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Preface
SHR was one of the first research institutes in Europe, who already in the 1990´s did
substantial research work to develop wood modification processes. It appeared, that this
research area was very complex, and that for a successful application of potential processes
different expertise’s was needed. A good network between research partners and industry was
needed and the “European Network on Wood Modification” was created. 15 years ago, in
2003, the first European Conference on Wood Modification “ECWM” was held to present the
outcomes of this EU financed network. Since than, ECWM´s were held each 2-3 years at
different places around Europe, and now we can celebrate the 9th ECWM in the Netherlands,
organized by SHR where it all began.
As already before, ECWM 9 is linked up to the European COST organisation. Thanks to the
COST Action FP 1407 ModWoodLife to join and strengthen our network!
The participation of researchers of all around the world make it obvious that the name
“European conference” is much too small…so: a warm welcome to researchers from industry
and academia from Europe and abroad! This success has led, once again, to a large number of
abstracts submitted to the organizers. In general, these abstracts were of a high quality and the
members of the Scientific Committee had a hard time to select 44 full presentations and 50
poster presentations out of the many applications. We hope we have found the right balance
between scientific and applied presentations to reach the key goal of ECWM: to attract
researchers from academia and industry to join their expertises in this very exciting research
area “wood modification”.
The local conference organizers from SHR have done a great job this past year to make us
feel welcome in The Netherlands and to let the conference be a success. Thank you very much
to Bôke and team!

Prof. Dr. Holger Militz
Chairman of Scientific Committee
Georg-August-University Göttingen, Germany
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Wood modification in practice
The European Conference on Wood Modification takes place on the 17th and 18th of
September 2018 in Arnhem, The Netherlands and is organised by SHR. At this conference
researchers and people from industry from all over the world will come together to share their
knowledge and experiences with the latest developments on wood modification methods,
applications and products. The conference was given the subtitle “Wood modification comes
home”, which refers to the role The Netherlands and SHR have played – and still play – in the
development and industrial application of modified wood.
Techniques and methods designed for improving wood properties are almost as old as
mankind itself. However the scientific and industrial rise of wood modification became
significant under the influence of a number of social and economic developments in the
eighties and nineties of the previous century. A strong need was felt to find alternatives for the
use of tropical hardwoods and preservative treated wood, which were both under pressure for
a variety of reasons. The discussions regarding a clean environment, sustainable forest
management, wood use and the increasing wood demands from emerging markets in Asia
also had a big impact. Wood modification was recognized to have the ability to offer a more,
better and sustainable way of making use of wood as a durable material in a broad range of
applications. Besides that, it was found to be a supreme method for upgrading the properties
of lesser used timber species and to provide technical solutions to overcome some of the
natural deficiencies of wood as water uptake, decay and dimensional changes.
Over the last decades an enormous amount of scientific work has been performed and
published. We have seen many innovative modification ideas, methods and techniques
passing by during the previous eight ECWM’s. To make a real impact, ideas need to be
developed further and put into practice. We are proud that in The Netherlands we have
created a setting with a high level of knowledge, innovative thinking combined with
entrepreneurship, which lead to a variety of flourishing companies involved in industrial
production of modified wood. Not only producing companies, but also the wood processing
industry has adopted modified wood as a highly appreciated durable material. We can declare
that modified wood has become a lasting factor in the wood processing industry.
For these reasons SHR and we as the organising team, are excited to welcome you all here in
The Netherlands for the 9th European Conference on Wood Modification. We hope you will
enjoy your stay here in Arnhem and become inspired by all attendees, presenters and new
insights this conference has to offer.
Welcome!
The organising team
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COST 1407 - Foreword
It is our pleasure that COST Action FP1407 “Understanding wood modification through an
integrated scientific and environmental impact approach” (ModWoodLife) in part of 9th
European Conference of Wood Modification. The conference brings together researchers
from across Europe and beyond that jointly are addressing the mounting pressure on
renewable resources (as a material source, for recreational, ecological, and other uses). By
maximising the efficiency of materials derived from them, the wood modification community
plays an important role. The efficiency can only be achieved if new methods to improve the
functionality, durability, properties, and environmental impacts will be developed. Wood
modification addresses these requirements directly, allowing wood to be used in more
applications, including increased use of under-utilised species. Wood modification also
addresses undesirable characteristics of wood such as fungal resistance, UV-stability, and
moisture sensitivity. The COST Action FP1407 has been successful in addressing these needs
in the past 3 years. We are in the last year of the Action and therefore it is even more
important for us to be at ECWM9. Only sustainable collaboration and joint efforts will deliver
the impacts. That objective of the Action FP1407, to characterise the relationship between
wood modification processing, product properties, and the associated environmental impacts
in order to maximise sustainability and minimize environmental impacts, has great value for
the forest sector, for researchers, and society at large.
Wishing you a successful and memorable conference full of fruitful discussions.

