
ISBN 978-3-86630-859-6

The Mission: Acquire the necessary knowledge of the facts and 
a deep understanding of the relations involved in the successful 
coating of plastics. Provide a comprehensive overview of the 
latest developments in the field of coatings for plastics and the 
state of the art. 

The Audience: Formulators seeking to brush up on the latest de-
velopments in the field of coatings for plastics and to dig deeper 
into the topic; experts seeking detailed knowledge of pre-treat-
ment, materials, application, testing, and troubleshooting. All 
those involved in the production of coated plastics parts and who 
need a full understanding of the relations involved.

The Value: Concise yet comprehensive, this highly topical book 
offers in-depth knowledge and a multitude of practical tips,  
e.g. for safeguarding the quality of the coating film, and for 
developing high-performance coatings for plastics. The main 
emphasis is on the properties of plastics and the materials 
used to coat them. A special feature of the book is a separate 
chapter devoted to the topics of typical coating flaws, analytical 
and test methods and precautionary measures.

U
lrich Poth • Autom

otive Coatings Form
ulation

G
uido W

ilke | Jürgen O
rtm

eier · Coatings for Plastics

European Coatings Tech Files

Guido Wilke | Jürgen Ortmeier

Coatings for Plastics



Vincentz Network GmbH & Co KG



Guido Wilke und Jürgen Ortmeier

Coatings for Plastics

Wilke/Ortmeier: Coatings for Plastics
© Copyright 2012 by Vincentz Network, Hanover, Germany
ISBN: 978-3-86630-859-6

Coatings_for_Plastics.indb   1 07.11.11   16:42



Cover: Karl Wörwag Lack- und Farbenfabrik GmbH & Co. KG 

Guido Wilke and Jürgen Ortmeier
Coatings for Plastics
Hanover: Vincentz Network, 2012 
EuropEan Coatings tECh FilEs

ISBN 3-86630-859-0
ISBN 978-3-86630-859-6

© 2012 Vincentz Network GmbH & Co. KG, Hanover 
Vincentz Network, Plathnerstr. 4c, 30175 Hanover, Germany
This work is copyrighted, including the individual contributions and figures.
Any usage outside the strict limits of copyright law without the consent of the publisher is prohibited and 
punishable by law. This especially pertains to reproduction, translation, microfilming and the storage and 
processing in electronic systems.
The information on formulations is based on testing performed to the best of our knowledge.
The appearance of commercial names, product designations and trade names in this book should not be taken 
as an indication that these can be used at will by anybody. They are often registered names which can only be 
used under certain conditions.

Please ask for our book catalogue
Vincentz Network, Plathnerstr. 4c, 30175 Hanover, Germany
T +49 511 9910-033, F +49 511 9910-029
books@european-coatings.com, www.european-coatings.com 

Layout: Danielsen Mediendesign, Hanover, Germany
Printed by: Quensen Druck + Verlag GmbH & Co. KG, Hildesheim, Germany 

ISBN 3-86630-859-0
ISBN 978-3-86630-859-6

Bibliographische Information der Deutschen Bibliothek
Die Deutsche Bibliothek verzeichnet diese Publikation in der 
Deutschen Nationalbibliographie; detaillierte bibliographische Daten 
sind im Internet über http://dnb.ddb.de abrufbar.

Coatings_for_Plastics.indb   2 07.11.11   16:42



7Foreword

Foreword
Today’s innovations in the coatings industry are a result from close collaboration between 
coating material suppliers and its partners. In general, concerning modern industrial 
coatings, it is not sufficient for paint supplier just to head for any innovative material with 
specific technical benefits, but to become involved early in a joint development of the objects 
to be coated. The development of automotive exterior parts, where the ratio of plastic sub-
strates has increased continuously over the last decades, might serve as a good example 
for this trend. In the 1970s plastic assembly parts of a vehicle could easily be recognized as 
dark grey coloured articles mounted after the coating process, whereas today form integra-
tion and body colour is the rule. 

At the same time plastic substrates have found increasing acceptance for household appli-
ances and objects of daily use. For decorative and functional reasons many of these sur-
faces are coated. Since its beginnings this development underwent an enlargement of the 
scientific and technological basis on different levels and an ongoing exchange of know-how 
between those levels. 

