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PREFACE

Wood science and technology may deal with general issues of wood and its utilization. Due to
the huge variability within the great number of wood species, many of the specific research
issues are focused on a specific wood species.

Wood material properties, the various conversion processes from the raw material wood to
intermediate and final products, modification processes and the performance of the final
product are mostly related to a specific wood species.

In many European regions softwoods are the predominant wood species which are well suited
for the various applications in the building sector. Due to specific soils and climatic
conditions, the increasing importance of semi-natural forest management, climatic change
etc., the share of broad-leafed trees (generally referred to as hardwoods) within the forest
stock is increasing rapidly, reaching a percentage of 25 — 50% of the total forest area.

We realize that the increasing stock and the potential harvest of hardwoods does not match the
demand on the market. A significant share of harvested hardwoods is not allocated to proper
utilization paths but is used as fuel wood. New and improved tracks for a competitive
hardwood utilization need to be found based on hardwood research results.

We are very happy that the current annual convention of the International Academy of Wood
Science is linked to the bi-annual conference series ,,Hardwood Research and Utilization in
Europe® with selected presentations and posters.

We hope to introduce new knowledge into the sector contributing to a research- driven
innovation in the hardwood sector.

We would like to thank the International Academy of Wood Science and all the academic
partners for their collaboration in organizing the conference and hope to provide a good

documentation with the current proceedings.

Alfred Teischinger
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ABSTRACT

Almost a third of Germany’s land area, i.e. 11.1 million hectares, is covered with forests. The
wood stock is larger than that of the traditional forest countries, Sweden and Finland. The
main use of Germany’s forests concerns just a few tree species. At present, several softwood
and broad-leaved tree species play a minor role in forestry. Spruce accounts for the largest
share among the tree species (28 %), followed by pine (24 %), beech (15 %) and oak trees (10
%). Since 2010 the energetic use of raw wood and wood-based products is higher than the
material use in Germany. Wood’s share - including industrial wood residues and waste wood
— in respect of energy generation as well as private households’ wood consumption for energy
purposes alone increases steadily. The heterogeneous situation of the raw wood supply and
demand in the European Union is presented against the background of raw wood shortage in
the future.

At present, several factors promote a development which can lead to a medium-term supply
shortfall on the German timber market regarding the coniferous raw wood. The main reasons
are a strong prospective advancement of deciduous tree species and an implementation of
forest policy abandoning programs. Several possible approaches for securing raw wood
supply are discussed: Tree species with a promising future should be strongly promoted from
a sustainable forest management as well as from innovative wood utilisation point of view.
Mobilisation of unused timber stock in small private forest area and short rotation plantations
on farmland are additional possible approaches. Further renewable resources are available in
the landscape area.

Renewable resources from agriculture and forestry can basically be used as raw materials, as
energy or both. The quantities and qualities of the raw materials, the market situation and the
political conditions impact the subsequent production processes strongly. All three aspects
need to be considered when defining resource efficiency. Raw materials’ quality and quantity
can be influenced by processing and, in the long term, by research and development, but they
are also always liable to natural processes like annually changing weather conditions, or
unpredictable catastrophes, also caused by climate change.

Combined production as well as the reuse and recycling of by-products on an industrial scale
is well established in respect of forestry resources. Likewise, product and resource
substitution and their effects concerning the supply and demand sides play an important role.
However, the increasing substitution of fossil-based energy production with bio-energy
concepts leads to a competition for renewable products on the market. Utilisation conflicts
thus occur between energy use, material use and food production. Open research questions
concern the cascading use of bio-materials, since at present often only certain parts of a plant
can be used in one or another application.
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ABSTRACT

In this study we investigated the aboveground biomass production and the carbon content of
woody biomass on a short-rotation coppice established with different poplar clones. The SRC
was established in a nursery garden of NARIC Forest Research Institute (Sarvar-Bajti) in
March 2007. The density of the plantation is 8400 trees per hectare (3,0 x 0,4 m). The annual
yields were calculated from three-year biomass yields, measured at the end of the second
harvesting cycle. The annual yields of three hybrid poplar [Populus x euramericana (DODE)
GUINIER] clones planted in short-rotation coppice of Bajti ranged between 4,64 and 6,63 oven
dry tonnes per hectare (Table 1), which can be considered average according to biomass data
of different experimental foreign SRC plantations [5,3 odt ha® year® (DILLEN ET AL 2013),
1,52-7,22 odt ha'* year® (VERLINDEN ET AL. 2013)].

Table 1: Fresh and oven dry aboveground biomass production of three hybrid poplar clones in Bajti at the
end of second harvesting cycle

Genotvpe Average yield Standard mgrrlln[l:ila‘l Dry matter Annual mean
yp [t ha!3years?] deviation [t] year-] content [%6] [odt ha year]
Sv-890 45,50 13,10 15,17 41,70 6,63
1-214 45,18 14,52 15,06 40,67 6,40
Kopecky 29,04 6,89 9,68 45,68 4,64

Wood and bark samples were collected in the experimental plantations from three height level
of the trees (lower, medium and the upper third) in order to determine the carbon content of
the plants (samples from the upper third were not separate for bark and wood). Based on our
measures the carbon content of hybrid poplars (clones showed in Table 1) wood samples from
the lower third of the plants is nearly the same (ranged between 49,2-49,9 %).

Carbon content of aboveground biomass per hectare was determined using mean annual yield
data and absolute dry matter content of woody biomass measured in laboratory. The
calculations were carried out separately for wood and bark as well. The bark content was set
to 4,83% according to THARAKAN ET. AL.(2003).

The poplar clones Kopecky, 1-214 and Sv-890 stored 2,206, 3,083 and 3,189 tonnes carbon in
their aboveground woody biomass per hectare per year, respectively (Figure 1).
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1. Figure: Annual carbon sequestration in aboveground woody biomass of three poplar clones in Bajti

The very first results of the investigation show no significant difference between the carbon
content of aboveground woody biomass of the investigated hybrid poplar clones. Since they
store nearly the same amount of carbon per unit of wood weight, differences in total carbon
storage basically determined by differences in growth and biomass production of the plant
material.
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Transformation of wood structure at shape memory effect
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ABSTRACT

Creating the new smart materials is one of the perspective tendencies in material science.
Wood is a complex of biopolymers, it belongs to smart materials. As an eco-friendly, eco-
efficient, technically advanced material, wood and wood based materials are gaining
importance among modern materials. Possibility of giving of a complex of new properties,
effective application of coatings, recycling, waste disposal are competitive advantages of
wood comparing with artificial materials. The shape memory effect (SME) is the dominant
feature of wood as a natural smart material. The SME is latent property of wood. It was
experimentally discovered at the end of the 1970s, research of deformative conversions at
various histories of deformation, visualization and quantification of SME, the multi-shape
memory effect of wood were conducted by us (UGoLEv 1976, UGOLEV 1986, UGOLEV 2011,
UGOLEV et al. 2011, UGOLEV et al. 2013, UGoLEV 2014). The shape memory effect of wood
is based on quazi-residual frozen strains, they are the carrier of memory effect of wood.
They were detected by us in wood fastened specimen at drying in the early 1960s (UGOLEV
1961). Frozen strains take place under the controlling load influence while wood stiffness
increases at drying or cooling and are caused by temporary reconstruction in wood
nanostructure.

Method of thermomechanical spectrometry (OL'HOV et al. 1992, OLKHOV and JURKOWSKI
2005) was used to research the changes in wood structure during the formation of frozen
strain. The components of strains, shape-memory quantities (Rr and Rf), relaxation
parameters, the phase state and molecular characteristics of the fragments of the
macromolecules in the structure of topological blocks of wood were determined for beech
sliced veneer samples (200x15x0,6 mm, LXTxR). Transformation of topological structure of
wood at shape memory effect is shown on the Fig. 1. The sample with the permanent shape
has topologically diblock amorphous-cluster structure of the pseudonetwork structure with a
ratio of blocks 0.76:0.24. During programming the frozen strains are formed, sample
remembered temporary shape. The substantial transformation of topological structure of wood
is observed, it becomes triblock, the high-temperature amorphous block of pseudo-network
structure is formed. The ratio of low - and high-temperature amorphous and cluster blocks is
0.26:0.3:0.44. After returning to the initial conditions the frozen strains disappeared and the
permanent shape is recovered. The initial diblock structure of wood with some quantitative
changes of molecular relaxation characteristics is restored because of complete structural
degradation of the high-temperature block. The ratio of blocks is 0.83:0.17, the portion of the
amorphous block increases due to irreversible plastic strains.
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Figure 1: Transformation of topological structure of wood at shape memory effect
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ABSTRACT

The bark of forest trees is mostly regarded as a by-product of wood processing. However,
both the inner- and outer bark tissues can be a rich resource of a wide range of extractives
exhibiting several beneficial effects on human health (anti-inflammatory, anti-allergic, anti-
cancerogenic, etc.). It has been proven that most of these effects are based on the antioxidant
properties of these extractives. Antioxidants neutralize dangerous free radicals which are
produced during biotic and abiotic stress processes, thus play a major role in the defence
reactions and protection of the cells in living tissues.

By extracting these compounds from the bark they could possibly be used for several different
industrial purposes (wood protection agents, conservants, health-care products, nutrition
supplements etc.).

The present study aims at the extraction and assessment of antioxidant compounds from the
bark tissues of selected industrial wood species. Following species were considered: Pine
(Pinus sylvestris), White poplar (Populus alba), Black locust (Robinia pseudoacacia), Sessile
Oak (Quercus petraea). Inner and outer bark tissues were separately collected and analysed.
Tissues were investigated with and without microwave pre-treatment (700 Watt, 2 min for
500 g sample), which inactivates those enzymes in the tissues which can be responsible for
the oxidation of polyphenols, thus the conservation of antioxidant compounds could be
achieved. Respective bark tissues were ground and sieved. The fraction between 0.2-0.63 mm
mesh was used for extraction. Extraction was carried out by sonication (2x10 min, with 0.15g
bark sample + 15 ml solvent). Two extraction solvents were considered for the extraction
procedure: water and 4:1 methanol: water. The following parameters were measured and
evaluated: total extractive content, total phenol content (Folin-Ciocalteau method),
antioxidant capacity (ABTS method). All measurements were run in triplicates. Measurement
results are summarized in Table 1. The following conclusions have been established:

o The outer bark of the investigated species is usually more abundant in antioxidant
compounds.

o The 4:1 methanol: water mixture proved to be more efficient for the extraction
especially in the case of the outer bark.

o The samples containing the highest amounts of total extractives did not always show the
highest concentration of polyphenols especially in inner bark, as these tissues can
contain large amounts of other types of extractives too (e.g. sugars).
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The highest total phenol and antioxidant capacity values were determined for oak and
poplar.

From total phenol and ABTS antioxidant capacity values the PAC (phenol antioxidant
coefficient, calculated as the ratio ABTS (mg/g) / total phenolics (mg/g)) value can be
calculated, which indicates the antioxidant efficiency of phenolic extractives in the
tissues. The highest PAC values were determined for the methanolic extract of the inner
bark of poplar (6.52), indicating that the extractives in these tissues are very powerful
types of antioxidants. The aqueous and methanolic extracts of the microwave treated
inner bark of pine (5.40, 4.80) as well as some of the black locust samples also had high
PAC values (6.51 and 3.80).

The enzyme inactivating effect of the microwave pre-treatment was not always
beneficial: except for oak in all of the samples total phenol and antioxidant capacity
values decreased by the use of microwave pre-treatment. Microwave pre-treatment also
had diverse influence on the PAC values.

Table 1: Results of the measurements

Total extractives Total phenols ABTS PAC
[%] [mg quercetin/g d.w] | [mg trolox/g d.w.] | [ABTS/TP]
4:1 4:1 4:1 4:1
MeOH: MeOH: MeOH: MeOH:

Species Tissue | H:O  H20 H20 H20 H20 HO0 |HO H0
Black locust (mw) O.b. | 4.40 6.70 7.84 18.47 19.62 70.13 |250 3.80
Black locust (contr.) O.b. | 6.86 7.36 12.18 29.36 29.13 103.32 |239 352
Oak (mw) O.b. | 8.38 9.38 26.60 36.85 76.54 121.68 |2.88 3.30
Oak (control) O.b. | 691 8.89 25.30 71.57 6153 8649 |243 121
Pine (mw) O.b. | 4.05 8.06 8.10 15.49 22.15 50.60 |273 3.27
Pine (control) O.b. | 268 6.51 6.46 16.96 1947 3753 |3.01 221
Poplar (mw) O.b. |12.09 17.24 28.76 54.78 69.12 17933 | 240 3.27
Poplar (control) O.b. | 1093 14.90 27.25 49.21 59.74 153.85 |2.19 3.13
Black locust (mw) I.b. |10.42 9.20 3.04 3.22 9.79 1131 322 352
Black locust (contr.)  I.b. | 11.98 12.86 16.36 9.90 3562 6438 |218 6.51
Oak (mw) I.b. 8.36 9.91 16.64 19.73 40.96 70.22 |246  3.56
Oak (control) L.b. 959 1248 | 33.82 46.19 95.00 136.50 |2.81 2.96
Pine (mw) Lb. 2.49 4.66 0.73 2.09 3.95 1012 |540 4.84
Pine (control) L.b. 9.80 12.32 10.27 16.36 1731 5357 |169 3.27
Poplar (mw) I.b. |11.90 13.57 7.40 4.13 15.30 2695 207 6.52
Poplar (control) I.b. |11.60 17.00 31.29 44.05 98.63 148.00 |3.15 3.36

I.b.: inner bark, O.b.: outer bark, mw: using microwave pre-treatment, control: without microwave pre-

treatment.

Future investigations need to be carried out for the utilization possibilities of the extracts in
fields of wood-, food- and pharmaceutical industry applications and also on bark tissues of
other industrially important wood species. Future analyses should also aim at optimizing bark
pre-treatment before extraction.

This research was supported by the Janos Bolyai Research Scholarship of the Hungarian
Academy of Sciences.

16



IAWS PLENARY MEETING 2014 - SOPRON (HUNGARY) — VIENNA (AUSTRIA)
ECO-EFFICIENT RESOURCE WOOD WITH SPECIAL FOCUS ON HARDWOODS
Sopron & Vienna, 2014. (14) 15-18th September

Reborn materials - Recycled products reused in furniture design —
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ABSTRACT

Students workshops are very good opportunity to develop students skills by usage of different
materials in the design process.

Doing prototypes and small models by using recycled wood and industrial parts of machines
and products, in which students can combine their creativity, intelligence, skills, conceptual
thinking and other knowledge they’ve learned during study can produce excellent ideas and
models.

One of such students’ workshops, upon the name “Used cell-phones and other products
reused in furniture re-design” was hold in the Institute of Wood Based Products and
Technologies, Simonyi Karoly Faculty of Engineering, Wood Sciences and Applied Arts,
University of West Hungary from 13rd to 15th March 2014. The workshop took part of the
,,REdesign+ L00147 project”, Cross-border Cooperation Programme Austria - Hungary 2007-
2013. The project is supported by European Regional Development Fund and the Hungarian
Government. The paper describes the design process, methods and the final results of the
workshop.

Workshop — step by step

In the next few chapters it is described how did students research, combine and try to find the
best material both solid wood and wooden parts as well as recycled industrial parts and
solutions for their conceptual ideas and how they translated ideas in functional, visual and
ergonomics form, from recycled products to new prototypes.

On the first day the students (N=22) was spitted into 7 groups. Each group has the task to
know the materials and the possibilities how to make the new useful products. They have
started to take down the used IT products as base materials and base parts. The general base
materials were IT parts and wood industrial side products. After getting information about the
useable parts and technological possibilities of the workshop/woodshop, they have started to
make brainstorm for making ideas/products variations. In the planning process the students
have made several variation then they have chosen the optimal idea. They have used special
planning methods, intuitive design techniques: 635 method, brain storming, nominal group
technique (NGT), Phillips 66 method (HEGEDUS 1998, CHAPMAN 2013).

The guiding principle of the design process was to take into consideration the ecological
design and the function analysis.

In function analysis, the product is considered as a technical-physical system. The product
functions, because it consists of a number of parts and components which fulfil subfunctions
and the overall function. By choosing the appropriate form and materials, students can
influence the subfunctions and the overall function. The principle of function analysis is first
to specify what the product should do, and then to infer from there what the parts - which are

17



IAWS PLENARY MEETING 2014 - SOPRON (HUNGARY) — VIENNA (AUSTRIA)
ECO-EFFICIENT RESOURCE WOOD WITH SPECIAL FOCUS ON HARDWOODS
Sopron & Vienna, 2014. (14) 15-18th September

yet to be developed - should do. The functions and subfunctions that are identified in the
function analysis serve as the parameters in the morphological chart. Ideas can be search for
improved function, for product components or for these combinations. Exploring ideas we
have to accumulate all possibilities. We result a set of product concepts, from which after
final selection the remaining product concept must work out in detail. A product concept is
an approximate description of the technology, working principles and form of the product.

B ey | Lo
Figure 1: a - After brainstorming the students have started sketching and planning their products.
b - Students have started to take down the useful IT parts

On the second day the students combined and improve the concepts. Than they have selected
the best one and started to make the own product. During the work the students took into
consideration some of rules. These rules are: aesthetic and form design, easy to produce by
the available technologies, reused materials, simplified products, daily used products, easy to
assembly, correct quality, maximize compliance, design for easy of fabrication. Design for
production means designing for the minimisation of production costs and times while
maintaining the required quality of the product (CHANG, ET AL., 1998).

R ACH]
Figure 2: Reused wood panels as a lamp frame

On the last day the students have had to finish the work and make a presentation about the
projects. On the show they have given a short overview about their ideas on products. After
that the models was presented on an exhibition.

.

Figure 3: Lamps — students’ works

REFERENCES

CHANG, T.-C., WysK, R., & WANG, H.-P (1998). Information taken from Computer-Aided
Manufacturing. Prentice Hall.

CHAPMAN A. (1995-2013). Brainstorm technique, brain storming. Download: 03. 2014,
source: http://www.businessballs.com/brainstorming.htm

HEGEDUS J. (1998). Intuitiv tervezési technikdk in hungarian, Soproni Egyetem, Sopron.

18


http://www.businessballs.com/brainstorming.htm

IAWS PLENARY MEETING 2014 - SOPRON (HUNGARY) — VIENNA (AUSTRIA)
ECO-EFFICIENT RESOURCE WOOD WITH SPECIAL FOCUS ON HARDWOODS
Sopron & Vienna, 2014. (14) 15-18th September
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ABSTRACT

The renewable energy sources in Hungary consist to 83% of biomass-based energy. However
the purposed energy gain can only be realized by widespread energy plantations. In our
country almost % of the area of energy plantations consist of hybrid poplar plantations. It is
known about the energetic utilization of wood, that it does not mean any excess carbon
dioxide emission. Because the principal and practical conditions of plantation-like
arboriculture are mainly satisfied by poplars, therefore among the species of wood plantable
plantation-like they belong to the most popular ones worldwide.

