 2 2 2 2 2 2 2

ABS / PC. T65 3 3 3 3 3 3 3

Levelling 0-2 PA 1 1 1 1 1 1 1

PC 1 1 1 1 1 1 1

ABS 1 1 1 1 1 1 1

ABS / PC, T65 0 0 0 0 0 0 0

** Gloss and haze not measured over PA and PC substrates. Note: Cratering 0 for all samples; norm specifies 0-2 rating

Tests after Conden-
sation Water test

Target value 
(Norm)

Substrate WE 3221  
Silicone

WE 3500 Fluor. 
acrylate

WE 3650  
Surfactant blend

WE 3322 Star 
polymer

WE 3370 Fluor. 
acrylate

WE 3120 FA  
ethoxylate

WE 3475  
Sulfo-succinate

Adhesion
GT (crosscut)  
DIN ISO 2409

0 - 2 PA 2 0 0 3 1 2 1

PC 2 0 1 1 1 1 3

ABS 2 2 2 2 1 1 1

ABS / PC, T65 0 2 0 2 1 0 1

Adhesion K
(knife test) 
DBL7399-5.1

0 - 3 PA 3 2 2 4 1 2 3

PC 4 3 3 3 1 3 3

ABS 4 4 4 4 2 2 2

ABS / PC, T65 4 5 3 3 5 5 5

Appearance after 
humidity test + 1 h 
regeneration

PA clear clear clear clear clear clear clear 

PC whitish whitish whitish whitish whitish whitish whitish 

ABS whitish whitish whitish whitish partially whitish partially whitish partially whitish 

ABS / PC, T65 whitish whitish whitish whitish whitish whitish whitish 

Appearance after 
humidity test + 24 h 
regeneration

PA clear clear clear clear clear clear clear 

PC slightly turbid slightly turbid slightly turbid slightly turbid slightly turbid slightly turbid slightly turbid 

ABS partially whitish clear partially whitish partially whitish clear clear partially whitish 

ABS / PC, T65 whitish,  
after 48h clear 

whitish, after  
48h clear 

whitish,  
after 48h clear 

whitish, after  
48h clear 

whitish,  
after 48h clear 

whitish,  
after 48h clear 

whitish  
(even after 48h) 

These polymers have a polyacrylic backbone 
with fluorinated side chains which lower the 
surface tension of a formulation. They com-
bine excellent flow and leveling with anti-cra-
tering and good wetting behaviour.

APPLICATION TECHNIQUE MAY AFFECT 
SURFACTANT CHOICE

It should not be overlooked that diffusion and 
adsorption of surfactants at interfaces is a 
time-dependent process. New interfaces are 
produced extremely rapidly during spraying, 
printing or other coating application tech-
niques and the mobility of the surfactants is 
an important factor here.
For fast-changing processes the use of highly 
dynamic surfactants is recommended, in 
order to ensure that the surface tension re-
mains low even if new surfaces are formed 
very quickly. The different dynamic behaviour 
of wetting agents is illustrated in Figure 1.
The ability to lower the surface tension even 
under highly dynamic conditions (high bub-
ble frequency) depends on the mobility of 
the surfactants. It can clearly be seen in Fig-
ure 1 that low molecular weight sulfosucci-
nates and alkoxylated surfactants can cover 
newly formed interfaces very quickly. On the 
other hand, the fluorinated polyacrylate and 
the silicone surfactants are slower due to 
their higher molecular weight and different 
aggregation behaviour.
Unfortunately, surface tension measure-
ments in pure water reveal little about the 
behaviour of wetting agents in real coating 
formulations. In ‘real life’ coating formula-
tions the wetting agents interact with all the 
other ingredients such as emulsifiers and 
polymer dispersion particles. If the dynamic 
surface tension behaviour is measured in 
polymer dispersions, the results show that 
the differences between surfactant types are 
reduced, as revealed in Figure 2.

WETTING AGENTS SHOW PRONOUNCED 
DIFFERENCES IN FOAMING

Dispersion 8211 is a rheology controlled 
dispersion or ‘RC dispersion’ [1]. In this sty-
rene-acrylic polymer dispersion a special 
acid-containing oligomeric emulsifier is used. 
Compared to conventional systems, RC dis-
persions impart enhanced stability (both 
steric and ionic stabilisation), good compat-
ibility with formulation additives and a nearly 
Newtonian flow behaviour.
The particle sizes of RC dispersions are gen-
erally smaller than for conventional disper-
sions. The results discussed below are all 
based on the use of this product.
A much undesired side effect of wetting 
agents can be foam stabilisation. It is there-
fore recommended to check foam stabilisa-

tion if wetting agents are used in a new coat-
ing formulation. Figure 3 provides an example 
in which different surfactants lead to very dif-
ferent foam levels. The results show density 
values after stirring of binder emulsions with 
wetting agents (180 sec at 5000 rpm). Higher 
densities indicate better defoaming and low-
er densities indicate foam stabilisation.
As can be seen from Figure 3, sulfosucci-
nate surfactants stabilise foam in this case, 
whereas products such as the star-shaped 
wetting agent 3322 used here have pro-
nounced defoaming characteristics. The 
defoaming effect of star-shaped wetting 
agents has also been found by other scien-
tific groups [2].

TEST FORMULATION AND APPLICATION 
DETAILS

Clearcoat formulations based on the RC dis-
persion and wetting agents were prepared 
next. The dispersion has a solids content of 
44%, a Brookfield viscosity of 150 mPa•s at 
25 °C and a minimum film forming tempera-
ture of 57 °C.
As shown in Table 2, the formulation was 
deliberately kept rather simple. Besides the 
dispersion it only contains the appropriate 
cosolvent, approximately 0.5% wetting agent 
plus defoamer. The liquid coating was filtered 
before application using an 80 µm metal filter 
mesh (to remove possible coagulum).
The coatings were applied by drawdown us-
ing a 150 µm applicator bar resulting in a dry 
film thickness of about 50 µm. After a flash-
off time of 10 min at room temperature, the 
coatings were dried for 30 minutes at 60 °C. 
The films were routinely aged for 48 h at 
60 °C before testing (which is a common pro-
cedure for automotive plastic testing, e.g. ac-
cording to Volkswagen TL226 3.5).
Four plastic substrates relevant to the auto-
motive industry were used for this screening: 
polyamide (PA), polycarbonate (PC), acryloni-
trile-butadiene-styrene copolymer (ABS) and 
a PC/ABS blend known as T65.
Prior to using these substrates, they were 
wiped with isopropanol in order to remove 
dust and possible other contamination. No 
other forms of pre-treatment were applied. 
The surface tension of the plastic substrates 
ranges between 41.4 mN/m and 45.1 mN/m.

TEST PROCEDURES SUMMARISED

The films were evaluated in terms of gloss (at 
20° and 60°), haze and optical appearance as 
well as for adhesion (crosscut adhesion and 
knife test). Crosscut adhesion was performed 
and rated according to DIN ISO 2409.
The knife test was performed according to 
DBL7399-5.1, a Daimler Benz test procedure. 
In this test a round knife blade is used to 
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tested (transparent) PC substrate some tur-
bidity does remain.

ADDITIONAL TESTS CONFIRM BEST 
PRODUCT

In a further test series spray application tri-
als were also performed (not shown). In par-
ticular, what is called the wetting limit (the 
minimum film thickness where a complete 
film is formed) was evaluated. In this respect, 
too, the same fluorinated product showed 
excellent results. The wetting limit could be 
decreased to about 14 micrometres.
The RC acrylic dispersion already shows ex-
cellent gloss and appearance with only a very 
limited impact of the wetting agent, due to its 
chemical nature and very small particle size. 
Only some differences in haze are observed, 
especially on ABS, with values ranging from 
87 to 221 indicating slight differences in com-
patibility of the polymer matrix with the re-
spective wetting agent.
In general it is evident that the interaction of 
wetting agents with the given polymer disper-
sion is a key factor in order to achieve excel-
lent adhesion and appearance characteris-
tics. Wetting agents not only influence the 
wetting behaviour by lowering the surface 
tension, they also have significant influence 
on film formation and leveling. In addition 
they also have an effect on foam formation.
From all the wetting agents tested, a fluori-
nated acrylic polymer gave the best overall 
results. Product 3370 combines good wet-
ting characteristics with very little influence 
on adhesion and defoaming characteristics. 
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Figure 2: Dynamic surface tension at different bubble f requencies of various wetting 
agents in polymer dispersion 8211 (4:1).

Wetting Agents 0.5% in Dispersion 8211 and demineralised water 4:1
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Product 3221

Figure 3: Results of foam tests with wetting agents and Dispersion 8211.
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Foaming behavior 0.5% Wetting agent in Dispersion 8211

scratch the coating on the plastic substrate 
while applying pressure on the blade. Accord-
ing to how hard it is to scratch off the coat-
ing and what the residual appearance of the 
scratch is, the results are rated from 0 to 5, 
with 0 being the best result and 5 the worst.
The initial results are summarised in Table 
3. Significant differences could be observed 
with regards to the influence of wetting 
agents on adhesion. The knife test in particu-
lar proved to be a very valid differentiation 
criterion.
In this test the fluorinated polyacrylic wetting 
agent Product 3370 performed best. Fluori-
nated acrylic polymers are known for their 
excellent wetting performance and their very 

limited influence on (intercoat) adhesion.
Exposure to humid climate conditions and 
subsequent drying may have a significant 
impact on both appearance (whitening) and 
adhesion (through swelling and shrinking). 
That is why it should be routinely tested as 
well, using the humidity test according to 
DIN EN ISO 6270-2. Results after this expo-
sure test are presented in Table 4.
Here the same picture is observed, the 
same fluorinated surfactant performed best. 
Despite swelling of the polymer by water va-
pour, adhesion must not be affected. Water 
uptake might also lead to whitening which 
has to be reversible. This reversibility was 
indeed observed for this system; only on the 
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“The influence of 
emulsifiers should not be 

underestimated. “

Dr Sascha Oestreich
Head of Regional Technical Mar keting 
Formulation Additives
BA SF
sascha.oestreich@basf.com

3 questions to Sascha Oestreich

In many cases the fluorinated polyacrylates seem to perform best. But what are their 
main limitations?
Indeed, fluorinated polyacrylates are a very versatile group of interfacially active additives. They 
combine excellent flow & leveling with anti-cratering and good wetting behavior. Additionally, 
they have clear advantages with respect to intercoat adhesion and foam stabilization. There 
are fluorinated polyacrylates with different fluorine content available on the market. This allows 
the formulator to select the right product for a specific binder type and application. Fluorinated 
polyacrylates are limited when strong surface slip and anti-blocking effects are required. Slip and 
anti-blocking effects can better be achieved by organomodified silicones, for example. 

Your study used a well-defined rheology controlled dispersion with enhanced stability. 
In what way could your findings differ in “real life” coatings?
In this study we evaluated our wetting agents in increasingly complex formulations: We started 
with simple water, then we used a commercially available polymer dispersion and finally we used 
a simplified coating formulation based on the dispersion which additionally contained defoamer 
and coalescing solvents. The application tests with these coating formulations showed best re-
sults with fluorinated polyacrylates. We think that the biggest difference can be observed between 
measurements in pure water and measurements in a polymer dispersion. A wetting agent should 
always be evaluated in the respective binder system or in the final coating formulation. The influ-
ence of emulsifiers and internal surfaces (e.g. latex particles) on the behavior of the wetting addi-
tive should not be underestimated. 

Your study shows that substrates with very similar surface energy yield large differ-
ences in adhesion. What is the explanation for this behavior?
Good wetting is only one prerequisite for good adhesion. Certainly the chemical composition 
of the substrate, the surface structure, possible pretreatment and many other factors influence 
adhesion of a coating film, too. It is essential to ensure optimal interaction of the polymer film 
with the substrate. Wetting is supporting physical and chemical adhesion because it increases the 
surface area of the coating which comes into contact with the substrate. On the other hand, a 
wetting agent should not have a negative effect on the (intercoat) adhesion. Also here, fluorinated 
polyacrylates are well known in the market for their marginal influence on (intercoat) adhesion.
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PAINTING IN A NEW MOULD 
High quality finishes applied on the injection moulding machine . By Markus Mechtel, Jan Weikard and Jan Helmig, 
Covestro Germany (published in ECJ 04/2017)

Plastic components for automotive interiors are usually wet-
coated some time after moulding. A new process applies the 
coating on the moulding machine. A wide range of gloss, matt 
or textured finished can be produced on the same component 
in a single operation.