This book addresses the whole circle of participants in the technology of manufacturing 
coated plastic parts. It may impart developers of plastic coatings, the technical service staff 
members of coating and raw material suppliers as well as coating processors with the know-
how, which is needed for a sustainable successful manufacturing of coated plastic goods. In 
fact, a firm understanding of its elements and their complex dependencies is necessary in 
order to benefit from the advantages of coating plastics and to avoid cost intensive failures. 

The approach of this book is to present the technology of coating plastics in a broad and 
integrated mode, treating both the single influence fields and their connections. One focus is 
set on the plastic substrate itself, as it is the origin of many characteristic issues. Substrate 
topics are then connected with coating relevant plastic processing aspects and surface pre-
treatment methods. The chapter of coating materials presents a broad portfolio of modern 
formulation and layer concepts, their main characteristics with respect to end users require-
ments. Paint application, process and equipment technology is treated in a compact way, 
as many aspects coming from this direction for coating moulded plastic components are 
similar to those of coating general industrial goods. Coatings on plastics have to be tested, 
so the main characteristics of those polymer layer composites will also be treated. The most 
frequent coating defects, their detection, possible causes and prevention are presented in 
the final chapter. 

This publication is the English translation of the original publication written in German. 
We gladly thank Mr. Steve Sadlak for his support in providing assistance in translating its 
contents to English text. 

Esslingen and Stuttgart, in October 2011
Dr. Guido Wilke and Jürgen Ortmeier
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8 Exclusion of liability

Exclusion of liability
Please note, the selected formulas are representative examples for the respective applica-
tions as outlined, and are derived from raw material supplier’s recommendations and avail-
able published patent literature. If there is no general state of the art established to date, no 
formula is specifi ed. Also note, it is never possible to use the formulas as suggested without 
further development and testing.

Any liability for technical advice is expressively excluded.

Restrictions by patents and other intellectual property rights however cannot be excluded. 
Trademarks (e.g. ® or ™) are not explicitly referenced. Trademarks and supply sources are 
subject to change.
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17Challenges of today and of the future 

In the field of automotive coatings the colour harmony between add on components and the 
car body is a topic of enduring importance. Significant progress has been achieved within 
the last few years by various measures, like the limited tolerance of colour quadrants, the 
implementation of colour measurement systems and by the adaptation of paint applica-
tion techniques for plastic parts and car body. One further option is the standardization of 
basecoat formulations for car body and plastic parts. However, with every new colour the 
usefulness of the existing concepts for colour harmony is put to the test again. 

Concerning the technical coating properties, the main issue of adhesion is neither solved 
for all plastic substrates nor is it well understood on a scientific base. To secure paint adhe-
sion on polyolefin’s is the biggest challenge, moreover as they gain more and more market 
share. For automotive OEM coatings, scratch resistance is also a well known demand, and 
meanwhile it has established itself also in the field of coating add on plastic components. 

1.3.2 Reduction of emissions/low emission coatings 
Many of the larger Tier One component suppliers have recently switched to waterborne 
coatings, including the adaptation of specialized humidity and temperature controlled pro-
cesses for their application. However, the shift from conventional solventborne to low-VOC 
clear coats is a task still waiting to be solved for many fields of application. Besides water-
borne materials, another option for clear coats is UV curing systems. Material development 
has left the state of basic research and development and finds evaluation underway in many 
market segments, with degrees of success depending on the operational area. Powder coat-
ings are only suitable for plastics with low thermal expansion, so that parts can overcome 
higher cure temperatures without loss of shape. It is not expected that in major operational 
areas like the automotive supplier parts business, powder coatings would substitute the 
classical wet paints in the foreseeable future.

1.3.3 Increase of efficiency/profitability
Dispensing with coating layers is one option by which producers of automotive supplier 
parts reduce costs. Positive experiences have been made with the primer-less coating of 
bumper housings. However an important demand of this approach is a high plastic surface 
quality. So in cases of difficult substrates with lower surface quality, for example with some 
highly filled fibre reinforced plastics, one may not be successful without the use of a primer. 
If the substrate quality demands are fulfilled, as in the case of some coating processes for 
bumper-housings, this concept may work. Here a two layer paint body is realized with suc-
cess. It consists of a (waterborne) basecoat and clear coat. In other cases, the requirements 
of colour harmony and intrinsic colour of the substrate, in combination with a low hiding 
power of the basecoat, might afford the use of a coloured primer. 