During the selection of experiments for the examination of wooden biomass plantable under
different habitat circumstances three (Celldomolk, Sarvar, Borjad) energetic plantations
cultivated with spritting technology were assigned. 2-year-old ’1-214° and *Kopecky’ hybrid
poplar species were subject to the inspection. The sampling of both clones was performed at
three different — lower, middle and upper — heights of the stalk. Except the upper parts we
have determined the calorific value both for the xylem and for the bark separately. The firing
technical examinations have covered the analysis of wooden stalk of thicker, middle and thin
thickness.

—

It can be stated for both clones, that a significant deviation regarding the calorific value
cannot be experienced in accordance with the place of the xylem within the stalk. Similar
observation can be made in case of the bark, however at this tree part the influencing effect of
the habitation — contrary to the xylem — can be already observed. In relation of both tree parts
the difference is shown already in the event of such short rotation plantations. While the
calorific value of the bark in case of the ’1-214’ poplar slightly falls behind the xylem, in case
of the ’Kopecky’ it is quite the contrary.
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Figure 1: Calorific value of ’I-214’ poplar according to habitats
and the place of the sample within the stem

In case of poplar ’1-214’ it can be reported in the relation of both main tree parts that the
calorific value of the bark slightly falls behind that of the xylem (Fig. 1). It is especially valid
for the samples coming from the Borjad and Sarvar areas. The eye-catching low value of the
bark of the sample of Borjad is considerable. The calorific value of the xylem does not show
significant deviation in relation of the habitats and the place within the stem. In case of the
bark however higher differences can be observed among the habitats.
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Figure 2: Calorific value of the ’Kopecky’ poplar according to the habitats
and the place of sample within the stem

In case of ’Kopecky’ poplar the calorific value of the bark obtains mainly minimally, but a
higher value related to the xylem (Fig. 2). It can be observed in case of all three habitats. The
calorific value of xylem can be reported as identical independent from habitat and the place
within the stem. In case of the bark the value of the sample coming from Sarvar exceeds the
other two.

This study was supported by the Environment conscious energy efficient building
TAMOP-4.2.2.A-11/1/KONV-2012-0068 project sponsored by the EU and European Social
Foundation.
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ABSTRACT

High temperature treatment is one of common treatments used in hardwood processing. It
enhances some properties, while devalues others. The aim of this study was to analyse an
effect of heat treatment in oxidized atmosphere on selected physical and mechanical
properties of oak wood, namely density, equilibrium moisture content (EMC), swelling,
compression strength and modulus of elasticity parallel to the grain. The properties were
evaluated after heat treatment at 160°C, 180°C and 200°C. Duration of the treatment was 3, 6,
9 and 12h, respectively. Results confirmed strong influence of heat treatment on the selected
wood properties. EMC of treated wood decreased with the temperature of the treatment.
Treatment did not influence significantly swelling coefficient. Compression strength and
modulus were improved after the treatment at 180°C.

INTRODUCTION

Temperature treatment influences properties of wood. Bending strength of birch reaches its
maximum after a heat treatment at 160°C and significantly drops down at 200°C. Time of
treatment has a similar effect (Poncsak et al. 2006). On the other side, Yildiz et al. (2006)
reported decrease of the compression strength of spruce wood only in the temperature range
of 130°C to 200°C. Change of strength most probably relates to a degree of cellulose
polymerisation that decreases at the high temperature (Kacikova et al. 2013). Aims of this
study were to analyse an effect of heat treatment on properties of oak wood and optimize
process of the treatment in dry oxidized atmosphere based on the properties changes.

MATERIALS AND METHODS

Samples of 30x30x120 mm?® were prepared from one oak trunk (Quercus robur, L.). In order
to homogenize sampling, the samples were randomly grouped into tested groups. Prior the
treatment, the samples were oven dried at 103°C. Heat treatment was performed in an oven at
temperature levels of 160°C, 180°C, 200°C and 220°C. Duration of the treatment was 3, 6, 9
and 12 hours. Altogether, 9 groups of 11 treated samples and one control group of 25
untreated samples were prepared. Oven dry density before and after treatment, EMC,
compression strength and modulus parallel to the grain at standardised conditions (T=20°C,
RH=65%), and a volumetric swelling coefficient were measured according to standards.

RESULTS AND DISCUSSION

During the last temperature treatment at 220 °C the samples ignited after 2.5 hours, thus this
group was removed from other analysis. As it was expected, density and EMC decreased
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significantly when temperature of treatment increased. Duration of the treatment was not a
significant factor. The treatment at 200 °C cut down EMC to 4.06 % (change of 40%
compared to untreated oak) and oven dry density to 646 kg.m= out of 733 kg.m™ (Fig. 1).

A volumetric swelling coefficient was not significantly affected by a treatment. That points
out to coefficient independence from temperature of a treatment. Nevertheless, lower bulk
swelling after a heat treatment is caused by lower EMC only. Compression strength and
modulus of elasticity parallel to the grain were the highest after the treatment at 180 °C (Fig.
2). This apparent effect was caused by lowering EMC (and consequently lowering a MC
effect on mechanical properties) or/and crystallisation processes during heat treatments that
was proposed by Tjeerdsma et al. (1998).

0%

X oy 0
>
Z
k7
S -4% 0
o
o 0
_RY,
o 6% = time 3h
% 0 <& time 6h
6 -8% — time 9h
—e—3h —e=56h gh - 12h 0 I time 12h
-10%
20 160 180 200 0
Temperature, °C 20 160 180 200
T,°C
Figure 1. Change of oven dried density due to heat  Figure 2: Compression strength of oak wood after a
treatment. A bar stands for one standard deviation. treatment. A bar stands for one standard deviation.

CONCLUSIONS

Based on change of properties, the optimal high temperature treatment in dry oxidised
atmosphere was observed when oak wood was treated 3 hours at the temperature of 180 °C.

Acknowledgement: The research was supported by VEGA 1/0109/12.
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Effect of fungal pre-treatment on anaerobe fermentation of bourtree
(Sambucus nigra)
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ABSTRACT

The energetic utilization of lignocellulosic materials involves several different ways.
Microbial decomposition of materials with high cellulose and lignin content come off very
slowly and yield low amounts of biogas. Several publications have been published on
different pretreatment methods to enhance the digestibility of lignocellulosic materials (Lopez
et al. 213). Application of mechanical, thermal and chemical pretreatments have many
advantageous effects but these are expensive and the toxic by-products can cause many
problems.

In the present study the effect of the fungal pretreatment on biodegradability of bourtree was
examined in labscale fermentation. The wood of the bourtree was chosen for the investigation
because it has a general chemical composition respecting extractives and skeletal compounds,
it is relatively common and industrially valueless (Atkinson and Atkinson 2002). Two
different fungi species Pleurotus ostreatus (white-rot) and Coniophora puteana (brown-rot)
were tested for 14-, 21- and 28-day pretreatment period (Feng et al. 2013).

After pretreatment, different physical and chemical parameters of the lignocellulose were
determined for the evaluation of the degree of biodegradation. The following chemical
parameters were considered for investigation: dry matter content, total soluble sugar content
(Dubois method), total phenol content (Folin-Ciocalteau method), cellulose content
(Kiirschner-Hoffer method), total organic matter content.

Biogas yields of pretreated lignocelluloses in anaerobe fermentation were tested under
thermophilic (55°C) conditions. Chemical parameters of anaerobic sludge (acid content, COD,
phosphorus content, ammonia content, organic content and dry matter content) were
controlled in order to maintain the optimum fermentation conditions.

Correlations between the rate of fungal biodegradation and the measureable biogas yield have
been established and evaluated.
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Figure 1: The effect of different pretreatment methods of bourtree wood on the biogas yield

Figure 1. summarizes the values of biogas yields indicating the effect of different fungal
pretreatments. The percental values are related to untreated (control) wood samples.

It has been established that the applied chemical analytical methods are suitable for
monitoring the degradation of the wood material. Pretreatments using different fungi strains
and incubation times show significantly different results. In the future other fungi strains and
longer incubation times will be studied.
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Colour homogenisation of irregularly discoloured Robinia wood by
different thermo-hygro treatments
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ABSTRACT

The Robinia (Robinia pseudoacacia L.) is one of the main wood species in Hungary with
great industrial relevance. High share of the Robinia wood grown in Hungary is exported to
different European countries. Robinia plantations cover 465.000 ha in Hungary, thus ca. 25%
of the woodland area. This wood species with high natural durability (without chemical
treatment) is esteemed worldwide. A newly more and more frequently detected irregularity,
called by the industry “iron stain” in the wood tissue is influencing the marketability of this
wood material considerably. Basically some annual rings have black discoloration.
In Sopron, at the Institute of Wood Sciences preliminary experiments were done in order to
trace the biological phenomenon behind this problem. Anatomical investigations (Stereo
microscope) have shown that the thyloses are missing in some vessels, which is a deviation
compared to the “normal” Robinia wood (in heartwood). HPLC tests showed increased
extractive content (up to +70% for robinetin) in the tissues containing vessels without
thyloses.
The colour of wood is very important for customers, therefore in this part of the research we
focused on heat treatments (dry and steam) to diminish the discoloration. Steaming is used in
the industry not only for colour-changing, but it has a beneficial effect on machining
properties of the Robinia wood as well.
Colour properties are usually determined according to the CIELab colour-system. The most
important influencing factors for the colour change during steaming are the temperature and
the duration used. Temperature has the major role, but above 220°C the increase of the
temperature has no effect on the colour (Militz 2002). The atmosphere used has also an effect
on the colour change. Higher colour change occurs in the presence of air (darker colour),
compared to treatments in inert atmospheres (e.g. steam, nitrogen). (Esteves et al. 2008c). It is
possible to decrease the colour variability in case of turkey oak, Robinia and beech with red
heartwood. (Németh et al. 2004).
The main goal of this study was to investigate the total colour difference between the parts
with and without “iron stain”. According to that it is possible to compare the objective
(equipment) and subjective (naked eye) colour detection. If AE*ay is:

* 0-0,5not visible with the naked eye « 3,0-6,0well visible

* 0,5-1,5slightly visible » >6,0 big colour difference

+ 1,5-3,0visible
It is well visible with the naked eye as well that the lightness of the wood decreased as a result
of the heat treatment. Red hue increased while the yellow hue decreased. Higher temperature
by heat treatment resulted in more homogeneous colour (beside significant loss in lightness),
but in this case the pattern due to the early and latewood was diminished as well (Figure 1.).
However the last can be considered as a disadvantage, because the pattern of the wood is an
important aesthetical factor.
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Figure 1: Comparison of untreated (upper row), and heat treated samples (bottom line, left 5 samples 160°C-
1h and right 5 samples 180°C 3h)
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Figure 2: Colour homogenisation due to dry heat Figure 3: Colour homogenisation due to steaming
treatment

All investigated treatment variations resulted in some colour homogenisation. (Figures 2-3.).
Lower colour homogenisation effect was observed in case of steaming. The decrease of the
total colour difference between the discoloured and normal wood parts was attributed to the
lower change of the initially darker (discoloured) parts and the general decrease of the
lightness. But the total colour difference of the heat treated samples was below that of the
steamed samples even if the steamed samples were darker. It is supposed that the wooden
parts with “iron staining” have higher extractive content, which reacted differently in dry and
steam atmospheres.
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Modelling the effect of orthotropic material properties on heat and
moisture transport in case of spruce rafter
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ABSTRACT

In this study, FEM modelling was performed to examine the effect of orthotropic material
properties on heat and moisture transport across a spruce rafter. Results show that direction of
growth rings in rafter has only minor overall effect on these processes.

INTRODUCTION

In Europe, Norway spruce is a widely favourable building material, especially in roof
structures. Because of its fibrous structural tissue, thermal and moisture related properties like
thermal conductivity and vapour diffusion resistance should be considered as orthotropic ones
in building physics simulations. Applying the results in finite element model (FEM)
modelling leads to more accurate calculations, providing more reliable estimations of heat
bridge and vapour condensation.

MATERIALS AND METHODS

For stationer simulation of heat and moisture transport in a wooden rafter, 3D finite element
model (FEM) of a roof fraction (without tiles) was built up in our specific program module in
COMSOL® Multiphysics 4.4. Dimensions of rafter (RT), counter batten (CB) and tile batten
(TB) were 10 cm x 15 c¢cm, 4.5 cm x 4.5 cm and 5 cm x 3 cm (width x height), respectively.
Cellulose fibre insulation (CFI) was inserted to the gap between RTs. Spacing of RTs and of
TBs were 90 cm and 30 cm, and one TB-CB connection node was modelled. TB was fixed to
CB by a nail, and CB was fixed to RT by two additional nails with same size, each at distance
of 7.5 cm from centre plane. Most of the material properties originated from WUFI®’s
material database. For spruce, thermal conductivity and heat capacity data came from a recent
work (SONDEREGGER ET AL. 2011) and vapour diffusion resistance data came from another
one (ZILLIG AT AL. 2007). On the bottom side of model, a vapour retarder (Sd-value = 6.45 m)
was fixed, and on the top side another layer (Sd-value = 0.15 m). Convective heat and vapour
transfer boundary conditions were set on bottom and top side of model (T; = 20°C, T, = 10°C,
RHi = 45%, RH, = 65%, ai = 8 W/m?K, a, = 15 W/m?K, i = 6-10® kg/msPa, S, = 2.45-10°
kg/msPa). Modelling parameters were the x and y coordinates (x,t and yrt) of pith of spruce
stem from which RT was cut out. Coordinate system’s Xy and yz planes were symmetry planes
of the model, xz plane was fitted to bottom side of model and x axis was parallel to the longest
dimension.
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RESULTS AND DISCUSSION

On bottom side of model, average and total inward heat flux, vapour energy flux, total energy
flux and moisture flux were calculated. For total inward fluxes, integration was performed on
RT surface and on full surface, and ratios of these values were calculated. For total energy
flux this ratio can be seen in Table 1. Relative difference of the maximum and minimum
values (for the selected X, yrt parameter pairs) is 5.16%, which is not significant. In the case
of inward heat flux, vapour energy flux and moisture flux, relative differences are 5.15%,
6.83% and 2.76%, respectively. Relative differences of maximum and minimum values of
average inward fluxes on bottom side are 1.38%, 0.25%, 1.38% and 0.10% for heat, vapour
energy, total energy and moisture fluxes, respectively. From these results, it seems that
orthotropic material properties of spruce have minor effect on heat and moisture transfer in
cross-sectional direction of rafter.

Table 1: Ratio of total inward energy flux across rafter’s surface to that of full surface (bottom side) [%]

Xrt [cm]? yrt [cm]P
-10 -5 0 5 10 15 20 25
-20 20.57 20.39 20.25 20.20 20.27 20.41 20.58 20.73
-15 20.72 20.51 20.30 20.24 20.34 20.53 20.73 20.88
-10 20.92 20.70 20.41 20.32 20.48 20.72 20.92 21.04
-5 21.13 21.00 20.66 20.59 20.78 20.99 21.13 21.19
0 21.23 21.16 20.85 20.82 20.98 21.14 21.22 21.24

3x coordinate of spruce stem’s pith, ® y coordinate of spruce stem’s pith (see details in text)
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Figure 1: Moisture content [%] (left) and temperature [ <C] (right) distribution of spruce elements in the xy
symmetry plane of the model, xrt = -10 cm and yr = -5 cm (growth rings are drawn with grey contours)
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Interplay of density, moisture content and specimen size on static
and dynamic determination of stiffness properties of beech wood
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ABSTRACT

The influence of density, moisture content and specimen size on modulus of elasticity of beech
wood was analyzed. Oriented and conditioned wood specimens were examined at 3-point static
bending at same span to depth ratio to determine the static modulus of elasticity and free-free
flexural vibration tests were carried out to determine the dynamic modulus of elasticity in
longitudinal and transversal direction. A strong correlation was approved among static and
dynamic modulus of elasticity. The highest impact on modulus of elasticity had density, but
slightly worse was the impact of moisture content. Size of specimen did not show significant
influence. A multiple regression model for predicting modulus of elasticity of beech was
compared with the model of spruce.

In particular for construction purposes the mechanical characterization of wood properties is
considered as the most important for the evaluation of its quality and the possibility of its end use.
The objectives of various research projects have in principle purpose of reducing the uncertainty
of wood characteristics as influenced by its biological nature. Furthermore, on high variability and
heterogeneity of mechanical properties of wood have significant influenced also great number of
diverse factors, therefore, followed a question of reliability of different methods for the
determination of mechanical characterization of wood.

The objective of this study is to examine the reliability of vibration testing for evaluation of the
dynamic mechanical properties of beech wood. The aim of the study is also to establish the
correlation, frequency range and impact of density, moisture content and specimen size on
modulus of elasticity of beech wood and to set up an appropriate regression model.

Selected dried beech wood (Fagus sylvatica L.) boards were conditioned and six oriented
specimens of different size were carefully sawed from each board. After equilibrating specimens
at three humidity levels (RH1 = 33 %; RH2 = 65 % and RH3 = 87%), vibration tests were carried
out for determinate modulus of elasticity in longitudinal (Eayn ) and transversal (Eayn 1) direction
and static (Es) modulus of elasticity was proceeded.

Flexural vibrational method gave acceptable correlation values between dynamic modulus of
elasticity and modulus of elasticity determined at static bending.

The best and the same time the simplest dependence of modulus of elasticity from beech wood
density was obtained by linear regression (Fig. 1). The impact of density was significant in all
tests and correlation coefficient was in all cases relatively good. Predictably, the values were
lower and with smaller dependence at higher moisture content of wood.

A little less expected was a dependence of elastic modulus from moisture content. In general, we
confirmed that the modulus of elasticity decreases with moisture content, regardless of the
methods, but the correlation and impact is not so high as with density (Fig. 2).

With multiple regression analyze we get a relatively simple linear model for predicting modulus
of elasticity depending on density and moisture content. As the specimen size did not show a
significant impact in all three methods, it is not included in the model. The comparison between
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regression models of beech and spruce showed remarkably similar correlation with a little
stronger influence of density and like the same influence of moisture content.
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Fig. 1 Dependence of a/static, b/ longitudinal dynamic and c/ transfers dynamic modulus of elasticity from
beech wood density at three equilibrium states (¢ - RH=33%, x - RH = 65 % and e- RH = 87%).
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Fig. 2 Dependence of a/static, b/ longitudinal dynamic and c/ transfers dynamic modulus of elasticity from
the moisture content of beech wood.

