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Foreword

This compact standard reference for the interior and exterior coating of wood and wood-
based materials as well as for the decor finish foil coating mainly focuses on the indus-
trial wood coating systems and their coating processes. The significance of the coating of 
wood and wood-based materials is demonstrated by market data, coating technologies and 
processes. 

10 years after the first edition in German, some trends in the industrial wood coatings 
are emerging. The implementation of REACH and the VOC Directive has made a significant 
impact on commodities markets. The processes have become more and more effective. Above 
all, companies with a corporate structure have profited from this.

The next ten years will also remain exciting. In Germany, the Federal Government wants 
to initiate the so-called 4th Industrial Revolution with the program 4.0. The industrial produc-
tion shall be integrated with the modern information and communication technology. Similar 
developments can also be seen in other countries. In general, the global trend is also evident 
to apply more environmentally friendly and more efficient coating procedures. 

The book gets started with a brief historical overview of wood coatings as well as with 
an introduction to the technology of wood and wood-based materials. In addition to the clas-
sic solvent-borne wood coatings, the modern UV-curing systems and water-borne coating sys-
tems as far as powder coatings predominantly are explained with all their advantages and 
disadvantages. The guide formulations and current procedures for the coating of wood and 
wood-based materials are depicted in detail. The current window coatings are evaluated on 
their properties and their applications. The coating of paper foils and their market signifi-
cance are discussed. Eco-efficient procedures of applications such as “Vacumat” coating, roll-
ing, printing and recovery of coatings are dealt with. The book is rounded off with statements 
to current trends in the industrial coating of wood and wood-based materials. The practical 
relevance of this book provides the reader with practical solutions and support for many un-
answered questions. By virtue of this highly-complex subject-matter, the authors make no 
claim to completeness.

This book is aimed at all professionals dealing with the production and coating of wood 
and wood-based materials: A comprehensive overview on the chemistry and technology of 
wood coating systems are given to vocational school students, university students, engineers, 
machine manufacturers, manufacturer of raw materials, coatings, windows, furniture, par-
quets and doors. A comprehensive reference list is provided to the interested reader in each 
chapter.

On this occasion the authors would like to thank all the employees and colleagues who 
contributed to the implementation of the book by means of suggestions, provisions of  
bibliography and joyous discussions. We would like to thank Ulrich Désor, Rico Emmler, 
Christiane Swaboda, Mario Beyer, Marcel Prieto, Lars Passauer and Kurt Plöger. Our thanks 
also go to the co-authors whom we have been able to motivate for this project. 

Our special thanks go to our families who not only had to dispense with us on many 
weekends but have always spurred us on to complete this great project especially in diffi-
cult phases. 

Senden and Dusseldorf, Germany, January 2018 
Jorge Prieto and Jürgen Kiene
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1 Introduction
The coating technology of wood surfaces significantly has changed over the last 50 years. The 
need to streamline and to automate processes in order to remain competitive has contributed 
to new wood-based materials and coating technologies. Driven by the high costs of produc-
tion in Western Europe, many well-known manufacturers of furniture and wood-based ma-
terials have developed new productions in Eastern Europe about 30 years ago. The pioneer 
was Ingvar Kamprad, the founder of the now world’s largest furniture dealer “IKEA” which 
engaged the first suppliers for furniture manufacturing in Poland already in the year 1961. 
The purpose of his life is to offer a wide range of well-designed and functional home furnish-
ing products at prices so low that as many people as possible are able to afford the furnishing 
products. This idea and the emergence of a new consumer group, the so-called “smart shop-
per” with a vagrant buying behaviour between “Aldi” and champagne, has revolutionized the 
world of furniture in the manufacturing process as well as in the sale. The social trend to an in-
creased mobility of people has led to a shorter life cycle of furniture than those in the last cen-
tury. In addition, today’s furniture must be compatible to removals and flexible in use within 
the living environment. If one compares the range of furniture products from renowned fur-
niture manufacturers with each other, a design crystallized out which focuses on lean mate-
rial thicknesses on the one hand and on very thick top-quality materials on the other hand, 
or combines these with high contrast. These trends are reflected in the increased use of so-
called lightweight panels such as “board-on-frame (BoF)” constructions. The lightweight pan-
els provide the resource-efficient handling of wood as a raw material, because less material is 
used. Thus, the production costs are reduced drastically. The lower weight of such plates also 
leads to savings in transportation. Unfortunately, such wood-based materials are developed 
without the involvement of coating manufacturers. In retrospect, it often becomes apparent 
that such materials need new modified coating systems and procedures. Also, the switch of 
pressing processes (switch from hot to cold pressing) in the production of wood-based pan-
els has a significant influence on the coating properties of the carrier material. 

For many years, there is a clear trend towards a simpler design of modern furnishings 
with regard to the coatability in order to save processing costs in the production. Very often 
flat components are coated with UV coatings in rolling processes.

The most formidable challenge will be the shortage of raw materials and wood in the 
foreseeable future, both for the paint manufacturers as well as for the manufacturers of fur-
niture, kitchens, doors, parquets and windows. Furthermore, it is expected that the prices 
for coating raw materials, energy and wood-based materials will increase tremendously. In 
recent months, for example, the prices for chipboard panels increased by 20 to 30 %, and 
there is no end in sight. Additionally, the prices for raw materials and wood are strongly in-
fluenced by the enhanced demand in the Asia-Pacific region. This makes the application of 
the above mentioned honeycomb panel structures very interesting. Also, the utilization of 
waste wood in small amounts in the production of wood-based panels is a new approach to 
compensate for the shortage of raw materials. Another method of utilizing wood wastes such 
as wood flour is their use in so-called WPC (wood plastic composites) in combination with  

Jorge Prieto, Jürgen Kiene: Wood Coatings
© Copyright 2018 by Vincentz Network, Hanover, Germany
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polyethylene and polypropylene. In the course of this, these are thermoplastically processable 
composites with very interesting properties for indoor and outdoor use. For this, new coating  
concepts on an environmental friendly basis are currently in development. Over the past sev-
eral years, the scarcity of wood veneers has motivated numerous manufacturers of furniture 
and laminate flooring to rediscover the indirect gravure printing. In addition, for several years 
a steady increase in printed and coated paper sheets (decor finish foils) for the manufactur-
ing of furniture and laminate flooring was recorded as low cost alternative options for lami-
nated veneers. In recent years, the increasing use of digital printing in the furniture industry 
as well as in the flooring industry is to be highlighted. It is assumed that digital printing will 
become more and more important. In comparison to conventional acid-curing water-borne 
paints, electron beam curing coating systems have gained market shares in the segment of 
decor finish foils due to the rational process mode as well as due to significantly proved abra-
sion resistance and chemical resistance.

In order to keep manufacturers of furniture, kitchens, floorings, windows and other sim-
ilar products globally competitive, it is essential to deal continuously with the overall optimi-
zation of the process of manufacturing and coating of components as many practitioners only 
look at the purchase price of the paint materials. As it is shown in Figure 1.1, the proportion 
of costs of the coating materials in the total coating method only amounts between 6 and 
12 %. In order to compare the cost of coating materials objectively, the standard unit “cost/
m²” of coated surface has established. With respect to this, the following important factors 
such as price per kg of delivered coating, transfer efficiency of the application process, the 
application rate in g/m² and the “solid” (percentage of non-volatile constituents of the coat-
ing) have to be taken into account. 