Andreja Kutnar
Chair, COST FP1407

Denis Jones
Vice-Chair, COST FP1407
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ABSTRACT
The performance of 120 selected façade materials provided by over 30 industrial and academic
partners was evaluated during 12-month experimental campaign of natural weathering. A multisensor measurement chain for the acquisition of properties at different scales (molecular,
microscopic, macroscopic) included both laboratory and on-site techniques. Investigated biomaterials were characterized before, during and after degradation by biotic and abiotic agents
in order to provide experimental data to be used for better understanding of the bio-materials
performance/degradation as a function of time and/or weather dose. Obtained data were utilized
for the development series of numerical models simulating materials appearance changes along
the service life of building facade. An original software simulating bio-materials’ performance
in any geographical location has been developed and is currently under integration with
Building Information Modelling. It serves as a tool for demonstrating advantages of using biobased materials when compared to other commonly utilized alternative resources. Results of
the BIO4ever project provide solid technical and scientific knowledge, but also contribute to
the public awareness by demonstrating the environmental benefits to be gained from the
knowledgeable use of bio-based materials in buildings.
INTRODUCTION
Wood is a traditional material utilized for construction of buildings since beginning of
civilisation. Its availability, relatively low maintenance cost and ease of processing, result in
the common use as prevalent construction material for both interior and exterior applications.
While possessing several advantages, such as aesthetic appeal and positive weight to loadbearing capacity ratio, unprotected wood suffers when exposed to the environmental conditions
by changing its dimensions and appearance. The most susceptible parts are unprotected surfaces
in outdoor environment, since these are directly subjected to ageing, weathering or decay.
Wood modification processes leads to the enhancement of desired properties by means of
chemical, biological or physical agents. Wood properties are essentially determined by its
chemical composition, therefore, several modification processes target specific changes of
constitutive woody polymers at the molecular level. Nevertheless, some modification processes
do not change the chemical composition of wood itself, but focus on the morphological or
physical modification (Hill 2006). New developments in the field of wood modification offer
assortment of innovative products with highly enhanced properties of natural timber. These
include innovative bio-based composite materials, as well as more effective and environmental363
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friendly protective treatments, e.g. thermal treatment, densification, impregnation and chemical
modifications. Similar revolutionary progress is observed with surface treatments including
advanced coatings, or integration of nanotechnology developments in wood protection. Today’s
bio-based building materials, even if well characterized from the technical point of view, are
often lacking of reliable models describing their performance during service life. This paper
presents summary of the scientific results obtained within framework of BIO4ever project “Biomaterials for building envelope – expected performance, life cycle costing and controlled
degradation”.
EXPERIMENTAL
Experimental samples
Performance of 120 selected façade materials provided by over 30 industrial and academic
partners from 17 countries was evaluated in several experimental configurations. The samples
were classified in seven categories, according to the treatment applied: natural wood (or other
bio-based material), composites, chemically modified, thermally modified, impregnated, coated
and/or surface treatment and hybrid modified. The latest include combination of at least two
different treatments (Table 1).
Table 1: Categories of bio-based facades materials tested within BIO4ever project
Modification process
natural
chemical
composites
coating & surface treatments
impregnation
thermal modification
hybrid modification

Examples
wood, bamboo
acetylation, furfurylation
panels, bio-ceramics, tricoya, wood plastic composites
different coatings, carbonized wood, nanocoatings
DMDHEU, Knittex, Madurit, Fixapret
vacuum, saturated steam, oil heat treatment
thermal treatment + coating, thermal treatment +
impregnation, acetylation + coating etc.