C onsumers appreciate automotive interiors with a unique, pre-
mium design. Ideally the vehicle should seem like a ‘living room 

on wheels’. And if autonomous cars become established, the comfort 
factor is likely to become even more important in the future.
Plastics dominate the automotive interior. The primary factor for the 
look and feel of the various components is their coated surfaces. Ex-
amples include the centre console, steering wheel cover, decorative 
trim, doors and handles.
Components such as these are typically injection moulded from a 
thermoplastic and then, in a second step, coated on a coating line at 
a different location. The “DirectCoating” process, however, produces a 
finished plastic component in just one step.

COATING IN THE MOULD: HOW THE PROCESS FUNCTIONS

This new process can be broken down into distinct phases (Figure 1):
 ą A thermoplastic material is injection moulded in the cavity of a two-
component mould.

 ą The plastic part is then placed in a slightly larger second cavity. The 
difference in size is equal to the thickness of the polyurethane (PU) 

coating layer (typically 0.2 to 1 millimetre) to be applied in the next 
phase.

 ą A reaction injection moulding (RIM) mixing head injects a solvent-
free anhydrous aliphatic polyurethane (PU) coating system into the 
second cavity.

 ą The coated part is then removed from the mould after rapid curing.
The process, in other words, requires only one injection moulding ma-
chine and one RIM system. A rotary mould or mould turntable is rec-
ommended, so that while the PU coating layer is curing in the second 
cavity, the next thermoplastic part can be injection-moulded in the 
first. This shortens the cycle time and increases productivity.

SIMULATION PROCEDURE AIDS EFFECTIVE MOULD DESIGN

Simulation can help in designing the mould, to determine in advance 
how the mould will fill with the PU coating system. Covestro has devel-
oped a material data set for use with the “Moldflow” simulation soft-
ware (from Autodesk GmbH, Munich).
The software integrates various parameters such as the geometry of 
the component, the flow rate, the viscosity of the PU system, the re-
quired fill pressure and the distribution of the coating thickness.
Simulation provides guidelines on how a component should be de-
signed to optimise the flow of the coating during the 1.5 seconds it is 
in the mould. It shows when the flow fronts of the PU coating enclose 
air, so as to optimise the positioning of vents and gates.
This simulation model has proved to be highly effective, and the most 
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RESULTS AT A GLANCE

  Plastic components for automotive interiors are usually 
injection-moulded and subsequently wet-coated.

  A process has been developed which integrates these two 
steps. Immediately after moulding, components are transferred 
to a slightly larger mould and a two-pack coating is injected into 
the gap, using the same moulding machine.

  The fact that the mould surface is reproduced precisely by 
the coating surface can produce a range of gloss, matt, textured 
or soft-feel finished on the same component in a single opera-
tion.

  This offers automobile manufacturers tremendous design 
freedom and suppliers the opportunity to reduce energy con-
sumption, logistics effort and thus costs.



Figure 1: Flow diagram showing how the “DirectCoating” process 
operates.

III: RIM of 2K-polyurethane 
 system as coating/skin system as coating/skin

IV: Removal of final 
 DirectCoating/DirectSkinning part DirectCoating/DirectSkinning part

II: Changing of second cavityI: Injection molding of polycarbonate 
blends (e.g. Bayblend® or Makroblend®))

suitable gating and venting design can now be determined for a given 
PU coating system as a service for users. Some tips to help users with 
mould design have also been compiled. For example, the low shot 
weights (compared with the RIM method for solid PU components) 
must be taken into account.

BENEFITS OF MATCHING THE FINISH TO THE MOULD SURFACE

This in-mould technology can produce a wide variety of surfaces be-
yond just a wide range of colours, metallic effects and matte or high-
gloss finishes. Transparent, translucent and opaque coatings are also 
possible. Because the injected coating cures in a mould, the process 
reproduces the mould surface in every detail to offer the option of 
structured surfaces as an additional design element.
This also means that the process can also accurately reproduce sharp 
or rounded edges and even raised surfaces. The component itself can 
be protected with a scratch-resistant functional coating. Surfaces that 
are a reproduction of a perfectly polished mould surface come closer 
to the ideal, high-gloss look than any spray coating ever could.
Surfaces can be produced with a fine grain texture in which only the 
“grooves” are high-gloss. Such a surface is relatively impervious to 
scratches, because the high-gloss finish is protected against mechani-
cal influences thanks to its position in the grooves (Figure 2).
Surfaces with pleasant, soft-touch haptics are also possible. With con-
ventional spray coatings, soft-touch surfaces are achieved by combin-
ing a soft binder matrix with particles such as flatting agents which 
produce a fine but palpable surface structure.
In the new in-mould process, this structure is formed by reproduc-
ing the correspondingly textured mould surface. Because no flatting 
agents are required, the binder matrix does not have to be as soft to 
achieve the desired haptic properties. This, in turn, benefits the resist-
ance of the surface to creams, for example.

HOW DESIGN FREEDOM CAN BE INCREASED

The process can also produce various surface areas on one and 
the same component that differ in terms of their design features or 
haptics. For example, if polished and grained surfaces alternate in a 
mould, a component surface with alternating high-gloss and matte 
areas can be achieved with a single coating system.

Figure 2: A steering wheel cover (section) made by the new 
coating technology. The fine-grained texture is scratch-resistant, 
because the high-gloss areas are located only in the grooves.



P L A S T I C S  C O AT I N G8 6

E U R O P E A N  C O AT I N G S  J O U R N A L  2 0 1 7

In a two-phase spray coating process, a component surface of this 
kind would have to be achieved either by means of time-consuming 
masking, or on separate components that would have to be assem-
bled later on. This would significantly increase costs and effort, ad-
versely impacting cost-efficiency.
With this process, two coating systems can also be combined without 
significantly increasing cost or effort. For instance, components can 
be fabricated that have soft-touch haptics only in specific areas.
A very rapid colour change is also possible during component pro-
duction, particularly when a three-component mixing head is used. In 
addition to the polyisocyanate and polyol, a pigment paste serves as 
the third component and can easily be changed during production.

HOW COST AND ENERGY SAVINGS ARE ACHIEVED

A comparison of this method with conventional technologies (Figure 3) 
reveals additional advantages beyond design freedom. A component 
is usually fabricated by first injecting a thermoplastic into a mould. 
Once removed from the mould, the shaped thermoplastic – some-
times after storage – is transported in packaging to a coating line. 
There it is unpacked and typically is cleaned or pre-treated in some 
other way.
With high-gloss coatings in particular, this step and the subsequent 
spray coating process require clean-room conditions, because dust 
can spoil the appearance and protective function of the resulting 
coating. The coating layer must then cure, commonly in an oven or 
under UV light.
These processing steps consume a great deal of energy and require 
significant logistical effort. Coating in the mould eliminates transport 
and energy-consuming pre-treatment, reducing both investments, 
e.g. in a clean-room and operating costs.
Together, the advantages of this process big enough that – in addi-
tion to one existing production application – numerous projects have 
been launched in the automotive industry to pave the way for its in-
troduction into series production.

WHY STANDARD ADHESION TESTS ARE NOT ADEQUATE

A test method from the adhesives field has been adapted to test the 
adhesion of PU coatings produced in the mould on polycarbonate 



Figure 3: Comparison of the conventional process, including spray coating, with the in-mould technology.
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blends. The reason is that while spray coating produces layers that 
are about 50µm thick, this technology produces significantly thicker 
layers of between 200 and 1,000µm.
The cross-cut test according to DIN EN ISO 2409, which is commonly 
used for coatings, yielded highly scattered results for these thick lay-
ers and proved to be unsuitable. An alternative test, the pull-off test 
according to DIN EN ISO 4624, similarly yielded results that could not 
be differentiated and analysed sufficiently.
In contrast, the “rotating peel” test according to DIN EN 1464, which 
was originally used to test high-strength adhesive bonds between rig-
id and flexible materials, yields easily reproducible results that can be 
quantified over a wide range. In this rolling peel test of adhesion, co-
hesive failure occurred several times in the top layer of the substrate 
before the PU layer separated from the PC blend.

PLASTIC GRADES MUST BE CAREFULLY SELECTED

The innovative coating method imposes several specific demands 
on the thermoplastic material and the PU coating system. Polycar-
bonate (PC) and its blends with ABS (acrylonitrile-butadiene-styrene 
copolymer), PET (polyethylene terephthalate) and PBT (polybutylene 
terephthalate) have proved to be ideal as thermoplastics for automo-
tive interiors.
The main strengths of PC+ABS are its dimensional stability, high 
toughness even at below-freezing temperatures, and high heat resist-
ance. PC+PET and PC+PBT blends likewise are characterised by high 
toughness even at low temperatures.
The company has developed plastic grades that are specifically opti-
mised for the new process. The PU coating bonds with them signifi-
cantly better than with standard blends, as confirmed by the rotary 
peel test (Figure 4).
The raw materials for PU layers applied by the in-mould process can-
not contain any solvents, not even water. The process therefore re-
quires low-viscosity raw materials that display sufficient flow at 50 to 
90 °C to quickly fill the cavity. Aliphatic polyisocyanates are particularly 
well suited, as are polyester and polyether diols, polyester polyols and 
polycarbonate diols as the polyol components.
Characteristics such as elasticity, weathering resistance, self-healing 
and thus scratch resistance can be defined by selecting the right raw 
materials.
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A DirectCoating success story:
High-quality decorative car  
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How Covestro’s DirectCoating technology creates new  
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Greater design freedom and efficiency  
through in-process coating

Covestro Deutschland AG 
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When people buy a car, they want a customized, attractively 
designed interior that looks the part. But the automotive 
industry needs to manufacture components efficiently. 
Covestro’s DirectCoating technology allows both seemingly 
contradictory wishes to be fulfilled. Components are coated 
in a two-stage process. First, the plastic substrate is injected 
into the first cavity of the mold; then the component is trans
ferred to a second cavity that is slightly larger – by the exact 
thickness of the coating layer. The solvent-free coating is 
then injected into this cavity through a reaction injection 
molding (RIM) mixing head. The result is a polyurethane-coated 
component that displays outstanding properties but needs 
hardly any re-working.

Almost unlimited design freedom

The component can be transparent, translucent or opaque. 
Its surface can be coated in a variety of colors, given a matt 
or clear finish or protected by a functional scratchproof finish. 
And a variety of haptic designs or surface structures are also 
possible. Josef Art, Managing Director at Votteler, Covestro’s 
partner in this technology, emphasizes the benefits: “The 
most important added value of DirectCoating technology for 
the automotive industry is almost unlimited design freedom 
as well as the cost and energy savings.” 

The development of DirectCoating technology, which 
enables components to be coated in a single mold, shows 
what huge range of colors, surface structures and haptic 
impressions will enhance car interiors for years to come – 
as well as our understanding of  “Inventing for you”. 

Coating supplier:  Votteler Lackfabrik  
GmbH & Co. KG 

Coating system: Puriflow®

Design:  Northern Works Oy

Mold makers:  Hofmann Innovation Group

Grain:  J. & F. Krüth GmbH

In cooperation with

Such a finely grained finish is particularly scratch-resistant because the 
high gloss is protected in the “valleys″ of the surface.

The level of gloss in a special-effect coating ranges from high gloss to 
matt; the surfaces can be smooth or structured or have a soft feel.

The manner in which you use and the purpose to which you put and utilize our products, technical 
assistance and information (whether verbal, written or by way of production evaluations), including 
any suggested formulations and recommendations, are beyond our control. Therefore, it is imperative 
that you test our products, technical assistance, information and recommendations to determine to 
your own satisfaction whether our products, technical assistance and information are suitable for your
intended uses and applications. This application-specific analysis must at least include testing to
determine suitability from a technical as well as health, safety, and environmental standpoint. Such 
testing has not necessarily been done by Covestro. Unless we otherwise agree in writing, all products
are sold strictly pursuant to the terms of our standard conditions of sale which are available upon
request. All information and technical assistance is given without warranty or guarantee and is subject 
to change without notice. It is expressly understood and agreed that you assume and hereby expressly 
release us from all liability, in tort, contract or otherwise, incurred in connection with the use of our 
products, technical assistance, and information. Any statement or recommendation not contained 
herein is unauthorized and shall not bind us. Nothing herein shall be construed as a recommendation 
to use any product in conflict with any claim of any patent relative to any material or its use. No license 
is implied or in fact granted under the claims of any patent.
Edition: 2016 · Order-No.: COV00081701 · Printed in Germany · E
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Figure 4: Correct substrate selection will optimise the adhesion 
of PU coatings.
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“The benefits overcompensate any 
higher raw materials cost“

Dr Markus Mechtel
Head of Automotiv Mar keting Coatings, 
Adhesives, Specialties 
Covestro
f r ank .rothbar th@covestro.com

3 questions to Markus Mechtel

To which extent is the higher film thickness affecting the economical and ecological ad-
vantages of the DirectCoat process? Typically, the benefits of the DirectCoating process over-
compensate any higher raw materials costs, which are e.g. due to the higher film thickness. In most 
cases, the costs for operating a conventional spray paint line including energy for air conditioning 
and the loss of material due to overspray and paint defects are tipping the scale towards DirectCoat-
ing. Some paint manufacturers offer detailed calculation tools that can be fed with data for the 
individual case.