Particularly the EU directive “on the limitation of emissions of volatile organic com-
pounds” (VOC¹ Directive 1999/13/EU) as another driving force has contributed to changes of 
processes and technologies (see Chapter 9). Thus, in the last 10 years a massive exchange of 
solvent-borne coating systems by UV-curable coating systems and water-borne coatings has 

1 VOC = volatile organic compounds

Figure 1.1: Percentage of the coating costs to the total manufacturing process of a furniture  
component



History and development of furniture coatings

15

taken place. The change of technology from strongly solvent-based wood coating systems to 
more environmental-friendly wood coatings is in full progress, and will accompany us primar-
ily during the next years in Europe. In the meantime, the powder coating (see Chapter 3.1.9) 
on solid wood and wood materials such as MDF² successfully is utilized in the industrial pro-
duction of furniture in Europe and displaces the classical application with water-borne coat-
ings over there. Completely new developments in the field of wood coating can be expected 
in the field of nanotechnology. The use of nanoscale particles refers to the improvement of 
the mechanical and technological properties, such as extremely scratch-resistant coating sur-
faces. Nanotechnology also is capable to enhance certain functions of the coatings such as 
an antibacterial effect or photocatalytic properties.

Since around 1989, there is a quite some focus on possible health effects with respect to 
residual emissions from coated furniture surfaces and wood surfaces [2]. Under the title “Certi-
fied Indoor Air”, organizations and institutions set themselves the task to use reference values 
or evaluation schemes (AgBB = German Committee for Health-Related Evaluation of Building 
Products), respectively, and procedure in the health-related assessment of emissions of vola-
tile organic compounds (VOC and SVOC³) from building products. The AgBB scheme, which 
currently is under discussion, should enable a better evaluation of the health-related assess-
ments of the residual emissions [3].

In the field of outdoor coating, longer warranty periods of at least 5 to 10 years for di-
mensionally stable components such as windows are required by the consumer. This has led 
to a continued development of modern aqueous coating systems. At present, in the market 
of wood windows a UV curing, opaquely pigmented multi-layered construction whose re-
furbishment intervals amount 8 to 10 years according to the manufacturer’s specification is 
used in addition to water-borne systems. The next few years will decide whether the propa-
gated benefits of UV curing window coating systems confirm in practice. At the same time, 
the consumption of resistant tropical woods exceeds re-growth of these woods, so that a se-
rious shortage may be experienced in the future. For this reason, one tries to make fast-grow-
ing native tree species very durable by chemical reaction (acetylation or “Belmadur” method) 
or by thermal treatment (“thermally modified wood”).

The implementation of the so-called VOC Directive on the limitation of emissions of vol-
atile organic compounds by restricting the marketing of solvent-based paints and coatings 
influences the further development of window coatings as well as other coating systems for 
buildings.

1.1 History and development of  
 furniture coatings
Due to the cultural-historical significance of furniture and its influence on the coating tech-
nology, this chapter is dedicated to the historical development of the furniture coating. The 
historical development of other wood-based substrates such as parquet or wood floors and 
their coating is shortly outlined explicitly in the Chapters 2.5 and 3. 

The purpose of coating of wood and wood-based materials, especially furniture, served 
not only to protect the wood surface, but also provided a representative role up to the art 
object [4]. The early stages of the decorative coating of furniture are in Europe in the 15th  

2 MDF = medium density fibreboard 
3 SVOC = semivolatile organic compounds 



Introduction

16 

century, while the first coating methods and coating raw materials are much older. The his-
tory of the coating and of the process of coating applications has passed two developments 
which are initially independent of each other [5]. The first older development was the Chinese 
paint art (Figure 1.2) whose early stages date back about six to seven thousand years. Only 
after the landing of the Portuguese in Japan in the year 1543, the paint art from Japan and 
China has been made accessible to the Europeans.

At that time, various techniques of the paint art for the coating and artistic design of fur-
niture and equipment made of wood and other materials already were maintaining a high 
technical stand. Among other things, the milky sap from the bark of the Japanese lacquer 
tree Rhus verniciflua also referred to as Rhuslack served as a coating. Other techniques of the 
Chinese varnish art were relayed by missionaries in the 16th century in Europe. At this time, 
the seafaring Europeans imported the finished varnish ware from East Asia on a large scale. 
The increasing demand soon meant that one extensively is employed with the development 
of coatings in Europe. Since the Asian raw materials were not available, well-known domes-
tic resins were used with great excess by combination with drying oils.

In Europe, the second independent trend was known long before the East Asian coat-
ing techniques. It has its origin in the European-Islamic culture. The word “Lakh” and thus 
the today commonly used word “varnish” comes from the ancient Indian “Sanscrit language” 
and means “hundred thousand”. This is based on the large number of lacquer scale insects 
whose product of excretion is known to us as shellac. This product arrived Europe via medi-
eval trade routes.

Even before the introduction of shellac in Europe, in ancient times solutions of spruce 
resin in linseed oil, also known as varnishes, existed which served as protective layers of 
painted objects. By the year 1000 AD, the monk Rodgerus of Helmershausen reported for the 
first time in his book Schedula Diversarium Artium on the production of coating materials 
and gives detailed instructions for the design of recipes.

Figure 1.2: Chinese paint art Source: Verband der deutschen Lackindustrie e.V. (VdL)
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As recently as at the beginning of the 15th century, the colourful design of the furniture by 
decorative painting became the fashion in Italy. From there, it quickly spread to all coun-
tries of Europe. During this period, a craftsman-like direction originated from the carpen-
ter trade including professions such as joiners, cabinet-makers, manufacturers of boxes or 
carpenters [6].

In the 16th and 17th century, in Europe the East Asian and European-Islamic line of de-
velopment merged into a common European varnish art. Together with the handicraft var-
nishing of musical instruments, the decorative design of furniture is a key driver for the de-
velopment of the coating technology up to the beginning of the 20th century. The varnish 
application usually was done with a brush which consisted of a mixture of horsehair and 
plant fibres. As early as 1400, the guild of “Pürsten Pinter” which entirely was devoted to the 
manufacture of brushes arose. The varnishing of furniture always has been based on the ap-
plication of paint brushes.

Already for the late Baroque period, the great importance of the coating technique has 
passed on to the construction of furniture [7]. The coating of wood-based substrates with trans-
parent coatings or varnishes played a subordinate role up to the beginning of the 19th cen-
tury. However, it was the most important initial point for the development towards modern 
surface treatment. The recipes known at this time based on materials such as shellac, amber, 
waxes, mastic, dammar, benzoin, sandarac and copal. Moreover, oxidatively drying oils such 
as linseed oil which was used not only as a “reactive solvent” were used. Suitable solvents 
were spirit of wine (ethanol) and turpentine oil. In the course of time one learned to improve 
the deficiencies of the slow drying of natural resins and oils by simple chemical reactions.

Until about the year 1870, the coaters have produced their own coatings and lacquers. 
Now many coating factories and oil mills were built which provided the user finished coat-
ings. The esterification of resins and copal with glycerine is known since about 1884.

Other milestones are to be mentioned in the epoch of historicism (approximately 1850 
to 1900). During this time, Michael Thonet developed a technique for the serial production 
of chairs and in large numbers. In this era of industrialization (1848 to 1871), the manual 
work was supported by machines or completely replaced in many companies. For example, 
in larger fabrics the elaborate polishing of a wooden surface coated with shellac has been 
widely adopted by polishing machines. Also, the relatively hard cellulose nitrate coating sur-
faces were very well suited for polishing machines. As from the year 1925, cellulose nitrate 
lacquers were used in the furniture manufacture.