Beech Spruce
Es=122,44 x p-270,65 x MC -4,95 Es=31,00 x p-244,78 x MC -17,15
EgynL = 27,72 x p - 242,55 x MC -8,20 EdynL = 37,23 x p - 222,82 x MC +27,90
Egynt = 25,24 x p- 235,83 x MC + 1,42 Egynt = 33,09 x p- 193,47 x MC + 10,29
CONCLUSIONS

Relatively strong correlation exists between static and dynamic modulus of elasticity whereas
dynamic vibrational method, especially longitudinal, overestimate the stiffness measured by
static bending test. The deviation between static and dynamic modulus of elasticity are caused
by contributable effect of shear stress at 3-point bending and compression deformations at
supports. Density has greater influence on modulus of elasticity as moisture content but the
effect of both parameters are significant. Dimensions of specimens did not show a significant
impact on modulus of elasticity probably because only clear and oriented wood was used in
the research. Therefore, it is very little impact of anomalous wood structures like, grain
deviation, knots, reaction wood on wood properties. Modulus of elasticity of beech can be
well predicted by multiple regression model with liner impact of density and moisture
content.

The work is part of the research project V4-1419 “Rational use of hardwoods with a focus on

beech wood” supported by the Ministry of Agriculture and the Environment of the Republic
of Slovenia (MKO) and the Slovenian Research Agency (ARRS),
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Swelling of subfossil oak under different conditions
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ABSTRACT

Subfossil wood is unfossilized wood which has been deposited in rivers, swamps or moraine
sediments for hundreds or thousands of years. A number of complicated physical and
chemical processes take place during the deposition under these specific conditions. Besides
the colour darkening, physical and mechanical properties change as well. When this wood is
dried without special treatment, extensive dimensional changes and distortions can occur.
With regard to dimensional changes, there are considerable differences found when the values
of living and subfossil wood are compared. HORSKY AND REINPRECHT (1986), ROWELL AND
BARBOUR (1990) and KOLAR AND RYBNICEK (2010) stated the subfossil oak shows
approximately twofold values of tangential swelling in comparison with living oak, which
limited its use. On the other hand, GRABNER AND TERS (2009) reported lower values ranging
between 3.8% and 7.4%, which was partially explained by not perfect anatomical orientation
of samples. Despite some wood properties deterioration and technological problems, subfossil
wood is a demanded and valuable material, mainly for its dark shade and unusual appearance.
Wood from three trunks from different time periods (A: 1131-804 B.C., B: 208 B.C. —137 A.D.,
C: after 1018 A.D.) was used. The samples were dried carefully until constant weight was
achieved. Then the samples were stored under standard climate (20°C, 65%) and full
saturated air (20°C, 100%) for several weeks during which the moisture content was
stabilized. The equilibrium moisture content (¢ = 65% and 100%) of subfossil oak wood was
measured and compared with living oak wood. The swelling under saturated air condition was
measured and then the samples were stored in water for 20 days. After this time the swelling
in liquid water was determined.

The average measured values of equilibrium moisture content varied between 13.7 and 14.2%
for standard climate and between 26.0 and 27.3% for fully saturated air (see Fig. 1). The
values of subfossil oak were comparable with living oak. The tangential swelling of subfossil
oak was higher in comparison with living oak by 1.3-4.8% (see Fig. 2) when the samples
were stored in saturated air. The increase in affinity to water is attributed to a higher amount
of the amorphous part of cellulose in subfossil oak (GRABNER AND TERS 2009) or freer
bonding sites in cellulose due to hydrolysis of hemicelluloses (KOLAR ET AL. 2014). When the
samples are exposed to liquid water, the swelling is higher than in saturated air and almost
double in comparison with living oak (see Fig. 2). This increase in swelling is probably due to
leaching of degradation products or inorganic compounds stored in wood during the
fossilization process. The chemical analysis of leaching water will be the next step in order to
find out which compounds are responsible for the distinct swelling if subfossil oak is
immersed in water.
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ABSTRACT

Wood strength is a basic material property. We have strength data for almost all species,
important for forest product industry. The relevant standard set the conditions of the strength
determination in laboratory conditions, EN 338, EN 408, ASTM D2555. The reference wood
moisture content is 12%. Strength properties of wood depend on moisture content. Increase of
moisture content leads to lower the strength. EN 384 gives rules for moisture content
adjustment in the range of 10-18 % moisture content range. Trees are naturally grown wooden
structures. For trees the moisture content adjustment is not possible, because its moisture
content is far above the fiber saturation point. Stability of trees is important in urban areas and
nearby roads. People like trees, want to keep as long as possible, but old trees are source of
risk as well. Arborists are working for trees and keeping tree related risk on an acceptable low
level. One of the arborist task is the stability evaluation. The process of tree evaluation always
starts with visual investigation. If necessary continues with some instrument supported tree
evaluation method. One of these methods is the pulling test. Wind load is substituted by static
pulling, while the elastic deformation of the tree trunk is recorded. To calculate the safety
factor of the tree, among of other data the strength parameter of the given wood species is
necessary. Unfortunately wood strength data in green condition is rather limited. Only the
“Stuttgart table of wood strength” is available, containing 45 species published by Wessoly
(1998). Goal of this paper is to express the importance of green wood strength.

PULLING TEST PROCEDURE

Most of the cases the compression strength is the limiting properties for trees. The load on
tree is compression load from the self-weight and bending from the wind load. The resulting
compression load is higher than tension load. In case of leaning trees with asymmetric crone,
the shear strength can be the limiting factor, but we neglect this case. The applied pulling test
setup for tree trunk safety evaluation is shown on figure 1. - including the evaluation
principle. Wind load is substituted by static pulling, while the elastic deformation of the tree
trunk is recorded. Till the tree deformation in fiber direction is less than the elastic limit, the
tree is in a safe condition. The elastic limit in compression for wet wood in fiber direction is
in the region of 3-7 %e.., according to Wessoly L (1998).

In the test procedure we record the elastic deformation: e=AL/L versus the applied force F.
Test points fit to a line, see figure 1, top right corner. Extrapolating the line till the elastic
limit aim, we get the critical force: F¢ . Using the critical force and the applied geometry data
like — rope height on tree, anchor tree distance shown on figure 1. — provide us the critical
turning moment M. of the tree. Of course this information is relevant only the section of the
tree trunk, where the elastometer is located. If the tree trunk at the location of the elastometer
contains large decay or hollow, the elastic deformation is increasing and the critical force is
decreasing, relative to the intact case. Detecting large internal decay is possible by pulling
test; even the defect is not visible from outside.
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Figure 1: The pulling test setup for testing tree trunk.
The evaluation principle is shown on the top right corner.

The safety factor SF of a tree is given by the ratio between the critical turning moment and
the turning moment related to the wind My load in case of strong wind: SF = M¢/ My .The
method of wind load calculation is given in EN 1991: (Eurocode 1) Actions on structures.

CONCLUSION

For reliable tree evaluation we need green wood strength data, especially compression
strength in fiber direction. The elastic limit plays important role in the three evaluations
practice. We need data for many-many wood species available in urban are. Basically
arborists have no laboratory dedicated for strength determination. Wood science laboratories
may play important role in generating more data in the future.
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ABSTRACT

Despite the background of climate change, Sweet chestnut (Castanea sativa Mill.) gets more
and more important. Its excellent wood properties are becoming increasingly into the focus of
economic usage. Having high natural durability, the heartwood of Sweet chestnut is
predestinated for outdoor-use. The phenolic extractives protect the heartwood against wood
decaying fungi and allow an application without chemical wood protection. Thereby, Sweet
chestnut makes an important contribution to the environment. The present investigation deals
with the analysis of the total phenol content in Sweet chestnut heartwood. The goal of the
research was to determine and compare the radial distribution of the amount of phenolic
extractives in the heartwood of selected sample trees, originating from the same region
(Region Haardt, in Rheinland Pfalz/D) but from three different locations with different stand
conditions. Five stems were randomly chosen from each location for the investigation. Total
phenolic contents were measured by means of UV-VIS spectrometry (Folin-Ciocalteu assay)
and by FT-IR analysis.

From the stems disk were cut and then wood specimens were separated from the middle strip
of stem disks. To demonstrate the distribution of the phenolic components along the radial
gradient, the specimens from the middle strips were taken by a defined pattern from the pith
up to the sapwood. The latewood-zone of defined growth rings was investigated by FT-IR
spectroscopy and after appropriate extraction and sample clean-up by the Folin-Ciocalteu
assay.

By means of FT-IR spectroscopy no clear results in relation to the research goal could be
determined. The photometric analysis allowed the assessment of the radial distribution of the
total phenol content. With regard to the distribution, an increase of the content of the phenolic
components was determined in the Sweet chestnut heartwood, from the pith up to the
sapwood-heartwood-boundary. Compared to the heartwood, significantly lower amounts of
phenols could be determined the sapwood.

By carrying out preliminary HPLC-MS/MS analyses the major phenolic compounds of Sweet
chestnut heartwood have been separated and identified. The separation method can be further
developed to be suitable for quantitative analysis of the identified compounds too. By the
means of correlations between wood durability parameters and the concentration of individual
phenolic extractives/total phenol content and using further FT-IR measurements the quality of
Sweet chestnut heartwood could be assessed in the future.
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Figure 1: Radial distribution of total phenol content in stems (n=5) from different locations.
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ABSTRACT

Nowadays hardwood is increasingly used in timber construction, partly as substitute of
softwood members or in combination with softwood. Hardwood shows principally similar
orthotropic behaviour to softwood. However, the magnitudes and the ratios of the mechanical
parameters between the three anatomical directions differ and depend strongly on the
individual microstructure of the species. The aim of this study is to characterize the
orthotropic mechanical behaviour of common ash (Fraxinus excelsior L.) under varying
equilibrium wood moisture conditions.

An FE-calculation of total strain (incl. internal stresses, warping) needs following parameters

Etot=EelTE€w TEwoTEpl (1)

where &0t 1S the total strain, €. the elastic strain, €w the moisture induced strain, gws the strain
induced by creep and mechanosorption and g1 the plastic strain.

All these parameters are required in the 3 main directions longitudinal (L), radial (R) and
tangential (T) and are moisture and time dependent. In the present work elastic constants in
tension, compression and strength were tested. Also elastic parameters by means of sound
propagation (longitudinal and transversal waves) were determined. Table 1 shows for instance
the dynamic shear modulus, moisture dependent and in different directions. Furthermore,
important physical properties of ash, such as differential swelling ratio, water absorption
coefficient, water vapour resistance and thermal conductivity were obtained within this study.

Tab. 1: Results of shear modulus (G) from dynamic tests by an Epoch XT device (Olympus) with a Staveley
S-0104 transducer (1 MHz) for transverse waves; n = 20; p12 = 0.59-0.61g/cm?; w = moisture content; () =
coefficient of variation in %.

w [%] Gwr (MPa) Gir(MPa) Grr(MPa)

8.2 (1.6) 1283 (2.8) 1050 (16.9) 357 (8.5)
13.4 (5.0) 1177 (6.5) 812 (6.9) 382 (17.9)
17.5 (2.6) 1031 (10.4) 806 (3.9) 263 (6.5)
18.8 (4.6) 964 (5.5) 780 (6.6) 246 (9.9)
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As a result, a dataset of selected moisture dependent elastic and strength parameters for
different load types and orientations were generated (see Clauss et al. 2014a, Clauss et al.
2014b). As examples, Fig. 1 and 2 show the influence of moisture content on modulus of
elasticity (MOE) and Poisson ratio.
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Figure 1: MOE in tension dependent on equilibrium moisture content (EMC) for ash wood
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Figure 2: Poisson ratios dependent on equilibrium moisture content (EMC) for ash wood
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ABSTRACT

The heat treatment may result in changes in some of the physical and mechanical properties of
wood. In this study, beech wood (Fagus orientalis) was heat treated at 180 C° for a 6 hour
period with two methods; heat treatment in a vacuum oven and heat treatment with hot linseed
oil in a vacuum tank. During this research, some mechanical properties of wood containing
MOE, MOR, impact strength and compression strength perpendicular to the grain were
studied. After delignification of wood flour, the holocellulose content of beech wood, before
and after modification, was measured.

For thermal modification, the sapwood of beech wood was selected. The first groups of
samples were oil heat treated in double decker tank and heated for 6 hours after the core of
samples were reached to 180C°. The second groups of samples were placed in vacuum oven
for 6 hours at 180C°. In both methods -0.5 bar pressure was used. After treatment,
conditioning the samples at room temperature for 45 days were done, then mechanical tests
were applied.

The measured mechanical properties of treated and untreated samples are given in tablel.

Table 1: Mechanical properties of treated and untreated samples

Samples MOE MOR Impact strength Compression strength
(MPa) (MPa) (KJ/m?) perpendicular to the grain (KN)

Control 7587.5 71.75 28 21.75

Oil Heat Treated 7234.8 65.45 22.45 23.05

Heat Treated in Oven 6268.5 58.85 16.98 19.78

The impact strength results of control samples were found 28 KJ/m?, while impact strength
results of oil heat treated and in a vacuum oven heated samples were 22.45 and 16.98 KJ/m?
respectively. It means impact strength of wood after heat treatments were reduced about 20
and 39.9 percent in oil heat treatment and oven heat treatment, respectively.

Statistical analysis and DMRT grouping showed that oil heat treatment had not significant
effect on MOE, MOR and compression strength perpendicular to the grain, but heat treatment
in oven caused an important reduction in these properties. After heating the wood in oven 18,
17.4 and 9.2 % reduction in MOE, MOR and compression strength perpendicular to the grain
were occurred. It must be noted that after oil heat treatment in vacuum, compression strength
perpendicular to the grain of beech wood was increased but this increment was not
statistically significant. It was observed in thermally treated wood, mechanical properties
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started to reduce when the temperature of treatment reaching 180C°. It can be related to
holocellulose reduction after heat treatment.

The results of this research showed that the holocellulose content of control, oil heat treated
and oven heat treated samples were about 73%, 65.7% and 59.6%. It means the decrease rate
of holocellulose content were reduced about 10% and 18% after oil and oven heat treatment
respectively. These reductions are related to thermal degradation of wood, decomposition of
wood components and losses of wood substances specially hemicellulose after heating. It was
mentioned that hemicellulose content of wood after heat treatment at 180C° to
260C°decreased significantly. Also, it was reported that holocellulose content of beech wood
after heat treatment at 240 C° decreased to 50%.

The results of this study also showed better mechanical properties of oil heat treated wood
compared to oven heat treated ones. This can be related to the fact, oil heat treatment has a
lesser effect on holocellulose reduction than the second method.
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ABSTRACT

In the presented work, first results of extraction techniques of Robinia pseudoacacia L.
heartwood by fexIKA advanced methodology were studied to show how the process is
influenced by various input settings. Three main parameters were evaluated in this study.
Firstly type of solvent used, then possible temperature, which can be reached during
extraction process and lastly quality of used material. Study is focusing on yield and amount
of phenolic compounds under different process parameters.

It is well known that heartwood of some wood species growing in the temperate zone and also
a lot of tropical wood species show higher natural resistance against attack by wood
degrading fungi and/or insects. Their higher natural durability is assigned to the presence of
specific extractive compounds, in the first place (NZOKOU AND KAMDEM 2003).
Heartwood extracts from a wide range of plant and tree species show activity against fungi
and insects and many of them can potentially serve as wood protection agents alone or in
combination. In addition to the chemical composition of extractives, heartwood durability is
related to the amount and distribution of extractives within wood tissues, and this knowledge
can serve as a helpful guide in developing extractive based wood protection systems (SINGH
AND SINGH 2012). The idea to utilize compounds extracted from corporation process waste
products from various high durable wood species as an antifungal agent was already applied
in the past (KARTAL ET AL. 2006).

The high durability of Robinia pseudoacacia L. heartwood is assign to the presence of two
main attendant chemical compounds (flavonoids): first of them is the dihydroflavonol
dihydrorobenitin (3,7,3”,4”,5’pentahydroxydihydroflavonol) and the corresponding flavonol
robinetin (3,7,3°,4°,5’pentahydroxyflavonol), which both inhibit fungal growth.

Very first step of analysis of wood chemical compounds and also most time consuming, is
extraction of wood matter. To increase speed and decrease costs of extraction process, it’s
possible to use, instead of standard Soxhlet apparatus, advanced fexIKA method. This
equipment, thanks to lower amount of solvent necessary for the process and to process set up
itself, could decrease time for determination of the extractive content in the sample to half
with 90% extraction efficiency compared with Soxhlet apparatus (SCHWANNINGER AND
HINTERSTOISSER 2012).

Experimental data shows promising results for the future investigation of chemicals, extracted
by fexIKA method, and their application to improve the native durability of wood. The yield
of extraction was evaluated for different particle sizes, ground to pass a 4.0mm, 2.0mm,
1.0mm, 0.5mm screen and wood powder (particle size < Sum). Due to significant influences
of solvent polarity on composition of extracted compounds nine solvents with polarity index
from 0.0 (cyclohexane) to 9.0 (water) were included into investigation (see results in Fig.1).
Due to native character of chemical compounds, also influence of temperature was
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investigated and samples from heat treated Robinia pseudoacacia L. were extracted and
evaluated.

Including all these factors, it was possible to get deeper information about the extraction
process itself and demonstrate the variation of quantitative amount of extractive compounds,
possible to obtain from heartwood of Robinia pseudoacacia L.
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Figure 1: Quantitative extraction results obtained with using solvents with different polarity, in percentage to
dry wood of Robinia pseudoacacia L. heartwood; screen 0.5mm; 110% solvent/mixture boiling temperature;

n=10
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ABSTRACT

New approaches to silviculture call for a maximum increase of biodiversity in forests through
the creation of mixed forests. This contradicts the consumption of lumber, which in Germany
is currently made up of about 75% coniferous lumber (Seintsch & Weimar 2012). Against this
background, it will be necessary to use hardwood more extensively to meet future demands.
Therefore the aim of the FNR research project ‘New markets and applications for native
hardwood species’ is to develop deciduous lumber-based products and make those, in close
cooperation with partners from the forestry and timber industry, available to the consumer.
The project focuses on the use of hardwood for 1) structural purposes, 2) exterior uses and 3)
wood based composites.

As example here the work of the work package 1) structural purposes will be sketched. The
aim of this work package is the use of deciduous lumber for glulam. The focus is set on the
development of sorting criteria for the strength grading of glulam and single lamellas. One
main criterion influencing the main strength and MOE values of timber is the grain angle.
When increasing the angle between wood grain and loading direction, the strengths and
MOEs decrease considerably. Up to now a reliable machine for grain angle determination of
deciduous lumber does not exist. Thus, one of the goals of this investigation is to evaluate the
suitability of the electric field strength measurement for grain angle determination. This is
done for the six European hardwood species Acer spp. L., Betula pendula R., Fagus sylvatica
L., Fraxinus excelsior L., Quercus spp. L. and Tilia spp. L..

For each of the six hardwood species one specimen of the size 98,4x100x30mm? is evaluated.
The hand-held device Model 511 Grain Angle Meter of the company Metriguard Inc. (USA)
is used to determine grain angles via field strength measurements in a 5x5mm? grid on
radial/tangential surfaces. Assuming that wood splits along the fibers (grain), the specimens
are split subsequently in a 20x5mm? grid. The splitting angles are measured visually. The
values of the 5x5mm? grid (electric field strength measurement) are interpolated and
compared with the 20x5mm? grid of the specimen splitting.