On the one hand you achieved an excellent adhesion to the plastic substrate. On the oth-
er hand no mold release agent is needed. Could you elaborate on this? There are basically 
two methods used: One is to include internal release agents into the coating formulation. Several 
paint manufacturers have come up with excellent solutions for their paints that are not affecting 
adhesion to the thermoplastic substrate. It is also possible to apply a permanent release layer on 
the mold. Several metallic or inorganic systems can be used. There are, however, cases with not too 
complex part geometries and structured, softer coatings, in which mold release is no issue at all and 
no modifications to the formulation or on the mold surface need to be made.  

Do you have results of e.g. Coppertone Sunscreen Lotion Water Babies? While perfect re-
sistance against sunscreen remains an issue especially for soft, haptic coatings, most OEMs have 
switched their specifications away from commercial products whose recipes are frequently changed 
by the cosmetics producer. Instead, standardized sunscreen test formulations are employed. Against 
some of those, soft, haptic DirectCoating systems were tested. Results were at least at the level of 
spray coatings and in some cases even better. DirectCoating soft touch effects can be achieved by 
the mold structure while spray coatings need particles like matting agents to achieve soft haptics. 
To incorporate matting agents and still achieve soft touch properties, the binder for spray coatings 
needs to be softer and thus the spray coating tends to be less resistant if compared to DirectCoating 
systems.    

MEETING THE CHALLENGES OF THE NEW PROCESS

Challenges that have already been mastered by several coating manu-
facturers include improving the separation of the coating from the 
mould without using external release agents and the formulation of 
metallic special-effect coatings. In contrast to spray coatings, there is 
no significant volumetric shrinkage of the coating to assist the orienta-
tion of special-effect pigments.
The in-mould coating technology offers distinct advantages in the pro-
duction of plastic components in terms of design freedom, energy 
consumption and costs. It therefore has a good chance of becoming 
established in the automotive industry.
Critical to the success of the technology are customised materials, 
optimum combination of the thermoplastic with the PU raw materials, 
special formulation expertise with solvent-free coatings, effective use 
of simulation and testing methods, and solid processing know-how. 
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FORMULATING EXCELLENT 
AUTOMOTIVE EFFECTS
Eight golden rules for creating automotive coatings using effect pigments.  
By Werner Rudolf Cramer (published in ECJ 01/2016).

Modern automotive surfaces shine through the use of inter-
ference and aluminium effect pigments. Effective use of these 
pigments in formulating automotive coatings depends on deep 
knowledge on their properties and features in application.

E xciting colours and effects make modern automotive finishes 
shine. Interference pigments, introduced in the mid-80s for 

automotive OEM coatings, are the stars in providing great visual 
effects. The first series of automotive colours containing white in-
terference pigments were applied in a three-layer system, using a 
white basecoat, a white interference coat and a clear coat. After 
that, the trend turned to coloured coatings, using mixtures of colour 
pigments, together with white and colour interference pigments.
At the end of the 90s, these coloured coating systems were again 
enhanced by the introduction of aluminium pigments, which had 
been used for some time for effect finishing. With the development 
of new effect pigments also came the development of new meas-
urement methods. This included the multi-angle measurement of 
aluminium and interference pigments and the use of these meas-
urements in characterising visual surface effects. The multitude of 
innovations with regard to pigments – and also to coatings and ap-
plication technologies – has influenced how a new colour standard 
is created and what aspects are to be considered in its creation. 
Here are eight golden rules for the effective creation of automotive 
colours.

MINDING THE GEOMETRIES

In most cases, modern automotive coatings have visual effects that in-
volve differences – either in the lightness of the coating, or in both the 
lightness and the colour of the coating – which depend on the location 
of the illumination and the location of the observer with respect to the 
coating surface, and the geometries that arise from the path of light 
from one to the other.
The light source – let’s take the sun, as an example – illuminates each 
point on the vehicle with a quantifiable angle of incidence from the 
“normal” (which is the perpendicular to the car body surface at the 
point of incidence) and is reflected from it at the same angle to the 
normal. Together with the illumination, the normal and the “gloss” (or 
reflected light) all lie in the same plane, as shown in Figure 1. Within 
this plane, the positions of the illumination and the observer are de-
fined by their angles of difference from the normal: an illumination of 
15° means that the light source (the sun) illuminates the surface (our 
vehicle) at an angle of 15° from the normal.
The “specular angle” (the angle of reflected light, or gloss) corresponds 
to the illumination angle (for practical reasons, the angle notation for 
this is preceded by a minus sign, which is physically incorrect), while 
the “aspecular angle” is the angle of difference between the reflected 
light and the observer. If one would be observing the gloss of the ve-
hicle (i.e. if the observer were to be at the same angle as the reflected 
light, as in Figure 1), the aspecular angle between gloss and observer 



9 1E F F E C T  P I G M E N T S

E U R O P E A N  C O AT I N G S  J O U R N A L  2 0 1 7

RESULTS AT A GLANCE

 ű Angle-dependent visual effects have arisen since the 80s 
and can be characterised by multi-angle measurements.

 ű Interference pigments create angle-dependent colour ef-
fects and can be used additively.

 ű Aluminium pigments can be used to create metallic effects.

 ű Mixing colour pigments with the effects of interference pig-
ments and aluminium pigments creates dazzling new coatings.

would be 0°. However, if the observer’s eye moves away from the 
gloss direction, the aspecular angle starts to grow. In the example in 
Figure 2, the car body panel has been tilted and the illumination and 
the gloss/specular angle are now both at 5° from the new normal, but, 
as a result of the tilt, the gloss has moved 20° away from the observer.
The ASTM E2539 Standard Test Method for Multiangle Color Meas-
urement of Interference Pigments proposes characterising the colour 
reflection effects of effect pigments in a coated surface by collecting 
measurements at multiple angles in the plane formed by the illumina-
tion, the normal and the gloss, including on the “opposite” side of the 
gloss. 
For formal reasons, these aspecular angles are given a negative sign. 
Thus, the aspecular angle of -15° corresponds to an observation angle 
at -60° when illuminated at 45°. To distinguish between the positions, 
the prefixes “cis” and “trans” may be cited. “Cis” angles are located on 
the illuminated side, while “trans” angles are on the opposite side of 

the gloss. Manufacturers of measurement instruments refer to these 
standard aspecular angles, usually -15°, 15°, 25°, 45°, 75° and 110°, 
which correspond to absolute observation angles of -50°, -30°, -20°, 
0°, 30° and 65° (see Figure 3). The measurement results at 45°/as-
15° are similar to those at 65°/as15°: if the connecting line between 
the two geometries 45°/as15° and 45°/as-15° in the extension of the 
two geometries 45°/as25° und 45°/as15°, then the coating mix does 
not contain a colour interference pigment. With a colour interference 
pigment, the curve bends counterclockwise. Coatings with aluminium 
pigments do not have this kink; the connecting line for these occurs 
between the measured values at 45°/as25°, 45°/as15° and 45°/as-15° 
and is nearly straight (see Figure 4).

GETTING TO KNOW EFFECT PIGMENTS 

While colour pigments partially absorb incoming light and partially scat-
ter it undirected in all directions, interference pigments additionally 
partially transmit the light. Particularly, in the case of transparent inter-
ference pigment types, one can recognise the intense reflection colour 
and the transmission colour, which are complementary to each other.
Transparent interference pigments consist of a substrate particle 
(of e.g. mica, aluminium oxide, or silicon oxide) covered with a highly-
refractive metal oxide layer. When light strikes the surface, a part of 
this light is reflected, while the other part travels through the metal ox-
ide layer until it arrives at the boundary layer to the substrate, where it 
is, again, partially reflected. This reflected portion of the light exits the 
pigment particle parallel to the first reflection component, and both 
component light waves then interfere with each other constructively 
or destructively, depending on the path length difference (the “phase 
shift”) taken by the passage through the metal oxide layer. The degree 
of constructive or destructive interference differs by wavelength of 
light, and the thickness of the metal oxide layer can be tailored to 
interference of certain wavelengths. Light of certain wavelengths is 
therefore seen to be selectively reflected, depending on the thickness 
of the highly refractive layer (or layers), their refractive indexes and 
the angle of the incoming light.
The rays of light that pass all the way through transparent interfer-
ence pigments experience something similar on the reverse side of 
the pigment and also interfere. Since the rays of light are moving from 
optically denser to optically thinner media, the phase shift is absent. 
For this reason, the transmission colour complements the reflection 
colour: if the interference pigment reflects blue, then its transmission 
colour is yellow. This can be observed when the pigment on a trans-

Figure 2: If a test panel is tilted by the obser ver, the angle 
bet ween the light source and the obser ver does not change: it 
remains at 30°, but there is now an aspecular angle bet ween 
the obser ver and the gloss/reflection.

Figure 1: The geometries of the illumination, the surface and its 
normal, the obser ver and the gloss (= reflection). In this exam-
ple, the obser ver is obser ving from the same angle f rom the 
normal as the gloss/reflection.
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parent film or a white substrate is applied: the colour perceived on 
the surface appears to be blue while the transmission colour is yellow. 
Figure 5 shows how there can be a viewing angle transition from the 
reflection colour to the transmission colour.
There are different types of interference pigments, which can roughly 
be distinguished by how they were produced: transparent, or semi-
transparent ones are made in wet-chemical processes for which the 
carrier materials consist of natural mica, aluminium oxide or silicon 
oxide. These carrier particles can be coated with metal oxides such as 
titanium dioxide, iron oxide or chromium oxide. 

APPLYING SPECIFIC INTERFERENCE PIGMENTS

Since interference pigments are mostly transparent, appropriate pig-
ments need to be added to the coating formulation to increase hid-
ing power. By mixing transparent interference pigments with blue, or 
green colour pigments, the transparency of the mixture decreases. 
Simultaneously, the chroma (colour intensity) of the mixture initially 
increases, only to decrease again after a certain point. This phenom-
enon is also common in white colour mixtures: a blue pigment or its 
corresponding paste is usually bluish black. When more white is add-
ed, the mixture becomes more colourful and chromatic (bluer) – up 
until a certain point. Beyond this point of the highest chroma, further 
addition of white makes the mixture start to become paler and more 
achromatic again.
These days, aluminium pigments are also added to finishing mixtures 
to achieve an optimum colour mix with maximum chroma of the in-
terference pigment and also a high degree of hiding power. However, 
it should be noted that both coloured and aluminium pigments can 
strongly influence the interference effect, or even prevent it. When mix-
ing a new colour, it is crucial to make sure that using an interference 
pigment only makes sense when it emphasises or enhances the colour. 

USING ALUMINIUM PIGMENTS WISELY

Similarly to the interference pigments, this type of pigment comes in 
different sizes: fine aluminium pigments have a lower gloss (a “satin” 
gloss), whereas coarse pigments have a much stronger one. However, 
increasing coarseness decreases the hiding power. Different pigment 
sizes are offered by manufacturers. In addition to classifications by 
size, aluminium pigments are also distinguished by how they were 
produced – which results in different optical characteristics. Normal 
aluminium pigments are formed by pulverising aluminium into tiny 

particles, after which small particles that resemble potato tubers are 
formed. When these are flattened, they become aluminium pigment 
“flakes” (so named because of their irregular appearance, similar to 
“cornflakes”). When the pulverisation is carried out with an inert gas 
process, then the result is small beads, that, when flattened, lead to 
flat, round pigments called “silver dollars”. Aluminium pigments vary in 
sizes ranging from 11 µm to 24 µm for the cornflakes and 14 µm to 
34 µm for the silver dollars (the numbers quoted are median diam-
eter, or D50).
In a visual assessment, for example, when tilting the test panel at the 
window, the illumination and observation angles change. However, as 
can be seen in Figure 2, during this process, the positions of the illu-
mination (sun) and the observer – and thus the angle between them 
– remain the same. The geometries for visual observation do not cor-
respond to those of measuring instruments. This would require that 
the light source would always have to shine at the same angle.
Aluminium pigments and pastes react to colour pigments in the same 
way that white or colour interference pigments do: the chroma in-
creases to a maximum, and then falls again, while the lightness in-
creases continues to increase.