At the beginning of the 20th century, the furniture industry used bale polishes for the ap-
plication of coating in the production of high-gloss furniture such as in the “Gelsenkirchener 
Barock”. At that time, attempts were made to work less time-consuming and to minimize the 
time intervals between the cycles of polishing by using bale polishes with higher concentra-
tions. The necessary resting periods up to the final treatment were achieved by temporary 
storage for weeks. Only then, the final topcoat was established. Due to enormous progress in 
the coating technology as well as due to the industrial manufacturing of coatings, partially 
produced from renewable raw materials and synthetic film-forming agents such as cellulose 
nitrate (CN) and short oil alkyd resins, the way for today’s coating technology was preor-
dained. The redesign and renewal of surface technologies took place by means of the devel-
opment of the spray technique (approximately in the year 1895). This was done in parallel 
with the introduction of the above mentioned CN coatings. The technical breakthrough of 
CN coatings occurred in the 20’s of the last century, when the assembly line technology in 
the automobile industry required a fast drying coating process.
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Between the years 1925 and 1935, apart from very few exceptions it can be seen clearly, that 
the furniture factories still worked according to the principles of handicraft. Only in the early 
1930, the spray technology was introduced in the furniture industry gradually.

Today’s coating of wood and wood-based materials is less assessed under artistic view-
points than more from the practical viewpoint. According to DIN 68880, today the term fur-
niture is defined as follows: “Furniture is a fixture for receiving goods, to sit, to lie or for the 
execution of any work.”
The main functions of an appropriate surface treatment are:
 – Protection of the surface against mechanical and chemical impacts
 – Design (pattern) of the surface
 – Increase of the practical value (materially and non-materially)
 –  Protection of the surfaces in outdoor applications in the form of physical and/or chemical 

wood preservation.

This point of view arose in Europe, especially in the years after the Second World War. 
In this reconstruction phase, the German furniture industry was able to secure a large mar-
ket share in Europe and achieved the leadership in product innovation and production tech-
nology [8]. Of course, this also benefits the supplier industry, such as the associated machine 
manufacturers, tool manufacturers, metal fitting manufacturers, wood coating manufactur-
ers, manufacturers of glue and wood panels. At that time, many of these manufacturers have 
developed themselves to a world’s market leader. In the 1960’s of the last century, the fur-
niture industry has been accelerated significantly or modified in their working method by 
newly developed through-feed machines, chipboards and fast curing wood coatings. The en-
hanced use of plastics in the manufacture of wood housings in the mid-70’s of the 20th cen-
tury displaced the wood products from this segment. In addition, the significance of the pow-
erful style furniture industries declined dramatically since new furniture trends and tastes 
had an influence. While at the beginning of the 1980’s still a market saturation of mass fur-
niture was recorded, in the mid-1980’s a transition from serial to individual production oc-
curred. Many companies optimized their production (“lean production”). But there also were 
many companies which could not complete the transition to modern times and disappeared 
from the market. The structural change and the associated adjustments were best managed 
by the kitchen furniture industry. The turnover of the German kitchen furniture industry ex-
ceeded 4.39 billion Euro [9] in the year 2016. Of particular importance is the North Rhine-
Westphalian kitchen furniture industry in both the national and the European context. With 
an annual production volume of 1.5 million built-in kitchens (2014) thus every third to fourth 
kitchen in Europe was produced in North Rhine-Westphalia [10]. Due to the merger with the 
new federal states as well as due to the currency exchange of 1:1, the furniture industry of 
the West experienced an enhanced boom over several years, whereas almost all of the six-
large furniture collective combines in the new federal states could not exist in the market. 
Due to the boom years of the merger, export efforts were further neglected culpably. As in It-
aly 30 years ago, today the German furniture producers are faced with the question: “Grow 
or disappear in the insufficiently expandable domestic market”. Due to the efforts of the last 
years, the export of furniture manufactured in Germany is expected to increase from 3 billion 
Euro in the year 1995 to 6.0 billion Euro (2006) [11]. This corresponds to an assumed export 
quota of approximately 28 % for the year 2006. The main European competitor of the Ger-
man furniture industry are the Italian producers. In the tough price competition in Germany, 
the Italian furniture manufacturers have moved to other export markets and are no longer  
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available as suppliers in the German market in the first place. The Italian domestic market 
was no longer capable of expansion in the mid-70’s, so that Italian furniture manufactur-
ers were forced to open up foreign markets. The Italian furniture industry now is one of the 
world’s leading furniture exporters. The Polish furniture companies have adopted the leading 
role of the Italian furniture manufacturers and have displaced the Italian furniture manufac-
turers from the German market. It should be noted that about 60 % of the Polish furniture  
industry are held by German companies. One of the leading furniture exporting countries 
worldwide is China which exported furniture with a value of more than 45 billion Euro in 
the year 2013 [12]. 

Figure 1.4: Furniture production 2012 (EU 28) in billion Euro [12, 13]

Figure 1.3: Global furniture production 2012 in billion Euro [12, 13]
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The proportion of personnel expenses in the German furniture industry in 2003 was 27 % 
for decades, the average size of the company has been 105 employees. In the year 2015, 
the Germans (400 € per capita) together with the Austrians (362 € per capita) and Sweden 
(€ 359 per capita) were the European champion in buying furniture [12]. Looking beyond Eu-
rope’s borders, this trio is even world champion, because potential competitors such as Ja-
pan, USA and Canada are behind them. 

The EU (European Union) furniture industry consists of 8,800 companies with more than 
20 employees each. A total of 600,000 employees are working in these companies. In addi-
tion, there are 80,000 companies with fewer than 20 employees (a total of almost 300,000 
employees). With a percentage of total EU production of over 20 %, Germany is the most im-
portant furniture producer prior to Italy. In foreign markets, furniture “Made in Germany” still 
is very much appreciated. The worldwide furniture production amounted to approximately 
361 billion Euro in the year 2012 (TOP 10). The European furniture production was approx-
imately 42.60 billion Euro in the year 2012 [12, 13].

1.2 References
[1] Goldschmidt, A., Streitberger, H.-J., BASF 

Handbook Basics of Coating Technology,  
Vincentz Network, 2007

[2] Fischer, M., Böhm, E., Erkennung und  
Bewertung von Schadstoffemissionen aus  
Möbellacken, Erich Schmidt Verlag Berlin, 
1994

[3] Wensing, M., Schulz, N., Salthammer, T.: 
Kontrollierte Innenraumluft, Farbe und Lack 
2006, 112. Jahrgang, Nr. 2, S. 61–65

[4] Von Leixner, Othmar: Einführung in die  
Geschichte des Mobiliars, Konrad Grethleins 
Verlag, Leipzig, 1909

[5] Sandmann, M.: Die Geschichte der  
Lackierung und die geschichtliche 
Entwicklung der Lackauftragsverfahren bis 
1940, Semesterarbeit im Studienfach  
Restaurierung/Konservierung der  
Fachhochschule Köln, 8. März 1999

[6] Anonymus: Einblicke in die Geschichte  
der Möbel

[7]  Kunze, P.: Mater.+Tech. 4, 40, (1996)
[8] Haas, D.: Die deutsche Möbelindustrie hat 

eine Zukunft, Holz-Zentralblatt, Nr. 2,  
13. Januar 2006, S. 45–46

[9 Märkte + Tendenzen – Küchenmöbel,  
Gruner + Jahr AG & Co. KG, Nr. 16 Juli 2005

[10] Clusterstudie Forst & Holz NRW, Gesamt-
bericht Juli 2003, Ministerium für Schule, 
Wissenschaft und Forschung NRW und  
Ministerium für Umwelt und Naturschutz, 
Landwirtschaft und Verbraucherschutz NRW

[11] Bundesagentur für Außenwirtschaft (bfai), 
Möbelexporte expandieren kräftig, Artikel 
vom 19. Dezember 2006

[12] Jahrbuch 2005–2006, Die wirtschaftliche 
Lage der Holz- und Möbelindustrie, heraus-
gegeben von: Hauptverband der deutschen 
Holz und Kunststoffe verarbeitenden Industrie 
und verwandter Industriezweige e.V. (HDH) 
und Verband der deutschen Möbelindustrie 
e.V. (VDM), November 2005

[13] European Commission: The EU Furniture  
Market situation and a possible Furniture 
products initiative, Brussels, November 2014 

SILRES® WH, WACKER’s latest innovation for achieving wood hydrophobicity, effectively  
protects wood from its worst enemy: moisture. The functional silicone resin emulsion provides 
long-lasting protection by keeping the water content very low – even after years of outdoor 
weathering. This helps to prevent wood from structural damage caused by swelling and 
shrinking. Plus, thanks to the excellent beading effect, customers can rest assured that they 
have done their best to protect this valuable natural material. 