The obtained data show only weak to moderate correlations between the field strength
measurements and reference angles attained through splitting the wood (Table 1). Between
the 6 hardwood species clear differences can be detected.
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Table 1: Correlation coefficients (R of grain angles determined via electric field strength measurement and

splitting.

Species R? R? (after
systematic
correction)

Acer spp. L. 0,10 0,19
Betula pendula R. 0,30 0,67
Fagus sylvatica L. 0,45 0,79

Quercus spp. L. 0,14 0,49
Fraxinus excelsior L. 0,44 0,84
Tilia spp. L. 0,16 0,33

For all species especially in the border areas the angle differences between both measurement
systems are deviatingly high. The same applies for areas with knots (Fig. 1). A systematic
correction of the border areas, where the measuring range of the Grain Angle Meter overlaps
the specimen’s edges, improves the correlations significantly (McDonald et al. 1987).
However striking differences between the 6 hardwoods are still recognizable.
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Angle differences [°]
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Figure 1: 3-D surface diagram of the angle differences [°] between the two different measurement systems
(electric field strength vs. splitting) for the bottom surface of Betula pendula R.. The left back corner
shows angle measurement differences between 5 and 20 degrees due to a knot.

Both measurement systems contain sources of error. Those should be the subject of further
investigations. Looking ahead a microscopic detection should prove that the employed
splitting method generates a precise splitting along the fibers. Furthermore the two systems
should be compared with the tracheid effect scanning (laser dots) employed for machine grain
angle determination on softwood boards.
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ABSTRACT

Poplar (Populus x canadensis MOENCH) trees are fast growing trees which are used for
manifold purposes. Its stem wood was therefore well analysed for its anatomical and
histometrical details. However, poplar branch wood attracted minor attention and there are
much less details available on the anatomy. The present paper deals with anatomical and
histometric details of six branches grown in northern Germany which varied in terms of
diameter, age, angle and orientation. By means of light microscopy, histometric parameters
were determined for upper and lower branch sides. Also the occurrence of tension wood was
recorded for the analysed growth rings. Histometric evaluation focussed on differences
between upper and lower branch sides as well as in different distances to the stem (BLOHM
2011). The probability of significant differences between upper and lower branch sides
increased with the distance to the stem. In cases of such differences, cell dimensions of lower
branch sides were always greater than of upper branch sides (Table 1).

Table 1: Comparison of upper and lower branch sides: histometric parameters at different distances to stem.

Distance Double Tangential Number of
tothe  Branch Fibre fibre wall vessel Vessel area  Ray height ravs per
stem sides  length [um]  thickness diameter [9%6] [pm] ysp

mm [-]
[m] [pm] [pm]
03 upper 642 + 162 53=+1.1 42.1+10.8 33.2+4.1 215+72.5 13+£2
lower 623 £ 188 6.2=+1.1° 40.5+11.3 28.5+5.2 217 £60.1 13+£2
05 upper 710 £ 185 64=x1.5 432+ 14.1 31+3.8 203 £52.3 9+2
lower 686 £ 174 6.9+ 1.9¢ 451+ 14 31+£3.8 207 +59.0 10+ 1
10 upper 689 £ 184 63x1.5 424 +£11.8 28.7+7.3 - -
lower 732 +£208° 65+t14 50.9 + 13.6¢ 30.1+£4.2 - -
20 upper 876 £ 153 57x14 47 +12.7 344+7.1 - -
lower 914 + 1684 6.2 +1.3° 494+ 14.4 342+5.8 - -
30 upper 755+ 157 57£14 39.2+11.8 29.6+7.6 175 +£53.5 12+3
lower 786 + 1738 6.0+1.29 46.3 + 14.5¢ 31.2+5.6 206 £ 71.4° 12+£2

ssignificant (0.05 > p > 0.01), %decisive (0.01 > p > 0.001), ‘conclusive (0.001 > p) difference
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While fibre length showed no significant difference between upper and lower branch sides
near the stem, fibres of the lower branch sides were longer with increasing distance to the
stem. Intra-side comparison of fibre lengths in different distances to the stem revealed a
maximum fibre length for both sides at two metres distance to the stem. Fibre walls were
thicker on the lower branch sides at all distances to the stem except at one metre. Side-wise
evaluation revealed a maximum fibre wall thickness for both sides at half metre distance to
the stem. When comparing heartwood and sapwood, the latter showed larger fibre
dimensions. Tangential vessel diameters differed between upper and lower branch sides at one
and three metres distance to the stem. A comparison of vessel diameters at different distances
to the stem showed no significant differences on both branch sides. Ray height was rather
uniform with the exception of a significant difference at three metres distance to the stem.
Similarly, the number of rays per millimetre was determined as not differing between both
sides.

In growth rings with a relatively high amount of vessels, four branches did only contain
sparse gelatinous fibres in upper branch sides. However, gelatinous fibres were found in lower
branch sides of five branches (Figure 2) as already described for both poplar and some other
hardwood species by MATHEW (2003), FISHER AND STEVENSON (1981) and TERRELL (1953).
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Figure 2: Narrow growth ring (borde hout gelatinous fibres in an upper

branch side (left), frequent occurrence of gelatinous fibres in lower branch side (right).

These anatomical and histometric results clearly show that branch wood is distinctly different
to stem wood, already in tissue portions rather close to the stem. Additionally, the
inhomogeneity especially between upper and lower branch sides became evident.
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ABSTRACT

Hydrothermal pretreatment (HTP) using water as an only solvent is a very promising option
to overcome the recalcitrance of cell wall, which caused the removal of lignin and
hemicelluloses from the cell wall (Pu ET AL. 2013). The information about the variations of
ultrastructural localization of lignin and hemicelluloses in the cell wall during HTP is little
known but is essential to understanding the process of HTP-induced biomass deconstruction.
In our current research, the changes in lignin and hemicelluloses microdistribution of poplar
cell wall pretreated with liquid hot water at 170 °C for 5, 10, 20, 30, and 40 min were
investigated. The HTP caused the alterations of lignin and hemicelluloses microdistribution in
a chemical-dependent manner. Confocal Raman microscopy (CRM) images exhibited that the
loss of lignin concentration in the middle layer of secondary wall (S2 layer) was more than
that in the compound middle lamella (CML) after 30 min of pretreatment (Fig. 1), whereas
transmission electron microscopy (TEM) in combination with immuno-gold labeling
demonstrated that the decline of xylans labelling density in the S2 layer was less than that in
the CML and the outer layer of secondary wall (S1 layer) (Fig. 2). In addition, the little
reduction of mannans labelling density across the cell wall was occurred. These results
suggested that during HTP the removal of lignin was mostly from the S2 layer, while the
removal of hemicelluloses mainly resulted from the removal of xylans from the CML and S1
layer. The current study is the first report of the ultrastructural location of dissolved xylans
following HTP. These findings expected to provide some useful reference for understanding
the mechanism of pretreatment on overcoming lignocellulosic biomass recalcitrance.
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Figure 1: (a-f) Raman images of lignin distribution (1550-1640 cm™) in the poplar cell wall pretreated with
liquid hot water at 170 °C for 0, 5, 10, 20, 30, 40 min respectively. The intensity scale is shown to the right.
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Bright whit/yellow locations represent high concentration of component. Dark blue/black regions signify
correspondingly very low concentration. Scale bars: 2 um.

Figure 2: (a-f) Immunogold localization of xylan in the poplar cell wall pretreated with liquid hot water at
170 °C for 0, 5, 10, 20, 30, 40 min respectively. Scale bars: 500 nm.
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ABSTRACT

Mechanisms of pathological or traumatic heartwood formation in deciduous oak trees
infected with a fungus named Raffaelea quercivola disseminated by ambrosia beetles,
Platypus quercivorus, were studied in Japan. Ethylene production in living and dying stems of
Quercus serrata trees infected with R. quercivola was compared to that in non-attacked stems.
The density of attacks by ambrosia beetles was extremely high at the stem base (Fig. 1).High
levels of ethylene production occurred in stem segments of a survived tree compared with
those in non-attacked or killed trees (Fig. 2). Earlywood vessels occluded with tyloses
significantly increased in the survived tree compared with the non-attacked tree (Fig. 3).
Current-year wood located close to the cambial region had high ethylene production ability,
unlike the inner sapwood or intermediate wood in the survived tree.

Ethrel (Et), methyl jasmonate (MJ), methyl salicylate (MS) or sodium salicylate (NS), and
mixed combinations of these chemicals were horizontally injected into stems of matured trees
or applied to stem surfaces of seedlings to induce defense responses in Quercus species. The
combination of MJ and Et (MJ+Et) induced the greatest discoloration among all treatments
(Fig. 4). Sodium salicylate (NS) or methyl salicylate (MS) alone increased the discolored area
to a lesser degree than did MJ, but defensive responses were obviously more accelerated when
the former were added to the latter in the combination treatments. In particular, induced
discoloration was noticeably achieved following MJ or Et combined with NS rather than as

individual treatments. In contrast, neither

16 .
. ] salicylate  appeared to promote
£, discoloration when combined with the
=, O ek MJ+Et treatment.
3 —m—Killed
= 8
E 6 ﬂ Ethylene analyzed portions

Fig. 1: Attack density of P. quercivorus beetles
on stems of the non- attacked, survived, and
killed Q. serrata trees at various heights from 0
to 300 cm above the ground.
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Fig. 4. Axial sapwood discoloration length of Q. serrata four months after wounding through the
application of chemicals and with fungal inoculation in upper and lower parts of the treated wound. — Et:
ethrel; MJ: methyl jasmonate; MS: methyl salicylate; NS: sodium salicylate. — Data are represented as
mean and = SE of 18 replications for each treatment. — Different letters in each column indicate
significant differences (P < 0.05) using Scheffe’s test. — ** = difference significant at P < 0.01.
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ABSTRACT

Statically and dynamically highly stressed small cross-sections of hardwood used for therapy
and sports equipment, musical instruments, ladders and other work equipment, needs a high
degree of resistance to dynamic loads and at the same time a cross-section which is as small
as possible. This derives on the one hand from the requirements for lower self-weights. In
addition, it is of primary importance that ergonomically pleasant and safe handling should be
ensured. What is crucial here however is that not only the high values of the load-bearing
capacities but also the safety of these values since an incalculable material failure such as
could occur in dynamically highly stressed work or leisure equipment could cause serious
injuries to users.

Wood is an anisotropic and inhomogeneous material whose strength values are subject to a
wide scatter due to fluctuations in raw density and also structural defects such as knots and
oblique fibrous nature. To improve load-bearing and deformation behaviour or reliability,
specific reinforcement measures are eminently suitable which use high-strength materials
such as fibre-reinforced plastics (FRP) (Zauer ET AL. 2007-A). Here the major proportion of
the cross-section is still wood. Of vital importance here is the consciously reinforcement of
structural flaws which may not have been detected but which can thus be relieved.

The main objective of our investigations was the development of a suitable technology, an
on-step-process (Zauer ET AL. 2007-B), for the reinforcement of small cross-section of
European ash with fibre-reinforced plastics by means of resin injection as well as resin
infusion. In this on-step-process, the FRP is produced directly on the wood cross-section and
simultaneously bonded with the wood (Fig.1).

Infusion along  Infusion with

1 Resin 1mnj ection fibre direction membran

vy S0

Figure 1: Principle sketches of the injection process (left) and of the infusion process (right)

The dimensions of the samples were 20 mm x 20 mm x 360 mm (radial x tangential x

longitudinal). The FRP were arranged on both the tension side and the pressure side of the
samples. The total fraction of the FRP cross-section relative to the wood cross-section was
3 % and the fibre volume fraction of the FRP was 35 %. As reinforcing fibre carbon fibres
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(CF) high tenacity (HT) were used and the matrix material were both different epoxy resin EP
L + EPH L (LL) and Greenepoxy 55 + GP 505 (G). 4-point bending tests according to DIN
52186 were conducted in dependence of the climatic state of the samples: 20°C and 45%,
65%, 85% relative humidity (RH). The resulting average equilibrium moisture contents
(EMC) were 7.9%, 11.5%, 19.8%. Fig. 2 shows the average modulus of rupture (MOR) and
average modulus of elasticity (MOE) of the unreinforced ash cross-sections and the reinforced
ash cross-sections in dependence of the climatic state of the samples. The coefficient of
variation of all results within a series was max. 12%.
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Figure 2: Average values tested by 4-point bending test: MOR (left) and MOE (right) in dependence of the
climatic state of the samples

The results clearly show that MOR and MOE increase significantly owing to the
reinforcements. In the case of the samples conditioned at 20°C and 85% RH, MOR increase
about 20% and MOE increase about 40%. As expected MOR and MOE of the unreinforced
samples decrease with increasing of RH and thus increasing of EMC. Likewise, MOR of the
reinforced samples decreases with increasing of RH. However, the climatic state has for the
reinforced samples a quite small influence of the values of MOE. That means, the
reinforcements of the samples, in our case with a total fraction of 3% relative of the wood
cross-section, led to an almost independence of EMC in terms of MOE (homogenization).
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ABSTRACT

Recently the use of wood products and bonded wood is gaining increasing interest. The
properties, especially the failure behaviour of wood and adhesive on the microscopic scale,
are not completely understood yet and still the focus of on-going research. The reaction of
bonded wood to load depends on a variety of factors, e.g. the structure of the wood and
penetration depth (e.g. (Gavrilovic-Grmusa et al. 2012)). Glued structures further complicate
the behaviour in comparison to wood and the possible failure patterns. Due to the speed and
the opaque nature of wood, the observation of the origination and development of these
processes inside the sample necessitate sophisticated non-destructive methods such as in-situ
synchrotron micro-tomography. Although this method has been available and has been used
for clear wood specimen ((Forsberg et al. 2008; Derome et al. 2011; Zauner et al. 2012)), it
has not been applied for the observation of bonded wood loaded under tension.

To observe and possibly quantify the failure behaviour, such as developing cracks in wood
and glue, a specifically designed in-situ loading device (Zauner et al. 2012) was used in
combination with synchrotron micro-tomography at the Tomcat-beamline (PSI, SLS
Villigen). This allows the observation of the glue-line and the complete wooden structure
inside the undamaged sample starting with the original state up until failure and afterwards a
comparison of the states. The sample shape and set-up were designed to allow an additional
in-situ monitoring with acoustic emission (see (Ritschel et al. 2013)).

An example for failure mechanisms is shown in Fig. 1. The clear wood was bonded with urea-
formaldehyd (UF). Fig.1a) depicts the initial, unloaded state, while (b) represents the failed
sample. Failure is mainly found and initiated in the lower-density earlywood and connected to
the sample surface. Fiber bridging of fibers and fiber bundles can be found in the sample. The
results clearly show cracks, as well as different failure mechanisms developing in wood.
Wood loaded in different directions shows a deviating behaviour.
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Figure 3: Deformation of tensile loading of a radially bonded specimen in the longitudinal direction. (a)
depicts the original state and (b) the failed sample.

In the future, the test method may be used to quantify the changes and failure mechanisms of
the structure developing under increasing load, especially with a combination of 3D-
tomographies and acoustic emissions.
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ABSTRACT

The use of adhesive systems containing formaldehyde in wood boards manufacturing has
been restricted in different markets due to the damages it causes to the health of the people
and the environment. This scenario, along with the interest in using sustainable raw materials
that are not made of fossil fuels, such as adhesives using formaldehyde as a base, has
generated a strong interest among Scientists to research and develop new adhesive systems
based on natural resources.

The present work had the purpose of developing and validating different adhesive systems
based on Tripol, a natural component developed using lupine flour as a base, as wood
adhesive. Various Tripol-base adhesives were produced with and without the incorporation of
other additives to strengthen the interaction with wood, such as urea, sodium hydroxide and
hexamine, in percentages of 5% in relation to Tripol. A commercial-type urea-formaldehyde
(UF) adhesive was used as control.

In order to evaluate the relativity of the adhesive samples, a dynamic mechanical analysis
(DMA) was run, monitoring the flexural elasticity modulus during a temperature scanning

(Fig.1).

The best adhesive systems were validated by producing particle boards which physical-
mechanical properties were evaluated (Table 1).

The perpendicular tensile strength of the Tripol-based boards manufactured differed between
0.32 and 0.46 N/mm?, whereas those using UF it was 0.36 N/mm?. The swelling of the
Tripol-base boards differed between 49% and 60%, and it was 35 % for the boards with UF.
The formaldehyde emission of the Tripol-based boards was 0.04 mg/100 mg, and the
emission of the UF board was 6 mg/100 mg. The results validate the use of Tripol-based
adhesive systems for the manufacture of boards using wood without formaldehyde.
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Figure 1: Dynamic Mechanical Analysis of adhesives samples.

Table 1: Particle board properties

Adhesive Internal bond? Swelling® Formaldehyde
[N/mm?] [%0] emission®
[mg/100 mg]
Urea formaldehyde 0.36 35 6
Tripol + 5% urea 0.46 49 0.04
Tripol + 5% sodium hydroxide 0.32 60 0.05
Tripol + 5% hexamine 0.41 55 0.07

3EN319,°EN37, °EN120 (Standards).
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Design of wood products using the method of welding wood
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ABSTRACT

Contemporary design is often at the brim of change and is more focused on presenting
concepts and designing processes than new products. The scientific community in
collaboration with designers has an important role in the development of new constructions
implemented in innovative product concepts. One such approach is used at the Department of
Furniture and Wood Products of the Zagreb Faculty of Forestry, where designers, constructors
and students have initiated an interdisciplinary cooperation.

The paper represents a contribution to new findings in the field of applying innovative
construction joints in designing furniture and other wood products. It includes sketches and
designers ideas of potentially designing wood products by applying the longitudinal
connecting of turned elements by the method of welding. Further research is necessary in this
field in order to justify the application of this type of joints from the standpoint of the various
aspects of design.

Welding solid wood

Reaching an ideal construction joint that would be applicable in design practice is by no
means an easy and simple task both for designers and constructors. The research obtained in
constructions using the method of rotational dowel welding into the surface and the
longitudinal connecting of turned elements was done at the University of Zagreb - Faculty of
Forestry (Zupci¢, 2010). Studies done on the subject of rotational welding of solid wood
indicate a high level of firmness in the welded joint. This included the main factors that
influence the process of welding such as the duration of the welding, welding tightness,
welding depth, the effect of modification (thermal and chemical), wood type, the dowel
rotation frequency, wood density (same wood type), tree ring width, dowel type, etc.

Next step of the investigations is interesting phase for the designers — how to make this
researches functional and usable in some industrial wooden products?

The application of welded wood in the design of products
Investigation started with the interdisciplinary collaboration where designer, constructor and a
student got a task to design a few products using the method of welding wood (Figure 1a).