SELECTING THE DESIRED COLOUR RANGE

To create a new colour with visual effects, start with a special effect 
pigment and observe its behaviour. If, for example, one takes a col-

Figure 3: Modern portable measurement instruments illumi-
nate at 45° and measure at -15°, 15°, 25°, 45°, 75° and 110° 
aspecular.

Figure 4: Coloured interference pigments show significant colour 
changes depending on the illumination and aspecular angle. 
Tilting a panel in the light booth or at the window, the geometries 
are different to those of portable instruments.

45° illum.
15° asp.

15° illum.
15° asp.

45° illum.
25° asp.

45° illum.
45° asp.

45° illum.
75° asp.

65° illum.
15° asp.

Figure 5: Transparent interference pigments change their colour 
due to the aspecular angle. Near gloss – bet ween 20° and 30° 
f rom gloss – there is a transition area where the reflection colour 
changes to the complementary transmission colour.
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ourful interference pigment, then the first step is to mix it with black to 
determine the effect. The next step is to repeat the experiment with a 
blue or green colour pigment (or their corresponding pastes). The ac-
tual colour and effect possibilities of such interference pigments can 
be very quickly recognised in experimenting with these combinations. 
From these trials, a number of ideas will arise for new colours, which 
can be prepared in OEM applications.
On the other hand, one can also control the desired colour range 
in a targeted manner by adjusting the combination of different pig-
ment types: if the formulation is dominated by a colour pigment, then 
this will determine the overall colour. The addition of an aluminium 
pigment will determine the shine effect of the mixture; here one can 
choose from a spectrum, between fine to coarse aluminium pigments, 
as well as between “cornflakes” and “silver dollars”. Additional interfer-
ence pigments allow one to determine the visual effect behaviour of 
the complete mixture. Here again, there is a large range of options 
that opens the door to many possibilities.
If, for example, one starts with a blue pigment, then white and colour 
interference pigments may be added. White interference pigments 
give a silvery effect, while colour interference pigments create more 
colour effect. Even gold or red copper interference pigments can be 
added to the original blue pigment: since they have absorbent ele-
ments, subtractive mixing behaviour also occurs in such mixtures, and 
therefore blue colour pigments combined with gold interference pig-
ments can also produce beautiful green hues. If one wanted to mix 

Figure 6: Metallic colours show a powerful change in intensity 
depending on the obser vation angle.

Figure 7: The effect of a metallic red (left) is very clear. 

bright metallics or silver, as in the coating seen in Figure 6, then one 
could conveniently choose an aluminium pigment from the beginning. 
Since different types and sizes are offered, the decision for the level 
of shine and the coarseness of the complete mixture is made at this 
point. Afterwards, colour pigments can be added to provide a gen-
eral, directional tint to the colour. Interference pigments can also be 
added, depending on the type and proportions of the overall mixture, 
to give a more, or less pronounced colour effect – as in the bright red 
in Figure 7.

THINKING IN COLOUR SYSTEMS 

The portfolio of colour and effect pigments offered is so expansive 
that it is possible to create virtually any colour, nowadays. Neverthe-
less, it is always important to remember that these pigments are real 
and not theoretical. It is not possible to produce an “ideal” (neutral) 
yellow. Yellow colour pigments have either a red, or a green compo-
nent. Furthermore, a red colour pigment, can produce many red col-
our effects. The reason for this is, firstly, the same as for the yellow, 
and, secondly, the reaction of red pigments with white or in mixtures 
is not ideal, and instead can turn to, for example, violet, or more blu-
ish hues in mixtures with white. Adding a colour pigment to a mixture 
leads to a movement of its location in all three dimensions of colour 
space, changing chroma, colour and lightness.
Interference pigments with a strong colour effect are singular pig-

Figure 8: Matte finishes are the latest trend, but are still not that 
popular. They can pose difficulties in OEM coatings and refinish-
ing repair jobs.

Figure 9: Black, white and silver are favourites around the 
world. Very few bold colours become an OEM finish.
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ments, meaning that they do not constitute a colour system of many 
components. On the other hand, they can still also be mixed with other 
coloured and interference pigments. The latter is, however, less advis-
able since it is quite likely that the overall final effect is not predictable.

OBEYING THE MIXING LAWS 

Automobile finishes and many industrial mixtures are typically blends 
of various pigments or pastes. These not only have different colours 
and effects, but also behave differently when mixed. When colour pig-
ments such as yellow and blue are combined to make green, this is 
referred to as subtractive mixing. If, on the other hand, transparent 
interference pigments such pearl yellow and pearl blue are blended 
together, the result is not green, but a white. They mix additively.
It is possible to imagine the different mixing characteristics by using 
two colour filters of yellow and blue as an example: in subtractive mix-
ing these two filters are in sequence, light passes through one, then 
the other. The first filter – the yellow one, for example – first filters out 
all wavelength ranges from the white light except for the yellow range. 
After that, the blue filter filters out all rays of light except wavelengths 
in the blue range. The transmission profile of both filters overlaps in 
the green area of the spectrum so green remains as the resulting 
colour of light allowed through both filters.
For additive mixing, imagine the filters in parallel, alongside one an-
other: in this case, again, the yellow filter allows all the light rays of the 
yellow spectral range to pass through and the blue filter allows all the 
light rays of the blue spectral range to pass through. Where the light 
from both filters converge, they add up to white again.
To shift the colour of absorbing pigments in a certain direction, one 
can conveniently use neighbouring pigments, or pigments with a simi-
lar tint: a blue does not become more reddish with a red, but with a 
violet. A yellow becomes more reddish when mixed with an orange. In 

“Currently, golden pigments  
 are in the focus.“

Werner Rudolf Cramer
Freelance  
consult ant and journalist
wrcr amer@muenster.de

3 questions to Werner Rudolf Cramer

What difficulties pose matte clearcoats for OEM coatings and refinish jobs? The result of a 
painting with matte clearcoat depends on components such as the hardener and thinner as well of 
application conditions such as booth temperature and humidity. This applies to OEM coatings and 
refinishes. In refinishes, there are different grades of matte clearcoats which are caused by different 
car models and parts.

How do colour and aluminum pigments influence the interference effect?  Colour pigments 
affect the overall colour impression. The interference effect is usually reached. Aluminum pigments 
have a direct influence on the interference effect because both have their strongest reflection near 
gloss. You obtain fairly “hard” colours with aluminum pigments and their blends with colour pig-
ments, while interference pigments lead to more “soft” blends in ad-mixtures with colour pigments.

In addition to metallic paints, what are other popular effects coatings? Besides metallic col-
ours, interference pigments are often used in combination with colour and aluminum pigments. De-
pending on the area of application, various popularities of interference pigments can be determined. 
Currently, golden pigments – aluminum as well as interference pigments – are in the focus. They are 
not only useful to create gold-yellow colours, but also helpful to create different colour compositions 

this case, a red would force the mixture too quickly into the red area; 
and one would not begin with a greenish yellow, but with a reddish 
yellow.
Transparent interference pigments blend more or less ideally to cre-
ate intermediate colours. Semi-transparent or hiding interference pig-
ments can also be mixed to achieve the desired effect. However, many 
attempts and a lot of experience are necessary for successful results.

FINDING AN EXTRAORDINARY COLOUR CREATION 

The variety of colours and effects is so expansive that selecting or 
discovering a new colour is hard to do, at first glance. Here are three 
suggestions for modern colours relevant to today’s taste: 
 ą To create a radiant, plain white, avoid adding pigments in the 
yellow-red-brown area. A little blue does wonders to make a white 
turn into a bright white. To create a corresponding whiter-than-
white effect, use a pure white interference pigment instead of an 
interference pigment based on natural mica. These do not appear 
yellowish at higher aspecular angles.

 ą A metallic colour may have a slightly glossy effect if fine aluminium 
pigments are used. By combining coarse “silver dollar” and fine 
“cornflake” pigments, a metallic effect can be “taken to extremes,” 
as one might say. Additional interference pigments can enhance 
this effect because this type of pigment reflects extremely close to 
the gloss. 

 ą Colour effects that dazzle the onlooker can optimally be created 
using colour interference pigments. These pigments can more or 
less be mixed haphazardly together with colour pigments. Applying 
such pigments allows one to control not only the colour effects, but 
also their chroma. All in all, there are so many fascinating interfer-
ence and aluminium pigments available that their full potential is 
still far from being exhausted. 
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A SPARKLING FUTURE  
FOR EFFECT PIGMENTS

There is great potential in the coatings industry for high-sparkle, 
highly reflective and photonic pigments. While research has pro-
duced exciting results, challenges lie in their industrial applica-
tion before these types of pigments become commercially viable.

A ngle-dependent, iridescent and lustrous colour effects in nature 
are limited to only a few animals, including mussels, butterflies 

and beetles, and to a few gem stones, e.g. opals [1]. Artificial pigments 
try to mimic these effects by using combinations of materials with dif-
ferent refractive indices.
In particular, effect pigments that create interference effects through 
a layer structure of high and low refractive materials have gained 
significant importance in applications such as automotive coatings. 
These materials can create an illusion of depth due to their parallel 
arrangement in the coating and semitransparent appearance. The op-
tics, physics and functional properties of these fascinating materials 
have been reviewed in various papers [2].
Typical decorative applications of these effect pigments include coat-
ings, plastics, printings and ceramics, whereas functional applications 

Advances in technology will open up a wealth of opportunities. By Carsten Handrosch,  
Carsten Plüg, Merck KGaA (published in ECJ 09/2016).

include security, heat management, laser marking, and thermal or 
electrical conductivity applications. The application of these pigments 
in coatings has been described in detail [3].
This paper therefore focuses on the impact of recent developments 
in effect pigments on coatings in general, and automotive coatings 
in particular. By discussing examples of three different technologies, 
their potential for coating applications shall be demonstrated: high 
sparkling pigments based on alumina, highly chromatic, opaque pig-
ments based on aluminium, and photonic crystals. These three class-
es of pigments are current focus fields of research in both industry 
and academia. They have good potential to create further unique and 
new effects in coatings.

HIGH SPARKLING PIGMENTS BASED ON ALUMINA

Since the early 2000s, effect pigments based on alumina flakes have 
enjoyed attention particularly in automotive coatings. The flat nature 
of mono-crystalline alumina, particularly in the corundum crystal form, 
allows the formation of well-defined effect pigments (Figure 1) when 
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RESULTS AT A GLANCE

  Research is currently focused on high-sparkle pigments, 
highly reflective gold-orange-red pigments and photonic pig-
ments.

  Decorative photonic systems are not yet industrially viable. 
Application hurdles must be overcome before they can enter 
the market.

  New technologies are being developed for sparkling pig-
ments. Alumina-based interference pigments currently offer 
the best results.

  Highly reflective pigments produced using wet coating tech-
nology provide a good starting point for developing pigments 
that combine high chroma with high reflectivity and opacity.



coated with highly refractive oxides such as titania and iron oxide. The 
resulting alumina-based pigments provide an extremely even and paral-
lel orientation in the coating process, e.g. by bell spraying. The resulting 
coatings reveal an outstanding effect, referred to as living sparkle [4]. 
The impression of the depth of the coating is created through individual 
sparkle points. This living sparkle is a complex phenomenon. There is 
evidence that the flatness of the individual particle predominantly de-
fines the area of sparkle in the observer’s eyes [5]. Alumina as a single 
crystalline substrate is almost perfectly flat. In contrast, glass as a sub-
strate has some tilt in the particles that cannot be avoided during the 
manufacturing  process of flakes made from glass melt [6].
Particles of alumina-based pigments range in thickness from 300-1200 
nm, depending on the colour, and are often provided in a narrow particle 
size distribution of 5-30 µm (this applies to 80% of particles). These di-
mensions, as well as the tailor-made surface treatment of the pigments, 
allow easy handling of the pigments in all major paint systems. Glass 
flake-based pigments only achieve similar sparkling effects at a much 
higher particle thickness, usually greater than 1200 nm, and particle size 
of 60-100 µm or larger. These products can be only used in coatings if 
the substrate can be oriented so that it is perfectly parallel in the coating 
layer, to avoid defects caused by particles jutting out of the coating layer.
Alumina-based pearlescent pigments have consequently become im-
portant in almost all shade areas. Particularly strong sparkle can be 
achieved in three-layer coatings, in which the sparkling effect is not 
quenched by opaque absorption pigments [7]. 