For further details, visit www.wacker.com/silres-bs. Or contact us via e-mail at info@wacker.com 
or by telephone at +49 89 6279-1741.

CREATING TOMORROW’S SOLUTIONS

7471_AZ_SILRES_WH_en_165x260+5.indd   1 03.04.18   10:03



SILRES® WH, WACKER’s latest innovation for achieving wood hydrophobicity, effectively  
protects wood from its worst enemy: moisture. The functional silicone resin emulsion provides 
long-lasting protection by keeping the water content very low – even after years of outdoor 
weathering. This helps to prevent wood from structural damage caused by swelling and 
shrinking. Plus, thanks to the excellent beading effect, customers can rest assured that they 
have done their best to protect this valuable natural material. 

For further details, visit www.wacker.com/silres-bs. Or contact us via e-mail at info@wacker.com 
or by telephone at +49 89 6279-1741.

CREATING TOMORROW’S SOLUTIONS

7471_AZ_SILRES_WH_en_165x260+5.indd   1 03.04.18   10:03



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

THERE’S MORE!
Discover our other bestsellers:

www.european-coatings.com/shop

Albert Rössler
DESIGN OF EXPERIMENTS 
FOR COATINGS

In order to efficiently develop and 
improve coatings formulations, it 
is essential to analyse the several 
factors affecting their properties. 
This book offers a comprehensive 
overview of the statistical approach 
of design of experiments.

2014, 168 pages, hardcover, 149 €, 
order no. 601
Also available as eBook
order no. 601_ebook

Bodo Müller + Ulrich Poth
COATINGS 
FORMULATION

A step-by-step introduction to 
coatings formulation: this standard 
work imparts the composition of 
coatings clearly, providing advice 
on specific formulations, analyses 
of formulation guidelines, as well as 
various examples of how to devel-
op a real-life paint formulation.

2017, 311 pages, hardcover, 169 €, 
order no. 20031
Also available as eBook
order no. 20032

Jochen Winkler
DISPERSING PIGMENTS 
AND FILLERS

The dispersion of pigments and 
fillers is the most important and 
complex step during paint man-
ufacturing. The book deals with 
physical and chemical basics of 
dispersing. Your benefit: A detailed 
access to dispersion technology 
and basics.

2012, 208 pages, hardcover, 149 €, 
order no. 475 
Also available as eBook
order no. ebook_475

MICROBICIDES IN COATINGS
The new book from Frank Sauer provides 
a comprehensive overview of the working 
mechanisms and possible applications of 
microbicides for coatings – invaluable for 
formulators and technicians as well as for 
business people with a basic knowledge 
of chemistry and biology.

2017, 156 pages, hardcover, 149 €, 
order no. 400, eBook: 20041

EUROPEAN

Dr Frank Sauer finalised his 
PhD in Organic Chemistry at 
the University of Cologne, Ger-
many, in 1993. Ever since, he 
has been working in the coat-
ings i ndustry – since 2012 as a 
 Manager Regulatory Affairs for 
the Lanxess Group.

3RD

 EDI T ION!

SammelAnz_WoodCoatings_03-18_4c_rz.indd   1 27.03.18   11:46



23

Introduction

2 Wood and wood-based  
 materials

2.1 Introduction
In Germany and Europe, until 150 years ago wood was the dominant material apart from nat-
ural stone. For Scandinavia, Canada, USA and many other countries wood has retained this 
position until today. With the beginning of the industrialization in Central Europe, however, 
wood dramatically lost in importance. In association with a requirement for standardization 
and top performances in the production with always the same quality, wood could not meet 
the economic criteria. Thus, wood-based materials have been developed with more homoge-
neous and new properties which covered all areas of applicability [1-4]. The organic and nat-
ural material wood is degraded by environmental factors as well as by organisms, and it is 
incorporated into the material cycle in terms of its basic components. In order to protect it 
from the effects of water as well as pollutants and thus from deteriorations, but also to give 

Jorge Prieto, Jürgen Kiene: Wood Coatings
© Copyright 2018 by Vincentz Network, Hanover, Germany

Figure 2.1: Schematic structure of spruce wood (left) and beech wood (right). Meaning: A =  
growth ring borders, B = early wood, C = late wood, D = medullary rays, F = tracheids, G = wood fibre,  
H = vessels Source: BASF SE
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a decorative appearance to the wood, wood already has been treated early. The surface treat-
ment of wood and wood-based materials still continues to play an important role in the as-
sessment of wood components. However, in contrast to other substrates wood has specific 
properties that affect the surface finish, or their knowledge in the formulation of wood coat-
ings, establishing procedures etc. is required, respectively [5-8].

2.2 Microscopic wooden construction
Wood is a natural porous composite material. On the one hand, the pore structure ensures a 
vivid surface as well as a penetration of liquids such as coating materials into the wood sur-
face. On the other hand, the pore structure requires a special consideration such as the coat-
ing of coarse-pored wood. With regard to the history of evolution, conifers are older and 
much simpler structured than hardwoods. Figure 2.1 presents schematically the wood struc-
ture as well as the significant structural differences between deciduous woods and conifer-
ous woods.

The porosity is of great importance for many processes of the processing and utiliza-
tion of wood such as plasticization, coating, bonding and impregnation [9]. Very porous wood 
only has a low compressive and tensile strength. Thus, wood deforms upon pressing, grind-
ing and buffing and is susceptible to cracking especially where large vessels occur close to the 
surface. Truncated vessels (pores) which are not filled with coating voluntarily due to their 
narrow cross-section and due to the air trapped in them cause specific coating defects. With 
dark wood, the pore wall has to be coloured very strongly. Otherwise the pore wall gleams 
through silvery grey after painting. Surfaces with exaggerated pores also have an equally un-
sightly grey shimmer. An air bubble is then located between the coating and wood surface. 
Obliquely incident light is reflected at the interface coating/air, and the pore appears grey [10].

2.3 Physical and technological properties  
 of wood
Wood can be characterized in a simplified manner as a material which mostly consists of 
only a few millimetre long fibres and a binder. The well glued wood fibres contribute to an 
exceptional strength of the wood. With regard to the strength properties, wood corresponds 
to a modern multi-phase material and also shows its anisotropy. This is caused by the paral-
lel aligned wood fibres oriented toward their height growth. Wood has different properties 
in the three main axes longitudinal (in the direction of fibres), radial (in the direction of the 
wood rays) and tangential (in the direction of the growth rings). The cutting directions clearly 
are visible in Figure 2.2 and described in Table 2.1.

This anisotropy is used in building materials such as planks, beams and boards [11, 12]. An 
important key figure specific for wood is the bulk density, which of course has a great influ-
ence on the strength properties of wood. The bulk density is not only different from wood to 
wood, but also varies within a wood species.

In temperate latitudes, there primarily exists a difference in the bulk density between 
early and late wood. The bulk density of wood is between 0.1 kg/m³ (balsa) and 1.3 kg/m³ 
(lignum vitae). It increases with the proportion of cell wall substance and is inversely propor-
tional to the pore space of the wood species. With increasing pore radius of the wood spe-
cies, also the relative pore volume and thus the relative penetration depth of coatings in the 
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pores increases. The pore volume is a parameter for many technological characteristics which 
determine the performance characteristics of the wood.
Among them are:
 – Impregnability of wood
 – Degree of swelling and degree of shrinkage
 – Wear resistance (hardness, wear resistance)
 – Elastomechanical properties

Pores with a macroscopic structure (vessels) have a 
diameter of 10-1 to 10-5 cm, while pores with a mi-
croscopic structure (wood-cell structure) have a di-
ameter of 10-5 to 10-7 cm.