H )
2) B b) : l ’

Figure 1: a) Cross sgction of a longitudinally connected turned element by welding with a dowel of 30 mm in
length (Zupcié, 2010) b) massive wood beads and irregularly turned massive elements
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In this phase some existing design which use similar form or material are found (so called
index of design). (Figure 1b).

Next step was to sketch some new ideas using welded wood as the main constructive part of
the product. Figure 2 show some of designers’ ideas using designer drawing method
(sketching). During this design phase some of results from the thesis (Zupci¢, 2010) were
took into consideration. E.g. the effect of tightness which influences the firmness of the
welded dowel in the surface, welding thermally and chemically modified wood or even the
duration of the welding process.

Figure 2: Design ideas - sketches of products using welded wood, by Domljan, D.

In the final phase prototype was make, using existing welded wood sticks and cardboard
plates (Figure 3). It was shown for the first time at the international fair Ambienta in Zagreb
in 2012.

Figure 3: The shelving unit produced from longitudinally connected turned elements by the method of
welding, international fair Ambienta 2012, Zagreb

Conclusion

This study set out to design wood products by applying the technique of welding solid wood.
Further research is necessary in this field so as to justify the application of this type of joints
from the standpoint of the various aspects of design — novelty, innovation, economy, ecology,
ergonomic, technology, etc, as well as confirmation of the feasibility, durability and strength
of these constructive joints from the designers’ standpoint.
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Effect of heat treatments on selected properties of Tree-of-Heaven
(Ailanthus altissima)
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ABSTRACT

In the frame of wood modification research program at the Institute of Wood Science in
Sopron were investigated wide range of hardwoods as well. This short report as a poster
presentation would like to present our scientific activities in the field of dry heat treatments of
Tree-of-Heaven (Ailanthus altissima). Ailanthus in China, its country of origin, counts as the
second most important timber species (BRANDNER AND SCHICKHOFER 2013) and has
nowadays importance in Europe’s forests as well. In comparison to the appearance, physical
and mechanical properties of the European ash (Fraxinus excelsior) a strong affinity was
verified (MOLNAR AND BARISKA 2006, BRANDNER AND SCHICKHOFER 2013).

The experimental thermal treatments were carried out under atmospheric conditions without
added steam or injected water. These “dry heat treatments” were performed with schedules at
180° C and 200 ° C temperatures and 10 hours duration. After the treatments the density, the
swelling and the equilibrium moisture content were determined. The colour changes were also
measured according to the CIE Lab measuring system.

The investigation was focused on the change of wood properties caused by the dry heat
treatment. The native specimens were sawn out in radial direction from one tree with wide
annual rings. In this way six series of samples were produced from six annual rings (selected
were the No 3, 5, 7, 9,11 and 13" ). So the radial dimension of the samples was 7mm, which
was cut out parallel to the tangent of early-late wood boundary. The tangential and the
longitudinal measurements of the samples were 20 and 30 mm respectively.

The native and the treated samples were acclimatized under laboratory conditions. Relative air
humidity was 65% and temperature was 20°C (normal climate). Equilibrium moisture content
was determined from the oven dry weight and the weight at the normal climate, which is
measured after reaching the constant weight. It was established, that the average moisture
content of native series of Ailanthus was 13,6 %, and the first group’s one treated at 180°C
was 7,2 %. After the schedule at 200°C showed the samples averagely 4,8 % moisture content
at normal climate. The differences of the moisture content in case of the selected annual rings
were not significant in comparison to each other.

The determination of density was carried out also at normal climate. The average density of
the native wood was 641 kg/m®. After the schedules at 180°C and at 200 °C were the average
densities of the treated Tree-of-Heaven samples 604 kg/m? and 591 kg/m®. The density of the
native wood cut out from the 3™ annual ring was under 600 kg/m?®. In comparison to the other
annual rings can be determined ca. 30-70 kg/m?® differences as increase. It can be also
mentioned, that the density seems to be only increased from inside up to the 9" annual ring of
the untreated wood.

Terminology of the dimensional stability is in connection with the dimension change caused
by the change of moisture content of the wood. Improvement of anti-swelling efficiency
(ASE) is a result of decreased swelling and shrinkage as an effect of treatment.
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It was established, that the dry heat treatment has the same effect on all the native wood series
(independently on the annual rings). All the native samples showed the highest swelling. In
case of the radial swelling of all series was determined significant decrease in the direction to
sapwood. The tangential anti-swelling efficiency achieved ca. 19-26% in cease of the
schedule at 180°C, and 32-44% in cease of the schedule at 200°C (Fig. 1).

Anti-swelling efficiency (ASE) - tangential

50 44,68
38,36 39,44 40,65 39,15

32,00
28,96
30 - 26,53 26,11

20,60 23,31

19,23
20 W 180°C-10h
10 I I 200°C-10h
0
3rd 5th 7th 9th

11th 13th

Annual rings

Figure 1: The improvement of ASE in tangential direction of wood

According to the results of colour measuring (CIE Lab ) it was verified, that a dry heat
treatment has a same effect on the Ailanthus wood samples. The lightness (L*) of the native
specimens was 80,13, which decreased after the schedules at 180 °C and 200 °C to 59,15 and
to 38,60. The average value of red colour component (a*) of native specimens was 3,67. As
an effect of the thermal treatment the values increased by both schedules (at 180 °C was 9,99,
at 200 °C was 11,75) and the materials turned to a reddish colour. The average value of
yellow colour component (b*) increases from 23,25 (native) to 28,27 (at 180°C) and to 29,71
(at 200°C).
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ABSTRACT

The paper presents the results of an experimental research concerning the shape and colour
stability of solid wood panels made from heat-treated lime wood strips, compared to identical
panels made from untreated wood. Lime wood strips of 300x50x20mm were heat-treated in
an electric oven in the presence of air, at atmospheric pressure. The heat treatment comprised
in the first stage oven-drying at 103°C, followed by a heating stage at 150°C for 8 hours, then
actual heat-treatment at 200°C for 3 hours and finally 12 hours of cooling. The heat treatment
parameters were established based on the results of a preliminary research, so as to obtain a
mass loss of 5%. Both the heat-treated and untreated lime wood strips were further used to
manufacture ten 300x300x20mm panels of each type. The panels were open-air exposed for
two months (February and March) on an uncovered terrace. The planity and colour of the
panels were measured initially, after 1 month and after 2 months of outdoor exposure, in order
to evaluate the shape stability (planity deviation) and colour modification (AE) of the panels
made from heat-treated wood compared to those made from untreated wood under outdoor
conditions, in time.

Shape Stability

The planity of each panel was measured in five points by means of an OPTOdesQ
Measurement Table. The shape stability was evaluated by means of the planity deviation (in
mm), calculated as the difference between the maximum and minimum absolute value of the
five measured ones. As shown in Fig. la, the panels made from heat-treated wood strips
preserved better shape stability, their planity deviation being by 3% smaller after one month
and by 22% smaller after two months of open-air exposure than for the panels made from
untreated wood. The maximum planity deviation was always obtained in the central point of
the panel. The planity deviation in longitudinal direction after two months was negligible,
ranging between 0.02 and 0.10 mm for the heat-treated panels and between 0.05 and 0.33 mm
for the untreated ones. However, in transversal direction the values were much higher for the
untreated panels: 0.33-0.85 mm, compared to 0.08-0.30 for the treated ones, as can be seen in
Fig. 1b, c.
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Colour modification

The L*a*b colour coordinates were measured in nine marked points on each panel by means
of an Avantes AVA SPEC 2048 spectrophotometer. Fig. 2 presents the colour modification of
the panels made from heat-treated and untreated wood after one and two months of outdoor
exposure, respectively. It can be noticed that the heat-treated panels suffered an evident colour
modification even after one month of exposure to UV light. Their colour turned from gold-
brownish (in initial state) into silver-grey after two months of open-air exposure. The panels
made from untreated wood suffered more severe colour change after each month. The
difference in lightness between the heat-treated and untreated panels was attenuated in time,
being reduced from 39 (in initial state) to 18 after 2 months. However, even if their colour
was very much affected by the open-air exposure, the specific gloss of the heat-treated panels
was maintained.

L w

L*=41, a*=9, b*=16 L*=46, a*=8, b*=15, AE*=5.02 L*=48, a*=5, b*=12, AE*=4.5
a. Heat-treated panel, initial b. Heat-treated panel,after Imonth c.Heat-treated panel,after 2months

]
|
| ,.'..4. l LS

L*=80, a*=6, b*=21 L*=72, a*=9, b*=23, AE*=9 L*=66, a*=5, b*=17, AE*=10

d. Untreated panel, initial e. Untreated panel, after 1month f. Untreated panel, after 2months

Figure 2: Colour modification of solid wood panels made from heat-treated lime wood strips after 1 month
(b, e) and after 2 months (c, f) of open-air exposure compared to initial state (a, d)

Acknowledgement: This paper is supported by the Sectoral Operational Programme Human
Resources Development (SOP HRD), ID134378 financed from the European Social Fund and
by the Romanian Government.

66



IAWS PLENARY MEETING 2014 - SOPRON (HUNGARY) — VIENNA (AUSTRIA)
ECO-EFFICIENT RESOURCE WOOD WITH SPECIAL FOCUS ON HARDWOODS
Sopron & Vienna, 2014. (14) 15-18th September
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ABSTRACT

LVL is a high quality of wood-based structural material, with uniform mechanical properties
and exact dimensions. Its use is favoured to sawn timber material, especially in long spam
constructions. Suitable timbers with large diameter are more and more scarce nowadays. LVL
IS a product that can substitute natural sawn wood material in structural applications. In
addition, using materials that come from a short distance from the building site is more
environmentally friendly.

Poplar, through its short cutting rotation, provides a large quantity of raw material suitable for
veneer production, even in a short time period. For this reason, it is often used as raw material
in wood based construction elements. The elastic properties of LVL made of poplar can be
enhanced by using veneer layers made of hardwood.

In this study, the mechanical properties of poplar LVL were improved using beech, turkey
oak and tree-of-heaven as reinforcement layers. These raw materials are all available in the
same region, so the transportation of the raw material can be minimized. The bending MOE
and MOR of the experimental LVL were determined using vibration testing and destructive
ramp testing. LVL’s MOE was also estimated using a deterministic model based on the non-
destructively determined MOE and the densification of the veneer layers.

The reinforcement layers improved the MOE significantly. Beech reinforcement performed as
anticipated, while turkey oak and tree-of-heaven veneers increased the MOE more drastically
than expected. This indicates that these veneers are especially suitable for this purpose. The
theoretical model predicted the MOE of the control and beech-reinforced specimen
reasonably well, but provided a conservative estimate for the effect of turkey oak and
tree-of-heaven (Fig. 1). The prediction model used in this study can provide approximate
MOE values for hardwood-reinforced poplar LVL. Further examinations are required to
determine the reason for the better-than-expected improvement caused by certain hardwood
veneer layers.
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Figure 1: Comparison of the measured (Efia) and modelled (Eetf) dynamic elastic modulus of poplar LVL,
and the same modified with hardwood layers, with horizontal layer orientation (flatwise)

In contrast to the impressive improvement in MOE, the effect on MOR is much more modest
(Fig. 2). In fact, MOR decreased when using beech reinforcing layers, and turkey oak and
tree-of-heaven only provided very moderate increase. A one-way ANOVA test showed the
effect of the reinforcing layers to be still significant on the MOR, but the only statistically
significant difference was found between beech and tree-of-heaven reinforcement, based on
Tukey’s test. A possible explanation of the poor performance of hardwood reinforcement in
terms of bending strength is inadequate bonding of the hardwood layers, with the glueline
failing at higher stress levels.
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Figure 2: Comparison of the measured bending strength of pure poplar LVL, and that made using modified
layers.
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ABSTRACT

The properties of wood were effected by many factors, such as microwave frequency, wood
temperature, moisture content, surface roughness as well as grain direction, that a lot of
research has been performed. The dielectric properties of four Canadian eastern wood species
were determined by Ahmed Koubaa et al.(2008)in a certain range of moisture content and
temperature, finding the dielectric properties varied with moisture content and microwave
frequency, overshadowing the influence of wood species and wood temperature. To realize
the efficient utilization of wood, Hamiyet Sahin Kol(2009),Cao Jinzhen, Zhao
Guangjie(2001), W.S.Holmes et al(2013) and other researchers also did a lot of work
respectively.

In this paper, we investigated the dielectric properties of Poplar at different moisture content
in three structural directions and discussed the effects of the parameters, such as, moisture
content, grain direction, and the frequency on dielectric properties. By analyzing the variation
of the dielectric parameters, it has important theoretical basis to understand electrical
properties and the process of heating, drying and gluing of wood. As for the studying of the
dielectric properties of wood-based panel, it proposed a new use, such as heating from the
floor.

The dielectric properties were determined by Dielectric Assessment Kit(DAK)which is made
of Schmid & Partner Engineering AG, Switzerland. DAK contains three parts—PC, Vector
Network Analyzer (VNA) and Probe. The thickness specimens (25mm) were needed.

Dielectric properties of Poplar wood

As we can see from Fig.1, the results indicate that the dielectric properties increased with
rising moisture content within the range studied at a room temperature about 20°C.Dielectric
constant increased with rising frequency, however dielectric loss tangent was the opposite.
The direction parallel to grain had higher dielectric behavior than the transverse direction.
Two facts are considered about the phenomenon, firstly, as the moisture content increases
from the oven-dry condition, the polar components of the cell wall and cellulose get more
freedom of rotation, leading to higher dielectric behavior. Secondly, the more water with high
value of dielectric content, the higher dielectric behavior of the wood.
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Fig.1 The relationship between dielectric properties with moisture content at a frequency of 1.01GHz.
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The results indicate that the four
compositions had different dielectric behavior
(Fig.2). The anisotropic of the composition
became weaker along with the smaller
diameter of the units of the panel, which
improving the freedom of polar group. Then
the polar groups in the compositions were
changeful under the alternating electric field,
and the value of dielectric content would
increase.

Fig.2 The relationship between dielectric content and frequency.
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The use of many tropical wood species is appreciated due to the often attractive wood colour
and the high durability against wood degrading organisms. The beneficial combination of
natural resistance and aesthetical appearance substantiate the use of tropical hardwoods in
weather exposed applications as terrace flooring of claddings of buildings. To understand the
variations of wood species in durability against fungi, discolouring of surfaces and
dimensional stability under changing moisture conditions, the chemistry of the extractives
needs to be known. The extractives of selected wood species (Table 1) consist of a great
variety of components, of which not all are known (e.g. KILILC AND NIEMZ 2010, SANTA
AND OKINO 2007, SCHWAGER AND LANGE 1998, TAKANORI 2008).

In Fig. 1 and 2, the variety of the extract contents in organic solvents (successively in
petroleum ether, acetone and methanol) and in water with the corresponding pH-values are
presented. The greatest differences are detected in the acetone extracts (Fig. 1). GC/MS
analysis of the extracts allowed to identify a high variety of fatty acids as well as different
steroids like sitosterol and stigmasterol, quinones like tectoquinone or lapachol and
flavonoides like taxifolin. However, there are still difficulties in analyzing high molecular
compounds, e.g. the ones which are present as glycosides.

Examination of wood surfaces by means of FTIR/ATR (Fig. 3, left) disclosed differences
between the wood species and also changes due to extractions, e.g. with water (which
simulates leaching in weather-exposure in a first attempt).

After analysing all data, it was possible to cluster several wood species into groups with
similar substance classes (Fig. 3, right). This might allow to identify mechanisms responsible
for the biological resistance and to develop surface treatments for a better preservation of
wood.

Table 1: Examined tropical hardwood species

Scientific name

Merbau Intsia spp. Malacca teak, Moluccan Ironwood, Ipil, Kwila
Jatoba Hymenaea courbaril Courbaril, Aalgarrobo

Muiracatiara Astronium graveolens  Gongalo alves, Zebrawood

Piquia Caryocar villosum Pequia, Grao Cavalo

Itaiba Mezilaurus spp. I. preta, I. vermelha, 1. amarela

Ipé Noir, Ipé Rouge Tabebuia spp. Pau d'arco Arahonie, Lapacho

Cumaru Amarelo, Vermelho Dipteryx odorata Cumart verdadeiro, Muimapagé, Koemaroe, Tonka
Massaranduba Manilkara bidentata Balata rouge, Bullet wood

Bangkirai Shorea laevis Balau, Selangan batu No.1

Teak Tectona grandis India-, Burma-, Java-Teak
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Figure 1: Extract content in organic solvents (PE: petroleum ether, Ace: acetone, and MeOH: methanol)
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Figure 2: Extract content in water at room temperature (left) and the pH-values (right)
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Figure 3: FTIR-ATR spectra of four tropical hardwoods (left); substance classes of wood species (right)
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ABSTRACT

The compressed wood can be used as the structure solid wood product because compression
treatment will enhance physical and mechanical properties of wood materials, such as
modulus of elasticity, shear strength, surface hardness, etc. Poplar is one of the dominant
forest plantation species in China. However, it cannot be used as product directly because its
density is small, the structure is loose and the strength is low. It is sure that its value can be
increased greatly if it can be made into compressed wood. In our research the objective was to
investigate the properties of poplar wood compressed and impregnated with MF resin
treatment. The method of vacuum treatment was used to impregnate MF resin into poplar, and
then it was compressed, so as to increase properties of poplar. The results shows that if
vacuum degree is 0.05MPa and the impregnated time is from 1h to 5h, both of the rate for
increased weight and the dimensional stability of poplar impregnated with MF resin were
increased clearly, and both of MOR and MOE for the poplar veneer dipped melamine resin
were also increased clearly if the compressibility rate raised from 0 to 50 percent. After 8
hours water absorption the thickness of poplar impregnated with MF resin treatment changed
much littler than that with no resin under the same compressive rate.

Table 1: Results of testing thickness swelling for poplar of different compression rate

Specimen C-0[%] C-10[%] C-20[%] C-50[%]
a 3.07 5.29 22.67 72.01
b 1.37 3.647 5.58 4.61

Note: a is poplar with no resin; b is poplar with MF resin; C-0: the compression rate of poplar

is 0; C-10: the compression rate of poplar is 10; C-20: the compression rate of poplar is 20; C-50: the
compression rate of poplar is 50;
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Figure 1: Relationship between the rate of weight increased and the impregnated time for poplar veneer
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Figure 2: Relationship between the rate of preventing humidity and the impregnated time for poplar veneer
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Determination of coating stresses in a system wood—solid coating
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ABSTRACT

This study proposes a method for determination of coating stresses on the surface of a wood-
coating system subjected to moisture content changes. The method is based on the Hook's law.
The strains were scanned with an optical two-camera system and evaluated with the aid of digital
image analysis. The material investigated was a polyurethane (PUR) varnish applied on two beech
wood. The wood was placed in an environment with a very high (almost 100 %) humidity, which
caused its bending. The mapping of strains in the coated and uncoated surface allowed us to
recognise the stress-strain development in the system wood-coating during wetting.