SPECTACULAR SPARKLE AND COLOR EFFECTS

In dark formulations, the best sparkle results with silver-white alumi-
na-based pigments are actually achieved with small amounts of effect 

Figure 1: Colour-forming principles of the three classes of pigments.

Special Effect Pigments 
(Pearl Luster Pigments)

Specific colour, luster and colour flop due to inter f erence 
(reflection and ref r action) of light

Coloured Metallic Pigments Met allic gloss by reflection combined with absorption 
and inter f erence

Photonic Crystals Specifc colour and colour flop due to multiple inter f erences 
of light
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 Figure 2: Microscopic image of high sparkle dark-silver pigment. Figure 3: Electron micrograph image of alumina flakes coated 
with multiple layers of TiO2 (rutile), SnO2 and SiO2. 

Figure 5: Electron micrograph image of homogeneous iron-oxide 
coated aluminium platelets.

Figure 4: Colour travel (in a*b* plain, aspecular line: 45°/-
30°/+15°, 45°/-20°/+25°, 45°/0°/+45°, 45°/30°/+75°, 
45°/65°/+110°; PMC =18%, black background, angles marked 
according to DIN 6175-2) of new alumina blue pigment in 
comparison to mica and existing alumina-based blue pigments 
indicates high chroma at neutral blue shade.
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pigment alongside high loadings of carbon black. In contrast the new 
dark-silver pigment, based on titania and iron oxide combinations, 
provides extremely deep living-sparkle effects in the dark-silver shade 
area and creates new styling opportunities (Figure 2).
It is worth mentioning that the elementary composition of this new pig-
ment consists only of the oxides aluminium, iron, titanium and, option-
ally, silicon and tin, and does not require hazardous heavy metals such 
as copper, chromium or nickel as body colour donating components. 
An alumina-based masstone pigment in the golden colour range, 
with an unrivalled sparkling intensity, also expands styling options. A 
special multilayer arrangement, again using only the classical metal 
oxides, gives a unique appearance combining very high chroma with 
the highest sparkle intensity of all alumina-based effect pigments. The 
pigment can even provide sparkle with high loadings of titania white 
or carbon black.
As illustrated in Figure 3, the particles of this pigment contain a very 
smooth and homogeneously coated surface, providing high gloss.   
The last example of a recent development of alumina pigment is a 
highly chromatic blue interference pigment. Created using similar 
technology as previous blue alumina-based pigments, this material 
provided much higher chroma at an outstanding, blue sparkle inten-



Figure 6: Electron micrograph image of a single damaged particle 
illustrating the homogeneous iron-oxide layer (white micro-struc-
tured area) and the dense passivation layer (dark grey area).

Figure 7: Examples of lacquer panels with a golden, orange and 
red aluminium-based pigment obtained by aqueous metal-oxide 
coating.

Figure 8: Angle dependent colour of t wo polymer-opals according to ref. [19a]: top left image - obser vation at flat angle of view; top 
r ight image - obser vation at medium angle of view; bottom image - obser vation at steep angle of view.

sity. This attractive blue sparkle offers new styling options in dark-blue 
and even black shades (Figure 4).
The three examples described above illustrate that alumina-based pig-
ments have more potential with respect to higher chroma, different spar-
kle appearance and higher sparkle intensity, even in opaque formulations.
Researchers are concentrating on providing pigments with high spar-
kle intensity and a high degree of reflectivity in dark-grey and black 
formulations. New concepts and technologies need to be identified 
to achieve the desired colour properties without neglecting the con-
straints of technically demanding coating applications.

NEW TECHNOLOGY ENABLES HIGHLY CHROMATIC PIGMENTS 
IN THE YELLOW TO RED COLOR RANGE

Relatively few transparent organic pigments provide the weather fast-
ness that is required for automotive coatings in the shade areas gold, 
orange and yellowish to neutral red [8]. Combining transparent or-
ganic pigments with aluminium pigments achieves a limited variety 
of shades, and pearlescent effects cannot be easily attached to such 
combinations due to the quenching of interference pigments in highly 
loaded alumina formulations.
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To close this gap for pearlescent reflective coatings, highly reflective 
pigments were developed by coating aluminium platelets with iron-
oxide layers of varying thicknesses. The thickness of the layer defines 
the resulting colour [9]. 
The resulting pigments provide attractive shades and can be easily 
combined with transparent organic pigments to achieve reflective and 
brilliant coatings. 
Iron-oxide coated alumina pigments are offered as pastes, e.g. in 
Naphta. Pigment pastes obtained by dry deposition of iron oxide have 
a limited shelf life and when used in waterborne systems require fur-
ther stabilisation due to the undesired formation of hydrogen[10].
Recent developments of such pigments employ a wet-coating technol-
ogy, which is standard for depositing metal-oxide layers on platelet sub-
strates [2a]. This technology requires the use of entirely inert aluminium 
flakes to prevent hydrogen forming in an aqueous environment. This 
passivation is achieved using a new technology [11, 12] and uses phos-
phates as its key ingredients. The new passivation technology provides 
robust protection and allows layers to be added with good bonding.
As metal oxide coating of alumina particles can be performed in an

aqueous environment, very dense and homogeneous layers of iron 
oxide can form (Figure 5, Figure 6). This new technology leads to even 
more chromatic pigments compared with those obtained by the dry 
coating process. The very high chroma of the aqueous-coated pig-
ments allow new styling options (Figure 7). The potential of this pro-
cess has still not been fully explored. Research is currently focused on 
providing new highly chromatic pigments with outstanding reflectivity 
and a high level of opacity.
Recently, the use of ultra-thin aluminium platelets as obtained by 
physical vapour deposition was suggested for iron oxide-coated pig-
ments [13]. It remains to be seen if these materials can outperform 
existing pigments. Until now, there has been little interest in titania-
coated aluminium pigments due to their weak interference colour.
In summary, iron oxide-coated aluminium pigments continue to enjoy 
a high level of research. It is highly possible that new pigments com-
bining high chroma, reflectivity and opacity will be commercialised in 
the near future.

STRUCTURAL COLORS - ARTIFICIAL OPAL EFFECTS

Effect pigments with a photonic effect (“photonic effect pigments”) are 
a class of their own and not related to the pigment types discussed 
earlier. Colour is obtained through microscopically structured surfac-
es that exhibit periodic variations in dielectric constant in up to three 
dimensions. The period of the differences has to follow the order of 
the wavelength of visible light to allow colour-creation through inter-
ference effects. We observe this interference effect as vivid iridescent 
colours. As these structures resemble macroscopic crystals, the terms 
“photonic crystals” and “structural colours” are used [14]. 
The interference colours in birds feathers and the wings of butterflies 
and beetles are created by periodical structures of channels, gratings, 
holes or fibres consisting mostly of chitin or proteins. It was found 
recently that the colour change of chameleons is based on photonic 
structures too. The ability of specialised skin cells to change the form 
and dimension of their photonic structure enables the body to mimic 
its background [15]. 
Researchers have been particularly interested in trying to copy the 
“fire” of opal, which is based on very regular-sized silica beads with a 
diameter of 150–300 nm +/- 5% [16]. Attempts to mimic the photonic 
effect of opal started with synthesising monodisperse silica particles 
of 150-300 nm that arranged themselves into photonic crystals from 
alcoholic suspension [17]. This principle has been extended to poly-
mer-bound matrices in order to freeze the high orientation [18].
A similar approach uses organic beads with very narrow particle size 

 distribution, typically composed of a hard, rigid polystyrene (PS) core 
and a soft, curable polyacrylate (PA) shell. The arranged photonic crys-
tal can be cured radically to obtain a polymeric material that can be 
cut into particles. Curing conditions and particle size determine the 
resulting colour (Figure 8) [19]. This technology enables brilliant colour 
travel effects.
The distance between the PS particles determines the resulting col-
our, which means these pigments are very sensitive to process condi-
tions, preventing commercialisation for now.
Although the concept of photonic pigments offers attractive options 
for new colour effects and has been studied for more than 15 years, 
obstacles such as colour reproducibility are still a challenge. However, 
new methodologies being explored might offer a solution soon [20].

EXCITING OPORTUNITIES - SOME DEPEND ON ADVANCES IN 
TECHNOLOGY

Focus areas for research for new effect pigments are high-sparkle pig-
ments, highly reflective gold-orange-red pigments and photonic pig-
ments.
The area of decorative photonic systems is still in the early stages of 
becoming an industrially viable technology. The specified application 
hurdles will have to be overcome first, before these attractive prod-
ucts are ready to enter the market.
For sparkling pigments, alumina-based interference pigments offer 
the best technology, having recently led to new products in the blue, 
gold and dark-silver shade areas. In order to achieve exciting new 
sparkle effects new technologies are under development.
For highly reflective pigments, the wet coating technology offers po-
tential for further steps towards pigments combining high chroma 
with high reflectivity and opacity. Recent examples indicate the poten-
tial of this technology.  
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“Research will continue 
 to create new and  

interesting effects.“
Dr. Carsten Plüg
Head Global  
R&D Decor atives,  
Pigments & Functional Mater ials
Merck KGaA 
car sten.plueg@merckgroup.com

3 questions to Carsten Plüg

Do you see any future for glass pigments or will they be entirely replaced by alumina-
based pgiments? Glass flake-based pigments have gained significant attention in industrial and 
cosmetic applications, but only limited recognition in automotive coatings so far. Due to the high 
degree of transparency, the use of glass pigments is somewhat limited to three-layer white coatings. 
Here, strong sparkling effects can be achieved at high-pigment concentrations that differ from the 
vivid living sparkle effects of existing alumina pigments. In my personal opinion, the easy-to-use and 
the large variety of effects with alumina pigments make this class of pigments, e.g. Xirallic pigments 
of Merck, the first choice in achieving sparkling effects. However, further research will continue to 
create new and interesting effects in both classes of pigments.

What are the main hurdles that have to be overcome regarding wet coated aluminum 
flakes? Wet-coated aluminium flakes provide exceptional high chroma in the gold-orange-red 
shade area. In contrast to dry coated aluminium pigments, particularly in red shades, more ho-
mogeneously coated particles produce intense and vividly deep color effects in combination with 
absorption pigments. The full potential of these new pigments remains to be explored in practical 
use. Current developments are concentrating on increased hiding power while maintaining the high 
chroma properties.

Are there any promising approaches that could overcome the hurdles like colour repro-
ductively of photonic systems? The main hurdle when producing pigments using photonic effects 
is freezing the self-assembled structures during the whole processing and lifetime of the pigment. 
Current products that are used in non-coatings applications keep silica beads together by sintering 
self-assembled structures of a fairly large size. Therefore, research is focusing on creating assembled 
photonic structures, in a technically suitable size, in matrices withstanding processing conditions 
in coatings. The viability of these new concepts and their colour reproducibility still remains to be 
proven.
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UNDERCOVER INFLUENCES
Primer colour modifies appearance of effect finishes in unexpected ways. By Werner Rudolf Cramer,  
Consultant (published in ECJ 05/2017).

The colour of an undercoat layer substantially affects the 
overall colour impression when the paint layer over it is trans-
lucent, as in automotive applications, where effect basecoats 
are used. The appearance of a red interference colour finish is 
found to be affected less by applying it over a complementary 
coloured (green) filler than over red, red-violet or grey.

C olours are perceptions that occur in the brain. The pairing of real 
optical stimuli and virtual images generates colour information 

that we connect with objects. The virtual images consist of ideas that 
we have about and connect with colour.
Ultimately these processes lead to actual perception. This is induced 
by physical light rays that hit the retina of the eye and trigger an opti-
cal stimulus there.
Whatever happens before our eyes has nothing directly to do with 
actual colour perception. It is the translation of physical light rays into 
physiological colour perceptions which we experience, and these are 
influenced by psychological aspects. For example, this relates to the 
mixing of colours, which includes not only direct mixing but also the 
indirect mixing of colour in layers.

SOME EFFECTS OF COLOUR MIXING CONSIDERED

Paint colours are usually created using pigments that are not simply 
spectral red or blue but whose optical properties generate (for exam-

ple) a red, which when lightened with white pigment can drift clearly 
towards violet. The blue can shift to a more intense blue.
Pigments in different paint layers similarly lead to colour mixtures. 
An example of this is the use of coloured or grey filler in the automo-
tive sector. The filler colour here should compensate for the transpar-
ency of the overlying basecoat, i.e. the colour of the not-quite-opaque 
basecoat is reinforced by the underlying filler.
The individual components – paint layers and pigments – can be dif-
ferentiated from one another as little with our eyes as with colour 
measurement instruments. What is observed in both cases is the 
overall colour impression. The different aspects are illustrated in two 
different trial series. One deals with an individual interference pig-
ment and the other with a real commercial automotive series colour.