2.3.1  Behaviour of wood 
against humidity

Due to the submicroscopic structure of wood, its 
material humidity adapts to the ambient air humid-
ity. It is hygroscopic. With decreasing relative hu-
midity, the wood dries while with increasing humid-
ity it is wet. The moisture content of the wood is 
determined as the wood humidity u. The wood 
humidity not only influences the coatability but also 
properties such as strength, elasticity or resistance 
to fungi and insects.

Sorption behaviour and capillary water 
uptake
The system wood/water can be grouped in three 
limit states:

Figure 2.2: Cutting directions of the 
wood, at the top = radial cut,  
in the middle = tangential cut, at the  
bottom = cross-section, M = medullary 
ray, J = growth ring 
 Source: Deutsche Gütegemeinschaft Möbel e.V.

Table 2.1: Description of the anatomical main cutting direction

Cutting direction Incision Synonym

Cross section (Q)

the growth rings and the course of 
the wood rays are visible on the cross-
sectional area the wood rays of hard-
woods are more developed than those 
of softwood

Perpendicular to the trunk axis, in the 
direction of wood rays

Brain cut

Tangential cut (T) Parallel to the trunk axis,  
perpendicular to the wood rays

Flat cut 
tendon cut

Radial cut (R) 
cut wood rays are referred to as mirror

Through the trunk axis in the  
direction of the wood rays

Longitudinal cut 
mirror cut 
rift cut
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 – Absolutely dry
The absorptive area begins at the so-called absolutely dry state with a moisture content of 
u = 0 %. With this, the state is defined which is established on withdrawal of the humid-
ity at temperatures of 103 to 105 °C up to constant mass by means of technical means.

 – Fibre saturation
When the fibre saturation humidity (uF) is reached, the cell walls are saturated with wa-
ter, and the cell cavities still contain any dripping liquid water. The fibre saturation point 
is the area of the maximum level of bound water. Generally, there are the following fibre 
saturation areas in the different types of wood:

 º European wood species uF = 28 to 35 %
 º Conifer wood general uF = 30 %
 º Deciduous woods with heartwood colouring uF = 22 to 26 %

Upon reaching the fibre saturation point, no further swelling and thus no impact on the 
strength properties occurs.
 – Water saturation

The micro- and macro-system of the wood is maximally filled with water. Depending on 
the density of the wood, the wood humidity content is between 77 % (Balsa) and 31 % 
(lignum vitae). Wood has a large specific internal surface area. For example, spruce has a 
specific internal surface area of 220 m²/g. It has the ability to absorb water and steam as 
well as to release the absorbed moisture again. Depending on the moisture content and 
depending on the temperature of the surrounding air, a certain equilibrium moisture can 
be obtained. Depending on the climate zone, wood products retain an average moisture 
content of 12 to 21 % outdoors, while in living rooms wood products retain an average 
moisture of around 8 to 10 %. Table 2.2 lists the wood equilibrium moisture contents of 
spruce at different values of air humidity and a temperature of 20 °C.

The differences in the equilibrium moisture content of domestic wood species are low. One 
exception are the tropical wood species. The equilibrium moisture content of the wood can 
be reduced significantly by means of thermal or hydrothermal pre-treatment (for example 

Table 2.2: Wood equilibrium moisture content of spruce wood at various relative humidities of air  
(T = 20 °C)

Type of wood Relative humidity of air in %
35 50 65 75 85

Spruce 7.0 9.2 11.8 14.4 18

Table 2.3: Recommended values of the mass-based mean wood humidity according to DIN 1052-1 for 
various mounting conditions

Field of application Um [%]

All-round closed building
With heating system

Without heating system

6–12

9–15
Covered open buildings 12–18

Constructions being exposed to the weather conditions on all sides 12–24
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high temperature drying). A significant reduction in the wood humidity occurs at a temper-
ature of about 200 °C. The heat-pressure treatment reduces the content of hemi-cellulose 
and thereby the moisture content as well as improved dimensional stability. The equilibrium 
moisture content and the shrinkage behaviour of wood will be reduced by up to 50 % by 
means of the thermal treatment at temperatures between 180 and 240 °C. The process of 
acetylation also induces a substantial reduction in the equilibrium moisture content and im-
proved dimensional stability (see Chapter 2.4.3.1). Below the fibre saturation, the water up-
take of the wood occurs via diffusion and/or via capillary forces. The uptake rate of water 
decreases with the increasing density of wood. Too wet or too dry processed wood induces 
tensions in the moisture balance to the ambient climate and in the formation of cracks in the 
wood or in the coating, respectively. In general, the wood humidity should be <12 % for the 
exterior coating and >10 % for the interior coating. The reference values of wood humidity 
in the wooden construction should be respected according to DIN 1052-1 (see Table 2.3). 
The water uptake per unit time in the fibre direction significantly is enhanced in comparison 
to the water uptake in radial or tangential direction. This statement also applies to the up-
take of moisture from the air. For large cross sections (e.g. laminated wood beam), the equi-
librium moisture content is achieved over the entire cross-section only after a long storage 
time. Thus, a full rewetting of dry spruce wood is very time consuming.

2.3.1.1 Swelling and shrinkage of wood
Due to the above-described absorption as well as delivery of water molecules into the molec-
ular structure of the wood, wood swells during moisture absorption and shrinks during loss 
of heat. The anisotropy of the wood causes different degrees of swelling and shrinking in the 
3 main directions of the wood. The following values can be kept in mind as a rule of thumb:
 – Tangential approximately 10 % (in the direction of the growth rings)
 – Radial approximately 5 % (in the direction of the wood rays)
 – Longitudinal approximately 0.1 % (in the direction of the fibres)

The shrinkage and swelling are thereby proportional to the alteration of the moisture con-
tent. Table 2.4 presents the differential shrinkage dimensions according to DIN 68100 for 
selected wood species.
According to DIN 1052-1, calculated values for the degree of shrinkage and swelling also are 
available (see Table 2.5). For specified types of wood, it is usually calculated with the mean 
value of tangential and radial values, since the actual development of the growth rings in the 
sawn wood is not predictable.

The swelling and shrinkage of wood and wood-based materials naturally have a major 
impact on the coating, because the coating has to survive these dimensional variations of the 
wood without adhesion losses or cracking.

2.3.2 Hardness of the wood
Another technological key feature of the wood is its hardness. Hardness is defined as the re-
sistance of a body which it opposes to a penetrating harder body under an external force. 
The hardness primarily is determined by means of the ball indentation hardness test accord-
ing to Brinell (HB) at a moisture content of u = 12 % (DIN EN 1534). The bulk density, the  
fibre direction, the relative amounts of early wood and late wood, the contents of lignin  
and resin as well as the moisture have an impact on the determination of hardness. For  
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example, the HB-value of spruce is 1.2 perpendicular to the fibre direction, and 3.2 in the fi-
bre direction. The hardness and, thus, the choice of wood plays an important role especially 
in the coating of floors and parquets. The Brinell hardness demonstratively gives statements 
about the dangers of shoe heels. It was reported by Emmler [14] that only floors with a Brinell 
hardness less than <25 MPa have deep indentations. However, laminate floorings do not ex-
hibit indentations.