Dispensing with coating layers in its most extreme way has been practiced by decorating 
mass coloured plastic parts utilizing just a clear coat. By this method straight shades can 
be realized in an elegant way, as it is done with body panels, like the “Smart” car. 

An extension of clear-coated mass-coloured plastics on other car models would afford the 
realization of effect colours. But the mass colouring of plastics in this special case is con-
fronted with the high demand of colour and effect harmony on the car.  As the pigmentation 
of the plastic bulk naturally does not result in an orientation of effect pigments similar to 
that of a paint spray application, up to now it has not prevailed as a successful concept for 
coating automotive assembly parts. 
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18 Introduction

In the search of alternative coating concepts a completely different direction is followed by 
foil technology. In connection with the possibility to combine several car body parts to one 
module, foil technology promises to be particularly cost efficient by reducing the vertical 
range of manufacture. Meanwhile there are numerous foil concepts, which will be further 
addressed in Chapter 4, and have found limited introduction into the market. Current appli-
cations are limited to extensive body parts of moderately complex geometry. One typical 
and appropriate application for foil concepts is the car roof that can be partitioned in rigid, 
movable, well hiding and transparent modules. One might hope and expect that foil technol-
ogy will master its challenges and continue to gain in popularity.

1.3.4 Design
One of the major trends currently observed in the market is individualization. The wish 
for colour and effect is considered as the driving force for an ongoing market growth for 
plastic coatings, especially for vehicles. Also in business areas like commercial electronics, 
represented by objects such as mobile phones, notebooks, etc. which are styling trends are 
influenced by individual colour design. Today these aesthetic needs can be realized at best 
by advanced coating technologies. This is particularly evident in coatings with interference 
and pearl effect, which develop their optical performance, such as colour flop effects, only 
by the interaction of the coating material and the application process. 

One area, in which the trend for individualization can be developed in a strong way, is auto-
motive interior coating. The great variety of customers needs can be at best be satisfied by 
many materials. The colour of plastic, leather and textile materials have to harmonize with 
each other. In this context the coating of automotive interior parts is necessary, because 
coating allows the most flexible differentiation of the optical design. A large variety of col-
ours in the automotive interior can only be realized with plastic coatings today, but innova-
tive foil concepts like insert film moulding (IFM) have already found its place in the market. 
Three dimensional shaped plastic parts, being illuminated by the application of an alternate 
voltage, can be manufactured by back injection moulding of a transparent foil that is then 
coated with a thin electroluminescent layer [5].

In general one predicts a great future for switchable coating systems. It may also be  
assumed that there will be further examples for the innovative connection of switchable 
coating systems with plastic processing, allowing expanding marketplace acceptance when 
design and function of industrial products are desired and/or needed.

1.4 References
[1] The ChemQuestGroup, Inc., www.radtech.org/An Overview of the  

North American Plastic Coatings.pdf, 2003

[2] U. Hoffmann, Journal für Oberflächentechnik (JOT) 46, 11 (2006), 56

[3] S. Kirchmeyer, L. Brassat, Kunststoffe 95, 10 (2005), 202

[4] H. Rost, Kunststoffe 95, 10 (2005), 209

[5] E. Foltin, G. Wießmeier, Journal für Oberflächentechnik (JOT) 3 (2004), 34
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19Survey of plastic materials

2 Plastics in coating technology

2.1 Survey of plastic materials

2.1.1 Classification by technical criteria
According to DIN 7724, plastics  can be classified into three groups: thermoplastic , elasto-
meric  and thermosetting (duroplastic) materials.

The basic characteristics of these three groups of materials as well as their international 
abbreviations according to DIN EN ISO 1043-1, set in brackets, shall be presented here 
briefly. 