THE NATURE OF INTERFERENCE PIGMENTS

Many interference pigments are transparent and show two colours 
or colour effects. They consist of a carrier material that is coated with 
a strongly diffractive layer of a metal oxide – for example titanium 
oxide. The surface of the pigment reflects part of the light falling on it 
and this also happens on the interfacial layer with the carrier material.
Both parts of the light interfere with each other and typical reflection 
colours are generated. These are particularly dependent on the layer 
thickness of the metal oxide and on the angle of the light.
Similar processes take place on the rear side of the pigment, although 
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RESULTS AT A GLANCE

 ű The appearance of a paint finish – viewed subjectively or in-
strumentally – is affected by many factors. The colour of an un-
dercoat has a decisive influence on the overall colour impres-
sion when the paint layer over it is transparent. This is often 
found in automotive applications where effect basecoats are 
used on grey or coloured fillers.

 ű Interference pigments have both a reflection colour and a 
complementary transmission colour, whose relative strength 
depends on the viewing angle, and also on the absorption of 
the undercoat.

 ű If the filler colour does not correspond exactly to the base-
coat colour, the colour changes. Red or red-violet filler colours 
shift the overall colour impression; grey fillers also affect the 
colour substantially. As a green filler reflects equally little in the 
red spectral range, it barely affects the colour of the basecoat 
in this range.



Figure 1: This bonnet has first been painted in white (solid), and then the surfaces have been painted in black (solid). From left to 
r ight, the str ipes have been painted with different interference colours. Depending on the viewing angle, reflection or transmission 
colours can be identified over the white undercoat. Over a black undercoat only the reflection colours are visible, since the undercoat 
absorbs the corresponding transmission colours.

the resulting transmission colour is complementary to the reflection 
colour because of the missing phase shift. For example, a pearl green 
reflects strongly in the green spectral range. When examined, the cor-
responding complementary colour appears in the red spectral range.

HOW UNDERCOATS AFFECT OVERALL  
APPEARANCE OF BASECOATS

The transparency of these types of interference pigments leads to a 
strong dependence of the overall colour impression on the undercoat 
colour. If a transparent interference pigment is used in a basecoat 
system and this is applied to a black and a white undercoat/filler, the 
results show two extremes: the black undercoat absorbs nearly all 
light rays that fall on it, and the white reflects nearly all. And the com-
plementary transmission colour of the interference pigment is also 
reflected from the white layer, but not from the black (Figure 1). This 
same effect presents itself in both visual colour matching and with in-
strumental measurement: the reflection colour can be identified close 
to the gloss angle. In the region between 20° and 30° from the gloss 
angle there is a transition area in which the change to the comple-
mentary transmission colour takes place.
This change can be illustrated when the corresponding colour values 
are plotted against the measurement geometries. With a green inter-
ference pigment, the change between the green reflection colour and 
the red reflection colour becomes visible when colour value a* from 
the L*a*b* system is selected (Figure 2).
The reflection over a black undercoat is lower than over white. With a 
green interference pigment, the red transmission colour is reflected 
by the white undercoat. As the light is separated into reflections and 
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 Figure 2: Viewed in the transition area between 20° and 30° from 
the gloss angle, interference pigments change to the transmission 
colour. The change of “Kuncai Stellar Green” from green to red 
over a white undercoat is shown in terms of its a* colour value.
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Figure 3: Reflectance is higher over a white undercoat than over 
a black undercoat. In both cases the reflections shift to shorter 
wavelengths when illuminated at a flatter angle (here f rom 15°/
as15° to 45°/as- 15°).
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transmissions, both parts together produce white again. While 
the chroma over the white undercoat first decreases as the 
angle from the gloss (aspecular angle) increases and then rises 
again after the transition area, it reduces continuously over the 
black undercoat.
A similar result can also be seen for the brightness: it is higher 
over the white undercoat than over the black. This also first de-
creases with increasing aspecular angle and then rises again. 
Over a black undercoat it falls continuously (Figure 3).

MEASUREMENT PROCEDURES AND THEIR LIMITATIONS

Measurements were carried out using the most up-to-date de-
vices – X-Rite “MA98” and “BYK-mac i”. It is important to note 
here that the measurement angles are not at equal distances. 
The difference between measurement positions increases in 
unequal steps; in this respect, the statements relate generally 
to these measurement geometries.
Interference pigments can be measured in a limited way with 
both devices. The interference of a pigment or a paint is shown 
by changes in the incidence angle of the light. The BYK device 
offers just one illumination geometry and the X-Rite offers two. 
The interference can sometimes be shown by a trick; it must be 
noted however that the results depend strongly on the type of 
application (see Figure 4).
The trials show the dependence of transparent pigments on the 
undercoat colour. White and black represent the two extremes. 
In between are graduations of grey or coloured undercoats. Both 
options are applied both in automotive OEMs and also in repair 
painting (refinishing).

EFFECTS OF BASECOAT COLOUR CONSIDERED

The search for better methods of application – whether with or 
without colour – often reaches philosophical dimensions, although 
the factual situation is clear: the overall colour impression deter-
mines the result, both in terms of visual assessment and also in 
instrumental measurement. And the overall colour impression 
consists of different components.
Firstly, a large part of the light is reflected from the basecoat. 
This reflection can consist of reflections from reflective alumini-
um pigments and those from and within interference pigments. 
Absorbing colour pigments scatter the light – including the light 
reflected from the other pigment types – in all directions.
The processes in the basecoat are very complex, as here differ-
ent types of pigment and their different optical properties come 
together. The transparent basecoat acts like a transparent colour 
film with white light shining on it. Part of the light is reflected, an-
other part is absorbed and a further part leaves the film through 
the other side.
This proportion of the light is also subject to complex optical 
processes in the basecoat and then hits the undercoat. And 
depending on the colour, it receives different treatment here. 
A red undercoat appears black when it is irradiated with green 
light, and vice versa.
In order to report the possible effects of a transparent base-
coat on a coloured or grey filler, a test series was initiated with 
a standard red colour.

EVALUATION OF A COMMERCIAL  
RED SHADE EFFECT COATING

Materials were acquired from PPG Refinish and the standard 
Peugeot colour “Lucifer Red” was mixed according to paint 

formulation. The filler colours were simulated with tinting paints: one 
green, one red and one red-violet tinting paint.
All mixed paints were applied by air spray to sample panels accord-
ing to the manufacturer’s instructions. And all mixed paints were also 
mixed with white paint in the ratios 80:20, 60:40, 40:60 and 20:80 and 
correspondingly applied.
In a second series, grey tones were created in line with recipes stipu-
lated by PPG Refinish as grey graduations from SG01 to SG06 (Spec-
tral Grey). Then the red effect paint was sprayed as a basecoat on all 
painted sample panels in two layers.
As a reference, a further panel was sprayed with the basecoat until no 
transparency could be identified (referred to below as opaque red). All 
sample panels were then sealed with a high solid clearcoat.
Colour of the sample panels was measured using the X-Rite and BYK 
instruments Both devices measure at - 60°, - 30°, - 20°, 0°, + 30° and 
+ 65° in absolute values. These geometries correspond to - 15°, 15°, 
25°, 45°, 75° and 110° from the gloss angle (aspecular) at an illumina-
tion of 45°.
Both the reflection colour and the a* b* colour values were assessed, 
each time against the values of the reference sample. The geometries 
quoted above were used in the presentation of the a* b* colour val-
ues. The focus of the assessment of reflection values was the geom-
etries of as15° (aspecular 15°) close to the gloss and as45° (aspecular 
45°) away from gloss. These geometries are created by illumination at 
45° and the observation/measurement at - 30° and/or 0°.

MEASUREMENT PROCEDURES USED

“Lucifer Red” is a typical OEM colour; depending on paint formulation, 
it may contain one or several interference pigments. These ensure 
that the colour shifts through to yellow when it is viewed flatter at the 
gloss angle. This can be read from both the reflection curves and in 
the a*b* values.
As the two measurement devices are not equipped to perform flat 
illumination, a geometry of 45°/as- 15° can be used instead. It cor-
responds in reverse to the light beam of geometry 60°/as+ 15°. It 
must however be noted that this method depends on the application: 
draw-down basecoats show differences from sprayed-out basecoats. 
As long as the application has been done in the same way, the method 
can be used in all cases.

HOW UNDERCOAT COLOURS ACT ON THE EFFECT COATING

Certain quite basic facts should be considered in the assessment of 
the results. Firstly, the red basecoat has an effect on the light falling 
on it similar to a red film that lets red light through. Secondly, the 
only light rays that can be reflected from the undercoat are those 
that actually reach it.
Thus the maximum reflection is with a white undercoat and the 
minimum with a black undercoat. Theoretically, grey colours absorb 
equally across the entire spectral range. In practice however, black 
pigments (mainly carbon black) also have effectively a colour compo-
nent: a carbon black with fine particles is bluer than one with coarser 
particles.
In this way, the red light of the basecoat will not be reflected equal-
ly. The best result – in the sense of correlation with the reflection 
curves – was found with Dark Grey, when the sample was viewed and 
measured close to the radiance (45°/as15°). 
The lighter and darker grey colours resulted in significant deviations 
from the reflection curve of the reference. The assessment of the 
a*b* colour values additionally showed the side drifts of the colour 
value at larger aspecular angles from gloss (see Figure 5).
The rather basic facts also apply to a coloured undercoat: the only 
parts that can be reflected are those that are not absorbed. A green 
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undercoat colour reflects in the green spectral range while it ab-
sorbs the light rays in the red area. If the reflection curves in the 
green trial colours are compared with those of the reference colour, 
it becomes clear that less is reflected in the red area (Figure 6). The 
a*b* colour values of the sample over the green undercoat show 
good correlations with the colour values of the reference at all meas-
ured geometries (see Figure 7).

RED UNDERCOATS GIVE COLOUR  
DEVIATIONS WITH RED EFFECT COATINGS

In contrast to this, great deviations arise when the base paint is ap-
plied over red and its mixtures with white. This is particularly true for 
geometries far from the gloss angle. It can be seen here that different 
reflection parameters influence the overall colour impression signifi-
cantly, i.e. when the red of the undercoat deviates from the red of the 
basecoat, there is a colour shift.
The mixtures of red paint with white show the behaviour typical of a 
lightening range: the chroma increases with the addition of white first-
ly up to a weight ratio in the mixed paint of 60:40. At the same time, 
the yellow proportion of the colour decreases. The resulting colours 
deviate significantly from the reference sample (Figure 8).
Similar results arise when using red-violet and its mixtures with white 
as an undercoat colour. With red-violet too, the colour drifts towards 



Figure 7: The best correlations arise when Lucifer Red is applied 
over green. All mixtures of green with white show as undercoat 
colours with colour values closely approaching the value of the 
reference sample. Colour values are summarised as lines f rom 
45°/as110° (left) to 45°/as-15° (at r ight).
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Figure 6: The reflection cur ves of the selected green samples 
(80:20 and 20:80 with white) reflect less in the red spectral 
range. The reflections barely differ f rom the reflections of the 
reference when the basecoat is applied onto it.
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blueish when the red-violet mixed paint is lightened with white. In 
contrast to the red graduations, the reflections of the blue-violet grad-
uations are within the reflection range of the basecoat.
With red-violet too, the resulting colours deviate from the reference 
sample, particularly in the geometries far from gloss. Overall however, 
the deviations are less than with the red mixtures. 

WHY AN UNCONVENTIONAL FILLER COLOUR MAY BE BEST

The colour of an undercoat – for example that of a filler – has a deci-
sive influence on the overall colour impression when the paint layer 
over it is transparent. This type of paint system is often found in au-
tomotive applications where basecoats are used on grey or coloured 
fillers.
The overall colour impression then depends on the choice of colour 
and also on the choice of grey tone. If the colour of the filler does not 
correspond exactly to the colour of the basecoat, the colour changes. 
A filler can only reflect light rays in accordance with its pigmentation.
Applying a red basecoat on a green filler at first seems absurd. But as 
the green filler reflects equally little in the red spectral range, it barely 
affects the colour of the basecoat in this range. Red or red-violet filler 
colours have a stronger influence on the red basecoat and shift the 
overall colour impression. 
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“The transmission of a  
basecoat depends not only  

on its pigmentation, but also  
on its application.“

Werner Rudolf Cramer
Consult ant
wrcr amer@muenster.de

3 questions to Werner Rudolf Cramer

Can the transmission colours of the basecoat be incorporated into a masstone recipe? If 
the masstone recipe takes account of several measurement angles, the transmission colour is used 
in the calculation of the recipe. However, it is not specifically stated.