Number of
materials
19
5
7
16
28
20
25

An example of six radiata pine (Pinus radiata D.Don) samples representing different
commercially available modification processes was selected for the demonstration. Weathering
performance of these materials was compared with the not treated wood of scots pine (Pinus
sylvestris L.), being usually considered as a reference material (Table 2).
Table 2: Description of experimental samples
Sample
number
09
10
30
31
34
45
51

Wood
species
Radiata pine
Radiata pine
Radiata pine
Radiata pine
Scots pine
Radiata pine
Radiata pine

Bulk treatment
thermal treatment + penetrating oil
thermal + silicate treatment
thermal treatment #1
furfurylation
thermal treatment#2
acetylation

Surface
treatment
coating
-

Product on the
market
yes
yes
yes
yes
yes
yes
yes

Selected modification processes included: acetylation, furfurylation, thermal treatment with
various technologies and thermal treatment combined with impregnation and surface coating.
Investigated treatments were classified as chemical, thermal and hybrid modification according
364
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to the categories presented in Table 1. All investigated modified materials are commercially
available on the market.
Weathering tests
Natural weathering tests were performed in San Michele, Italy, (46°11’15’’N, 11°08’00’’E), in
order to provide reference data for simulation of the bio-materials’ performance in a function
of the exposure time. Samples were exposed on the vertical stands representing building façade.
Stands were oriented to 4 cardinal directions. The weathering experiment was carried out for
12 months and the test is still ongoing. Presented results refer to the southern exposure of
samples, with the experiment start in March 2017.
Materials characterization
High resolution photos (Nikon D5500 equipped with lenses Nikor AF-S 35mm) were regularly
acquired in a monthly bases to capture the progress of the samples’ appearance change.
Additionally, part of exposed samples (three replicas per cycle) was exchanged every 3 months
and stored in a climatic chamber before characterization. Materials characterization included
scanning with office scanner, as well as measurement of the colour (CIE L*, a*, b*), gloss,
roughness (in two cardinal fibre directions), and spectroscopy in VIS, NIR and IR ranges with
laboratory and portable spectrometers. The NIR bands were assigned according to
Schwanninger et al. (2011a).
Table 2: Description of experimental samples
band
number
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

Wavenumber
(cm-1)
4198
4280
4339
4404
4620
4686
4890
5219
5464
5587
5658
5800
5883
5951
5980
6009
6121
6287
6450
6722
6785
7008
7300
7418

Wood component

Functional group

holocellulose
cellulose
holocellulose
cellulose, hemicellulose
cellulose, hemicellulose
acetyl groups in hemicellulose
cellulose semi-crystalline and crystalline
water
cellulose semi-crystalline and crystalline
cellulose semi-crystalline and crystalline
unassigned
hemicellulose (furanose/pyranose)
hemicellulose
hemicellulose
lignin
hemicellulose
cellulose
cellulose crystalline
cellulose crystalline
cellulose semi-crystalline
cellulose
amorphous cellulose/water
hemicellulose
hemicellulose

CH
CH, CH2
CH
CH, CH2, OH, CO
OH, CH
CH3, C=C, C=O
OH, CH
OH
C=O
CH
CH2
CH
CH
CH3
CH
CH
OH
OH
OH
OH
OH
OH
CH3
CH3
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RESULTS AND DISCUSSION
Materials appearance
The intensity of weathering depends on timber species, architectural design solutions, function
of product, finishing technology applied for wood protection, and on the specific local
conditions. All experimental samples were prepared from radiate pine and exposed in same
climatic conditions for identical period. Therefore, it can be stated that the difference in
performance are modification process dependent. The appearance of investigated materials in
the function of time is presented in Figure 1. It can be seen that some of the materials are
relatively stable regarding colour and pattern changes. The material #10 become lighter after 3
months exposure period. However, according to the technical sheet provided by producers it
was desired to “silver off” the surface due to weathering and then maintain that appearance
unchanged during service life. Materials #31, #34, #45 and #51 contain noticeable mould
discoloration on their surfaces. The visual assets in materials outlook were confronted with
changes in colour coordinates. The lightness (CIE L) parameter was constant in materials with
relatively stable colour (e.g. #09, #30). Even if the weathering test was performed for 12
months, none of investigated materials became grey, corresponding to the usual colour of wood
long-term exposed to natural weathering. However, an increase of gloss parameters (especially
across the fibres) was observed with the progress of the weathering process.