INTRODUCTION

Stresses in a solid coat applied on wood may develop during curing as well as in service
conditions when the system is subjected to moisture, heat or mechanical loading. The
moisture changes in the system wood-coating cause differences between the performance of
wood and coating, and stresses originate in this system. These stresses are usually calculated
from the deflection of coated samples (Perrera 1998, Kudela and Resetkova 2012 ). Kudela et
al. (2010) used photoelastic method for mapping of stress distribution. Another optical
method uses a two-camera system combined with Digital Image Correlation (DIC) technique
and allows measuring of strain fields also for arbitrary surfaces (Duchéne et al. 2013).

The aim of this paper is to propose a non-destructive and contactless method for
determination of stresses on coated wood surfaces subjected to moisture induced stresses.

MATERIALS AND METHODS

The experimental material was beech wood, radial specimens, 120 x 86 x 4 mm (R x L x T) in
size. Their initial moisture content was 8 %. One surface of each specimen was treated with a
polyurethane lacquer. The lacquer was applied on the radial surfaces of the test specimens, at an
average thickness of 175 um. Their lateral sides were sealed with a hydrophobic balsam, to
guarantee one-way moisture uptake. Then the specimens were placed by two into a glass vessel,
on two supports, 100 mm away. One of the specimens was placed with its coated face upside,
the other downside. Thereafter, the vessel was closed and supplied with redistilled water. The
uniform humidity distribution throughout the vessel (=100 %) was attained with a fan.

The strain patterns on the surface were mapped with an two-cameras optical system Aramis
3D, facing the coated face of the first and the uncoated face of the second specimen. The
specimens’ radial surfaces were sprayed with a marker to obtain a network of measuring
points. These points served for determining basic lengths for measuring strains in the radial
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direction. Simultaneously, the specimen’s deflection was measured in the specimen’s centre.
The testing lasted for two weeks, with the measurements repeated at one-hour intervals.

RESULTS AND DISCUSSION

Due to the wetting, the average moisture content in the specimens increased from 8 to 31%.
The asymmetric water uptake caused the specimens to bend. Firstly, the sample’s bending
initiated compression stress originating on its PUR-coated surface. Despite of the increasing
deflection, wood swelling started to alleviate this compression stress. After the deflection had
reached its maximum, the coating became to be loaded in tension. At the same time, the
increase of strain on the uncoated surface decelerated. The proportional limit of the PUR
coating (22 MPa) was reached after 72 hours. Next, the calculated stress overestimated the
actual values. Similarly as observed by Kudela and Resetkova (2012), after levelling off
moisture distribution across the thickness, the specimens were straightened and their
deflection disappeared.

CONCLUSIONS

The proposed method enables to identify stresses developing on the coated surface of wood-
coating systems subjected to moisture loading. The method is powerful in description of the
complex stress-strain behaviour of these systems.

Acknowledgement: The research was supported by VEGA 1/0893/13.
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ABSTRACT

In the last decades the softwood industry became a significant industrial sector in Europe
operating in regional and overregional procurements but international sales markets. Reacting
to a cost efficient production, especially in the primary processing (e.g. sawmilling, panel
production) there was a huge shift from craft-like production to bigger production entities
responding to the rule of economy of scale (Silvestre 1987). In hardwood production
comparative smaller entities are still the rule, but the various productions units such as
sawmills, components and cantles producer and producer of final products operate in a
complex supply chain network. But the hardwood production sector faces new challenges.
The progressive orientation of a company towards more flexible, individualized and
specialized product suppliers increases additionally the density of the flows (Kuhn 1995). The
hardwood industry has to react to these international and environmentally-changing trends.
Due to many reasons the current hardwood process chains are not efficient enough and a huge
part of the hardwood resources (especially in beech) are allocated to the pulping process or to
the energy sector (Mantau 2012).

In the current project we want to understand the various process chains and their interaction
by analysing and modelling the sector. Essential for the process chain analyses are the various
techniques of supply chain management, which we want to apply in order to map the sector
and eventually develop new ideas for establishing a competitive hardwood sector. In contrast
to the different process chains of softwood with a strong commitment towards supporting and
stiffening applications in the construction industry there is high diversity in the usage of
hardwood products. Besides its main applications as the various solid wood applications,
veneer- and laminated-based materials (veneer, plywood), other wood-based materials based
on hardwood are being discussed. For the design of an efficient production network for
hardwood appropriated inter-company planning methods need to be developed. These may
help to improve the competitive position of individual actors as well as the entire network
(Németh and Teischinger 2012).

The first step is therefor to draw a linear, process-oriented inventory analysis of the network
actors. The cooperation along the material flow companies are central points of the process
chain. From this, the first abstract model will be set up as shown in Figure 1. The vertical
direction of the figure describes the scale of depth with classifications into levels. Either the
user of the model considers the associated companies or the manufacturing process is
significant. The horizontal direction describes a progress of a process chain and thus the
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development over time. The resulting model should have the claim of precision and accuracy,
so that it can be successively extended and completed.
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Figure 1: Example of an abstract model of the hardwood supply chain based on the system
decompositon (based on Kiihling 2000)
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Future goals are the decomposition of the edit and manufacturing processes of the hardwood
industry and the inquiry of their interaction. The reason behind this mode of procedure is to
obtain uniform process elements and the inquiry of the information processing and formation
while the synthetically accumulation of the individual process elements. Subsequently this
information is incorporated into the model of hardwood supply chain. The abstract model
enables the simulation of scenarios along the process chain to locate the potential key
sections. The information-related cooperation achieves a growing competitiveness of the
entire networks and better positioning of each actor.
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ABSTRACT

Germany has had a long tradition in beech plywood production. During the last 30 years a
decline in this industry took place though. This was due to increasing labor costs and rising
prices for roundwood of beech in Germany. In the course of opening markets in Eastern
Europe upon German unification Eastern European beech plywood producers in the early
nineties appeared as significant competitors to German plywood companies in terms of lower
wages and prices. Therefore some German plywood producers, in their effort to keep
competing, shifted their veneer production to Eastern European countries like Romania or
Hungary. Beech plywood has superior strength properties (i.e. bending strength, modulus of
elasticity) to softwood plywood and can well be defined as engineered wood product being
suitable for various constructive applications. Two main reasons are generally associated with
the current marginal status of beech plywood as commodity product for constructive
purposes. One reason is related to the weak durability of beech wood which impedes its
utilization for exterior applications. The other reason lies, at least for highly industrialized
countries, in the poor cost effectiveness of the production process. This is due to the low
degree of industrial automation and therefore the need for a relatively high share of human
labor as well as a relatively low wood vyield at the end of the production process. The latter
reason leads back to the properties of beech as wood species determining thus the biological
conditions during the production process. Due to its low durability against decay the knots in
beech wood tend to turn black and become soft spots being periodically visible along the
peeled veneer layer during production process. For surface veneers and for constructive
applications these spots need to be clipped out from the veneer layer thereby wood yield is
reduced. Due to its relatively high density beech wood has a high sorption capacity which
leads to a high shrinking and swelling especially in tangential direction. Therefore rotary
peeled veneers intensely deform after the drying process and thus tend to become waved and
build cracks along the grain direction. Both appearances are undesirable for further
processing.

In our current research project we define a technique which allows for gaining higher wood
yields during rotary veneer production by reducing the amount of waste from veneer
clippings. We further study press drying as an alternative processing method to improve the
planeness and the tangential stability of beech veneer. During veneer production process the
highest portion of veneer loss is caused through the cutting phase (clipping) in which defects
i.e. knots and cracks are selected from the veneer layer. Experimental studies in a beech
plywood plant have determined that portion being about 20% from the total veneer area being
produced excluding the tangential veneer loss caused by drying [Buddenberg, Ph., 1992].
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Since the clipping applies along the complete length of the continuous veneer layer the
selected veneer stripes (clippings) do not only cover regions of defects but also good regions
of veneer.

Figure 1: Veneer loss through clipping: A: Cross-section of log and peeled continuous veneer layer; B:
Areas of defects within clippings; C: Total areas of clipped veneer stripes

Statistical investigations as well as empirical studies on the actual regions of wood defects
within a continuous layer of beech veneer estimated that portion being for a medium wood
quality (German B-grade) at maximum only 2-2.5% [Marutzky et. al., 2008]. By applying an
image analysis software the current research project assesses on the basis of visual analysis of
scanned veneer samples in how far good areas of veneer clippings could be selected from the
clippings and further be processed instead of being treated as waste.

A further research focus is the testing of press drying of wet beech veneers on a laboratory
press in comparison to oven drying of veneers. The press dried and oven dried veneers are
compared according to their tangential shrinkage in different climate conditions and according
to their planeness, dimensional flexibility and the amount of (press) drying cracks. First
results show a significant reduction in tangential shrinkage and a higher planeness and
dimensional flexibility of press dried veneers in comparison to oven dried veneers. Further
research aims at assessing and comparing strength properties of laboratory plywood panels
based on press dried and oven dried veneers.
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ABSTRACT

Beech wood will be an increasingly important timber resource, because the demand for beech
wood is expected to grow in the coming decades (BAYSF 2011). Accordingly, current
thinning and reforestation practices are in place to increase the availability of beech wood in
German and European forests. However, the key to maximizing the potential of beech wood
lies in joint bonding, where the strength and stability of the joints require strict control of
adhesives and adherents, coupled with a closely monitored reaction and bonding time
schedule. In addition to these factors, for load bearing applications the resistance of the
products to moisture must also be regulated in order to ensure structural stability. These
considerations, alongside the other material drawbacks of beech wood such as the high
shrinkage and swelling, the alignment of annual rings and lamella thickness, all serve to
complicate the process of bonding beech wood. In particular, the different adhesive types,
their availability and formal approval for usage remain barriers to optimizing the bonding of
beech wood (OHNESORGE ET AL. 2008, SCHMIDT ET AL. 2010).

Given the market value of beech wood products yet acknowledged difficulties in its
processing, the goal of our research project is to identify to optimal adhesives and gluing
process for joint bonding As part of the research project we produced and tested structures of
cross-laminated timber (CLT) made from pure beech wood as well as hybrid constructions.
The dimensions of the specimens were 10 x 10 mm (length by width), and beech lamellas had
a thickness of 20 mm. The adhesive systems — three types of melamine urea formaldehyde
(MUF), one polyurethane (PUR), one phenol resorcinol formaldehyde (PRF) and one
emulsion polymer isocyanate (EPI) — were selected because they are they are commonly used
at present. From each adhesive we produced 21 specimens, which were then tested for
delamination in accordance with FprEN 16351. This coming norm states that: the total
delamination length should not exceed 10% of the sum of all glue lines; the maximum
delamination length should not exceed 40% of the total length of a single glue line; and the
wood failure rate of the sum of all split glued areas should not be greater than 70%. After the
test cycle we measured the degree of delamination and all samples were split, regardless of
their delamination values, to provide comparable test results. The individual results were
averaged as a basis of comparison for the performance of the different adhesives (Table 1).
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Fig. 1: Delamination and wood failure percentage

The results show that only AMUF and KMUF conformed with FprEN 16351, with total
delamination lengths under 10% and maximum delamination lengths under 40%. However,
both glues also produced samples which did not meet the requirements for delamination or
wood failure percentage. Based on these results, we initiated a second series of tests to
optimize the gluing process, in which the parameters of gluing, such as glue spread, assembly
time, applied pressure and pressing time were manipulated. The results of this second
experiment represent a further step in the optimization of the gluing process towards the goal
of developing a functional joint bonding process for beech wood.
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ABSTRACT

Introduction

For the production of high grade timber, it is necessary to detect various wood features such
as knots, starting decay, resin pockets, cracks and the annual ring alignment. The introduced
project investigates the potential of detecting these features consistently by means of high
speed X-Ray computer tomography (CT).

Some high speed CT scanners are already implemented in softwood sawmills and operate
successfully. Based on that, the basic idea of this project is to evaluate the level of value
improvement of high grade hard- and softwood timber. Additionally, the effect of
implemented CT technology on subsequent manufacturing processes is determined by
simulating the material flow. The first part of the project of evaluating the state of the art in
CT technology is presented in the study at hand.

Materials and methods

In the present study, a literature review with respect to CT-technology was carried out in
various research and industrial fields. Additionally, experts in CT-technology were
interviewed regarding current and future developments. As medical engineering is rather
evolved in the field of CT, experts in this field were approached.

Results and Discussion

Numerous studies on the use of CT in the timber industry have been performed in the past
few years. In especially, the grading of boards according to quality characteristics (ALMECIJA
ET AL 2013), the scanning of whole logs with automatic detection of specific wood features
(i.a. JOHANSSON ET AL 2013) as well as the possible economic potential of the additional
information acquired from the logs were investigated (i.a. STANGLE ET AL 2014). As result,
CT has proven to be an adequate method to detect wood features in logs. However not all
required data can be extracted automatically and some cannot be extracted at all. Progress was
especially achieved on the detection of knots. Annual ring alignment and decay are
particularly challenging (WEl ET AL 2011). Furthermore the results presented cannot be
applied unconditionally to all types of wood. Comparatively few studies were performed on
hardwoods. Additionally, most of the conducted studies used data generated by medical CT
scanners, which tend to use higher resolutions than industrial scanners. Due to the
development of the first 3D industrial scale log scanner (GIUDICEANDREA ET AL 2011), the
required adaptation of algorithms for low resolution CT was investigated (i.a. JOHANSSON ET
AL 2013).

As scanning speed, resolution and radiation dose are directly linked, industrial applications
may benefit from the efforts to reduce radiation dose in medical applications. Studies on
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Compressive Sampling for Cone Beam CT showed a possible reduction in the number of
required sampling by a factor of 3 to 5 (HU ET AL 2014). For multi-detector CT, improvements
of resolution up to factor 2 could be achieved without modifying the hardware. Ultra Low
Dose CT (ULD-CT) in combination with model-based iterative reconstruction (MBIR) shows
sufficient quality for specific medical characterizations (NEROLADAKI ET AL 2013).

Conclusion

CT is an adequate analytical method for detecting wood features in logs processed in the
timber industry. As research in CT technology is progressing, higher feed speeds and
resolutions will be possibly realized soon. Beside the improvement of hardware, adequate
signal transformation and image analysis might play a major role for detecting wood features
in future.
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ABSTRACT

Wood applications in building and construction are faced with varying environmental
conditions. Technical failure is frequently initiated by wood decaying fungi. Wood
modification involves the action of a chemical, biological or physical agent upon the material,
resulting in increased durability (HiLL 2006). In contrast to treatments with traditional wood
preservatives, where the resistance is caused mainly by the toxicity of the chemicals added,
little is known about the mode of action of modified wood. Furfurylation of wood is a
chemical modification where furfuryl alcohol penetrates into the wood cell wall polymerizes
in situ resulting in a permanent swelling of the wood cell wall (STAMM 1977). This leads to
higher durability against biodegradation (LANDE ET AL. 2004). A previous study indicates that
furfuryl alcohol can bind to a lignin model compound (NORDSTERNIA 2008) but if this
reaction occurs in solid wood is still unclear. UV microspectrophotometry (UMSP) is ideally
suited to study the topochemical distribution of lignin in the wood cell wall (FERGUS ET AL.
1969; SCOTT ET AL 1969; SAKA ET AL. 1982; FukAZAWA 1992; KocH AND KLEIST 2001; KocH
AND GRUNWALD 2004). The UMSP technique enables direct imaging of lignin modification
within individual cell wall layers. The aim of this study was to develop a method to
investigate furfurylated wood for a better understanding of the furfuryl alcohol polymerization
process in the wood cell wall. Three different furfurylation treatments of maple (Acer spp.)
and pine (Pinus radiata) were investigated. The samples were dehydrated in a graded series of
ethanol, afterwards embedded in epoxy resin according to Spurr (1969), sectioned with an
ultramicrotome, and transferred to quartz microscopic slides. The semithin sections (1pm),
with a size of approximately 0.5 mm?, were immersed in non-UV absorbing glycerine and
covered with a quartz cover slip. The topochemical analyses of the untreated maple and
radiate pine samples show a typical profile of lignin distribution (Figs. 1a and 2a). The colour
pixels represent the intensity of UV absorbance at wavelength of A27enm for hardwood and at
A2sonm for softwood. In Figs. 1b and 2b, two-dimensional scanning profiles of furfurylated
maple and radiate pine are shown. Compared with the untreated samples, the furfurylated
samples show significant higher absorbance values within the complete cell wall. The results
indicate that cellular UV microspectrophotometry is a well suited method to study early
fungal degradation damages in the cell wall of furfurylated wood. With this method it might
also be possible to study potential bindings of furfuryl alcohol to the cell wall
macromolecules on a subcellular level.
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Figure 1: Representative UV microscopic scanning profiles of maple
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Figure 2: Representative UV microscopic scanning profiles of radiate pine
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ABSTRACT

SilviScan is a system of connected instruments designed for the rapid automated analysis of
wood microstructure in samples cut from (for example) increment cores. The system has been
used as the basis of at least 500 projects in 20 countries. One of the SilviScan modules is an
optical image analyser employing a combination of reflected and transmitted light from LEDs
to reveal the cell cross-sections in polished transverse surfaces (wood fibre secondary walls
are relatively efficient light conductors). Radial sequences of images are automatically
acquired and stitched together for determination of cell cross-sectional dimensions averaged
over 25 micron intervals (for example). The current generation (SilviScan-3), developed in
2000-2003 and installed in Australia, Sweden and Canada, uses short wavelength LEDs for
reflected light imaging and long wavelength LEDs for transmitted light imaging. The use of
transmitted light imaging of wood was invented a decade earlier for SilviScan-1. It was found
in 1990 that high contrast images of cell cross-sections in polished wood transverse surfaces
could be obtained using transmitted light from a tungsten source transmitted along the wood
cells acting as fibre optic conductors, but only longer wavelengths made it through thick
samples and that LEDs could supply sufficient intensity (EVANS 1994). SilviScan-1
therefore used high intensity red LEDs for both transmission and reflection. SilviScan-2 used
green for reflection and red for transmission. SilviScan-3 has interchangeable lighting systems
and objective lenses, allowing a range of wavelengths and magnifications. The upper end of
the wavelength range is determined in practice by the spectral sensitivity of the lenses and
CCD camera, and the required spatial resolution.

For hardwood species such as poplar, beech, birch and alder, common in the Northern
hemisphere, red/infrared wavelengths down to about 640nm are usually transmitted
efficiently. Other species, such as eucalypts require the longer wavelengths. We have used
LEDs in the wavelength range 640-940nm in transmission and 450nm to 940nm in reflection.
SilviScan has also used various cameras ranging from 0.3Mpixels 6.0Mpixels, with
interchangeable objectives giving typical pixel sizes in the range of about 0.3-2.5 microns.
This paper presents images taken in reflected and transmitted light for a range of species and
magnification. Some examples from SilviScan are given in Figs 1-3 for three hardwoods.
These images are 0.65mm high and contain ~ 1400 x 1000 pixels. The transmitted light
(wavelength 450nm) and reflected light (880nm) images were acquired in pairs at the same
position within each sample. Transmitted light images are more easily analysed because of the
improved contrast. A softwood (Douglas fir) is shown in Fig 4 for comparison.
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Figure 2b: Eucalypt in transmitted light.