Are there any ways to incorporate corresponding components into the masstone recipe 
of the filler so as allow for transmission? The transmission of a basecoat depends not only on 
its pigmentation, but also on its application. In this respect, no general allowance can be made for 
the filler recipe.

Which components influence the transmission of a basecoat? First and foremost, the trans-
parent or semi-transparent interference pigments. But nano-pigments which are used in a medium 
clearcoat (e.g. PPG-Andaro in “mid-clear” for Ford’s Ruby Red series of colours) provide great trans-
parency. Different components come together, producing in some cases a play of reflection and 
transmission. And in other cases, producing colour reactions of the kind found in coloured films.

BOOK TIP

SPECIAL EFFECT PIGMENTS
Dr Gerhard Pfaff

The book describes the changes of special effect pigments, 
regarding their characteristics, manufacturing processes 

and application types.

218 pages, ISBN: 9783866309050, order no.: 421
www.european-coatings.com/books



Figure 8: Significant deviations can be seen from the reference 
red effect basecoat colour particularly in the area far f rom gloss. 
Colour values are summarised as lines f rom 45°/as110° (left) 
to 45°/as- 15° (at r ight).
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PATTERNS OF 
ROUGHNESS
How surface structure evolves f rom substrate to topcoat. 
By Michael Osterhold, f reelance consultant (published in 
ECJ 08/2016).

The visual impression of a painted surface is influenced by its 
surface structure (levelling, waviness, orange peel etc.). Two 
different measuring methods have become established in the 
automotive and paint industry. Some comparisons between 
these methods and the effects of successive paint layers on 
surface structure are reported.

I n addition to colour, angle-dependent effects and gloss, the vis-
ual impression of a painted surface is especially influenced by its 

surface structure (levelling, waviness, orange peel, appearance). To 
characterise the structure of a surface, two different measuring main 
methods - profilometry and ‘wave-scan’ - have become established in 
the automotive and paint industry.
Mechanical profilometry combined with Fourier techniques (FFT, Fast 
Fourier Transforms) yields detailed information on the surface topog-
raphy, and substrate influences or other effects on the final coating 
appearance can be described [1-18]. To simulate the visual impres-
sion obtained from optical inspection of surface structures, the Ger-
man company BYK-Gardner developed its ‘wave-scan’ instruments.
In addition to measurements on glossy surfaces, i.e. topcoats /clear-
coats, the “wave-scan dual” allows the appearance of surfaces with 
medium gloss levels, such as primer-surfacers and sometimes EC 
(electrocoat) to be determined. Basic relationships and relevant ap-
plication examples from the areas of metal and plastic substrates and 
their coatings, investigated with profilometry and ‘wave-scan’ tech-
niques over a period of time, will be summarised in this paper.

SCOPE OF MECHANICAL SURFACE CHARACTERISATION

Surface profiles presented here were measured by mechanical pro-
filometry using the “Hommeltester T 8000” (Hommel-Etamic, Germany). 
For all measurements, a dual-skid tracing system or what is called a da-
tum system (without skids) with a diamond tip radius of 5 µm were used.
The vertical resolution of this mechanical profilometry system is ap-
proximately 0.01 µm. The surface profiles were recorded over a scan 
length of 48 or 15 mm. A cut-off wavelength of 8 mm for the 48 mm 
long scans was used to separate roughness and waviness profiles.

The evaluation of the mechanical profile measurement according to 
typical roughness parameters - e.g. average roughness Ra - gives in-
tegrated information about the surface structure. In comparison to 
roughness parameters, Fourier techniques (FFT) yield a more detailed 
characterisation of the surface structure.
For wavelengths from 1 to 10 mm (integral 1, long wave) and from 
0.1 to 1 mm (integral 2, short wave), the intensities of the autopower 
spectra are added up and used for further evaluation of the surface 
structures (see e.g. [14]).
In Figure 1, typical surface topographies from substrate to topcoat 
are shown in a pseudo-3-dimensional representation. The sample is 
moved by a precise positioning table for a small distance between two 
line scans. In general, a decrease of the amplitudes and a change in 
wavelengths can be observed as each coating layer is applied.

OPTICAL SURFACE CHARACTERISATION

The optical determination of coating structures was carried out with 
the “wave-scan dual” or with an earlier instrument, the “wave-scan 
DOI”. Here, the measuring principle is based on the modulation of the 
light of a small laser diode reflected by the surface structures of the 
sample. The laser light shines on the surface at an angle of 60°, and 
the reflected light is detected at the gloss angle (60° on the other side 
of the perpendicular).
During the measurement, the instrument is moved across the sample 
surface over a scan length of approximately 10 cm. The signal is divided 
into five wavelength ranges within the range of 0.1 to 30 mm and pro-
cessed by mathematical filtering. For each of the five ranges a character-
istic value (Wa 0.1-0.3 mm, Wb 0.3-1.0 mm, Wc 1.0-3.0 mm, Wd 3.0-10 
mm, We 10-30 mm) as well as the typical instrumental values longwave 
(LW, approx. 1-10 mm) and shortwave (SW, approx. 0.3-1 mm) are cal-
culated.
Low values imply a smooth surface structure. Additionally an LED light 
source is installed and illuminates the surface at 20° after passing an 
aperture. The scattered light is detected and a so-called dullness value 
(du, < 0.1 mm) is measured. A change to an IR-SLED for the low gloss 
area allows samples with medium gloss surfaces to be measured.
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RESULTS AT A GLANCE

 ű In addition to colour, angle-dependent effects and gloss, 
the visual impression of a painted surface is influenced by its 
surface structure (levelling, waviness, orange peel etc.).

 ű Two different measuring methods for this structure - pro-
filometry and ‘wave-scan’ - have become established in the au-
tomotive and paint industries.

 ű Some comparisons between these methods and the effects 
of successive paint layers on structure are reported.

 ű In general, each paint layer produces a smoother surface, 
but the substrate still has an influence on the final appearance. 
Therefore, plastic substrates must be chosen carefully when 
appearance of metal and plastic parts is to be matched.

 ű Mechanical profilometry with Fourier techniques allows de-
tailed investigations into surface topography from substrate to 
topcoat. The optical method has some limitations by dullness 
and a distinct surface structure.



Figure 1: Topographies of metal substrate and applied coating layers (note differences in scales bet ween the diagrams).
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PAINT APPLICATION AND CURING EFFECTS ON METAL

An example of earlier studies on steel substrates [10] will now be 
considered. Three different phosphated steel surfaces with different 
roughness levels were evaluated. The samples were chosen in order 
to cover the range of roughness from smooth to rough substrates (Ra 
0.8 to 2.3 µm) supplied for automotive body sheets, where - typically - 
sheets with an average roughness between Ra = 0.8 µm (smooth) and 
Ra = 1.6 µm (medium, upper limit) were used.
All samples were coated with cathodic electrodeposition paint, prim-
er-surfacer and automotive topcoat with typical layer thicknesses. 
One set of painted substrates was stoved in a horizontal position, a 
second set vertically.
As shown in Figure 2, the integrated values increase as a function of 
substrate surface roughness and stoving position. For the vertical 
position, a strong enhancement of the long waves can be observed, 
while the short wave values barely increase compared to the samples 
stoved horizontally. The short wave values depend mainly on sub-
strate conditions (i.e. roughness), and not strongly on stoving position.

MATCHING THE FINISH OF METAL SUBSTRATES ON PLASTICS

Investigations on plastics coatings are of special interest in order to 
achieve a similar structure development on a painted car indepen-
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dently of the different substrate materials (steel or plastics) used. 
Against this background, parameters influencing the surface of plas-
tics parts have recently become more important.
Polymeric substrates with different amount of glass fibres were paint-
ed with a typical coating system for plastics. The complete coatings 
were measured by wave-scan and mechanical profilometry [12]. Opti-
cal and mechanical measurements (Ra) both show the same trend, an 
increasing measured value of structure for an increasing amount of 
glass fibre. In addition to the effect of the amount of fibre present, a 
dependence on the type of the fibre used could also be observed in 
a different study [13].
This effect is also demonstrated in Figure 3, showing a comparison of 
two substrates with high and low surface structure. The amplitude of 
the structures is reduced, but the basic structure of the substrate is 
partially transferred through each individual coating layer and finally 
influences the appearance of the topcoat.
These results are very important because of the effect, that the sub-
strate structure clearly influences the final coating structure. Based 
on surface structure measurements, a preliminary selection of plastic 
substrates can be made to obtain an optimal structure (smoothness) 
of the coating system applied [15].

MEDIUM GLOSS SURFACES: VARIATION OF SUBSTRATE

Several test sets have been measured to investigate the effects of 
coating variation (EC and primer-surfacer) and substrate topogra-
phies on the different coating layers. These studies are described in 
detail in [18]. The investigations and main results of varying the steel 
substrate will be summarised here.
Most of the 28 substrates studied were in the range which is regu-
larly used in the automotive industry for outer car body parts (Ra 0.9-
1.5 µm, peak count RPC > 60 peaks/cm. In Figure 4 the profilograms of 
substrates and the corresponding EC surfaces are demonstrated by 
four selected samples. 
The Ra values of substrates 1-3 were in a roughness range from 0.9-
1.5 µm, with peak counts of 60-75 points/cm. Substrate 4 shows a 
good Ra value of 0.8 µm, but a very low number of 12 peaks/cm.
The painting of this substrate is more difficult because of the low peak 
number and it would not be used for the outer shell of a car body. 

 The EC application as well as the whole subsequent coating process 
was carried out with the same material and under identical applica-
tion conditions.
The measurement of the EC (Figure 5) could be carried out without any 
difficulty with the “wave-scan dual” and shows a comparable ranking 
of EC and topcoat structure for the four sample substrates (Figure 6).
Considering the whole sample set, the linear correlation coefficient 
of profilometric structure measurement between substrate and EC 
structure is r ≈ 0.9 for the long wave range (integral 1) and r ≈ 0.7 for 
the short wave range (integral 2). There is a correlation coefficient of 
0.8 between EC and clearcoat structure for horizontal application [18].

THE BROADER PICTURE SUMMARISED

Further studies considering the influence of sheet-type, substrate 
roughness, deformation and paint system on the appearance of the 
painted surface have been summarised in [15]. Additional investiga-
tions into the variation of paint systems with lower gloss (EC, primer 
surfacer) can be found in [18]. The influences of the forming/deep-
drawing process, leading to an increased waviness of metal sub-
strates, were reported in [19].
Investigations of the mechanisms for the formation of surface struc-
tures on paint layers take into account, for example, the flow behav-
iour of the liquid paint driven by viscosity, surface tension and other 
parameters. Modelling and simulations of the interrelations of in-
trinsic physical and process parameters are used to understand the 
causes of paint film appearance [20-22].
Mechanical profilometry can be applied to all substrates and coating 
layers. The use of the “wave-scan dual” is limited by dullness and a 
distinct surface structure. The optical investigation of EC is possible, 
if the surface structure of the substrate used in combination with the 
self-structure of the coating material is not too unusual. In general 
work primer-surfacers can usually be investigated without this kind of 
reservation.  
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Figure 3: Comparison of two substrates and coating layers (mechanical profilometry, roughness profiles, scan length 48 mm, Y-scale  2 µm).

Figure 4: Roughness profile of panels and applied EC surfaces (substrate variation). Scan length 48 mm, Y-scale  10 µm (substrate) but  2 µm (EC).
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Figure 5: Structure spectra, SW and 
LW of EC (substrate variation).
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“A constantly high level of appearance  
cannot be guaranteed without continuous 

measurements.“

3 questions to Michael Osterhold

Why is surface characterisation of substrates and coatings so important? Due to the some-
times poor reproducibility of visual inspections in the past, the ‘wave-scan’ was developed to yield 
quantitative values for evaluating the surface structure of coatings. In the course of time car and 
paint manufactures’ quality assurance processes increasingly rely on this time-saving investigation 
method. The detailed topography of a surface can be described by profilometry.

What would be the consequence if surfaces would not be characterised? A constantly high 
level of coating appearance cannot be guaranteed without continuous measurements during the 
coating process. Effects due to unintended process variations or unexpected changes in product 
quality would be possibly not detected. Other influences (e.g. substrate topography) on the final coat-
ing appearance would be unknown and so more difficult or even impossible to control.