Thermoplastic polymers are not cross-linked, more or less soluble and can be softened or 
molten reversibly. Materials belonging to this largest group of polymers are the so-called 
standard plastics like polyethylene (PE), polypropylene (PP), polystyrene (PS) and polyvinyl-
chloride (PVC). Also many of the so-called technical plastics belong to this group, examples 
are polyesters like polyethylene terephthalate (PET) and polybutylene terephthalate (PBT), 
polyamides (PA), blends of polystyrene- (ASA, ABS, SB, SBS), polycarbonate (PC) and its 
blends (PC/PBT, PC/ABS), and polymethyl methacrylate (PMMA).

Elastomers are widely cross-linked polymers, showing a rubber-like at ambient tempera-
ture. They are generally not soluble in organic solvents, but swellable, and can be softened 
by heating, but then they don’t have a plastic character and therefore cannot be moulded 
easily. Examples are natural or synthetic rubber (NR, BR), silicon rubber (SI), some polyu-
rethanes (PUR) and fluorine rubber (FKM).

Thermosetting (duroplastic) polymers are densely cross-linked materials that are hard 
and brittle at ambient temperature. They are not soluble or swellable in most organic sol-
vents, and upon heating they soften only slightly. Therefore, thermosets exposed to elevated 
temperatures are not easily processed and show some level of decomposition. Examples for 
thermosetting polymers are cross-linked epoxy- (EP), unsaturated polyester- (UP), phenol- 
(PF), melamine- (MF) and urea resins (UF).

2.1.2 Economical and coating related significance
Over the past 50 years, world production of plastics has increased on average 10 % annually, 
and in 2008 reached 245 Million tons [1].

Wilke/Ortmeier: Coatings for Plastics
© Copyright 2012 by Vincentz Network, Hanover, Germany
ISBN: 978-3-86630-859-6
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Plastics in coating technology20

Figure 2.1 presents the share of market segments on a worldwide basis in 2004 and Table 
2.1 shows those plastic substrates being most significant for coatings, and their fields of 
application. 

Roughly half of the worldwide consumption of plastics accounts for polyolefins . This group 
is represented mainly by polyethylene (PE), which has the biggest share and by polypro-
pylene (PP), showing a strong increase in market share (6 % per year on a worldwide basis, 
12 % in china), resulting from its use for high value and cheap mass articles. It is expected 
that polyolefins will dominate the market even more in the future, because of their yet not 
fully explored high tech-potential, the ongoing price pressure on industrial products, and 
due to the constraints of recycling. About 70 % of all automotive plastic materials are based 
on polypropylene [2]. 

Pure and coated polyolefins are important materials for the packaging industry.  For exam-
ple, foils of polyethylene and polypropylene are coated with barrier layers and hollow pieces 

Figure 2.1: Worldwide production of plastics in 2004 Source: Verband Kunststofferzeugende Industrie, from [1]

Business area Plastics (examples)

Packaging PE, PP, PET

Automotive TPO, SMC, PA6-GF, PC+ABS, PUR-RRIM, PC+PBT, PPO+PA, PA+ABS

Aircraft CFK (EP-CF)

Commercial electronics PS, styrene blends, PC, PP

Medicine PC, PP

Information technology PC, PVC

Building trade PVC, PS, EPS, PUR

Sports GFK, CFK, PC, ABS

Table 2.1: Examples for plastics in coatings technology
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21Survey of plastic materials

are printed for decorative purposes. Flexible PP-blends like TPO have a strong position in 
the car industry). The share of TPO in plastics used for automobiles is about 20 %. Exam-
ples of items are deep drawn foils for dashboards and injection moulded bumper fascia. 
Efficiency, recyclability and safety issues (passive pedestrians safety) cause an increasing 
trend towards replacing other common plastics with polyolefins.

Another standard plastic, that is processed to foils and sheet flooring, and frequently coated 
afterwards is polyvinyl chloride (PVC). The group of polystyrenes (PS) and foamed, 
expanded polystyrenes (EPS), since years ranking forth in worldwide production, is mainly 
applied in the packaging and building industry. Television cabinets of polystyrene were 
among the first plastic objects that were coated industrially. Other fields of applications for 
painted polystyrene are hi-fi systems and computer housings. As elastified polystyrene-type 
plastics like copolymers with butadiene (ABS) and acrylester (ASA) suit often better, today 
they have more significance as substrate for coatings. They have claimed a firm position in 
the field of consumer electronics and as a blend with polycarbonate (PC+ABS, PC+ASA) in 
automobile parts. Examples for coated parts from those blends are exterior mirror housings, 
licence plates and consoles. A reinforced ABS/PA-blend is in use for online-coatable fenders.