Figure 3b: Birch in transmitted light.
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Flgure a: Douglas fir in reflected light. Figure 4b: Douglas fir in transmitted light.
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ABSTRACT

The present demand of sustainable energy sources and building materials leads to a high
competitive market for all wood-working industries. In the situation of diminishing resources,
the interest for new technologies and applications due to efficient and economic utilization of
wood is growing. In this context it has to be scrutinised, if using medium and low quality
hardwood logs for energy purpose can be justified. Concerning cascade utilization, a lot of
hardwood species show high mechanical and physical properties which make them applicable
for structural purposes. In our paper we present a new method of hardwood utilization named
as Ultra High Performance Plywood (UHPP). UHPP means combining and moulding veneers
for creation of light weight structural elements. Our paper illustrates a feasibility study on a
UHPP light-weight structure element: the UHPP_I_beam.

The UHPP_I_beam is a linear member with an I-shaped cross section. The use of veneer
allows us to design a connection between the two components flange and web without
weakening the flanges by finger-joints. Fig. 1 illustrates the cross-section, the layer-setup with
two grain directions (0°, 90°) related to the beam axis and the main production steps to
fabricate a specimen and investigate its load bearing behaviour.

On a first approach the moulding and bonding process to create two C-sections are performed
by a vertical hydraulic press with. The different layers are placed in a rigid frame as seen in
Fig. 1. During the pressing the two form-elements with a defined curvature slide on a trapeze-
shaped element (a), moulding the veneer layup consisting of three unidirectional veneers (o =
0°). Simultaneous these veneer layers are bonded together with the filler-element and the
transversal layer (o = 90). Finally the C-sections and flanges are assembled resulting in an I-
shaped cross-section. Two I-beams (A and B) with a length of L = 3000 [mm] were produced.
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To investigate bending capacity and load bearing behaviour a four-point bending test was
carried out according to EN 408 (2012). The first test was performed to determine the
ultimate load. In addition the global midspan deformation was recorded. The second test
comprised the measurement of the local and global midspan deformation. To analyse the load
bearing behaviour of the composite structural element (length L = [3000 mm]) a model,
considering stiffness parameters of each cross-section component was set up. The required
parameters were determined by extracting small specimens of the tested I-beams. Shear,
tension and compression tests were conducted. Table 1 provides the main results of the
experimental tests.

Table 1: Results of 4-point bending tests

Specimen [-] Fmax [N] Wo.4 [mm]? wo.1 [mm]? EI [Nmm?]° GA/xk [N]°
A 31736 18.32 4.26 2.81E+11 -
B 29359 16,32 3,85 2.39E+11 2,56E+06

3global midspan deflection, "bending stiffness, shear stiffness

We observed a ductile load bearing behaviour related to local buckling of veneers in the
compression zone (see Fig. 1). The initial failure of the specimens occurred in the mid span
area.

Figure 1: initial failure: stability failure of veneers on the upper flange

To sum up the main findings are:

- ductile load-bearing behaviour,

- stability failure related to a local buckling of veneers in the compression area, and
- moulding and gluing process lead to local delamination of veneers in these areas.

The next steps to achieve higher load bearing performance of UHPP are to optimize the
production process and to change geometry parameters (layer-setup, web and flange
dimensions) based on the mentioned model.

This research was funded by the Federal Ministry of Science, Research and Economy and the
Association of the Austrian Wood Industries in the frame of the doctoral initiative
“DokIn’Holz”.
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ABSTRACT

As a substrate for coatings wood surfaces have to be considered as rough compared to other
materials such as metals or plastics. Hence, measurements of dry film thickness of coatings on
wood usually lead to larger variance of results. This is particularly the case for coatings on
coarse porous hardwood species such as robinia, oak, ash, chestnut, meranti and many others.
With these wood species open vessels on the longitudinal surfaces lead to large variations in
actual coating film thickness and the difficulty to choose positions and directions for
thickness measurements under the microscope. Present standards for measurement of coating
film thickness (1ISO 2808, EN 927-3) provide no guidance how to measure at vessels on the
surfaces of coarse porous wood species.

In a European Round Robin trial involving 11 laboratories different strategies and methods
for measurement of dry film thickness of coatings on spruce, beech and meranti wood were
used and compared. This included microscopic measurements at randomly selected positions,
analysis of micoroscopic images with area assessment and non-destructive ultrasonic
measurements. From the results of microscopic measurements according to 1SO 2808 it was
concluded that variations in results were larger on the meranti samples (Fig. 1) compared to

all other wood species.
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dry film thickness measurements in 10 laboratories (A-J) on 3 samples of
coated meranti wood

The individual selection of measurement positions on micrographs of open vessels on the

coated meranti surfaces revealed great differences in measurement strategy between the labs
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(Fig. 2). Lab D measured minimum coating film thickness at the edge of the open vessel.
Most of the other labs did not include the open vessels filled with coating material but
selected measurement positions beside these vessels (e.g. lab A). Lab E selected a
measurement position in the centre of the open vessel whereas lab G selected a position not in
the centre of the vessel but in the middle of the pencil mark that defined the measurement
position.
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Figure 5: Individual selection of measurement positions on micrographs of open vessels on the coated surface
of meranti wood; examples from four different laboratories (D, A, E and G)

Based on these results the committee CEN/TC 139/WG2 “Coating Systems for Wood” agreed
on conventions for measurements at open vessels and drafted an improved method description
to minimize deviations of results between labs. On hardwoods with coarse pores
measurements shall be taken beside open vessels on the wood surface (Fig. 3). Positions
where the coating material penetrated open vessels may not be included in the measurements.
No matter where the measurement is scheduled, coating material that has penetrated into open
vessels may not be included. Measurements have to be oriented perpendicular to the test
surface of the wood sample. It is intended to bring these conventions forward to 1SO
standardisation.
| !

ﬁ [

Figure 6: European convention to take measurements beside open vessels, coating material that has
penetrated into open vessels may not be included; upper arrow marks randomly selected position
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ABSTRACT

Extensive research has been done on the development of biofuel from low-cost and abundant
lignocelluloses. Unfortunately, cost-effectively producing sugars and sugar derivatives still
remains a barrier to developing a biorefining industry. In order to overcome this barrier, a few
innovative processes were developed for converting lignocelluloses into sugars and liquid
fuels.

First, a sulfite pretreatment (SPORL-Sulfite Pretreatment to Overcome Recalcitrance of
Lignocelluloses) was demonstrated to be more effective to enhance enzymatic digestibility of
woody biomass like spruce than dilute acid pretreatment (DA). Addition of sulfite along with
sulfuric acid partially dissolved lignin and sulfonated residual lignin in the SPORL substrate,
which reduced non-productive adsorption of enzymes on lignin. The buffer effect of sulfite
protected cellulose and hemicellulose from extensive acidic hydrolysis and further
decomposition. Therefore, SPORL recovered more fermentable sugars and generated less
fermentation inhibitors than DA pretreatment.

Second, a polystyrene-based cellulase-mimetic solid acid with both cellulose binding domain
(-Cl) and catalytic domain (-SO3H) was synthesized for cellulose hydrolysis. The binding
domain facilitated the association of substrate onto the catalyst surface and therefore
accelerated the cellulose hydrolysis. The cellulose hydrolysis catalyzed by the solid acid had
much lower apparent activation energy than the ones catalyzed by liquid acids and general
solid acids without binding domains.

Third, a one-step process was developed for direct saccharification of lignocelluloses at
moderate temperature in concentrated metal halide solution without pretreatment. Fed-batch
of biomass allowed to produce a concentrated sugar solution for downstream processing.
Sugars and the salt were separated through a combination of solvent extraction of salt and ion-
exchange chromatography or other techniques.

Fourth, a one-pot process was developed for transforming lignocellulose into furan-based
precursors for hydrocarbon fuels without pretreatment or saccharification. In a LiBr/acetone
system with small amount of acid, unsolvated Li* and Br- rapidly disrupted hydrogen bonds in
cellulose crystals and facilitated the hydrolysis of cellulose and hemicellulose. Br~ further
catalyzed the dehydration of sugars into hydroxymethylfurfural (or furfural), which
subsequently reacted with acetone through aldol-condensation to form furan-based precursors
with 5-21 carbons in high yield and selectivity. Lignin was extensively depolymerized into
low-molecular-weight fragments that can be hydrodeoxygenated together with the precursors
into hydrocarbon fuels. The lignin also had good potential for high-value co-products
development.
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ABSTRACT

Mechanical disintegration is one of the key processes in the woodworking industry. The
reduction of saw kerf width as well as improvement of surface quality is becoming
increasingly important, which is especially true for high value hardwoods. However, an
optimisation of the cutting processes requires a basic understanding of the interaction of tool
and workpiece. For this reason a complete physical description of the cutting process is
needed. Subsequently, out of this analytical description an applicable semi-empirical model,
likewise in the metal working industry, will be developed. The validation of a cutting force
model requires the existence of consistent cutting force values. However, utilization of data
from previous studies is impossible as important information about data processing, cutting
parameters as well as wood properties is lacking. To enable a validation of the cutting force
model a standardized and reliable method for the examination of cutting forces had to be
developed. Therefore a pendulum was modified and equipped with an adjustable machine
table to enable examination of different cutting thicknesses. For force measurement a force-
sensor based on the piezoelectric effect, enabling force measurement of high resolution in
three directions, was mounted between machine table and knife holder. The main focus of this
work was lying on the development of data handling and subsequent data processing
procedure as well as on a standardization of sample geometry, knife geometry, knife
properties, knife alignment and cutting parameters.

The aim of this work is the development of a general method for a basic analysis of dynamic
cutting processes. For cutting force measurements a modified pendulum (Wolpert, Vienna,
Austria) with cutting speeds of around 7 m/sec was used (Fig. 1a). Therefore the sample was
mounted onto the hammer which is passing the knife at the bottom dead centre of the
pendulum. The force sensor is mounted beneath the knife holder measuring the occurring
forces in three directions by the piezo-electric effect (KRENKE ET AL. 2014). Generally,
measured data are highly influenced by the chosen test set-up as well as by subsequent data
processing. For this reason results of former studies and their derived models are not
transferable (PAHLITZSCH 1962, MARTYENKO 2006, GOLI 2005). The frequently
observed method of curve smoothing by moving average is not practicable as important
material-specific information is lost (ETTELT 2004, HEISEL 2001). To achieve
unadulterated data the saved output signal was filtered by the so-called system/transfer-
function. The system/transfer-function considers all influencing components of the test-setup
as a black box whereby the relationship between input- and output-signal is described by the
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frequency response function. Therefore the output signal is processed by the frequency
response function eliminating all disturbing influences from signal acquisition.

For examination of the influence of varying wood properties, e.g. moisture content, fibre
angle and density on the cutting process solid samples of flawless beech (Fagus sylvatica) of
differing fibre angles (0° and 45°) were used. Sample geometry is shown in Fig. 1b.

Cutting force is about 30% higher for 45° fibre angle compared to 0°. Measurements also
show that the amplitude of the curve is influenced by the density.
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Figure 7a: modified pendulum and force sensor (KRENKE ET AL. 2014); b: sample geometry
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ABSTRACT

Robinia, or black locust in many countries simply called 'acacia’. This misleading name leads
to misunderstandings as people may mistake it for the real acacia species (genus Acacia),
growing in subtropical and tropical regions (MOLNAR and BARISKA, 2006).

Together with many other plants, locust has been introduced to Europe from North America
by J. Robin, the royal chief gardener of Paris in 1601. Today, 24% the Hungarian forests
(plantations) is made up of black locust, and no other European country has as much of it as
Hungary does (463,000 ha). Romania, Italy, France, Serbia, Bulgaria, Slovakia and the
Ukraine also have large stands of black locust. Presently, black locust forest areas shows fast
expansion in China and South Korea.

In Hungary, about 8,500 ha of black locust forests are harvested annually. The growing stock
in Hungary amounts to 46,8 M m?, the annual harvesting is (including intermediate cutting)
was around 1.5-1.9 million m2 for the past few years. The annual increments amounts to 3,2
M m?3. The rotation period varies with the quality of the stands, the average being 31 years.

Fig. 1.: Microscopic (left) and macroscopic (right) structure of Robinia

The following assortments are produced: sawlogs, lower quality (short) logs, mine timber,
masts, poles, chips, firewood. Only about 18-20% of the harvest is suitable for sawnwood.
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As softwoods were short in Hungary, and the import of it was restricted, Hungarian wood
scientists and engineers developed glulam-structures of Robinia wood. Some of these
structures are still in service longer than 40 years.

According to the international standard EN 350-2, black locust is the only European species
that can be put into the durability class 1-2. Because it does not require chemical treatment for
outdoor applications, black locust can be considered a very environment-friendly material.

Black locust develops relatively straight, cylindrical trunks in closed stands. The cultivation
of special strains, like the straight "shipmast locust"” variety, increasingly get greater attention.
In the frame of a new project: “Developing the industrialized vegetative propagation
technology and the plantation model for new, extraordinary fast growing "OBELISK" Robinia
varieties for high quality logs” foresters and wood scientist are working together to enlarge
the available wood resources with shorter rotation periods (below 20 years) and higher yields.

During the last decades several research programs were completed or are still running in
Sopron: Technology for high Quality Products from Black locust — EU INCO-COPERNICUS
Project; Physical and anatomical properties of selected fast-growing robinia variety
candidates — OTKA (National); Specific properties of the juvenile wood of domestic
hardwood species — OTKA (National); Enhancing the durability and dimensional stability of
domestic hardwoods through thermal treatment - OTKA (National); GOP EU-cofinanced
project ,,Obelisk” and ,, Turbo” varieties

In the frame of the above mentioned projects innovative product groups were defined
(parquet, window scantlings, furniture), growing rates, physic-mechanical properties were
characterised, furthermore glue ability and paint ability with different systems were tested.
The calorific values (Heartwood/Sapwood/Bark), the durability against wood destroying fungi
and colour variations were measured and characterised.

Newly running investigations are dealing with the thyloses forming, “black stripe”
discolouration and durability-colour correlations. Tests of remaining load bearing capacities
of “old” Robinia glue-lam structures are running too.

Robinia growers and honey producers are facing EU regulation issues, as Robinia is classified
as invasive and alien species, and thus its distribution should be limited. As a reaction to this
disadvantageous regulation the national authorities supported by plantation owners, research
organisations, and related associations established the so called “Coalition for Robinia”. This
initiative should help to show the ecological and economic benefits of Robinia plantations and
the utilization of the wood in a holistic approach.
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ABSTRACT

The majority of wood frame panels are made of pine, especially spruce and Scotch pine in
Europe, although many countries have great population of poplar. This study investigates the
possibility of using poplar instead of pine in lightweight house wall studs. Vertical
compression test and cyclic lateral shearing test were done on full scale light frame panels.
The poplar panels show unexpected strengths in compression and in shearing also. In case of
compression the difference is no more than 6%, on shearing the poplar panels show more
flexibility and lower deformation value during shearing cyclic, however the failure force was
higher in case of spruce.

INTRODUCTION

Wood is a traditional building material due to its dimensional and mechanical properties and
its other favorable features. There have been numerous studies that have investigated different
aspects of the light frame buildings such as thermal properties, and durability or mechanical
strength. Present study investigates the substitution of coniferous light frame panel elements
to poplar, and its effect to the mechanical properties like vertical compression, and shearing
capacity.

MATERIALS AND METHODS

Four panel were built using poplar (Euramericana ’Pannonia’) timber and four from spruce
- (Picea Abies) timber, also for compression and
shearing test. The Pannonia poplar has a density of
410 kg/m*® what makes it a good candidate as a
construction material. The other reason this clone
was chosen is its wide spread in Europe e.g. more
than half of the hybrid poplar plantations are
Euramericana in Hungary. The knots have less
adverse effect on the strength of the poplar, as in
case of spruce.
The panels had the dimensions at
compression test: 120 mm frame thickness and 1250
mm width, 2500 mm height.

Figure 1 Compression test measuring position

The inner sheathing boards were OSB3-
EN300-E1 with thickness of 15 mm and the exterior
boards were 12 mm. The studs’ cross section was
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120 x 60 mm, 120 x 90 mm at the top plates and 120 x 70 mm at the bottom plates. The
distance of vertical studs were 625 mm on-center spacing. The shearing panels had the same
dimension, and materials except the length of the panel which was 3750 mm (three modules
of compression specimens). Hydraulic Power Units with 0.001 mm displacement, 0.01 kN
force accuracy, and 250 kN maximal load capacity were used for loading. During
compression test two cylinder were used. (Figure 1)

RESULTS AND DISCUSSION

In the compression test the performance of the panels were examined under 100 kN, 200 kN,
and the load leading to the panel failure. The main investigated parameters were the failure
force, compression at the failure. Compression strengths of spruce panels were only 6%
higher than the average of poplar panels. The compressive strain was 12.833 mm and 13.043
mm in spruce and poplar panels at the moment of break.

In the shearing test, the panels were twisting or shifting without a spectacular breakage of
frames or OSB boards. The cyclical loads make the panel rather exhausted than break.
Reaching the appropriate force in the given cycle it was hold for one minute then the actuator
force decrease to zero again. By the consequence of the load the panels suffer some
deformation, to a certain extent it is elastic and over a point it is permanent. Figure 2 shows
the deformation of panels’ average data. The increasing values between the peaks of the same
loading level mean the worn effect of the panels, namely the same force caused higher
displacement. The graph prove the spruce panels suffered higher deformations in all loading
level and the failure deformation was higher than poplar panels also.
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Figure 2 Average displacements of spruce and
poplar panels
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Steps of eyelieloading (1 better).  Likewise the permanent
deformation is lower after the last 30 kN load in case of polar panels. The results show that
the spruce panels average have 51.3% higher permanent deformation what is significant
difference. The poplar panels provide more flexible properties.
The shearing strength of poplar panels were higher and the small level of the deformation
parameters of poplar panel are remarkable advantageous too. From the aspects of shearing
stress the poplar can provide at least the same stability and higher flexibility than spruce
panels. By this, it can be stated that the poplar could substitute the spruce frame elements.
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ABSTRACT

Introduction: In addition to wood production in natural forests, the establishment of
plantations could help to increase the amount of available wood assortments. The production
and utilization of renewable biomass especially from fast growing trees in short rotation
plantations (SRPs) have increased over the past ten years and are important for a future
biomass supply with also options for different usages. Because of low material properties due
to the fast growing character or low wood-density and low incorporation of heartwood-
substances, biomass from central European plantations is mainly used for energy applications.
The first step for an increased material- and reduced energy-use of wood from fast growing
plantations or also from lesser used wood species along the utilization chain is deepened
knowledge about properties of native wood and their secondary improvement.