Which method would you recommend and why? Profilometry allows to detect the surface struc-
ture from substrate to topcoat and was used in the past mainly for fundamental investigations 
(e.g. substrate influences on topcoat appearance) in laboratories. The wave-scan instruments on 
the other side provide an easy and fast evaluation of coating structures in the daily work also under 
production conditions. 





So
ur

ce
: A

le
ks

an
da

r 
M

ija
to

vi
c 

- F
ot

ol
ia

.c
om

WORLD‘S FAVOURITE

According to many ratings, 
blue is the most popular  
colour worldwide. Usually, 
even though blue is even 
more favoured by men than 
women, blue was also pi-
cked as a favourite colour by 
many women. 

SECOND PLACE

In addition, blue also ranks 
first in all age goups. The 
second most popular colour 
varies between surveys but 
in most cases red, green or 
purple ranked on the se-
cond place. 
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MONITORING BREAKDOWNS
Photodegradation of multilayer automotive coatings tracked in detail. By Marc Entenmann, Dennis Koch, Heinz Gre-
isiger & Thadeus Schauer (published in ECJ 01/2013).

In multilayer automotive coating sys-
tems, it is often the e-coat layer which 
degrades under weathering, leading to 
coating failure and corrosion. Photo-
oxidation index (POI) measurements on 
multi-coat systems showed that the POI 
of the e-coat increases during artificial 
weathering. This degradation process is 
influenced by both UV and thermocata-
lytic effects, so dark coatings increase e-
coat degradation.

I n automotive coating systems, the prop-
erties of these multilayer systems depend 

not only on the physical and chemical prop-
erties of the individual layers, but also on 
their interfacial interactions. When effects 
of outdoor weathering on the different sin-
gle layers and on the multilayer system itself 
are to be considered, the situation becomes 
rather complex.
Current automotive multilayer systems con-
sist of an e-coat (usually a cataphoretic coat-
ing), followed by a primer-surfacer, a base-
coat and a final clearcoat layer on top. The 
photodegradation of polymers under the 

influence of water and UV light is of interest 
[1-5], because this is the main issue to be 
considered when polymers, independent of 
their application, are confronted with out-
door exposure.

ANALYSING PHOTOCHEMICAL  
DEGRADATION

It is generally accepted that the photochemi-
cal degradation process in coating layers 
is initiated by the absorption of UV light. In 
practice, very often it is the e-coat layer which 
degrades when the automotive multilayer 
coating is exposed to atmospheric weather-
ing, leading to adhesion problems, peeling 
and finally to corrosion processes on the 
metal substrate. Unfortunately, most of the 
data available for multilayer coating systems 
is empirical and therefore the degradation 
process of the coating layers is still not fully 
understood [6, 7].
Photooxidation index (POI) measurements 
have been used to measure degradation of 
coating layers [8, 9, 10] and the increase in 
IR absorption caused by hydroxyl groups was 

taken as a measure of the extent of degrada-
tion. In general, the early determination of 
coating degradation on a molecular scale is 
of great interest for contemporary coatings 
research. Using modern analytical and micro-
scopic devices, it has been found possible to 
evaluate some aspects of degradation pro-
cesses in coatings [11].
It is obvious that POI measurements are im-
portant in evaluating the early stages of coat-
ing degradation, so that the coating compo-
nents which are sensitive to photooxidation 
can be identified and eliminated, or simply 
exchanged for more stable substitutes. This 
enables coating manufacturers to improve 
their products and to develop highly durable 
multilayer coating systems for a multitude of 
applications.

PERFORMING THE PHOTOOXIDATION  
MEASUREMENTS

For the degradation experiments, OEM for-
mulations of e-coat, primer surfacer, base-
coat and clearcoat were applied onto metal 
substrates, as shown schematically in Figure 1. 
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RESULTS AT A GLANCE

 ű In multilayer automotive coating 
systems, it is often the e-coat layer 
which degrades when the system is 
exposed to atmospheric weathering, 
leading to adhesion problems, peeling 
and finally to corrosion of the metal 
substrate.

 ű Photooxidation index (POI) meas-
urements were performed on cross-
sections of unexposed and weathered 
multi-coat systems by measuring the in-
tensities of hydroxyl and amino groups 
in the valency vibration region. In this 
way it could be proved that the POI of 
the e-coat increases due to generation 
of hydroxyl groups.

 ű An enrichment of hydroxyl groups 
near the metal surface was also found, 
which requires further investigation.

 ű The photooxidation of the e-coat is 
influenced by thermocatalytic effects, 
so e-coats of dark coloured automo-
tive coating systems are exposed to en-
hanced photodegradation because of 
the increased heat uptake.

Waterbased white, black and metallic coating 
formulations were used as basecoats. Coat-
ings were applied by electrostatically assisted 
spraying using a bell-only mode, apart from 
the metallic basecoat. For this, a pneumatic 
application (air-only) and a mixed bell/air ap-
plication were used.
To evaluate the transmittance and absorb-
ance properties, the multilayer coatings, 
applied on top of the e-coat layer, were 
prepared as free-standing films and char-
acterised with the “Lambda 900” UV-Vis-NIR 
spectrometer from Perkin Elmer. The deg-
radation experiments were performed by 
artificially weathering the coated samples for 
4500 h using “WOM Ci 4000” artificial weath-
ering equipment from Atlas Material Testing 
GmbH.
For the photooxidation index measurements 
[8, 9, 10], a special kind of sample prepara-
tion was developed, which allowed very flat 
cross-sections to be prepared from the origi-
nal and the corresponding WOM-weathered 
multi-coat systems. The areas examined, 
which represent a depth profile of the mul-
tilayer systems, were dried in vacuum and 

Figure 1: Standard automotive multilayer coating system, with an overall thickness of 
105-115 µm

Figure 2: Integrated valency vibration regions of hydroxyl and amino groups, related to the 
valency vibrations of alkyl groups as an internal reference, illustrate the evaluation of POI

then analysed using the “Spectrum Spotlight 
200” FT-IR microscope (Perkin Elmer).
As a measure of the photooxidative degrada-
tion state of the coating layer, the intensities 
A of hydroxyl and amino groups in the valen-
cy vibration region were integrated and relat-
ed to the valence vibrations of alkyl groups, 
which were taken as an internal reference, 
as shown in Figure 2. The resulting quotient 
Q with Q = A(-OH,-NH) / A(-CHx) as a function 
of the exposure time t was then used to cal-
culate the photooxidative index (POI*), which 
is given by
POIt *(%) = [(Qt – Q0)/Q0] * 100 %.

EFFECTS OF ARTIFICIAL  
WEATHERING ON E-COAT

The main result of the 4500 h WOM weather-
ing test performed on the automotive multi-
layer systems, is that as expected the e-coat 
in particular is sensitive to degradation pro-
cesses, whereas the clearcoat, basecoat and 
primer layers tested seem to be more resist-
ant, taking POI as a measure of degradation.
In Figure 3, the changes of POI due to UV and 
humidity loading of a single e-coat layer and 
an e-coat overcoated with a clearcoat are 
shown. It is obvious that the e-coat is effi-
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Figure 3: Changes of POI during UV and humidity stressing of a 
single e-coat layer and an e-coat overcoated with a clearcoat

Metal substrate

e-coat

Clearcoat

Primer surface/basecoat

Qt =
A(νOH,NH)
A(νCH)

1 3 5

t = 300 h
t = 800 h

t = 0 h
Sample after:

Figure 4: Changes of the Qt values f rom the primer surfacer/e-
coat- interfacial section to the metal surface for the unstressed 
sample (t = 0 h) and different test durations (t = 300 h and 800 
h) obtained for an automotive multilayer coating system

Figure 5: Changes of POI for the e-coat, overcoated with differ-
ent multilayer systems, with increasing exposure times

Figure 6: Transmittance of multilayer coatings applied on top of 
the e-coat, in the UV-Vis-NIR light ranges

Figure 7: Absorbance of multilayer coat-
ings applied on top of the e-coat, in the 
UV-Vis-NIR light ranges
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ciently protected against degradation by the 
clearcoat. For this reason, the evaluation of 
the influence of the UV absorption properties 
of overcoating layers on the degradation of 
the e-coat in different automotive multilayer 
systems seems to be extremely interesting.
In Figure 4 an example of the changes of the 
Qt values from the primer surfacer/e-coat- in-
terfacial section to the metal surface for the 
unstressed sample (t = 0 h) and after weath-
ering for different durations is given for an 
automotive multilayer coating system. It can 
be seen that the Qt value increases with the 
test time.
Surprisingly, an increase in Qt was also found 
when the distance to the metal surface de-
creased. It can be concluded that the con-
tent of hydroxyl groups increases when the 
distance to the metal surface decreases. The 
following explanations of this result are pos-
sible: a polar orientation of the binder poly-
mer, an enrichment of hydrophilic coating 
substances, hydration of the metal surface 
and uptake or encapsulation of water.
It turns out that even if the e-coat is addi-
tionally heated in a vacuum, Qt values at the 
e-coat / metal interface change only slightly. 
To understand the origin of the enrichment 
of hydroxyl groups, further investigations 
are necessary. Because the result seems to 
be directly linked to adhesion and corrosion 
protection properties of the e-coat, this in-
vestigation is of a great practical relevance.

DARK COATINGS INCREASE E-COAT  
DEGRADATION

In Figure 5, the POI for the e-coat, overcoated 
with different multilayer systems (black, white 
and metallic) is shown in relation to increas-
ing exposure duration. After 4500 h of WOM 
exposure, the following ranking of changes in 
POI was found (ordered from higher to lower 
degradation):
Black > Metallic (bell-only) > Metallic (bell/air) 
>> White.
The good performance of the white coating 
can be easily understood, because of the 
UV absorption properties of the TiO2 used 
in white basecoats. Nevertheless, multilayer 
coatings with a black basecoat should also be 
able to absorb UV light and to depress pho-
tooxidative processes.
As can be seen in Figure 5, this UV protection 
is only significant at the early stage of expo-
sure, but for longer durations of exposure the 
POI for the black coating systems increases 
steeply. For the metallic coating systems an 
influence of the application method on the 
stability of the e-coat can also be observed.
In Figure 6 the UV-Vis-NIR transmittance of 
multilayer coatings, applied on top of the e-

coat, is shown. It is obvious that for all three 
multilayer coating systems the transmittance 
of UV light is very small. For wavelengths 
shorter than 380 nm the measured transmit-
tance values are below 0.04 %. This leads to 
the conclusion that for the multilayer coating 
systems tested, the transmittance of UV light 
is not the only parameter which influences 
the photooxidative degradation of the e-coat.
In Figure 7 the corresponding absorbance of 
multilayer coatings, applied on top of the e-
coat, is shown. Whereas the white coating 
showed low absorption in the wavelength 
range between 250 and 1000 nm, the ab-
sorption of the black system was very high, 
with values above 90 %. The metallic coating 
system, in comparison to the white coating, 
showed a slightly increased absorption.
For the metallic coating, the measured ab-
sorbance also depends on the method of 
application. In correlation with the higher 
POI values for the metallic system which was 
applied electrostatically (bell-only), a slightly 
higher absorbance for short-wave light could 
be observed. Additional SEM cross-section 
analyses revealed that for the basecoat ap-
plied by bell-only, the content of the metallic 
pigment decreased, leading to a lower sur-
face coverage and therefore to higher trans-
mittance values.

THERMOCATALYTIC EFFECTS ON E-COAT 
ARE SIGNIFICANT

The results obtained prove that for the dif-
ferent coating systems tested, the transmit-
tance of UV light is not the only important 
parameter which influences the degradation 
stability of the e-coat. Whereas for the black, 
metallic and white coating systems almost 
no transmission of UV light could be meas-
ured, strong differences regarding the light 
absorption properties, leading to an uptake 
of radiation energy, could be found.
The greater degradation of e-coats coated 
with black or other highly light absorbing 
coatings can be interpreted in terms of a 
thermocatalytic effect, which accelerates the 
photooxidation process.
For automotive coating systems, the colour 
range of basecoats, which dominates the en-
ergy absorption and heating up of the coat-
ing system, is determined by customers so 
the options to decrease the heat uptake and 
depress thermocatalytic effects of photooxi-
dation are certainly limited. But nevertheless, 
coating concepts that allow an increased UV 
and/or IR reflection on the coating surface 
and the use of pigments with less IR absorp-
tion in basecoats should be carefully consid-
ered.   
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