Thermoplasts like polycarbonate (PC), polybutylene- and polyethylene terephthalate (PBT 
resp. PET) and polyamide (PA) are referred to as technical plastics. With a production share 
of around 9 % of the world market they rather belong to the small volume plastics today, for 
which on the other hand the highest production growth rates of 6 to 8.5 % are forecasted. 
Technical plastics are popular substrates in the coatings technology. Polycarbonate is 
applied as material for discs and sight panes, where they have to be equipped with a thin 
coating layer protecting against UV light and scratches. An important application of PBT is 
as a blend with PC in car bodies, for example for air-inlet grilles. PET is used for coated mul-
tilayer films for food packaging (snacks), coated polyamide (PA) for example in household 
appliances like washing machines. Glass fibre reinforced polyamides are applied especially 
for tool housings, vehicle door handles, rear handles and wheel covers. 

The blend of PA with the heat stable polyphenylen oxide (PPO) has a strong position for 
automobile fenders. In most cases, except for bumpers and fenders, large surface parts for 
automobiles and also for aircrafts and boats are made from duroplastic fibre reinforced 
polymers. Those fibre composites  can be composed of cured unsaturated polyesters- (UP) 
or epoxy resins (EP) and glass fibres (GF) or carbon fibres (CF). One variant of glass fibre 
reinforced plastics that is of significance for large automotive vehicle parts is SMC (Sheet 
Moulding Compound). This material consists basically of glass fibre mat impregnated with 
UP-resin, equipped with fillers, thickeners, catalysts, further additives and rolled up. After 
cutting an appropriate sheet from the roll, it is inserted into the press form and cured ther-
mally to the desired part. 

Polyurethanes also are applied as substrates in coatings. By reaction of polyoles with iso-
cyanates in a form, PUR-RIM (Reaction-Injection-Moulding) parts and reinforced types 
(PUR-RRIM) can be obtained. Front and side fascia of automobiles have been manufactured 
of this group of materials. 

Nanocomposites present a group of polymer materials, which today is intensely investi-
gated in research and development. It is the high ratio of surface and volume of nanopar-
ticles that promises extreme physical properties, compared with those of normal scaled 
particles. Examples of nano-scaled materials, applied for reinforcing plastics, are sol-gel-
materials, nano-scaled fillers, carbon nanotubes and nano-layer silicates [3]. 
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Plastics in coating technology22

2.1.3 Causes for the increasing importance of plastic

Why is it, that plastic has become an interesting material for industrial and consumer 
goods? The responsible reasons for this can be summarized as follows: 

2.1.3.1 Economical and ecological aspects

Most plastics have a low density and are the materials of choice for weight reduction and 
lower fuel consumption of automotive vehicles and aircrafts. Compared to iron, which has a 
specific weight of 7.873 g/cm3 polyolefins with densities of less than 1 g/cm3 appear as true 
fly weights, offering a higher potential for light weight construction than even aluminium 
(2.7 g/cm3). Foams show even lower density values. Reinforcements like glass fibres how-
ever effect an increase of polymer materials density. In order to use the options of weight 
reduction carbon fibre reinforced plastics are applied increasingly in the aircraft industry 
dominantly, but only to a minor extent in the automotive industry. Experiences have shown 
that a weight reduction of 10 % may result in savings of fuel consumption of about 7 % [4]. The 
use of plastics in automobiles is estimated to be about 15 % on average, with an equal split 
of exterior, interior, chassis and under-hood components [5].

The manufacturing of a given part affords less amount of plastic than it would be neces-
sary in the case of steel. The production of one litre of polypropylene consumes energy of 
about 1.2 litres of crude oil. For the same volume of iron the demand is 8 litres crude oil, for 
aluminium it is 15 litres crude oil. Although crude oil is currently the only used raw mate-
rial resource for the production of plastics, in principle, every source of carbon can be used, 
even lime or carbon dioxide [6]. 