Table 2.4: Differential shrinkage of different wood species according to the standard DIN 68100

Wood species
Differential shrinkage V in %  

per 1 % wood moisture content change
Radial Tangential Medium

Afromosia 0.18 0.32 0.25

Maple 0.15 0.26 0.21

Bongossi (azobé) 0.31 0.40 0.36

Beech 0.20 0.41 0.31

Douglas 0.15 0.27 0.21

Oak 0.16 0.36 0.26

Ash tree 0.21 0.38 0.30

Spruce 0.19 0.39 0.29

Pine 0.19 0.36 0.28

Larch 0.14 0.30 0.22

Meranti. red 0.11 0.35 0.18

Sapeli mahagoni 0.24 0.32 0.28

Teak 0.16 0.26 0.21

Table 2.5: Calculated values for the shrinkage and swelling according to the standard DIN 1052-1

Wood species

Values for shrinkage and swelling for 
the change of wood moisture content 
remaining 1 % beneath the fibre  
saturation range 

1 Spruce, pine, fir, larch, douglas, southern 
pine, western hemlock, glued laminated 
wood, oak

0.241)

2 Beech, keruing (yang), angelique,  
greenheart 0.301)

3 Teak, afzelia, merbau 0.201)

4 Azobé (bongossi) 0.361)

1 Average value of the values tangential and radial to the growth ring or growth zone, respectively
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2.4 Chemistry of the wood,  
 wood components and wood protection
In addition to the morphology, the chemistry of the wood also has a great impact on the 
coating result. All types of wood mainly consist of cellulose (40 to 50 %) as scaffold mate-
rial, lignin (20 to 30 %) as a matrix (binder) and wood polyoses (15 to 25 %). Wood compo-
nents such as resins, oils, waxes, alkaloids, dyes, tannins, inorganic and organic acids as well 
as salts (see Figure 2.3) occur in amounts between 1 % and 30 %. These wood components 
affect the properties and usability of the wood in a different manner depending on the type 
and quantity of their storage.

Lignin is the structure-building component of the lignified plant tissue. It is composed of 
a high polymer compound consisting of phenyl propane units. The amount of these phenyl 
propane units varies depending on the type of wood. This amount accounts for 25 to 32 % for 
conifers and 18 to 32 % for hardwood. The water-insoluble lignin is cleaved photolytic into 
water-soluble compounds by means of UV radiation. This situation is reflected in the dark-
ening or changes in colour of the wood, in the discoloration under transparent coatings and 
in the yellowing of so-called wood-containing papers. Cellulose and polyoses also may con-
tribute to the discoloration under UV irradiation. These discolorations are weaker, but can be 
emphasized in the long term. The photochemical degradation of cellulose also contributes to 

Figure 2.3: Chemical composition of the wood
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the reduction of the mechanical strength. Especially in exterior applications, primarily cellu-
lose and polyoses are degraded under weathering.

2.4.1 Wood components
The term ‘wood components’, also called accessory components, refers to all materials in the 
wood that do not belong to the structural elements. These components may impact the prop-
erties and the utility value of wood in many respects. The wood components are responsi-
ble for the smell and colour of the wood, and often the reason for discolorations. The con-
tent of these components depends on the type of wood and their location. The warmer the 
growth area, the more wood components are in the woods. Thus, the resistance to fungi and 
insects is increased. Furthermore, a higher lignin content, an enhanced hardness and density 
are found in these woods [15]. According to Gruber [16], wood components are divided into dif-
ferent groups:

 – Inorganic components, also referred to as “ash”
 – Fats and extractives
 – Natural resins

2.4.1.1 Inorganic components
The inorganic constituents especially include calcium, potassium and magnesium compounds 
as well as trace elements such as cations of iron, manganese, boron, etc. [17]. The content of 
the inorganic components amounts between 0.2 % and 1 % in moderate zones of growth. It 
is partly about 5 % in tropical areas.

2.4.1.2 Fats and extractives
These include all low molecular weight, hydrophobic compounds of the wood. Essentially, 
this involves substances listed in Table 2.6. 

The listed fats mainly are glycerol esters of long chain fatty acids with a chain length of 
16 to 18 carbon atoms. Other chain lengths are less common. Inhibitory wood ingredients 
such as polyphenols can delay the curing of unsaturated polyester coatings and UV curable 
coatings for example [18]. Moreover, the inhibitory wood ingredients may cause discolorations 
when they react with dyes that are dissolved out from the coating. Tannic acid e.g. from oak 
wood can cause spotted discolorations in contact with other components such as metals or 
antifungal agents. This particularly is observable in water-soluble coatings or wood stains 
as most dyeing wood constituents are water-soluble. For example, blue to blue-black discol-
oration on oak and other tannin-rich woods are feared. In this regard, wood components 
are not the trigger for this discoloration. This discoloration is triggered by iron impurities  
in the form of abrasion of tools (fillings and grinding chips) or by the use of iron-contain-
ing water.

2.4.1.3 Natural resins
Natural resins (see Table 2.7) are a mixture of different chemical substances such as resin 
acids (resinol acid), resin alcohols (resinols), esters of resin acids and resin alcohols, phenyl 
derivatives with the properties of tanning agents (resino tannol) as well as unsaturated, par-
tially oxygen-containing compounds. Turpentine is the most famous extractive mixture oc-
curring together with resin. As a solvent, turpentine has the task to dilute the incorporated 
resins and allow it to flow. Since the components of turpentine are volatile, the components 
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reduce with increasing storage time of the woods. Monoterpenes such as 3-carene or cam-
phor are components of natural resin which may cause allergic reactions in sensitive people. 
Beside α- and β-pinenes and other monoterpenes, these ingredients are detected even in high 
amounts during the measurement of the remaining emissions of pine containing furniture 
components (see Chapter 9.2.1.2).

Roffael and Shepherd [19] describe that chipboard panels consisting of fresh pine wood 
chips after gluing with urea-formaldehyde resins have significantly lower bonding strengths 
than chipboard boards consisting of embedded wood chips. These justify the higher bond-
ing strength of chipboards consisting of embedded wood chips with a significantly lower 
content towards the fresh pine wood chips. Resinous wood components can cause precipita-
tions at the lacquer surface. These precipitations mainly are enhanced by high temperatures 
and dark coatings in the outdoor area or in the coating process. Precipitations cannot be pre-
vented completely by means of coatings. There are special insulating primers, for example 
for resinous pine trees or tannin containing woods. Heat supply also may mobilize wood com-
ponents which usually do not cause damages. Thus, often “grease spots” are formed at the 
Tchitola veneer already at a temperature of 40 °C by exudation of low-melting impurities [20].

2.4.1.4	 Influence	of	the	pH	value
The pH value also may influence the curing and discoloration of coatings or adhesions. In 
some glue binders, a low pH accelerates the curing and thus shortens the open time of the 
glued joint. Other dependencies of the pH value and certain wood extractives on the coating 
of wood are listed in Table 2.8 [21, 22].

Table 2.6: Extractives of wood according to Gruber [16]

Group Chemical structure
Terpenes Cyclic diisoprenoids

Terpenoids and resins Diterpenes

Fats Glycerides

Waxes Long-chain esters

Lignans Degradation products of lignin

Flavenoids Flavanes, flavones

Tannins (hardwoods) Polyphenoles

Stilbenes (conifers) Diphenylene ethene

Table 2.7: Ingredients of natural resins according to Gruber [16]

Resin component Enclosed group of substances
Resin acids (resinol acids) Abietic acids, pimaric acids, palustrine acids

Resin alcohols (resinols) Diterpene alcohols

Phenols Polyhydric phenols, gallic acid ester

Resin esters Esters from resin acids and resin alcohols

Unsaturated compounds Monoterpenes, sesquiterpenes and diterpenes

Turpentine Pinene, 3-carene, camphor

Etherial oils Alcohols, aldehydes, ketones, ...
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2.4.2 Wood protection
The term wood protection refers to all measures to prevent or retard a depreciation in value 
or destruction of wood or wood-based materials. Wood has the following disadvantages:
 – Wood can be destroyed and degraded by fungi, insects and microorganisms
 – Wood is hygroscopic. Wood may absorb or deliver moisture and swells or shrinks as a  

result of this
 – Wood is flammable

For the reasons mentioned above, wood must be protected during outdoor use if the natural 
durability is not sufficient. For load bearing and reinforcing components, these measures are 
summarized in DIN 68800 Part 2. In addition, weather protection by coatings (physical pro-
tection of wood) and/or chemical wood protection by paints may be required [23, 24].