Figure 1: Change of samples appearance due to natural weathering in San Michele all’Adige (Italy)

366

Session Five: COST FP 1407

Figure 2: Change of CIE Lab, gloss and RGB parameters due to natural weathering
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Chemical changes
NIR spectroscopy was used for non-destructive investigation of chemical composition of
samples at different stages of their exposure. However, investigated materials being modified
with several modification methods exhibit noticeable differences in their chemical composition
already at the initial stage before any weathering. Consequently, differences in appearance of
samples and their performance during service life are associated with their chemical
composition. Figure 3 present the second derivative of NIR spectra, where functional groups
related to key wood components as well as specific futures being results of wood modification
are evidenced. The spectra of chemically modified wood (e.g. furfurylated or acetylated) are
clearly varying from the other treatments. The highly branched and cross-linked furan polymers
are chemically bonded with the wood chemical components as a result of furfurylation (Lande
et al. 2008). Investigated furfurylated wood (pink spectrum, material #31) possessed spare peak
at 6121cm-1 (17) not detected in other materials. Acetylation of wood results in a decrease of
the number of hydroxyl groups as well as in the increase of the acetyl groups (Schwanninger et
al. 2011b). In case of acetylated wood (material #51, black line on the Figure 3) shift of several
peaks (e.g. 4, 8 or 12) toward higher wavenumbers occurred. Additional peaks 14, 16, 23 and
24, being assigned to CH3 groups in acetyl ester groups in hemiceluloses, are clearly visible.
Likewise, hydroxyl groups detected in the range 6000-7000 cm-1 are not evident due to
reduction of their number caused by acetylation. Other processes (such as thermal
modifications) affected the hemicellulose content, evidenced as a slight reducing of CH
functional groups (spectral bands 12 and 13).

Figure 3: Second derivative of NIR absorbance spectra of investigated materials at their brand new stage

It is expected that natural weathering might affect the chemical composition of materials
modified in different processes to various extends. It is due to materials’ heterogeneity and
variances in their response to the weathering mechanisms. Figure 4 presents a summary of such
differences as recorded in the second derivative NIR spectra. In this case, subtraction of
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reference spectrum from the spectrum of 12 months exposed wood highlights the spectral
differences. It is evident that mechanisms of degradation are different for materials after various
treatments. Bands 4 and 8 assigned to carbohydrates and water respectively changed in all
investigated materials. Even though, the shift of both peaks toward higher wavenumbers is
noticed in material #51 (acetylated wood). The presence of positive peak 4 indicates
degradation of the functional groups in cellulose and hemicellulose. The reference sample
(material #34, pine wood) exhibits the highest changes (positive peaks) for bands: 1, 2, 4 and
8, what indicates decreasing of the functional groups quantity. The distinctive peak 17 observed
in furfurylated wood is positive, (as well as bands 1, 3 and 4) what corresponds to the
degradation of this component due to weathering. It is important to notice, that functional
groups assigned to crystalline and semi-crystalline cellulose (bands: 7, 9, 10, 18, 19 and 20) did
not degraded due to weathering in all investigated materials. Cellulose, being more resistant to
weathering, became more abundant on the weathered wood surface. According to Kalnins and
Feist (1993), the weathering leads to increases of hydroxyl concentration on the wood surface.
It is confirmed by slight increase of band 22, assigned to the OH groups in amorphous cellulose.
On the contrary, band 15 assigned to functional group of lignin was degraded for all investigated
materials, but with different extends. Analysis of the specific degradation kinetics for particular
functional groups of wood constituents allow deep understanding of the weathering
mechanisms. It highlights week points of investigated materials that might be further improved
by optimizing modification processes.

Figure 4: Change in NIR spectra due to 12 months of natural weathering

CONCLUSIONS
The main BIO4ever project output, beside of extensive data base of bio-based materials
performance is an interactive software simulating the aesthetic performance of bio-materials
integrated with LCA interactive calculation for maintenance operations. At this stage of the
software development, all the available data regarding appearance change of each biomaterial
in time (CIE Lab, RGB, gloss), weather dose map and specific building layout (UV surface
map) are merged together allowing 3D model visualization (Sandak et al. 2018a). Time series
of pictures that were acquired during exposure of tested materials, presented in Figure 1, are
used for the interactive simulation of façades appearance. Software users will be able to choose
a material from the database, select the building location and then simulate the structure look
at the brand new stage and during its service life (Sandak et al. 2018b). The tool, dedicated for
investors, architects, construction engineers, professional builders, suppliers and other relevant
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parties, including also final customers is now under extensive validation and integration with
the BIM software.
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