The mass production of moulded parts at low costs is generally considered as the decisive 
economical advantage of plastics. Also semi-finished products like foils and sheets can be 
manufactured rather cheaply by efficient plastic processing. Many thermoplastic polymers 
can be processed eco-efficiently at low temperatures to complex parts that do not need 
any post-processing. This opens the way to the conservation of fossil resources and to low 
production costs. The manufacturing of high-value parts from thermosetting materials, 
often with reinforcement, in most cases is more expensive than the use and processing 
of thermoplastics. The quantity of parts to be produced either of plastic or steel also is an 
important parameter for the calculation of manufacturing costs. 

There are far more possibilities to process plastic than just to manufacture simple moulded 
parts. Complete modules consisting of several parts can be manufactured in a decentral-
ized way and in only a few steps, for what in former times a long chain of serially proceeded 
single operations was necessary. By the simplification of manufacturing concepts and the 
reduction of the vertical range of manufacture plastic has opened the door to new and more 
efficient ways of production.  

2.1.3.2 Technology and design

The injection moulding of plastics has increased strongly the scope of possibilities for the 
design of industrial goods. A prime example is automotive body construction, where plastic 
allows a harmonious change of shape from assembly part to the car body. For many years 
exterior mirrors, bumpers and door handles no longer appear like screwed on parts, but 
have become integral components of the car body. Consequently the exchange of typical 
metal against plastic parts resulted in an increase of freedom of design. With an increas-
ingly harmonious integration of assembly parts, the question of colour matching became 
more and more important. Bumpers in body colour were perceived as added value to the 
automobile and therefore they were soon specified as the design-standard. This happened 
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regardless of any disadvantages, like a potential increased sensitivity of the coated surface 
towards mechanical damages and its more costly repair. However in some countries cars 
equipped with grey or black bumpers almost have disappeared from the market.

There are also some other issues where freedom of design has profited from the application 
of plastics: Antennas today are more and more often invisible, because of their integration 
in the car body. They can be incorporated into the trunk lid, made of SMC, which is a pro-
cedure, which is not possible with steel. One physical cause for this is the electromagnetic 
conductivity, which is much lower for plastics than for steel. The use of plastics as a material 
for the interior of vehicles allows the integration of various functions in one part and the 
installation of airbags in a space saving way. 

The combination of plastics with other materials, as proceeded in the hybrid construction 
method  offers further, yet not fully explored possibilities of alternative manufacturing con-
cepts. One example for this is the roof module, made of glass and plastic, whose design and 
material combination would not be possible in that way in the case of metal.

Apart from design aspects, the variability of physical and technical characteristics is 
especially representative for plastics (tailor suited materials). Some of these characteristics 
are described in the following, whereby they partly present themselves in an ambivalent 
way. Often it depends on the kind of application and on the chances of material adaptation, 
whether the technical characteristics and the application of plastics are beneficial or dis-
advantageous.

2.2 Material characteristics
The physical and engineering characteristics of plastics are summarized very well in some 
monographs [7-9]. However, not all of the characteristics and materials presented in those 
works are relevant for the coatings technology. Therefore not every technical characteristic 
of every material is treated below, but mainly those, which allow a direct connection to 
issues of the coating of plastics. This applies for example the selection of material for the 
component design, mainly the coat-ability and effects of material properties on coating per-
formance, as well as the influence of coatings on material and component properties. Table 
2.2 presents material properties and their effects on properties of the coated plastic part. 

Table 2.2: Comparison of material properties and effects on coating and part performance 

Material issue Effect 

Mechanical behaviour Coating adhesion
Stone chip resistance
Impact-performance

Thermal behaviour Heat distort resistance (coating curing)
Yellowing
Dimension stability, residual stress, stress cracking

Solubility/swellablility Coating adhesion
Stress cracking
Cohesion (impact-performance)

Electrical behaviour ESTA paintability
Electrostatic charging (dust)

Surface characteristics Leveling (wavescan values, structure)
Wetability (coatings adhesion)

Coatings_for_Plastics.indb   23 07.11.11   16:42