Wood modification process: Whereas in practical wood protection the use of biocides is
increasingly limited by laws that control application of toxic substances, the innovative
process of wood modification works with non-toxic chemicals, preferring types of native
origin (SAXE ET AL. 2011). For the present investigation, the impregnation of poplar wood
with following substances was carried out: process water residues from heat treated wood
(HT) and hydrothermal carbonisation of biomass residues (HTC) as well as bio-pyrolysis-oils
(BO) and methanol-water extracts from Robinia heartwood (RHWE), (SCHWAGER & LANGE
1998, ERMEYDAN ET AL. 2012, GIERLINGER ET AL. 2003, GRABNER ET AL. 2005).

Results: Based on first modification treatments with non-biocide, but native substances, first
results of property improvements of treated wood, mainly focussing on poplar, will be shown:
Weight percent gain (WPG) of wood impregnated by agents was about 4-7% in case of
RHWE, 4-16% in case of HT and HTC and 64% in case of BO, but the remaining weight
percent gain (WPR) after leaching was only acceptable in case of BO (about 60% of
impregnated fraction) and RHwWE (74-77%), whereas in case of HT and HTC most
components were leached (Fig. 1, Table 1). Nevertheless, the improvement of equilibrium
moisture content (emc) and mass loss (ML) without (u) and with leaching (I) with water was
visible in all treatments. Obviously only small, but very functional and strongly fixed parts of
impregnated agents are needed to enhance wood properties. Especially property improvement
by HT- and BO- treatment and the high amount of fixed RHWE show promising results.
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Figure 1: UV-light induced shining in poplar wood: left: Reference, no impregnation (= no green, but blue);
mid: after Robinia extract impregnation (intensive green shining); right: after leaching (low green coloured)

Table 1: Modified properties (legend s. text) in poplar wood without (Reference) as well as after impregnation
with process water residues using heat treatment (HT, 180 and 200 °C) or hydrothermal-carbonisation
process water using sawmill (sawm.) or miscanthus (misc.) residues, pyrolysis-bio-oil - water mixture 1:1(BO
50% ), and Robinia heartwood extracts (RHWE, methanol-water 1:1), using 472, 315 or 158 mg ml*!

Treatment WPG (%) WPR (%) emc (%) ML_u (%) ML_I [%]
Reference 0 0 12 40-50 -

HT 180°C 4.4 -0.2 9.7 15 10
HT 200°C 8.3 0.7 7.9 4 7
HTC sawm. 14 0.8 9.6 22 26
HTC misc. 16 0.8 8.7 10 25
BO 50% 64 38 5.5 13" 1"
RHWE_472 6.5 4.8 - )

RHWE_315 4.2 3.1 - ) 13"

RHWE_ 158 3.5 2.7 - )

“results only available for beech: mass loss (ML) for native beech: 30-44%

Outlook: First results of property improvement of poplar due to wood modification with
native agents show promising results, but fixation and effectiveness need more enhancement.
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Curly birch — a peculiarity in the Finnish forests

J. Rikalal, M. Sipi?

1 Dept. of Forest Sciences, P.O.Box 27, FI-00014 Helsinki, Finland, juha.rikala@helsinki.fi
2 Dept. of Forest Sciences, P.O.Box 27, FI-00014 Helsinki, Finland, marketta.sipi@helsinki.fi

Keywords: curly birch, wood structure, properties, utilisation

ABSTRACT

Curly birch (Betula pendula var. carelica) — also known as Karelian birch or visa birch — is a
genetic variety of the silver birch. Nowadays curly birch grows naturally in southern parts of
Finland, Sweden and Autonomous Republic of Karelia (Russia), in the Baltic countries and
Belarus, and sporadically in the eastern parts of Central Europe (PAGAN AND PAGANOVA
1994).

Curly birch does not form stands if not cultivated, but is found as clusters of individual trees —
often in open cultural landscapes. Appearance of curly birch trees and wood is exceptional.
The surface of trunks is knobby-like and uneven. The cross-section of a trunk reveals the
wood structure: curly-grained wood with brown stripes or dots consisting of bark that has
remained within the wood. There are several types of curled grain of which protuberance curl
is the most valuable (HAGQVIST AND MIKKOLA 2008). Identification of curly birch is not
always simple due to its various forms. “A visa flower” in the cross-section is one of the most
typical characteristics (Fig. 1).

Figure 1: Cross-section of a curly birch trunk (Photo: Juha Rikala)

Two thirds of curly birch used today in Finland originates from natural forests and one third
from cultivations. Curly birch is often used as veneers for decorative purposes (Fig. 2). A
minor share is utilised as solid wood in ornaments and utensils, e.g., in knife handles. Curly
birch is an exception in wood trade since it is sold as weight basis of fresh wood (kg). The
value of the best grades may be even 4000—-5000 €/m*® (HAGQVIST AND MIKKOLA 2008).
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Figure 2: Curly birch veneer in a table surface (Photo: Juha Rikala)

Key questions in curly birch utilisation are to grow high quality trees and on the other hand to
sort out curly birch from normal silver birch trunks. A method based on ultrasound has proved
to be promising in the separation (SALMIET AL. 2007).

The popularity and use of curly birch wood has changed over time. In the 18" and 19"
century curly birch was mostly utilised in practical tools and furniture, but nowadays more
often in business gifts (KosoNEN 2004). Anyway, rarity and intricate beauty of curly birch
wood seem to fascinate carpenters regardless of the trends.
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Simulation of continuous drying process including different
technologies

B. Huttler, A. Teischinger?, M. Gronalt®

L3 |nstitute of Production and Logistics, University of Natural Ressources And Life Sciences,
Feistmantelstr. 4, 1180 Vienna, benno.huettler@boku.ac.at, manfred.gronalt@boku.ac.at

2 Institute of Wood Science and Technology, University of Natural Ressources And Life Sciences
Vienna, Konrad Lorenz-Str. 24, 3430 Tulln an der Donau, alfred.teischinger@boku.ac.at

Keywords: simulation, discrete-event simulation, continuous drying process

ABSTRACT

Various drying methods and technologies are investigated according to their gradients during
the drying process. This data is used to derive an optimal moisture contentment related
sequence of technologies minimizing drying time. Based on this, a hypothetical sequential
continuous four stage artificial drying plant is simulated. A discrete event simulation model is
presented to determine the theoretical potential of a multi-method continuous timber drying
process in terms of time, capacity and variance of board moisture content. A scenario analysis
is carried out to determine the performance and potential of particular plant layouts. Based on
a material flow capacities of drying facilities and queues are estimated considering initial
moisture content distribution, required utilization rates and maximum percentages of process
repeating boards and of course defined final moisture content deviation threshold. Drying
gradient curves are results of test series, performed by the Institute of Wood Science and
Technology (see TEISCHINGER ET AL. 2013). Manipulation times for transport and technology
changes are neglected. Finally potential extensions of the model and further challenges for
future research using discrete event simulation are presented.

In order to replace conventional batch drying by a continuous process, the underlying initial
moisture content deviation was investigated on a sample size of 2636 boards of spruce with a
dimension of 20x4cm provided for drying and is depicted in Fig.1. A study on nine different
drying settings using five different technologies (Infrared [IR], High temperature [HT], Jet
field [DII], Convection [IP], High-frequency vacuum [HfV]) where carried out to determine
reference gradient curves by fitting strict monotonic decreasing composite functions (linear
and 3" degree polynomial) (see Fig. 1). These curves are used in a simulation model to
determine time dependent moisture decrement, assuming homogeneous board behaviour. In
addition, an optimal sequence of technologies was determined for minimizing drying time
(see Table 1).

Table 1: Time optimized drying technology sequence

Stage Technology Application range [% rel. MC]
from to
1 Infrared (IR) 200 55,17
2 Jet field (DII) 55,17% 35,81
3 Infrared (IR) 35,81% 22,45
4 High temperature (HT-120)  22,45% target level

Based on this sequence a hypothetical continuous drying facility is modelled as a sequential 4
stage process with moisture dependent entry of product. Each stage can be simulated with any
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number of independent parallel lanes characterized by different (linear distributed) drying
time, modelled as conveyors with different speed. Boards are classified to stages and lanes
according to their initial and advanced calculated moisture content. Stage dependent tolerance
acceptance criteria of (+5%, +4%, +3% and +2%) from stage 1 to 4 avoids frequent drying
beyond target moisture. Boards are classified to lanes according to an even distribution of the
acceptance range per stage. Each lane is modelled with a previous queue. Lanes drying time
or speed is set to the optimal drying time according to lanes mean acceptance moisture
content in respect to target moisture content of stage. The model is built as a discrete event
model with steady-state behaviour. Collected result data of interest are the return rate per
stage and the maximum number of boards per queue and per lane.

The following scenario analysis is based on a product flow of 100 boards per hour with a
board width of 20 cm and a spacing of 2cm. In a first scenario analysis with relaxed lane
lengths the number of lanes per stage is successively increased until the return rate per stage
drops below a defined threshold of 10%. This results in a 7-2-2-1 lane configuration per stage.
Assuming a parallel construction of lanes per stage, given board width and spacing, the drying
tube length can be calculated for different utilization rates identified lanes with bottleneck
function per stage and are given in table 2.

Table 2: Estimation of drying tube length

Utilization of critical lane [%] Sum of stage lengths[m] Waiting Boards per lane [#]
90 281 1-30
95 266 1-57
99 255 1-100

The drying time (time in system, including waiting times) per board is derived from 6.3 to
14.9 hours with a mean value of 11.98 hours.
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Figure 1: Initial moisture content distribution, fitted drying gradient curves using different technologies
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ABSTRACT

Paulownia Fortunei has been imported from china to Iran and grown in North of Iran
educational forest of GUSNER in 1995. Many studies have been conducted on it.Data
presented below has been obtained during many research which has been conducted during
last 19 years. All results support plantation of Paulownia In Iran.

Summary of conducted studies

Growth rate of paulownia at age 14 was investigated. Paulownia fortunei height at age
fourteen in North of Iran (Gorgan) reached up to 21.66 [meter] and its diameter reached up to
0.41 [meter]. The most growth rate 80 [millimeter] obtained at age three. Wood production
yield in three different plantation patterns are shown in Table 1.

Table 1. Volumetric growth at different age [m?]

Age (year) Plantation
7 8 9 10 11 12 13 14 Pattern
0.42 0.52 0.63 0.75 0.87 0.98 1.09 1.20 5x6 m
0.68 0.96 1.01 1.13 1.21 1.28 1.32 1.34 6x8 m
0.61 0.75 0.89 1.03 1.16 1.31 1.46 1.59 7X7 m

Wood production per 10000 [m?] from 277 trees was 345 m? (Saeidi and Azadfar 2010).
Physical and mechanical properties of Paulownia Fortunei grown in Gorgan/Iran is illustrated
in table 2. Strength to density ratio of Paulownia Fortunei grown in Iran is 159.32 while that
of Balsa is 122.25 MPa. (Khazaeian et al. 2009).

Table 2. physical and mechanical properties of Paulownia Fortunei grown in Iran
Density [gr/imd] MOR [MPa] MOE [MPa] Compression [MPa]

0.26 41.2 3896.30 21.93

Table 3. Fibre dimension of Paulownia Fortuneii grown in Iran (Afra and Hoseini 1995)

Dimension [um] Annual ring
1 2 3 4 5 6 7 8
Fibre length 800 895 920 948 987 1003 1097 1113
Fibre diameter 31.000 30.850 31.381 31273 32126 34523 31490 33.183
Cell wall thick. 4.140 4.383 5.810 4.628 5.651 6.015 5.893 5.983
Table 4.Chemical component of Paulownia Fortunei grown in Iran [%] (Afra and Hoseini 1995)
Lignin Cellulose hemicellulose Extractives
29.77 46.20 24.66 6.94
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Table 5. Thickness swelling (TS) of treated and control (untreated ) Paulownia Fortunei

specimen Properties
Density Longitudinal TS Radial TS Tangential TS Volumetric
[gr/m?] [%6] [%6] [%6] [5]
Control 0.22 0.28 2.79 5.38 8.59
Treated 0.57 0.18 1.75 3.57 5.56

Paulownia Fortunei is a light wood which would improve properties of product in
particleboard industry Table 6. (Tabarsa et al. 2010) and Table 7. ( Norbakhsh et al. 2009).

Table 6. Properties of PB made of Eucalyptus and Eucalyptus plus Paulownia

PB made of: Properties
MOR [MPa] IB [Ma] TS [%0]
Eucalyptus 5.96 0.04 53
Eucalyptus+Paulownia 12.21 0.18 16.42
Table 7. properties of PB made of mixture of Paulownia and industrial particles
Percentage of Properties
Paulownia in MOR [MPa] MOE [MPa] IB [MPa] TS [%]
Mixture
100 25.25 2392 0.91 8.59
75 21.90 2065 1.09 8.60
50 18.62 1789 1.28 10.99
25 15.63 1524 1.16 14.97

During densification paulownia react like a spring because its cell walls are thin and when
amount of compression is low most of deformation return to the original level. Blocks of
Paulownia Fortunei grown in Iran/Gorgan were compressed at different temperatures (130 °C,
140°C and 160°C up to 16%, 33% and 50% compression. Results are shown in Table 8.

Table 8. Densification characteristics of Paulownia Fortunei grown in Iran/Gorgan

Compression

% SP [%] Comp.set[%] MOE[MPa] MOR [MPa] Shock [ N/m]

16 12 8 4500 55 15

33 19 22 5100 72 15

50 35 33 6000 81 20
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ABSTRACT

The selection and breeding of poplar and willow clones is the basis for the future forestry
wood chain of poplar / willow. It remains probable that an integrated wood sector will provide
both quality material products and allow for bio-energy as part of our socio-economic system.
It is nevertheless important to question to what level we can still combine wood quality and
bulk production. Based on the changing policy related to this it might still be good to focus as
much as possible on both as the outcome of selection and breeding of poplar clones only
results in having several options in the (near) future. Both specific end uses and multipurpose
applications can be envisaged. The new Belgian poplar clones provides opportunities to do so.
Additionally we will need to use better high throughput methodology to support selection and
breeding allowing for both forestry and agriculture linked biomass production of timber —
wood — lignocellulosics. This demand for more lignocellulosic material in general creates a
renewed interest in poplar plantations but we should work on poplar/willow forestry wood
chain strategies. These should however not necessarily comply with all the ‘fashionable’
words like sustainability, climate change, renewable energy and C-sequestration.

In Fig. 1 some poplar hybrid clones are presented having a different growth rate (data from
the EU project Noveltree 2008-2012 FP7-211868). Values of ovendry density and green
moisture content reveal considerable option to select. Such parameters can be complemented
with other traits relevant for either material usage as construction timber or engineered wood
products or energy conversion either using the biochemical or thermochemical conversions
route to produce biofuels, chemicals or direct energy production.

Both international platforms such as the International Poplar Commission (IPC, ISEBRANDS
AND RICHARDSON 2014) and several teams work on populicultural systems, product
innovation and increased potential usage of poplar wood (CASTRO AND ZANUTTINI 2004, DE
BOEVERET AL. 2011, VERLINDEN ET AL. 2013).
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Figure 1: Slow up to fast growing poplar hybrids and their ovendry density (top) and the related green
moisture content (bottom)
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ABSTRACT

Background: Energetic use of wood is nowadays widely understood as a good alternative to
fossil fuels. Stringency of resources and raw material pricing however stresses relations
between different industries, focusing on wood utilisation such as pulp and paper, solid wood,
wood based panels or bioenergy. All of these currently focus on raw material substitution
leading to increased interest on hardwood for applications nowadays typically using
softwoods. Taking pellets as an example, originally residues coming from sawing processes
were dedicated as a raw material. Hence, focus is typically on softwoods. However, due to
geographical availability, impact of climate change on forest growth and other reasons,
several pellet producers decided to focus on hardwood species. For example, European beech
(Fagus sylvatica) is of major interest due to good availability in different central, eastern and
southern European countries. Processing such species typically alters production processes,
compared to well establish processes focusing on softwood pelletising. Hardwood as raw
material for pelletizing is mostly round wood which has to be chipped and grinded before the
pelletizing process. Thus, storage and handling of the raw material show impact on material
contamination. Trunk shape and bark type influence debarking efficiency in a negative way.
Also, energy consumption while disintegration and compaction is strongly affected. Some of
these problems might be overcome by altered production path ways.

Focus: Material contamination caused by the factors stated above result usually in higher ash
contents of the pellets produced. The current widely utilised certification scheme ENplus
specifies 2 quality classes for wood pellets that today are represented in the market (Table 1).
The 3™ quality class EN B has no relevance in the market and is therefore neglected in this
study. All the quality classes are based on the European standard for wood pellets EN 14961-
2. Considering hardwood pellets the ash deformation temperature which is an important
parameter for the smooth operation of small scale heating appliances usually meets the
requirements of Al quality. This parameter is influenced by undesired ash composition.

Table 1: Quality classes for wood pellets ENplus

Quality class ash 550°C Ash deformation
[w9o] temperature [°C]
ENplus Al <0,7 >1200
ENplus A2 <15 >1100

However, reaching the high graded Al quality level constantly currently seems almost
impossible with hardwoods because the threshold value for ash content of the pellets usually
iIs not met. Major reasons are material contamination in the supply chain and an assumed
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generally higher ash content of hard woods. Figure 1 gives a comparison of the ash content
(left) and the ash melting properties (right) of typical pellets produced from spruce and beech
wood respectively. Beech wood pellets clearly show increased ash contents and undesirable
ash melting conditions. The rather high ash flow temperature of beech must be seen in the
context of higher inorganic contamination, being rather a weakness than a potential.
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Figure 1: Comparison of ash content and ash melting properties of spruce and beech wood (n=5 each)

This problem is tightened because of the new ISO 17225-2 standard which will replace
EN14961-2 in 2014. In this standard the requirement for ash content of A2 quality is reduced
to < 1,2 %. It’s conceivable that this new threshold value will be implemented soon also in a
future version of the ENplus Handbook.

Aim of the study is 1) to characterize typical ash contents in hardwoods form different regions
in Europe (at least Central Europe, Eastern Europe, Balkan peninsula) with a focus on
European beech following the principal of thermogravimetric analysis in a multi-sample mode
(TGA701, Leco Instrumente GmbH). Sapwood, mature wood, facultative heartwood, and
bark are tested. Based on this data conclusions can be made if Al quality is possible with
hardwood at all. In stage 2) laboratory experiments aiming on the reduction of ash content are
performed by means of washing. Mineral components originating a) from impurities added in
the supply chain and b) from the composition of the wood itself shall be removed. Stage 3)
covers pelletizing test performed with different blends of raw material to produce constant A1
quality with a hard wood content as high as possible. Throughout the whole experiment, all
relevant process parameters such as material flow or energy consumption are recorded, and
pellet quality is accessed.

Target outcome of the study is to provide information for existing and potential future
producers of hardwood pellets regarding their options to produce Al quality in order to fulfil
market needs.
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