Table 2.8: pH values of exemplary wood species and effects of ingredients on the coating Source: [5]

Wood species pH value
Nature and impact of the ingredients  
upon the coating

Dedicuous wood

Afrormosia 4.5 Retarding the curing, discolouring, corrosive on Fe metals 

Afzelia 4.9 Retarding the curing, discolouring

Iroko 6.4 Polyester coating damaging ingredients

Maple 5.1 Risk of discoloration

Birch 4.8 Generation of an inactive surface layer by means of fatty 
substances

Beech 5.4 Good pickling ability and coatability

Oak 3.8 Tannin-rich, discolouring, blue in the presence of  
Fe metals

Framire 4.1 Tannin-rich, discolouring, dark colouration in the presence 
of Fe metals

Merbau 4.3 Discolouring

Mansonia 4.3  to  6.2 Contains ingredients inhibiting the curing of polyester 
coating

Sipo 6. Retards the curing, discolouring
Teak 5.1 Often formation of veils

Coniferous wood (softwood)

Pine 5.1 Rich in resins, risk of resin discharge with increasing  
temperature

Spruce 5.3 Possibility of minor resin discharge

Larch 4.3 Rich in resins, risk of resin discharge, possibly discolouring

Douglas fir 3.5 Risk of resin discharge, discolouring

Pitch pine 3.5 Rich in resins, risk of resin discharge

DIN 68800: Categorization in hazard classes, EN 335: Categorization in application classes
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2.4.2.1 Natural durability
The natural durability of numerous wood species is summarized in DIN EN 350-2 (natural 
durability of wood to fungal and insect infestation). The commercial wood classes and their 
resistance classes are listed in Table 2.9. The indication of the resistance class refers to the 
heartwoods. The sapwoods have a lower resistance without exception. The durability classes 

Table 2.10: Hazard class (HC) according to DIN 68800-3

Hazard 
class Use Exposure by

Insects Fungi Leaching
Mildew-
rotten-
ness

0 Inside installed wood, constantly dry no 1) no no no

1 Inside installed wood, constantly dry yes no no no

2
Wood that is exposed not to the ground con-
tact nor to the weathering or leaching even di-
rectly; a temporary humidification is possible

yes yes no no

3 Wood is exposed to weathering or condensa-
tion, but not to ground contact yes yes yes no

4 Wood in permanent ground contact or exposed 
to continuous strong humidification yes yes yes yes

Table 2.9: Some commercial wood species and their resistance class according to DIN EN 350-2  
(DIN EN 350-2 implies statements on the natural durableness of 120 wood species)

Wood species Residence class
Oak, european 2

Oak, american 2 – 3

Spruce 4

Framire 2 – 3

Hemlock 2 – 3

Pine, heartwood 3 – 4

Pine, sapwood 5

Larch, heartwood 3 – 4

Niangon 1 – 2

Oregon pine, douglasie 3 – 4

Robinia 1 – 2

Red meranty 2 – 4

Sipo mahogany 2 – 3

Fir 4

Teak  1 – 3*

Western Red Cedar 2 – 3

* Each worse classification for wood from plantations 
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are organized so that the class 5 exhibits the least (not permanent) and class 1 the highest 
(very durable) natural resistance [25]. 

Those wood species whose natural resistance does not meet the requirements of the ap-
plication areas (risk classes according to DIN 68800-3 and EN 335¹) must be protected by 
means of suitable wood protection measures. 

These measures may consist of structural and chemical measures according to DIN 
68800, part 1 and 3. The standards DIN 68800-3 and DIN EN 335-1 consistently classify 
wood structures in so-called hazard classes (HC) or application classes, as shown in Table 
2.10. The higher the hazard class, the greater the biological exposure to which the wood is 
subjected.

2.4.2.2 Constructive wood protection
The conditions favouring humidification, insect infestation, fungus infestation, etc., have to 
be avoided in the planning and construction of wooden structures. Constructive (structural) 
wood protection primarily is a reduction in moisture stress or a quick discharge of water 
and a prevention of an uncontrolled insect infestation. If the moisture content of the wood 
is not significantly above 20 % over a long term, a fungal infection is not expected (HC 0). 
The following incomplete basic principles have to be complied with the constructive wood 
protection:
 – Protection against rainfall and splashing water
 – Protection against humidity conduction from water, soil or neighbouring components
 – Protection against formation of condensation water in wood constructions
 – Humidity protection during the construction
 – Appropriate wood quality and avoidance of cracks
 – Good ventilation of the total wood construction
 – Chamfering of end grain surfaces, still better coverage
 – Formation of eaves
 – Rounding off of sharp edges
 – Protection of horizontal wood components
 – Rear ventilation of exterior claddings

2.4.2.3 Chemical wood protection
Chemical wood preservatives and procedures should only be applied if all constructive possi-
bilities of wood protection have been exhausted or are not possible by the design. Chemical 
wood protection is achieved by the application or impregnation of the wood with chemical 
wood preservatives. According to DIN 68800 part 3, the chemical wood preservatives have 
to feature the mark of conformity of the German Institute for Building Technology (DIBt), 
provided it deals with load bearing wood structures that are subject to building regulations. 
For all other components, chemical wood preservatives with a mark of conformity of the 
RAL Quality Association Wood preservatives should be used. The chemical wood protection 
is mandatory regulated²) in DIN 68800. The use of wood preservatives always requires the 

1 DIN 68800: Categorization in hazard classes, EN 335: Categorization in application classes
2 The DIBT directory of wood preservatives [27] annually published by DIBt contains a list of all wood preserva-
tives with a Building Inspectorate Approval, all wood preservatives with a RAL quality label and protection agents  
against blue staining fungi according to the VdL Directive, however, without the text of the approvals, thus with-
out warranty.
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use of biocides, because organisms that attack or destroy wood should be cauterised or re-
pelled by means of chemical wood preservatives. According to § 3b, section 1, no. 2 of the 
Chemicals Act, biocidal active substances are substances with a general or specific effect on 
or against harmful organisms that are intended for use in biocidal products. Microorganisms 
including viruses or fungi having an equivalent effect and purpose are classified as such sub-
stances. Wood preservatives have to be reported to and approved by BAuA (Federal Office 
for Occupational Safety and Health).

The main principles for the use of wood preservatives are presented in a simplified form 
in Table 2.11 for the different hazard classes according to the standard DIN 68800-3 [26]. 
Wood preservatives are preparations which generally consist of active ingredients (biocides), 
binders (for fixation), emulsifiers, pigments, solvents and other auxiliaries.
Chromium compounds in wood preservatives mainly are used to fix the active ingredients 
in the wood, thereby the leaching can be prevented effectively. The use of chromates is con-
troversial due to their toxicity. The authors just want to refer to TRGS 618 “Substitutes and 
restrictions for use of chromium (VI) containing wood preservatives”. There exists a vari-
ety of methods [28] for the chemical wood protection treatment. A distinction especially is 
made between pressure impregnation, dip impregnation (storage process) and methods for 
surface treatment. In the pressure impregnation, a complete penetration of the sapwood is 
achieved with wood preservatives (full protection). In the storage process (long-term immer-
sion) woods have to submerged over a long period of time (24 hrs. up to several days) com-
pletely. The penetration depth has to be greater than 10 mm (depth protection); otherwise 
it is a pure edge protection. Depending on the type of wood, a penetration depth of several 
microns up to several mm is achieved with this method.

Most heartwoods are difficult to impregnate due to their anatomy. However, it is espe-
cially important to soak the less durable sapwood as deep as possible and with this to protect 
it. Woods with direct ground contact, such as palisades, are a good example for the field of 
application in which a premature destruction due to an infestation by fungi only can be pre-
vented by the use of naturally durable wood species or by a preventive chemical protection. 
This usually is achieved with the boiler pressure impregnation method.

Table 2.11: Field of application of wood preservatives according to hazard classes [26]

Type of wood preservation agent

Field of application/HC

HC 1 HC 2 HC 3 HC 4
Water-
borne

Not fixing x x – –
Fixing Chromate-

containing
Without Cu (CF, CFB)

with Cu  
(CK, CKB, CKF, ZKF)

with arsenic (CKA)

x

 
x

–

x

 
x

–

–

 
x

x

–

 
x

x
Chromate-
free

Without Cu (Quat 1,  
triazols

with Cu (Cu-Quat 1,  
Cu-HDO 2, Cu-triazols)

x 

 
x

x 

 
x

x 

 
x

– 

 
x

Others Triazols pyrethroids x x x –
Solvent borne x x x –
Tar oils – – x x
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The penetration depth of anti-blueing agents in pine tree sapwood has to be greater than 1.5 
mm (inspection according to EN 152). Thus, the user cannot achieve a full chemical protec-
tion against wood-destroying fungi by means of a brush. If the wood moisture content inside 
the wood permanently amounts more than 30 %, there exists the danger of putrefaction in 
the interior of the wood, especially in larger sized wood cross sections despite chemical wood 
protection (surface treatment processes) and coating. Wood-destroying fungi partially can be 
active only far above the fibre saturation³). Wood-discolouring fungi (blue-stain fungi) do not 
infest resistant wood species such as sapwood of pine tree species in excess of 18 to 20 %. 
In such cases, an anti-sapstain preservative, often combined with an agent for mould infes-
tation, is useful. However, it is not a chemical wood preservative according to the standard 
DIN 68800-3. Moisture protective measures against insects are ineffective. However, smooth 
and crack-free surfaces can prevent oviposition on non-resistant wood species and thus an in-
festation of the construction.

2.4.3	 Chemical	and	thermal	modifications	of	wood
The chemical and thermal treatment is used to make wood more dimensional stable and du-
rable possible without the use of wood preservation agents. It is also important that woods 
of inferior quality are used to obtain more high-grade and more homogeneous woods for the 
coating by means of a finishing process. Besides improving the durability of the wood, the 
process of wood modification partly results in an increase in the hardness of the wood as well 
as in an increase of the following properties of the wood:
 – Dimensional stability (reduction swelling-shrinkage)
 – Resistance to weathering/UV resistance
 – Realisation of thermoplastic properties
 – Enhancement of the gluing ability
 – Thermal stability

2.4.3.1 Acetylation of wood
In this process, the hydroxyl groups of the cellulose and lignin are chemically converted with 
acetic anhydride (see Figure 2.4) by means of a technical process. A hydrophobization of the 
wood occurs by esterification of the hydroxyl groups. The acetylation of the wood induces a 

Figure 2.4: Principle of acetylation of wood

3 The dry rot also can be active significantly under fibre saturation
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strong improvement of the resistance, dimensional stability as well as UV stability depending 
on the type of wood and thus to a more resistant wood for outdoor applications (durability 
of class 1). Depending on the type of wood, also a change in colour of the wood occurs dur-
ing the process of acetylation. Acetylated poplar wood already has been used successfully in 
the hydraulic engineering [29]. Low residues of free acetic acid being perceived as smell can 
be expected in the acetylated wood.

Despite the elaborate, multi-stage manufacturing process under enhanced pressure, an 
industrial production plant with a capacity of 30,000 m³ per year of acetylated solid wood 
(pine tree plantations) went into operation in the Netherlands at the company Titan Wood BV. 
It produces acetylated wood that is available specifically for windows, doors, external clad-
dings and terrace floors. According to the manufacturer’s specifications, the acetylated wood 
is characterized by the following properties [30]:
 – Resistance class 1 according to the standard DIN EN 350-2
 – Bulk density 500 to 550 kg/m³
 – Reduced swelling behaviour and shrinkage behaviour of up to 80 % for untreated wood 

(excellent dimensional tolerance)
 – The moisture content of wood is about 4 to 5 % after acetylation
 – An impregnation is not necessary. Only a primer which offers blue stain protection is nec-

essary
 – A 10-year warranty on translucent and opaque coating systems is given
 – 50 years durability under above ground application (wood)

2.4.3.2	 Modification	with	melamine	resins
In chemical modification of wood with melamine resins, the cross-linking mainly occurs due 
to the reaction with hydroxyl groups of the wood (polycondensation). The coating with mel-
amine resins also induces dimensionally stable and harder woods. The protection from pu-
trefaction also is improved. The woods treated with melamine resins also are referred to as 
“polymer timber”. The disadvantages of this procedure are the currently very high costs of 
process.

2.4.3.3	 	Modification	with	DMDHEU	derivatives
The “Belmadur” process is used to withdraw air from the wood in a boiler pressure impregna-

tion plant. Thereafter, an aqueous solution of resin 
completely penetrates into the wood at a pressure 
of about 10 bar. By subsequent heating at a tem-
perature of more than 100 °C, the cellulose fibres 
crosslink with each other. The cross-linking solution 
contains a modified 1,3-dihydroxymethyl-4,5-dihy-
droxy-imidazol-2-one (m-DMDHEU) and special cat-
alysts (see Figure 2.5) which polycondensates with 
the hydroxyl groups of the cellulose.

The process of drying and curing shall be con-
trolled such that no unacceptable emissions of for-
maldehyde may occur. The “Belmadur” process is 
protected under patent law [31]. The integration of 
the modified DMDHEU causes a permanent swell-
ing of the cell walls. Thus, the additional intake of 

Figure 2.5: Chemical structure of  
DMDHEU
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water with humidification significantly is reduced, and the hardness (see Figure 2.6) of the 
wood considerably is increased. The durability of the coating materials significantly can be 
extended by reducing the swelling and shrinkage (see Figure 2.7).

2.4.3.4	 Thermally	modified	wood
In recent years, the technology of heat treatment at a reduced oxygen content has been de-
veloped significantly for practical maturity in order to achieve dimensionally stable and du-
rable wood. In the heating of wood far above temperatures of 150 to 240 °C, hemi-cellulose, 
cellulose and lignin are modified in the above order. The modification occurs throughout 
the wood cross-section. Depending on the process, the heating is carried out in a hot air/
water vapour atmosphere, in an oxygen-free nitrogen environment or in an oil bath. Schei-
ding [32] found that the durability especially of the beech tree against brown rot fungi as well 
as against white rot fungi can be enhanced by the thermal treatment from Class 5 to Class 1, 
whereas in pine trees only a durability class of 3 can be achieved. The thermal modification 
does not protect against blue-stain fungi. A well-known shortcoming of the thermal modifi-
cation of wood is the reduction of the mechanical strength by 10 to 30 %, while the tensile 
strength even is reduced as much as 30 to 60 % [33]. It has been shown on thermally modified 
copper beech wood that the wood becomes darker with increasing the intensity of treatment. 
The density and hardness of the wood decrease with increasing intensity of treatment [34]. 
The equilibrium moisture content in a standard atmosphere decreases significantly. The  
report of Scheiding also illustrates that the thermal modification is the only possibility for  
severely impregnable wood species to increase the durability. Practical investigations in  

Figure 2.7: Reduced swelling and shrinking of beech wood and pine wood after cross-linking with  
modified DMDHEU

Figure 2.6: Hardness of beech wood and pine wood after cross-linking with modified DMDHEU


